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On Convertibility From Antenna to Sensor
Brightness Temperature for ATMS

Fuzhong Weng, Hu Yang, and Xiaolei Zou

Abstract—The Advanced Technology Microwave Sounder
(ATMS) onboard the Suomi National Polar-orbiting Partnership
(NPP) satellite is a total power radiometer and scans across the
track within a range of ±52.77◦ from nadir. It has 22 channels
and measures the microwave radiation at either quasi-vertical or
quasi-horizontal polarization from the Earth’s atmosphere. With-
out simultaneous measurements at both polarizations at the same
frequency, the conversion from ATMS antenna temperature to
sensor brightness temperature becomes nonunique if the antenna
subsystem has a significant spillover from cross-polarization. In
addition, the antenna temperature could be contributed from both
the near- and far-field radiation through the sidelobes of the
ATMS antenna subsystem. An analysis of the ATMS antenna gain
measurements reveals that the efficiencies of both ATMS antenna
sidelobes and cross-polarization are frequency dependent. From
the ATMS pitchover maneuver data, it is found that the contribu-
tions of spacecraft radiation through the near-field sidelobes are
significant and dominates the scan-angle-dependent features in the
ATMS antenna temperatures. A theoretical model is developed for
the conversion from antenna to sensor brightness temperatures,
which incorporates the angular dependent terms derived from the
pitchover maneuver data.

Index Terms—Antenna pattern, Advanced Technology Mi-
crowave Sounder (ATMS), pitchover maneuver, Suomi National
Polar-orbiting Partnership (NPP).

I. INTRODUCTION

ON October 28, 2011, the Suomi National Polar-orbiting
Partnership (NPP) satellite was successfully launched

into a circular near-polar afternoon-configured (1:30 P.M.) orbit
at an altitude of 824 km above the Earth and an inclination angle
of 98.7◦ to the equator. The Advanced Technology Microwave
Sounder (ATMS) onboard the Suomi NPP satellite profiles
atmospheric temperature and moisture in all-weather conditions
and supports continuing advances in numerical weather pre-
diction for improved short- to medium-range weather forecast
skills.

ATMS calibration data, including raw radiometer counts,
geolocation, telemetry, and housekeeping data, have been fully
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processed at the Suomi NPP Interface Data and Processing
Segment since the instrument was turned on November 7, 2011.
The ATMS antenna temperature data records (TDR) are now
being distributed to user community from NOAA’s Compre-
hensive Large Array-Data Stewardship Systems. Traditionally,
the sensor brightness temperature data records (SDR) from
satellite microwave sounding instruments are used in various
applications. To compute the ATMS SDR from the TDR data,
one must know the antenna properties such as the main beam
efficiency, the spillover contributions from sidelobes and cross-
polarization, and the accuracy of polarization angle alignment.

The conversion from TDR to SDR brightness temperatures
for Advanced Microwave Sounding Unit-A (AMSU-A) and
Humidity Sounding Unit (MHS) involves a radiometric calibra-
tion and a correction of the antenna sidelobe effects [1]. How-
ever, a strong scan-dependent bias exists in AMSU-A/MHS
SDR data [2]–[5]. An asymmetric bias for AMSU-A window
channels 1 and 2 was found by Weng et al. [6], who pointed
out a twist of the antenna polarization angle as a possible root
cause. This study aims at a full characterization of ATMS scan-
angle-dependent biases from the ATMS pitchover maneuver
data and presents the antenna theory of the cross-track scanning
microwave radiometer.

II. CHARACTERISTICS OF ATMS INSTRUMENT

ATMS is a total power cross-track scanning microwave
radiometer and has 22 channels, providing both temperature
soundings from the surface to about 1 hPa (i.e., about 45 km)
and humidity soundings from the surface to about 200 hPa (i.e.,
about 15 km). Table I provides selected channel characteristics
for ATMS. Out of the 22 ATMS channels, 16 (channels 1–3,
5–15, 20, and 22) have the same frequencies as its predeces-
sor AMSU-A/MHS. Three new channels are added: one for
temperature sounding (i.e., ATMS channel 4) and two for hu-
midity sounding (i.e., ATMS channels 19 and 21). The ATMS
channels 16–18 (88.2 GHz, 165.5 GHz, 183.31 ± 7.0 GHz)
are slightly different from MHS channels 16, 17, and 18
(89.0 GHz, 157.0 GHz, 190.31 GHz).

