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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. ATMS scanning reflector is made of the beryllium coated with gold
and can have an emission due to the surface roughness. An estimate of the reflector
emissivity in the prelaunch phase was not explored. In this study, a new methodology is
developed to assess the antenna emission from the ATMS pitch-over observations. It is
found that the antenna emission is significant and dominates the scan angle dependent
features in the ATMS antenna temperatures. Retrieved emissivity from K to G bands
ranges from 0.002 to 0.006. Error model was also developed to assess the impact of
antenna emissivity to calibration accuracy of antenna temperature products. Simulation
results show that the calibration error are scene temperature dependent and can be as

large as 2.5K for space view.
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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 pm) orbit at
an average altitude of 842 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 prediction (NWP) for improved
short- to medium-range weather forecast skills, the ATMS instrument characteristics are
listed in table 1. On February 20, 2012, ATMS on the Suomi NPP satellite was
commanded to pitch over, scan the deep space and collect the 18-minutes of data with 96
of field of views (FOVs) along each scan. In principle, the brightness temperatures after
calibration from the cold space should be uniform across the scan. In our previous
studies, it has been found that the pitch maneuver data showed a scan-angle dependent
radiometric bias with respect to the cold space background brightness temperature of 2.73
K. In particular, the biases at ATMS channels 1,2, and 16 are a sine-squared function of
scan angle (smile shape) whereas the rest of channels are a cosine-squared function of
scan angle (frown shape) (Weng and Yang et al., 2013). We also demonstrated that the
near-field radiation from satellite platform and instrument itself may plays a critical role
for the observed scan angle dependent bias. An empirical model is then established to
explain the scan-angle dependent feature of ATMS measurement bias, with model
parameters derived from the pitch-over maneuver data. The Quasi-V and Quasi-H

polarized corrections are expressed as function of scan angle:

S = By + B,sin?6 (1a)



S = B, + Bycos?6 (1b)
where 6 is the scan angle, S, and 3; are the model parameters determined from the pitch
maneuver data. The scan-angle dependent features of antenna brightness temperature for
both quasi-vertical and quasi-horizontal polarization simulated from the antenna gain data
are consistent with maneuver measurements. At nadir, the observed and simulated
antenna brightness temperatures have a minimum at all QV channels and a maximum at
all QH channels.

Scan angle dependent bias feature was also found in observations from NOAA legacy
microwave sounding instruments. Sounders et al found that scan angle dependent bias
existed in AMSU-B instrument during the thermal-vacuum test. They found that the bias
is polarization dependent and is larger in nadir than those in scan edge (Sounders et al.,
1995). By study the pitch-over observations from NOAA-14 MSU instrument, Kleespies
also found that there is a marked asymmetry in the nominal Earth scene, and the
characteristics of the asymmetry differ for the different polarizations. The vertically
polarized channels display maximum difference from the space look near the nominal
nadir position, while the horizontally polarized channels tend to have a maximum in the
lower scan positions and a minimum in the higher scan positions (Kleespies, 2007). In the
follow on study, Kleespies pointed out that the possible root cause of the scan dependent
bias observed in pitch-over observations are contamination from Earth side-lobe and the
thermal emission from the polarized scan mirror (Kleespies, 2011).

Study on F16-SSMIS instrument shows that thermal radiation from antenna reflector can
be a major cause of calibration bias (Kunkee et al., 2008; Yan and Weng, 2009). For the

spaceborne microwave sounding instruments, the antenna reflector is required to be



designed with a reflectivity of larger than 0.999. But the study on SSMIS calibration
shows that the SIOx coating on the reflector surface may result in reduced reflectivity and
consequently significant emission (Bell et al., 2006). The reflection coefficient for a
specimen of the reflector material can be measured with a network analyzer. However, if
the reflection coefficient is close to one, it becomes difficult, if not impossible, to achieve
the measurement accuracy from the analyzer (Skou, 1997).

