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Abstract—The future Copernicus Imaging Microwave
Radiometer (CIMR), funded by the European Commission and
developed by the European Space Agency (ESA), will include
a spaceborne radiometer able to provide the highest ground
spatial resolution as of launch date for C- to Ka-bands, due
to its large deployable mesh reflector able to produce images
over a swath 2000 km wide. Because of side and grating lobes
in the patterns, the antenna subsystem introduces distortions
in the acquired data that result in a loss of radiometric
accuracy caused by unwanted energy collected far from the
antenna boresight. A candidate antenna pattern correction
(APC) algorithm based on an iterative formulation that takes
advantages of measurements belonging to the same swath was
already proposed by the authors. As the antenna boresight
moves closer to the edges of the swath, the antenna pattern
(AP) senses regions not already observed, where the correction
needs a guess or auxiliary out-of-swath information. This article
evaluates the performance of the candidate APC algorithm
according to various possible a priori assumptions. Eventually,
an evaluation is performed using a timeseries derived from
Special Sensor Microwave/Imager enhanced-resolution data.
This was done to get a first assessment of the impact of past
ancillary information on the APC process.

Index Terms— Antenna pattern correction (APC), Coper-
nicus Imaging Microwave Radiometer (CIMR), conical scan,
microwave radiometry, radiometric accuracy.

I. INTRODUCTION

PACEBORNE microwave radiometers have proven
Sthroughout the decades to be an essential tool for the
monitoring of Earth processes at a global scale due to their
sensitivity to geophysical parameters, accuracy, and possibility
to operate independently of daylight conditions. Among the
most successful missions for monitoring the surface water
cycle worth citing are the Scanning Multichannel Microwave
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Radiometer (SMMR) on the National Aeronautics and Space
Administration (NASA) Nimbus satellite [1], the US Special
Sensor Microwave/Imager (SSM/I) of the Defense Meteo-
rological Satellite Program (DSMP) constellation [2], the
Advanced Microwave Scanning Radiometer for EOS (AMSR-
E) onboard the NASA Aqua satellite [3], and the Advanced
Microwave Scanning Radiometer 2 (AMSR2) onboard the
Japan Aerospace Exploration Agency (JAXA) Global Change
Observation Mission—Water (GCOM-W) [4]. The follow-up
of the last sensor will be the Advanced Microwave Scanning
Radiometer 3 (AMSR3) onboard the Global Observing SATel-
lite for Greenhouse gases and Water cycle (GOSAT-GW) and
will have similar characteristics to those of AMSR2, such
as radiometric and ground resolution performances, with the
major difference of having two more channels in the mm
wavelength spectrum [5]. Along with multichannel missions,
worth being cited are also European Space Agency (ESA)’s
Soil Moisture and Ocean Salinity [6] and NASA’ Soil Moisture
Active and Passive [7] satellites, both working only at the
L-band. While providing invaluable data to the scientific
community, the main weakness of all these spaceborne sensors
has always been the ground spatial resolution, on the order
of tens of kilometers, which has somewhat limited their
application. To tackle this and to ensure a long-term conti-
nuity of global-scale passive microwave measurements, the
Copernicus Imaging Microwave Radiometer (CIMR) mission
has been funded by the European Commission and developed
by the ESA [8]. The mission is presently planned for launch
in 2028/29 and one of its main characteristics will be the
highest ground spatial resolution available for a spaceborne
radiometer at C- to Ka-frequencies, from two to three times
better than JAXA AMSR?2 depending on the specific frequency
band. This is going to be achieved by means of a large
deployable mesh reflector illuminated by a multifeed array,
able to produce images with an almost 2000-km swath and
to cover daily the entire surface of the Earth. Despite this
important result, it should be considered that the technologies
currently available for the reflector do not allow having a
pencil-beam antenna pattern (AP) at all frequencies. At the K-
and Ka-bands, such antenna subsystem introduces distortions
in the acquired data due to the presence of side and grating
lobes in the patterns. These unwanted lobes collect energy
far from the antenna boresight, causing a loss in radiometric

© 2024 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License.
For more information, see https://creativecommons.org/licenses/by/4.0/


https://orcid.org/0000-0002-7711-7229
https://orcid.org/0000-0001-7201-8953
https://orcid.org/0000-0002-9738-7939
https://orcid.org/0000-0001-6232-6020

5300310

accuracy. Therefore, it is important to adopt a correction
algorithm that corrects for this impairment.