The ATMS calibration algorithms involve determining the
blackbody brightness temperature and a temperature-dependent
bias correction. Brightness temperatures of blackbody are mea-
sured by the embedded platinum resistance thermometer. The
blackbody and cold-space radiation components are sampled
four times in each calibration cycle and then averaged. These
averaged values are further smoothed over several calibration
cycles. The radiometer gain is calculated from the smoothed
blackbody and cold-space radiation counts and is then used to
estimate the Earth scene brightness temperature from a two-
point linear calibration equation. The nonlinearity amplitude
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TABLE I
ATMS SPECTRAL CHARACTERISTICS

is estimated using the difference between the measured
instrument temperature and that from two-point calibration.
This implicit transfer function is applied to the Earth-scene
counts for every scan cycle.

III. ATMS ANTENNA PATTERN MODEL

There are two receiving antennas on ATMS: one serving
15channelsbelow60GHzandtheother for seven channels above
60 GHz. Both antennas consist of a plane reflector mounted on a
scan axis at a 45◦ tilt angle. The scan axis is oriented in parallel
with the along-track direction. Radiation is reflected from a di-
rection perpendicular to the scan axis into a direction along the
scan axis (i.e., a 90◦ reflection), resulting in a cross-track scan
pattern. This reflected radiation is then focused by a stationary
parabolic reflector onto a dichroic plate where the energy is ei-
ther reflected to or passed through to a feedhorn (see Fig. 1) [7].

For a microwave antenna system, the radiative components
from the Earth and other targets are collected through its main
beam and the sidelobes. The magnitude of sidelobes depends
on both frequency and antenna size. In general, the higher the
frequency and the larger the antenna size, the narrower the main
beam and the smaller the sidelobe effect. Fig. 2 shows the nor-
malized ATMS antenna pattern distribution function at channel
1. The antenna pattern is shown in a decibel scale through
normalizing the measured intensity in each direction by the
sum of copolarized and cross-polarized radiation. Based on the
normalized antenna pattern, the beamwidth, copolarized and
cross-polarized beam efficiency for main and sidelobes could
be computed. The main beam efficiency is computed at about
2.5 times half-power beamwidth. It is shown in Fig. 2 that the
main beam efficiency is about −0.017 dB, whereas the sidelobe
magnitude is less than −30 dB. Since the Suomi NPP satellite
orbits an orbital altitude of 824 km, it can be roughly estimated
that about 0.0002% to 0.01% of radiation from sidelobes can be

Fig. 1. Schematic of ATMS antenna subsystem (Chu, 2007).

Fig. 2. ATMS normalized antenna pattern for channel 1 at (upper panels)
copolarization and (lower panels) cross-polarization at three different scan
angles: 52.7◦ (scan starting point, left panels), 0◦ (nadir point, middle panels),
and −52.7◦ (scan ending point, right panels).

received from the 124◦ sector around the nadir that “sees” the
Earth. By including not only the main beam efficiency of the
Earth but also the sidelobe contributions from the Earth, cold
space, and satellite platform, the satellite measured radiation
is a result of radiation arrived at the front of antenna and
convolved with the antenna pattern functions as follows:

T p
a =

∫

Ωme

dΩ(GppT p
b +GqpT q

b )+

∫

Ωse

dΩ(GppEp
b +GqpEq

b )
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Ωss

dΩ(F ppSp
b +F qpSq

b ) (1)
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where the superscripts p and q stand for either the v or h
polarization state; Gpp and Gqp are the normalized antenna gain
in the far-field (i.e., Earth and cold space) for copolarization
and cross-polarization, respectively; F pp and F qp are the copo-
larization and cross-polarization antenna gain in the near-field
(i.e., satellite platform); Tb is the brightness temperature of the
Earth scene illuminated by the main beam; Eb, Cb, and Sb are
the brightness temperatures of the Earth, cold space, and satel-
lite platform seen by the sidelobes, respectively; Ωme and Ωse

are the solid angles corresponding to the antenna main beam
and sidelobes of the Earth, respectively; and Ωsc and Ωss are the
solid angles of the sidelobes seeing the cold space and satellite
platform, respectively. The solid angle, i.e., Ωme, corresponds
to 2.5 times the main beamwidth (θ3dB) that is calculated from
a half-power width of the antenna pattern function, and its value
is shown in Table I in degree. The first term in (1) is the Earth
radiation entering into the receiver system through the main
beam, which is determined by 2.5 times half-power beamwidth;
the second term is the Earth radiation through the sidelobes
that are out of the main beam but within the Earth view sector;
the third term is the cold-space radiation through the sidelobes;
and the fourth term is the radiation scattered and emitted from
satellite platform to the receiver.

Assuming homogeneous brightness temperatures within rel-
evant solid angles, the antenna temperature in (1) can be
written as

T p
a = ηppmeT

p
b + ηqpmeT

q
b + ηppseE

p
b + ηqpseE

q
b

+ηppscC
p
b + ηqpscC

q
b + γpp

ssS
p
b + γqp

ssS
q
b (2)

where ηppme, ηppse , ηppsc , and γpp
ss are the copolarized antenna beam

efficiencies and are defined as follows:

ηppme =

∫

Ωme
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The cross-polarized antenna beam efficiencies, i.e., ηpqme, ηpqse ,
ηpqsc , and γpq

ss , have similar definitions except for replacing Gpp

and F pp in the numerators of the above equations by Gpq

and F pq .
For a normal scan of ATMS, ηppse is computed by integration

of radiation intensity over −3-dB solid angle, ηppse is computed
by integration of antenna radiation intensity between −3-dB
angle and ±62◦ Earth boundary angle, and ηppsc is computed
within the remaining angle range of the measured antenna
pattern out of the Earth boundary. Since the near-field antenna
pattern is not available, γpp

ss is approximately calculated using
the far-field antenna pattern Gpp, which is to be denoted as
ηppss . The computed copolarized and cross-polarized main beam
efficiency, as well as the sum of the three sidelobe beam
efficiencies, are listed in Table II for 14 ATMS channels of
typical frequencies.

TABLE II
BEAM EFFICIENCY VALUES AT TYPICAL

CHANNELS OF ATMS INSTRUMENT

As the ATMS antenna scans across from nadir to its limb
position, it receives signals from both the horizontal and vertical
polarizations and obtains the so-called quasi-vertical (Qv) and
quasi-horizontal (Qh) antenna temperature according to the
following equations:

TQv
a =T v

a cos2 θ + Th
a sin2 θ (3a)

TQh
a =T v

a sin2 θ + Th
a cos2 θ (3b)

where θ is the scan angle, and T v
a and Th

a are the so-called SDR.
TQv
a and TQh

a are referred to as TDR. For far-field radiation, we
have ηvv � ηhh, ηvh � ηhv (see Table II). Substituting (2) into
(3) results in
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where (TQv
b , TQh

b ) are the radiation contributions from the
Earth’s main beam; (EQv

b , EQh
b ) and (CQv

b , CQh
b ) are the side-

lobe contributions from the Earth and cold space, respectively;
and (SQv

a , SQh
a ) represents the contributions from the near-field

radiation from spacecraft.
The sensor brightness temperatures of the Earth’s main beam
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b , T

h
b ), Earth’s sidelobes (Ev
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h
b ), cold-space sidelobes

(Cv
b , C

h
b ), and the near-field radiation contributions from space-

craft (Sv
b , S

h
b ) can be expressed as follows:
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SQh
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where A in (5a) and (5b) stands for Tb, Eb, or Cb. Therefore,
for a cross-track scanning system, the conversion from the
antenna to sensor brightness temperatures requires an accurate
characterization of all of the antenna main beam and sidelobe
efficiencies, the Earth radiation from the main beam, and the
radiation from the spacecraft.