The root cause of the scan angle dependent bias observed in microwave sounding
instrument TDR products is kept unknown for many years. In this paper, based on the
study from different researchers on legacy NOAA MSU and AMSU instruments, and the
analysis for on-orbit pitch over observations from the newest SNPP ATMS instrument, a
theoretical model was established to explained the major root cause of scan angle
dependent bias observed in NOAA microwave sounding instruments. This model is built
based on the assumption that the polarized scan mirror plays a major role for the
observed bias. A retrieval algorithm is then developed to get antenna reflector emissivity
from ATMS cold space scan measurements during NPP satellite pitch-over operation. In
Section I, a general reflector emission model is introduced. Section 11l is devoted for the
model applied for pitch-over observations, the emissivity retrieval model and its impacts
to calibration accuracy were described in section IVV. The summary and discussions on

the retrieval products and their possible applications will be given in Section V.

I1. Antenna Reflection and Transmission Model

2.1 Characteristics of ATMS Antenna Reflector
ATMS has two receiving antennas, with one receiving antenna serving for channels 1-15

with frequencies below 60 GHz and a separate receiving antenna for channels 16-22 with



frequencies above 60 GHz. As shown in Fig. 1a, the antennas consist of a plane reflector
mounted on a scan axis at a 45° tilt angle so that radiation is reflected from a direction
perpendicular to the scan axis into a direction along the scan axis (i.e., a 90° reflection).
With the scan axis oriented in the along-track direction, this results in a cross-track scan
pattern. The reflected radiation is focused by a stationary parabolic reflector onto a
dichroic plate (polarizing grid), and then either reflected to or passed through to a
feedhorn. Each aperture/reflector serves two frequency bands for a total of four bands.
Due to the coating material used, the rotating plane reflector is not lossless and has its
own thermal emission. According to Niels Skou’s equation (Skou, 1997), the emissivity
of a good conducting surface, viewed at normal incidence, is

1 f

N =15 |0 107

where f is the receiver microwave frequency and o is the conductivity of the reflecting
surface. This equation should be valid for perfectly smooth and pure bulk conductive
materials. For example, for bulk gold (c=4.10E7) the equation gives 0.0014 at 183 GHz
and 0.0005 at 23.8 GHz. The actual emissivity of real reflector surfaces is invariably
greater than the computed theoretical value, due primarily to surface roughness and
impurities. The ATMS flight reflector is made of Beryllium with a nominally 0.6 micron
gold plating layer, on a Nickel interfacing layer. Since the gold plating thickness is
comparable to the skin depth, and is likely to have extreme microscopic granularity and
roughness, it is not unexpected that the emissivity would greatly exceed the values

computed from the Skou’s equation.



2.2 Mueller Matrices for Antenna Reflection and Transmission at 45 Incident Angle

As stated before, when the rotating flat reflector of ATMS become polarized, to evaluate
its impact on reflected radiation, a full polarized physical model for antenna reflection is
need to be established at first. Figure 1b shows how the scene radiation is reflected by the
scan mirror. Eg- Eg, is incident plane, by which the instrument polarization is defined as
E-field perpendicular to the plane for H-pol and parallel to the plane for V-pol. Egry- Egn
is the reflector scattering plane, by which the reflection polarization is defined as E-field
perpendicular to the plane for H-pol and parallel to the plane for V-pol. Taking the
scattering plane as reference, for a homogeneous bulk-material reflector, the Mueller
matrices for reflection (Mg) and transmission (M+) at an incidence angle of 45 degree

can be expressed as (Dennis Goldstein, 2013):

1 sin26, 0 0 1
__ 1-sin26; Sinzer 1 0 0 | (28.)
R™ (1+sin26,)2] 0 0 —c0s20, 0o |
0 0 0  -cos26,]
_1+si2n29T +1 1+si2n29r 1 0 0 ]
: 1+sin26, 1+sin26,
My = MGTZ - 1 — +1 0 . 0 | (2b)
(1+sin26y) 0 0 V2(cosb, + sinf,) 0 |
0 0 0 V2(cosO, + sin@r)J

where 6,. is the refractive angle which is related to the incident angle through Snell’s law,
and the value of 8,. is close to zero for a metal.
When the ATMS antenna reflector scans to cold space or a blackbody target, the incident

radiation is unpolarized and can be expressed in a Stokes vector as:

1
s=1|g 3)
0



where I, is the radiance intensity. From (2a) and (2b), the reflected and transmitted

Stokes components can be derived by multiplying (3) as

1
1-sin26, |Sin2 Hr

Sr=1o (1+sin20,)2| 0 (43)
0
and
5 + sin26,) + 1]
25in26; 1 1 —

Sy =1, m| > (1 + sin26,) — 1| (4b)
0
0

Here, subscript R and T stand for reflection and transmission of incident wave. Note that
the sum of the reflected intensity and the transmitted intensity is equal to the incident
intensity
S =Sg +Sr,

which is required from the principle of the conservation of energy. It is also interesting to
note that after reflection, the incident unpolarized wave can become polarized, depending
on the angle. It should be noted that in this context, polarization direction is defined in
scattering plane: vertical polarization means E field parallel to scattering plane and
horizontal polarization means E field perpendicular to scattering plane. For a reflection
problem we are studying, it is more convenient to convert the reflected and transmitted

vector in (4a) and (4b) to a modified Stokes vector as such:

SRV 1- sin29r
_|Sru| _ 1o 1-sin26, |1 + sin26,
Sk = Spz| ~ 2 (1+sin26,)? 0 (5a)
Ska 0



Stv 2

g |Stu| _ o _2sin26, |1+ sin26,
T |Srs |~ 2 (1+sin26,)2 0
Sta 0

(5b)

From (5a) and (5b), the horizontal and vertical amplitude reflection coefficients of

antenna reflector can be expressed as:

. . 2
= Trsnag, T = e (62
Similarly, we can get the transmission coefficients:
th = (1422222:) v = (1121:1222:)2 (6b)
From (6a) and (6b) we can see that:
m+ty,=1,7r+t,=1
A corresponding relation exists between polarization reflection coefficients:
2 =r, (7)

Note that the above relationship is true only at an incident angle of 45°. Later, we will
show that the relationship expressed in (7) will be very useful for determination of

antenna emissivity or reflectivity.

I11. ATMS Antenna Reflection Model for Pitch-over Observations

As descripted in previous section, it is very difficult to measure the ATMS antenna
reflectivity from the ground tests. In this section, we prove that ATMS pitch-over
observations can be used to quantify the antenna loss. When the reflector scans to an
angle of 6 relative to the feed horn orientation, the received antenna brightness

temperature is a combination of the vertical and horizontal components (Weng et al.,



2013). Thus, the resulting signals reflected off the antenna can be expressed in the

Stokes vector (Akira Ishimaru, 1990):

1,
[Rov] |[ cos?9 sin2g 2520 O]l
R : 1.
Ry = IRQhI — | sin?0  cos?6 _ES‘"%’ 0]x (Sg + Sp) (8)
lRQBJ l—sinZH sin260 cos20 0
Q4 0 0 0 1

Where Sy is the cold space radiation reflected by antenna reflector, S is thermal
radiation from reflector. Their polarization state is defined in incident plane (scan plane).
By applying the relationship between V and H reflectivity given in equation 7, S, can be

expressed as

1 + sin20, T Rs
1-sin20, |1 — sin26,| _ [r?Rs

Sk = Rs (1+sin 26,2 0 0 (%)
0 0
and similarly S can be expressed as:
1+sin26,7 [(1 =R p]
_ 25in26, 2 _|a =R,
St = Rt (1+sin 26,)2 0 - no (9b)
0 0

In equation 9, Rs is scene radiance and R.q is thermal radiance from antenna reflector
itself. It needs be noted that to derive equation (8) and (9), the reference incident plane by
which the polarization direction is defined is different. As shown in figure 1b, for ATMS
observations, the incident plane is formed by beam direction and normal direction of

local plane in earth surface (Es,Z plane in the figure). While for radiation reached in front



of the antenna reflector, the incident plane is formed by beam direction and the normal
direction of antenna plane (Egr,Z: plane in the figure). Since the two planes are
perpendicular with each other, the V and H direction in these two planes are opposite.