A candidate algorithm for the AP correction (APC) of
CIMR acquisitions, which can be applied to any spaceborne
conical scanning radiometer, was already introduced in a
previous paper [9]. For each acquisition, the algorithm deter-
mines the ground region imaged by the AP and estimates the
contribution of the front side and grating lobes region using
the same acquisitions. Cross-polarization leaks, ohmic losses,
and back pattern contribution are compensated for in separate
stages in the CIMR processing chain. The algorithm was tested
using only measurements collected in the same pass, allowing
to perform the correction and to assess the performance in a
limited (inner) part of the swath. Nevertheless, near the edges
of the swath, the AP side lobes look also out of the swath
and auxiliary information is needed to perform the correction.
This article aims at evaluating the performance of the devised
APC algorithm over the entire swath' when such auxiliary
information is provided. Furthermore, it introduces a different,
more suitable reference AP with respect to the one described
in [9] for a benchmark of APC performance. For sake of
coherence with the previous work, the presented analysis and
results refer to the Ka-band.

The outline of this article is the following. In Section II, the
statement of the problem and a summary of the APC algorithm
are provided, along with a more suitable reference AP concept.
In Section III, the setup for analyzing the performance (test
scenarios and metrics used to evaluate the performance of
the APC) is introduced. Section IV deals with the testing of
the algorithm on synthetic scenarios. A demonstration carried
out using real brightness temperature data derived from the
SSM/I mission is given in Section V. A discussion and some
conclusions are presented in Section VI.

II. DESCRIPTION OF THE APC

A. Problem Statement

The brightness temperature measured by a spaceborne
radiometer while pointing to r is modeled as
Ti(r) = /A(r, r’) T, (r’)dr’ +8(r) (1)
where T4 is the antenna temperature, A is the projection of
the AP on the Earth’s surface, 7, is the spatial-continuous
brightness temperature of the scene, and § is a nuisance
accounting for other contributions, such as back lobes, cross-
polarization effects, measurement noise, and nonlinear effects

not corrected here. It is possible to rewrite (1) in a more
convenient way as

Ta(r) =/ A(r,r )T, (r)dr +/
MB

SP

+ / A (r, r/) T, (r/)dr/ +68(). (2)
TP

A (r, r/) T, (r/)dr’

By “entire swath” is meant the full extension of the swath excluding the
calibration period, when the sensor does not sense the Earth’s surface. CIMR
calibration is scheduled at each scanning period when the sensor is close to
one edge of the swath.
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In (2), the first integral accounts for the energy collected by the
main beam (MB) of the AP (defined as the portion between the
boresight and 2.5 times the —3-dB angle); the second integral
is computed over the secondary pattern (SP) and indicates the
energy to be compensated for by the APC algorithm; the last
integral accounts for the energy collected by the tertiary pattern
(TP), i.e., the region of the AP below a chosen threshold such
that the relative integral is so small that it can be disregarded
in the computation of T4. The purpose of identifying a TP
is to decrease the computational costs with an acceptable
radiometric impact; therefore, TP thresholds are determined
for the specific frequency channel and antenna characteristics.
A sketch of these three regions is provided in Fig. 1 top. The
MB collects 96% of the energy radiated from the scene. The
TP threshold is set to —55.91 dB, corresponding to a maximum
theoretical approximation error of 0.05 K. Using this value, the
SP (side and grating lobes) accounts for slightly less than 4%
and the TP to less than 0.1% of the collected energy of the
AP (albeit representing 99.9% of the front antenna pattern).
The first ring of grating lobes is 70—100-km distant from the
boresight, while the second ring is 160—180-km distant. The
aim of the APC algorithm is to correct the antenna temperature
for energy contributions coming from the SP. In the CIMR
mission, this has to be done in an effective way for each of the
samples acquired by the radiometer [8]. The APC algorithm
has already been described in [9], thus only a brief overview
is given here.