In (4), the cold-space radiation can be estimated assuming a
constant cosmic temperature at 2.73 K. However, the radiation
components for the Earth view from the sidelobes are largely
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unknown. In addition, the radiation from the spacecraft within
the near-field sidelobes is not quantified in normal satellite
operations. Based on the computed sidelobe beam efficiency
values listed in Table II, we can reasonably assume that the
sidelobe contributions to the total received radiation are small
and can be ignored. Therefore, (4) can be written as

TQv
a = ηvvmeT

Qv
b + ηhvmeT

Qh
b + SQv

a (6a)
TQh
a = ηhhmeT

Qh
b + ηvhmeT

Qv
b + SQh

a . (6b)

In general, the conversion from the antenna temperature at a
single polarization, i.e., TQv

a or TQh
a , to the sensor brightness

temperatures, i.e., TQv
b and/or TQh

b , using (6) is not unique.
Two simplifications can be considered. For an antenna system
that has a zero cross-polarization efficiency (ηhvme = ηvhme = 0),
(6) is simplified into

TQv
a = ηvvmeT

Qv
b + SQv

a , TQh
a = ηhhmeT

Qh
b + SQh

a . (7)

If the natural Earth radiation has no polarization (TQv
b = TQh

b ),
(6) becomes

TQv
a =

(
ηvvme + ηhvme

)
TQv
b + SQv

a

TQh
a =

(
ηhhme + ηvhme

)
TQv
b + SQh

a . (8)

The conversion from TDR to SDR becomes unique in these two
cases if the radiation terms related to spacecraft, i.e., SQv

a and
SQh
a , can be estimated. In Section IV, the pitchover maneuver

observations of ATMS are used for estimating the last term on
the right-hand side of (7) and (8).

IV. ANALYSIS OF ATMS PITCHOVER MANEUVER DATA

On February 20, 2012, the Suomi NPP satellite made its
pitchover maneuver. The spacecraft is completely pitched off
the Earth to enable ATMS to acquire full scans of deep space.
Fig. 3 shows the orbit on which the pitchover maneuver was
performed. During a 43-minute period of ATMS pitch ma-
neuver, the antenna is ramped up at a linear rate for the first
11 minutes, held to scan the cold space for about 22 minutes,
and then ramped down at a linear rate to its normal Earth
scanning position in the final 10 minutes. During the 22-minute
pitchover period, ATMS continually scanned cold space across
its 96 field of views (FOVs). Since the Earth’s disk lies outside
of the main beam and the cold-space radiation within the
antenna’s sidelobes is very uniform, any additional radiation
introduced by obstacles on the spacecraft could be observed.
These observations are used here for evaluating the scan an-
gle dependence of the antenna temperature model developed
in Sections III and IV. The maneuver will also allow us to
establish the baseline radiometer output (i.e., counts) from the
sidelobe effect of cold space and spacecraft.

When ATMS performs a space scan during its pitchover
maneuver period, the cold-space radiation is uniform and un-
polarized, the copolarization and cross-polarization terms in
(4a) and (4b) can be merged into one single term, i.e.,

TQv
a = ηvvmeCb + ηhvmeCb + ηvvseE

Qv
b + ηhvse E

Qh
b

+ ηvvscCb + ηhvsc Cb + SQv
a (9a)

TQh
a = ηhhmeCb + ηvhmeCb + ηhhse E

Qh
b + ηvhse E

Qv
b

+ ηhhsc Cb + ηvhsc Cb + SQh
a . (9b)

Fig. 3. ATMS pitchover maneuver locations and time zone.

By neglecting the sidelobes of the Earth, the space scan antenna
temperature can be written as

TQv
a =

(
ηvvm + ηhvm

)
Cb + SQv

a (10a)
TQh
a =

(
ηhhm + ηvhm

)
Cb + SQh

a (10b)

where ηm = ηme + ηsc represents the beam efficiency contri-
bution from both the main beam and the sidelobes that view the
space radiation.