Substituting Sz and S in (9) into (8) leads to the vector expression of radiation leave off

reflector surface:

[RQv] [Rs + eh(erl - Rs) + [(erl —Rs)(ey, — eh)]Sinze-l

|RQh| _ |RS + eh(Rrﬂ - Rs) + [(Ryf1 — Rs)(ey — eh)]00529| (10)

Ros| | (Rrﬂ—Rs) ey - (1—ep) - sin26 |

Rosl | 0 |
In equation above, e, =1 —1, and e, = 1 —n, are reflector emissivity at H and V
polarization. R = R, when reflector scans cold space and R; = R, when it scans to
calibration blackbody target. Note that the QV/QH expressions derived here are actually

consistent with those in equation 1, in which the model parameters By and (i are
expressed as functions of emissivity and physical temperature of reflector:
Bo = en(Ryf1 — Rs)
B1 = (Ryp1 — Rs)(ey, —ey)

Equation (10) provides a physical model for simulating pitch over observations obtained
through a polarized antenna reflector. It can be seen that when a non-lossless plane
reflector is used to scan the scene, a uniform unpolarized radiation can be changed to
polarized and expressed as a function of antenna reflectivity, reflector physical
temperature, scene temperature, and scan angle. Figure 2 shows the simulated radiation in
brightness temperature under different reflector temperature and reflectivity conditions.
For Quasi-V channels, it is a square of the sinusoidal curve and for Quasi-H channels it

follows a cosine curve. It can be seen that the impact of reflector thermal radiation can
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become significant when the scene radiation equals cosmic background, which is the case
for cold space view in ATMS scan cycle. For example, if the reflector reflectivity is only
0.994, then the cold target brightness temperature being used in calibration is not 2.73K
deep space brightness temperature anymore, the thermal emission of reflector with a

magnitude as large as 4.5K should be considered.

IV. Antenna Emission Estimated from Pitch-over Observations
4.1 Antenna Emissivity Retrieval Model
In normal observations, ATMS continually scans the Earth scene, cold space and warm
load calibration target. During the pitch-over maneuver, the instrument turns to scan the
un-polarized cold-space instead of the Earth scene at each of 96 scan positions. Given
6, 6., and 6, are the scan angle for ‘earth scene’, cold space and warm load

respectively, according to (10), the incident radiation from “earth scene” is:
RS, = Rrs1 + 1(Re = Rypy) + [(Re — Rep)) (i — 1) ]sin?6s (11a)
Réh = erl + 7”h(Rc - erl) + [(R: — erl)(ri? - T'h)]COSZBS (11b)

Similarly, for cold space and warm load views, we have:

Ry = Rrpi + 1h(Re = Regt) + [(Re = Ryep) (i — 1)) sin?6, (11c)

RS, = Repr + (R — Rygy) + [(Re — Ryp) (i — 1) ]cos?6, (11d)
and

RY, = Rys1 + (R — Reg1) + [(Ry — Rrp)) (0 — 1) ]sin26,, (11e)

RGy = Rypy + rh(RW — Rrﬂ) + [(Ry — Rrﬂ)(r,f — 13,)]cos?6,, (11f)
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Assuming Cs, C., and C,, are the corresponding receiver output counts for scene, cold

CS_CC

space and warm load respectively, and § = -
w™btc

. By applying the two-point calibration

equation for Quasi-V channels, we can derive

RS —RE
e =0 (12)
RQV_RQV

Substitute equation (11) into (12), the antenna emissivity at 45° angle (w.r.t scattering

plane) for ATMS quasi-vertical channels can be solved as:

— 8(RW_RC)
6[(RW—erl)sin2 GW—(RC—RTﬂ)sinZ 6] —(RC—erl)(sin2 05—sin?6.)