The APC algorithm produces a corrected version of each
measurement of 74 (also referred as a sample).

The correction of a sample sensed in a given position (blue
ellipsoids in Fig. 2) is achieved using the samples collected
during the same orbit, to account for the energy picked up by
the SP (small blue and red circles in Fig. 2). The ensemble
of the measurements’ positions that undergo the correction
is called “solving region.” The algorithm works iteratively:
at each iteration, and the corrected values of the samples
in the solving region are updated using the result of the
previous iteration. The algorithm is proved to converge if the
MB energy accounts for more than 50% of the entire AP.
In [7], the solving region was limited to the positions for
which the SP is fully enclosed inside the swath (e.g., situation
(A) in Fig. 2), so that no out-of-the-swath information was
required for the assessment of the performance. In this work,
the solving region is extended up to the edges of the swath,
including the positions whose corresponding side/grating lobes
swipe out-of-the-swath (e.g., small red circles of situations (B)
and (C) in Fig. 2). Accordingly, the boundary region is now
out of the swath and auxiliary brightness temperature data
that account for the out-of-the-swath radiometric scene are
required.

While the samples in the solving region are acquired in
the instrument geometry and are all collected during the same
pass, the ones of the boundary region could have more relaxed
requirements as they stem from other CIMR orbits or different
sources. First, they are unlikely to be contemporary with the
brightness temperature samples under correction (although this
is desirable). Furthermore, they can come from various sources
such as climatology, brightness temperature data from other
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Fig. 1. (Top) Example of vertical cut of the H pol AP at the Ka-band.
Green, red, and blue backgrounds represent the MB, the secondary, and
TPs, respectively. The horizontal red dashed line represents the TP threshold.
(Bottom) AP projected on ground used in the study highlighting side lobes
(around the MB) and grating lobes. Values are normalized to AP maximum.

satellite missions, and past sensor acquisitions. Obviously, the
correction is expected to be more accurate as the temporal lag
between the two kinds of data decreases. Regarding the spatial
distribution, the requirement for the boundary region data is
that they must be geolocated to allow the implementation of
a meshing grid [7]; even though there is no constraint on the
spatial grid resolution and displacement, a finer grid has the
potential to provide better results.

Some potential data sources for the APC can be the
following:

1) A constantly updated mosaic of CIMR samples for
each frequency and polarization. After each semiorbit is
acquired, old samples are replaced by the newest ones.
This is seemingly the best choice because the auxiliary
information used is self-coherent, the information pro-
vided to the algorithm is always updated and the spatial
resolution consistent.

2) A daily or multidaily mosaic of CIMR samples. This
solution is computationally cheaper than the constantly
updated mosaic; the drawback is a worse representa-
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tion of those regions undergoing rapid changes (e.g.,
marginal ice zones).

3) A map created with data acquired by different sen-
sors (e.g., AMSR2, SSM/I). The auxiliary data can be
“fresher” than the constantly updated mosaic; however,
the intercalibration between sensors and the impact of
the different spatial resolutions have to be carefully
evaluated.

4) A multiweekly or monthly mosaic of CIMR brightness
temperature data. This is the computationally cheapest
solution. Although it can provide acceptable information
for land and water targets, it is not expected to work well
for dynamic scenarios such as sea ice that can evolve on
a daily basis.

It is worth remarking that the data source does not influence
the APC algorithm workflow because this does not depend on
the source of the information. It only impacts the attainable
correction performance.

B. Realistic Versus Ideal APs

In this study, an example of a realistic CIMR Ka-band AP
is considered whose ground projection is depicted in Fig. 1
bottom, where the presence of side and grating lobes is visible.
This AP is fed into the simulator to generate the realistic CIMR
measurements, which then undergo the proposed APC. Since
the MB accounts for about 96% of the energy, the proposed
APC algorithm converges and it can be applied to correct for
the secondary and grating lobes. To assess the effectiveness
of the APC, reference measurements must also be simulated.
They are generated following the same process of the realistic
measurements but replacing the realistic AP with an “ideal”
one and removing the APC stage. The reference measurements
are also referred to as “ideal” measurements in the CIMR
mission. Intuitively, the closer the output of the APC to the
ideal measurements, the better the correction.