Contributions of the radiation from the spacecraft can be
quantified if the radiation from the spacecraft is unpolarized
(i.e., Sv

b = Sh
b ≡ Sb) and the near-field sidelobe efficiency is

different between two copolarizations (i.e., γhh
ss > γvv

ss ), then
(5c) and (5d) can be simplified into
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ss Sb sin
2 θ + γhh
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As a result, (10) becomes
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where Δγ = γhh
ss − γvv

ss .
If the spacecraft radiation is polarized and the near-field

sidelobe efficiency is the same for both copolarizations (i.e.,
γhh
ss = γvv

ss ), then (10) becomes
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From (11) and (12), it is concluded that the antenna tem-
perature from a space view is composed of the far-field deep
space radiation from the main beam and the near-field satellite
platform radiation. The space scan antenna temperature is scan
angle dependent, which is different for quasi-vertical and quasi-
horizontal polarization. The antenna temperature along a scan-
line for a quasi-vertical polarization curves up (i.e., a smiling
feature) and that for a quasi-horizontal curves down (i.e., a
frown feature) if the antenna side efficiency for the copolariza-
tions meets the condition of γhh

ss > γvv
ss or if the radiation from

spacecraft satisfies the condition of Sh
b − Sv

b > 0.
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Fig. 4. Variation of the model-simulated antenna temperature with respect to scan angle (curves) for a typical ATMS (a) quasi-vertical polarization channel
(channel 1) and (b) quasi-horizontal polarization channel (channel 4) for three specified values of β1. The ATMS measured antenna temperatures for the same
channels during pitchover maneuver are shown in black.

Fig. 4 shows the variation of the simulated antenna
temperature with respect to scan angle for a typical ATMS
quasi-vertical polarization channel (channel 1) and a typical
quasi-horizontal polarization channel (channel 4) for three
specified values of β1. The ATMS measured antenna temper-
atures for the same channels during pitchover maneuver are
also shown in Fig. 4. The larger the value of β1, the more
significant the satellite platform effect; the model-simulated
antenna temperature varies more rapidly with scan angle. The
scan angle dependence features of model-simulated antenna
temperature for both quasi-vertical and quasi-horizontal polar-
ization are consistent with maneuver measurements. The ob-
served and model-simulated antenna temperatures have either a
minimum [see Fig. 4(a), quasi-vertical channel] or a maximum
[see Fig. 4(b), quasi-horizontal] at nadir. It is noticed that the
observations at channel 1 are much lower than the theoretical
cold-space brightness temperature. This is probably due to the
residual bias of radiometric calibration in the ground processing
system. For example, the ATMS calibration equation is directly
based on brightness temperature instead of radiance, which
is only valid in low frequency. In addition, the cold-space
calibration temperature is determined during a prelaunch period
and could have a systematic bias. Since the last term in (8)
largely determines the scan angle dependence of the TDR when
ATMS scans through the cold space, the scan-angle-dependent
pattern from pitchover maneuver data shown in Fig. 4 could be
used to resolve the near-field terms in (4) when ATMS scans
the Earth.

V. SUMMARY

Quantifying the scan-angle-dependent brightness tempera-
ture biases introduced by antenna sidelobes is important for
ATMS calibration. The pitchover maneuver of the Suomi NPP
satellite enables ATMS to acquire full scans of deep space,
providing a unique opportunity to study the scan bias charac-
teristics. ATMS antenna temperature measurements during its

pitchover period exhibits a distinct scan-angle-dependent fea-
ture but different for quasi-vertical and horizontal polarization
channels. Analysis of far-field antenna pattern for all ATMS
22 channels shows that for both space and Earth scans, the
cross-polarization term as well as near-field reflection and emis-
sion from satellite platform have some contributions to ATMS
measurements. A theoretical model is established to explain
the scan-angle-dependent feature of ATMS measurement bias,
with model parameters derived from the pitchover maneuver
data. It is anticipated that the scan-angle-dependent feature of
measurement bias can be significantly removed by applying this
model to the Earth scene simulation of ATMS data.
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