& (13a)

Note that for Quasi-H channels, follows from equation 7, the antenna emissivity should
be calculated as

g, =1—(1—¢g,)? (13b)
Since &y and € are much less than 1, it follows that &, = 2¢p
By deriving equation (13), it is proved that the antenna emissivity can be accurately
determined from space scan measurements by using two-point calibration equation
without considering receiver nonlinearity. Given the facts that the antenna emissivity is a
small number usually less than 0.01, to reach a high accuracy of measurement, a well
known uniform scene with temperature much lower than the physical temperature of
reflector is required, which is only can be achieved through deep space scan.
4.2 Reflector Emissivity Spectrum
On February 20, 2012, the Suomi NPP satellite made its pitch-over maneuver. The
spacecraft is pitched completely off the Earth to enable ATMS to acquire full scans of

deep space. During about 18-minute pitch-over maneuver, ATMS continually scans over
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cold space across its 96 field of views (FOVs). These data sets are collected from
homogenous, unpolarized cold space. As shown Fig. 3, SNPP satellite platform pitch
maneuver was carried out with a speed of 0.18%s. The pitch angle reached maximum of
179.4° during the process. The cold calibration count profile is also changing with the
pitch angle, this can be explained by the earth contamination through a side lobe. As
pitch angle increases, the earth contamination to cold space view decreases. To reduce
the impacts of earth contamination in deep space view, only +25 scan lines at the
maximum pitch angle were selected for retrievals of antenna emissivity. Figure 4 shows
the averaged scene counts for cold space view and the standard deviation at each of 96
FOVs. These count observations closely follow the sinusoidal and cosine rule described
by (1) although the count standard deviation is about 4 which is related to the instrument
noise signal. In addition, there is an asymmetry feature in the space view observations
which may be related to polarization angle twist and side-lobe effect. To get the clean
deep space scan observations, near-field radiation models in (1) are used to fit the mean
space view observations, as shown in Fig. 4b. The mean space observation fitted from (1)
is then used to retrieve the antenna emissivity.

Based on the pitch-over observation datasets described above, the ATMS reflector
emissivity is determined by using model expressed in Eq. (13) and is shown in Fig. 5. It
should be noted that since the reflector emissivity is defined w.r.t reflector scattering
plane, which is different from the scan plane in which the instrument polarization is
defined, the retrieved H-pol emissivity should be used for QV channels and V-pol
emissivity for QH channels. The retrieved emissivity at each band is listed in Table 2. In

general, the spectral emissivity is in a range of 0.0026 to 0.0063. The emissivity at V-
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polarization is larger than that at H-polarization (figure is omitted). Compare to the
emissivity computed from Skou’s equation, the retrieved ATMS emissivity is much
larger, with a factor 6 higher for 23.8GHz and 5 higher for 183GHz. Since the reflector
emission can not be ignored, it needs to be evaluated and corrected in calibration process.
4.3 Impact of Antenna Emissivity on the Earth Observations
ATMS is an instrument with less than 1K (0.75K for V band) calibration error is required
for NWP applications. It is important for user to know the impact of antenna emissivity
on calibration accuracy of the data products. Since the radiation from cold space, warm
load and the Earth scene are all collected through the polarized flat reflector, the impact
of antenna emissivity on Earth scene includes two parts: 1) extra error will be introduced
into calibration equation due to uncorrected antenna emissivity on calibration target, and
2) the calibrated earth scene brightness temperature will be contaminated directly by the
reflector thermal radiation if not corrected. In this paper, we mainly focused on assessing
the impact of antenna emissivity on calibration accuracy. Its impact on observed earth
scene brightness temperature will be discussed in future work.
To evaluate the impact of antenna emissivity on calibration accuracy, we need to start
from calibration equation of ATMS instrument:

Rs = Rp; + Qp (14)
In equation above, Ry; is linear part of calibrated scene temperature, and can be
computed from calibration targets by two-point calibration equation as:

Ry, =6-(R,—R.)+R, (15)
Cs—Cc.

where R, and R, are radiance for warm load and 2.7K cold space, § = c

W_CC.
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In equation (14), Q, is nonlinear part of calibrated scene temperature, which can be

expressed as function of maximum nonlinearity Q.. as below:

Qp = Qmax " [4- (86— 0-5)2 —1] (16)

1 2
Qmax :Z.M.(RW_RC)
where p is nonlinearity parameter and can be derived from TVAC test data.