The definition of the ideal AP is pivotal for assessing APC
performance, and different choices are possible. In the initial
phases of the CIMR mission (and in [9]), it was assumed
that the ideal pattern had a uniform gain inside a given solid
angle and zero elsewhere. However, this has been later deemed
unrealistic. As a novelty of this work, the “shape-preserving”
ideal AP is introduced and used in place of the uniform ideal
AP. A visual comparison of the two ideal APs is depicted
in Fig. 3. The shape-preserving AP has the same shape as
the realistic AP inside the MB and is zero in the SP and
TP, that is, it has no side or grating lobes. The MB of the
shape-preserving AP is normalized to account for the removed
energy. In formula

AP(9, ¢)
I AP, ¢")’

0, elsewhere

0,¢) e MB
APigeal (0, ¢) = ©.9)

where AP and APj4., are the AP and the shape-preserving
AP, respectively, and (0, ¢) are the spherical coordinates in
the antenna reference frame.

Comparing the shape-preserving AP with the uniform AP,
the former preserves the response of the real antenna and,
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Fig. 2. Sketch of the conical scanning acquisition mechanism. Circles in
positions (A)—(C) represent the MB and grating lobes of the AP ground
projection: in blue when they are inside of the radiometer swath, in red when
outside.
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Fig. 3. Qualitative comparison between the uniform (used in [7]) and the
shape-preserving AP (presented and used in this work). The support of both
corresponds to the MB of the realistic AP (indicated as “original AP”). The
APs’ energy is the same.

consequently, it is more focused inside the MB region; due to
this peculiarity, it is used in this work.

III. PERFORMANCE ANALYSIS SETUP

To evaluate the impact of the ancillary information on the
performance of the APC, some relevant synthetic scenarios
were devised as stress tests for this method. The aim was
to determine the order of magnitude of the APC errors and
their spatial distribution when the auxiliary information is both
radiometrically and spatially incorrect. Then, an application of
the APC algorithm to real data will be presented in Section V,
providing a preview of the performances in a potential actual
case.

A. Synthetic Scenarios

Three different scenarios are chosen to test the APC
algorithm at the edges of the swath in the Ka-band H-pol.
In all of them, the flight direction is assumed left-to-right,
parallel to the upper/bottom border of the scene and counter-
clockwise scanning as in Fig. 2.
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Fig. 4. Test scenario (A): all-sea/ice. (Left) True scene that is sensed. (Right)
Scene provided to the APC. It is “wrongly” supposed that there is ice instead
of sea water in the boundary region stripes above and below the edges of the
swath.
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Fig. 5. Test scenario (B): all-sea/shifted-ice. (Left) True scene that is sensed.
(Right) Scene that is guessed before the APC is applied. Unlike Fig. 4, the
first 50 km close to the edges of the swath is correctly assumed to be sea
water.
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Fig. 6. Test scenario (C): drifting ice. (Left) True scene that is imaged by
CIMR. (Right) Scene that is assumed before the APC is applied. There is a
10-km offset between the true and guessed transitions from sea to ice. The
transition inside the swath is depicted only to highlight the 10-km offset.

(A) A uniform scene with T, = 135 K representative of
the open sea (this value of T, was chosen so as to
be coherent with [9] and with the requirements of the
CIMR [8]) and the APC algorithm was fed with wrong
auxiliary information: the presence of sea ice out of the
swath was assumed with T, = 250 K (Fig. 4).

Like scenario (A), but the information outside of the
swath consists of two stripes of sea water 50 km wide
in the across-swath direction (correct auxiliary informa-
tion) and then ice (wrong auxiliary information) (Fig. 5).
A transition scenario (sea/ice) perpendicular to the flight
direction; it is wrongly assumed that the sea—ice transi-
tion is shifted along-track by 10 km with respect to the
actual one (Fig. 6).

(B)

©)
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(D) A scenario like (C), but the sea—ice transition is shifted
along-track by 20 km.

Scenarios (A) and (B) allow gauging the performance of the
APC in the presence of a strong radiometric mismatch between
the actual boundary conditions and the guessed ones. Scenarios
(C) and (D) are devised to assess the impact of a geometric
mismatch between the actual and the auxiliary information
provided to the APC. Specifically, they are conceived to eval-
vate the impact of using outdated information (e.g., the actual
position of marginal sea—ice boundary is offset with respect
to the available out-of-the-swath auxiliary information). It is
worth noting that the sea/ice transition is not the strongest on
Earth; for instance, bare soil and vegetation can have a much
higher 7, (up to about 300 K) so that a coastal transition
(sea/Earth) leads to a higher contrast.

The reason for using open sea and sea—ice brightness
temperatures is due to their being the main targets of the CIMR
mission [8]. Furthermore, the geolocation of land coastal
borders can be considered spatially stable at the kilometer
scale during the life of the satellite; this is not true for
sea water/sea—ice transitions (e.g., marginal ice regions), thus
making these the most challenging context for the APC.

B. Performance Metrics

The main quantity with which to assess the performance of
the APC algorithm is the APC error, defined as

eAPC = TAcon - TAideal (3)
where

Ty, = APC(Ty) “)

corr

is the output of the APC algorithm when realistic measure-
ments T4 are provided as input, and Ty, is the brightness
temperature that would have been sensed by the instrument if
the ideal AP was used in lieu of the actual one and no APC
processing was applied.

The metric used in the CIMR mission for the APC is the
success rate, SR, defined by

N—1 .
gr — 100 3 1, if ’TACO‘T[n] — Tagulnl] <05 K )
N = 0, otherwise

where N is the number of samples in the solving region and n
indicates their position in the CIMR sampling grid. The metric
is the percentage of points for which the absolute estimation
error is less than 0.5 K. The threshold is chosen according
to [8] (OBS-1040).

The measurements belonging to a central region of each
scenario are considered for evaluating the performance. Such a
region is 500-km wide and about 2000-km high, to account for
the maximum extension of the considered AP in the along-scan
direction and the swath in the across-scan direction, respec-
tively. For sake of analysis, samples are grouped according to
their distance from the closest edge of the swath, as depicted
in Fig. 7. For scenarios (C) and (D), measurements are also
grouped according to their distance from the sea—ice transition.
Pixels 1 x 1 km are used in all the scenarios. By convention,
distances are quantized at 1 km using truncation (e.g., dis-
tances below 1 km are reported as 0 km).
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Fig. 7.  Performance evaluation region (outermost rectangle), divided in
ranges of distances from the closest edge of the swath (inner rectangles).

IV. RESULTS ON SYNTHETIC SCENARIOS

The first results presented are related to the impact of a
radiometric mismatch between the actual and assumed auxil-
iary information. Fig. 8 depicts the spatial distribution of the
APC error in scenarios (A) and (B), near the top (top row)
and bottom (bottom row) edges of the swath. For the sake of
clarity, errors smaller than 0.5 K are not represented. The
results in the central part of the swath are omitted because
they are inside the interval 0.5 K.

In scenario (A), the “compliant correction border” is about
70 and 64 km from the top and bottom edges, respectively;
it decreases to 22 and 5 km in (B) scenario because the
information provided to the algorithm is more consistent with
the true scene. All the error values are negative because the
APC is deceived using a value that is higher (ice) than the
real one (sea), so the APC overcompensates. As a result,
the corrected brightness temperature is lower than the ideal
brightness temperature. The magnitude of the maximum error
does not exceed 2 K for scenario (A) and 1 K for scenario
(B). The asymmetry of the error near the edges is due to
the calibration period that affects the top edge, reducing the
number of acquired samples.