The error model for calibrated scene temperature due to antenna emissivity correction can
be built from equations (14) ~ (16) as:
ARg=68-(ARy— AR)+ AR+ Au- (AR, —AR)? - [4- (5 - 05)2 - 1]
17)
It is known from equation (17) that the calibration errors arise from antenna emission are
depend on three terms: radiance error in cold space and warm load, and error in
nonlinearity parameters. From Equation (11), explicit form of radiance error in
calibration target can be derived as:
For Quasi V channels:
ARx = en(Rypi — Rye) + (Rrpi — Ry) (&, — £,) - 5in?6, (18a)
For Quasi H channels:
ARx = eh(Rrﬂ —Ry) + (Rrs1 — Ry) * (8 — €1) " €020, (18b)
In equation (18), ARx canbe AR, or AR,,.
By using equation (17), the impact of antenna emissivity to calibration error then can be
assessed. Figure 6 shows the scene temperature dependent calibration error at K,V W and

G band of ATMS. To derive the simulation results, temperatures of reflector and warm
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load are retrieved from on-orbit PRT measurements of ATMS, nonlinearity parameters
are derived from SNPP ATMS TVAC test under middle receiver temperature conditions.

It can be seen that the calibration error decrease with increased scene temperature. For K
band, calibration error can be as large as 1.5K at 2.7K space view, and decrease to -0.1K
at 300K Earth scene observation. Due to the different reflectivity characteristic at ATMS
channels, the magnitude of calibration error at different channel is also different. W band
was observed with the largest error, which can be explained by the relatively larger

emissivity in this channel.

V. Conclusion and Discussion

ATMS antenna reflector can emit the radiation due to the coating material and surface
roughness and have an impact on calibration accuracy. Its cross-track rotation can
complicate its emission problem by changing the polarization state of incident wave.

When reflector reflectivity is approach to 1, it is very difficult to be measured in ground
test. Since there are no improvements have been made for JPSS-1 ATMS antenna, Pitch
over maneuver operation is very critical for the measurement of the reflector emissivity
spectrum in space, it provide a very unique dataset from which the reflector emissivity
can be retrieved from the deep space observations with very high accuracy, which is not

achievable in ground test.

In this paper, we develop a technique to estimate the ATMS plane reflector emission for
frequency ranging from K to W bands.
Using the Mueller matrix of reflection and transmission at 45° angle for a bulk-material

reflector, we derived a full vector expression for reflected radiation for non-lossless,
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polarized rotating reflector. The physical model is then applied to the two-point
calibration equation and the antenna emissivity can be derived from the pitch-over
observations. The reflector emissivity spectrum ranges from 0.002 to 0.006 from K to G
bands.

Error model are also developed to assess the impacts of antenna emissivity to calibration.
Results show that the calibration error can be as large as 2.5K for space view at channel
16. The error is scene dependent and different for different channel of ATMS due to the
nonlinearity characteristic at each channel. For unpolarized channels the scan dependent
feature of TDR error is dominated by sine square term at quasi-V channels and cosine
square term in quasi-H channels. For polarized window channels, the impacts of antenna
emissivity to observed scene brightness temperature are complicated by the rotation of

polarization state, which will be studied in our future work.
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Table 1 SNPP ATMS Channel Characteristics
Table 2 Retrieved mean emissivity value ATMS K, V, W and G bands

Figure la. Schematic diagram of ATMS antenna subsystem. The top portion shows the
antenna subsystem for K/Ka and V bands whereas the lower portion is for W/G bands.

Figure 1b. Sketch plot for polarization direction definition by taken scan plane and
reflection plane as reference frame respectively.

Figure 2. Simulated cold space observations from antenna reflection for quasi-H (left)
and quasi-V channels (right). Scene temperature is sent to 2.73K, reflector physical
temperature is set to 300K. red, blue and black line is corresponding to antenna
reflectivity equals to 0.992,0.996 and 0.998 respectively.