Table I reports the success rate achieved by the APC in
(A) and (B) scenarios. Each row refers to a specific range
of distances from the edges of the swath (see Fig. 7). For
instance, in the range 0-50 km, only the samples belonging to
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Fig. 8. APC error for the all-sea/ice scenario (A), left column, and all-sea/shifted-ice scenario (B), right column.
swath, while the bottom row shows the right region. For the sake of clarity, errors below 0.5 K are not reported.
and correspond to the ones depicted on the top (respectively, bottom) of Fig. 7. Note that the calibration period

TABLE I

SUCCESS RATE FOR THE ALL-SEA/ICE AND ALL-SEA/SHIFTED ICE
CASES, PARTITIONED ACCORDING TO THE DISTANCE FROM THE
CLOSEST EDGE OF THE SWATH

. Success Rate (%)
s':;::: ';Z::'&"n: | Awsear | Allseal
Ice Shifted-Ice

0-50 0 92.6
50-100 69.4 100
100-200 100 100
200-400 100 100
400-600 100 100
600-800 100 100
+800 100 100

the top and to the bottom rectangles of Fig. 8 are considered.
Analogously, the range 800 km+- considers the samples in the
middle of the swath.

Since (A) scenario represents the worst case in terms of
radiometric mismatch, we can conclude that APC is capable
of containing the possible “contaminations” from a wrong
knowledge of the boundary conditions within 100 km from the
swath. The “compliant correction border” moves from 100 to
50 km in the all-sea/shifted-ice scenario, in accordance with
the fact that the guessed sea—ice transition moves outward
by the same distance. This highlights the importance of the
quality of the auxiliary information for limiting the correction
errors.

The impact of a geometric mismatch in the auxiliary infor-
mation is evaluated in the drifting ice scenario (C). In Fig. 9,
the spatial distribution of the APC error near the edges swath
is depicted. At the top edge (Fig. 9—top), where there are
fewer samples due to the calibration period, it can be seen
that the influence of the drifting ice is limited to within 6 km.
At the bottom edge (Fig. 9—bottom), the impact is higher and
extends up to 50 km. Nevertheless, the mission requirements
for performance evaluation contemplate a “don’t care region”
of 1.5 footprint (which corresponds to from 6 to 7.5 km,
according to which value of the footprint is adopted [8])
from the radiometric transition. In this respect, the impact at
the bottom edge is below 4 km. The maximum error in this
scenario is below 1.1 K.
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Fig. 9. APC error on the 10-km drifting ice scenario near the top edge of
the swath (top) and near the bottom edge of the swath (bottom). For the sake
of clarity, no errors below 0.5 K are reported. The black dashed lines delimit
the £6.0-km zone around the transition.

The numerical results obtained for the APC performance
are reported in Table II. The cells indicate the success rate
within a given range of distances from the closest edge of the
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TABLE I

SUCCESS RATE (%) FOR THE 10-km DRIFTING ICE SCENARIO, PARTI-
TIONED ACCORDING TO THE DISTANCE FROM THE CLOSEST EDGE OF
THE SWATH (ROWS) AND FROM THE TRANSITION (COLUMNS)

Distance from Distance from the transition (km)
swathedge(km) | 0-4 | 4-5 | 56 | 6-7 | 7-8 | 8-10 | 10-20 | 20-50 | 50+
0-50 96 | 97.5]97.9 |98.6 | 989 | 989 | 99.8 100 | 100
50-100 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
100-200 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
200-400 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
400-600 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
600-800 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
+800 100 | 100 | 86.9 | 100 | 100 | 100 100 100 | 100

TABLE III

SUCCESS RATE (%) FOR THE 20-km DRIFTING ICE SCENARIO, PARTI-
TIONED ACCORDING TO THE DISTANCE FROM THE CLOSEST EDGE OF
THE SWATH (ROWS) AND FROM THE TRANSITION (COLUMNS)

Distance from Distance from the transition (km)
swathedge(km) | 0-4 | 4-5 | 56 | 6-7 | 7-8 | 8-10 | 10-20 | 20-50 | 50+
0-50 97.1 | 97.8 | 97.9 | 98.6 | 98.2 98 98.8 100 | 100
50-100 99.1 | 100 | 100 | 100 | 100 | 100 100 100 | 100
100-200 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
200-400 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
400-600 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
600-800 100 | 100 | 100 | 100 | 100 | 100 100 100 | 100
+800 100 | 100 | 86.9 | 100 | 100 | 100 100 100 | 100

swath (rows) and within a given range of distances from the
vertical transition (columns).

The red vertical delimiters highlight the position of a
distance of 1.5 footprint from the transition, in the cases where
the size of the footprint is 4 and 5 km, respectively (in the latter
case, rounding is applied). It emerges that the APC attains a
compliant correction at any distance from the transition except
the range 0-50 km, which is influenced by the mismatch of
the boundary conditions. In other terms, the mismatch due
to the drifting ice influences the results at most 50 km from
the swath edge and at most 10 km from the vertical transition.
Incidentally, the latter corresponds to the extension of the drift.

By comparing the success rate of the APC algorithm applied
to the two different ice drifting cases (Tables II versus III),
small variations are appreciable in the 0—50-km distance range
and in the 50-100-km distance range. If the same cross-check
is performed on the spatial distribution of the APC error
(Figs. 9 versus 10), it can be noted that the actual effect of the
mismatch extends up to 22 km from the transition and about
3—4 km above the edge of the swath.

The same experiment is carried out also by increasing the
difference between the actual and guessed boundary condi-
tions, scenario (D). Specifically, the drift ice (20 km) is a
modified target scene where the drift is extended from 10 to
20 km. The success rate for this case is shown in Table III,
and the APC error is shown in Fig. 10.

V. APPLICATION OF APC TO REAL DATA

The analysis described in the previous section (as well as
the one carried out in [9]) has been performed by feeding the
forward model, i.e., the “radiometer simulator,” with synthetic
input scenes at 1-km ground resolution. When it comes to
data acquired from space, there is no available dataset at the
1-km scale. Nevertheless, it is possible to find reprocessed
products with improved resolution obtained by leveraging
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Fig. 10. APC error on the 20-km drifting ice scenario near the bottom swath

edge. For the sake of clarity, errors below 0.5 K are omitted. The black dashed
lines delimit the £6.0-km zone around the transition.

Fig. 11.  H pol Ka-band mosaic of F18 SSM/I morning overpasses at
enhanced resolution used for testing the APC. The purple and cyan boxes
indicate the regions undergoing the APC.

multiple overpasses over a given region. This is the case for the
MEaSUREs calibrated enhanced-resolution passive microwave
daily EASE-grid 2.0 brightness temperature Earth System Data
Record [10]. This product is distributed by the NASA NSIDC
and consists of calibrated enhanced-resolution brightness tem-
perature datasets of several sensors (e.g., SMMR, SSM/I,
AMSR-E). We chose to use a daily mosaic of SSM/I data
collected at the Ka-band over the boreal region at 3.125-
km ground resolution. The enhancement of the resolution
is obtained by applying the radiometer version of the Scat-
terometer Image Reconstruction (rSIR) Algorithm [11], [12].
In this context, the NSIDC 0630 products are used assuming
that the ground resolution is 1 km. Even though not strictly
realistic, this choice preserves the fluctuations in 7}, that would
be smoothed away by any interpolation aiming at further
improving the ground resolution.

The setup of the test is the following. The dataset collected
the morning of July 2, 2023 by the F18 SSM/I sensor is
selected as the one to be corrected (Fig. 11). Then, data
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Fig. 12.  APC correction errors obtained using the auxiliary information collected the same day (left column), one day before (center left column), two days
before (center right column), and one week before (right column). Top and bottom panels refer to the purple and blue boxes of Fig. 11, respectively. The
outer rectangle in the top (respectively, bottom) row’s images corresponds to the left (respectively, right) box depicted in Fig. 11, whereas the inner rectangles

indicate the range of distances from an edge of the swath.

collected the same day as well as 1, 2, and 7 days before
are used as out-of-the-swath auxiliary information for the
APC. Both the H and V polarizations are processed (for the
sake of conciseness, only the former is shown). Void pixels
in the mosaics of the datasets were filled using a suitable
interpolation routine [13].