Figure 3. ATMS pitch-over observations at channel 1. From left to right is scene counts,
profiles for pitch angle, nadir scene counts, cold calibration counts at 97" FOV

Figure 4. Mean (blank line) and standard deviation (bars in dark gray) of space scan at
each of 96 FOVs at left, and model simulated (black line) and real observed receiver
output space view counts (square points) at right. Upper panel is for channel 1 (smile
shape) and lower panel is for channel 3 (frown shape)

Figure 5. Retrieved reflector emissivity for ATMS K, V, W and G bands

Figure 6. Scene temperature dependent calibration error at K,\VV, W and G band of ATMS

from error model
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Table 1. SNPP ATMS Channel Characteristics

o gsr?{]rg?l olariation Bandwidth Freq-u-ency Calibration [\ o\ SB_:rlijwidth
Freq.(MH2) Max. (MHz) (S;/?glzlity Accuracy (K) (K) (deg)
1 {23800 Qv 270 10 1.0 0.5 5.2
2 |31400 Qv 180 10 1.0 0.6 5.2
3 150300 QH 180 10 0.75 0.7 2.2
4 |51760 QH 400 5 0.75 0.5 2.2
5 152800 QH 400 5 0.75 0.5 2.2
6 |53596+115 QH 170 5 0.75 0.5 2.2
7 154400 QH 400 5 0.75 0.5 2.2
8 154940 QH 400 10 0.75 0.5 2.2
9 55500 QH 330 10 0.75 0.5 2.2
10 [57290.344(f,) [QH 330 0.5 0.75 075 [2.2
11 |f,*= 217 QH 78 0.5 0.75 1.0 2.2
12 |f,=322.2£48 |QH 36 1.2 0.75 1.0 2.2
13 |f,£=322.2+22 |QH 16 1.6 0.75 1.5 2.2
14 |f,£322.2+=10 |QH 8 0.5 0.75 2.2 2.2
15 [f,=322.2+45 [QH 3 0.5 0.75 3.6 2.2
16 88200 Qv 2000 200 1.0 0.3 2.2
17 1165500 QH 3000 200 1.0 0.6 1.1
18 |183310+£7000 |QH 2000 30 1.0 0.8 1.1
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19 |183310+4500 |QH 2000 30 1.0 0.8 1.1
20 1183310+£3000 |QH 1000 30 1.0 0.8 1.1
21 11833101800 |QH 1000 30 1.0 0.8 1.1
22 1183310+£1000 |QH 500 30 1.0 0.9 1.1
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Table 2 Antenna Reflector Emissivity at ATMS K, V, W and G band

Bands Name | Reflector Emissivity
K 0.0026
\% 0.0036
wW 0.0043
G 0.0063
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Figure 1a. Schematic diagram of ATMS antenna subsystem. The top portion shows the
antenna subsystem for K/Ka and V bands whereas the lower portion is for W/G bands.
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Figure 1b. Sketch plot for polarization direction definition by taken scan plane and

reflection plane as reference frame respectively.

24



Simulated Observations
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Figure 2 Simulated cold space observations for quasi-H (left) and quasi-V channels (right).
Scene temperature is set to 2.73K, reflector physical temperature is set to 300K. red, blue

and black line is corresponding to antenna reflectivity equals to 0.992,0.996 and 0.998
respectively.
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Figure 3. ATMS pitch-over observations at channel 1. From left to right is scene
temperature, profiles for pitch angle, nadir scene counts and cold calibration counts at

97" FOV
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Figure 4. Mean (blank line) and standard deviation (bars in dark gray) of space scan at
each of 96 FOVs at left, and model simulated (black line) and real observed receiver
output space view counts (square points) at right. Upper panel is for channel 1 (smile

shape) and lower panel is for channel 3 (frown shape)
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Band Average Reflector Emissivit

Figure 5 Band average reflector emissivity for ATMS K, V, W and G band
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Figure 6. Scene temperature dependent calibration error at K,V W and G band of AMTS
from error model. Temperatures of reflector and warm load are retrieved from on-orbit
PRT measurements of ATMS, nonlinearity parameters are derived from SNPP ATMS

TVAC test under middle receiver temperature conditions.
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