The purple and cyan boxes in Fig. 11 represent the regions
undergoing APC. Due to the limitations of hardware comput-
ing, the two 2000 x 500 km regions are separately processed
by the APC. The two regions have been chosen because they
encompass the main targets of the CIMR mission (i.e., sea ice,
permafrost, and ice sheets).

Despite rSIR spatial resolution enhancement, the selected
SSM/I data do not show strong discontinuities, likely due to
the smoothing effect of the sensor antenna footprint. Thus,
the sharpness of the synthetic data is partially lost and is

difficult to be visually identified. In the following images, the
discontinuities with a change in 7}, equal or greater than 10 K
are highlighted with white bold lines.

Fig. 12—top shows the correction errors obtained when
the APC is applied to H polarization North-Pole-centered
brightness temperature data (purple box in Fig. 11) with out-
of-the-swath auxiliary information collected the same day or 1,
2, and 7 days earlier; Fig. 12—bottom shows the results when
the region centered over Greenland is considered (blue box in
Fig. 11). Errors smaller than 0.1 K are not shown. To begin
with, note that the errors are localized near the edges of the
swath. Second, the APC error increases as the auxiliary infor-
mation gets older. This is particularly evident in the Hudson
Bay region, Canada, over which few and small errors are
already present when using the same day auxiliary information
(Fig. 12—top panel). As expected, the older the auxiliary
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information, the higher and more spread the APC error at the
edges; however, its magnitude never exceeds 0.5 K. The same
effects can be seen by considering the V polarization dataset
(not shown here). When it comes to analyzing the results of
the APC algorithm applied to the Greenland-centered region
(cyan box of Fig. 11), the results look similar, although the
APC error of some pixels along the bottom edge of the swath
(over Canada) reaches —0.57 K at the V pol for the case of a 1-
week-old auxiliary information (Fig. 12—bottom panel). In all
the considered cases, the magnitude of APC errors is above
0.1 K only in the first 50 km from the edges of the swath.
The success rate is 100% in any other subregion considered.

VI. DISCUSSION AND CONCLUSION

The present article aims at completing the assessment of
the APC algorithm designed for potential use in the CIMR
mission. While [9] was focused on the description of the
algorithm and its performance when operating in the cen-
tral swath, this article explores the feasibility of extending
the application of the APC algorithm to the entire swath.
In Section IV, the worst case of the correction is evaluated
by misleading the algorithm, i.e., providing completely wrong
auxiliary information that forces a strong overcorrection. Here
it is shown that the error introduced is limited in magnitude
to a few Kelvin (less than 3 K) and propagate toward the
inner part of the swath for less than 50 km. It is remarked
that this result depends on the AP; for instance, if there were
more energetic side/grating lobes extending farther from the
boresight, the error would have propagated to the inner part
of the swath. Nevertheless, the present analysis shows that the
APC algorithm can work quite successfully over the entire
swath without modifications.

The results also show the influence of outdated auxiliary
information over fast changing scenarios. This is the case
of polar regions, where the marginal sea ice can drift many
kilometers per day. The analysis pointed out that the associated
error is still quite limited in magnitude and that it propagates
toward the center of the swath comparably for the same extent
of the ice drift. This fact highlights the importance of having
up-to-date auxiliary information when the APC is applied to
fast-changing scenarios.

A last conclusion can be drawn from the test performed with
real data (Section V), where the radiometric discontinuities are
smoother than with synthetic scenarios. The magnitude of APC
error is greatly reduced, being appreciable only near the edges
of the swath when the auxiliary information is quite outdated.
This improvement is inherently due to the low-pass effect of
the km-scale ground resolution of spaceborne radiometers,
which tend to soften strong fluctuations of the brightness
temperature.

A full assessment of the APC will be performed in the
forthcoming months, when the end-to-end simulator of the
mission will be available and the AP will reach a consolidated
status due to the improved TRL.
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