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Abstract—The Chinese FengYun-3 (FY-3)A satellite was suc-
cessfully launched on May 27, 2008, with a Microwave Tempera-
ture Sounder (MWTS) onboard. MWTS has four channels with
frequencies of 50.3, 53.596, 54.94, and 57.29 GHz, respectively.
The MWTS measurements are primarily used for profiling atmo-
spheric temperatures from surface to lower stratosphere. MWTS
is a cross-track scanning instrument, and its Earth-view measure-
ments are calibrated through the warm target and cold space
measurements during every scan cycle. In this paper, the FY-3A
MWTS and its channel characteristics are first introduced. The
calibration process and the postlaunch instrument performance
are then presented, including the long-term trends of noise equiv-
alent differential temperature (NEDT), calibration counts from
cold space and warm targets, instrument telemetry, and channel
gains. The observed and simulated brightness temperature (BT)
differences of MWTS and Advanced Microwave Sounding Unit-A
(AMSU-A) are compared. It is shown that the MWTS NEDT
values at all channels are much better than its specification. The
BT biases of MWTS channels 1 and 3 with respect to the simula-
tions are similar in magnitude to those from National Oceanic and
Atmospheric Administration-18 AMSU-A. The MWTS biases at
channels 2 and 4 are larger than AMSU-A.

Index Terms—Assessment, calibration, FengYun-3 (FY-3),
long-term, Microwave Temperature Sounder (MWTS).

I. INTRODUCTION

THE FENGYUN-3 (FY-3) is the second generation of sun-
synchronous satellites in China. The first two satellites,

FY-3A and FY-3B, in its series were successfully launched
on May 27, 2008, and November 9, 2011, respectively [1].
There are three microwave instruments onboard the FY-3A
satellite, namely, Microwave Temperature Sounder (MWTS),
Microwave Humidity Sounder, and Microwave Radiation
Imager.
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Fig. 1. Instrument photograph of the FY-3A MWTS.

This paper first introduces the MWTS instrument and its
channel characteristics. Then, its on-orbit calibration process
is briefly summarized. By trending the MWTS housekeeping
temperatures and the observed radiometric counts from the
cold space and warm targets in 2009 and 2010, the long-
term on-orbit performances of MWTS are characterized. The
double differences of brightness temperature (BT) between
MWTS and Advanced Microwave Sounding Unit-A (AMSU-
A) onboard National Oceanic and Atmospheric Administration
(NOAA)-18 are derived and compared.

II. INSTRUMENT AND CHANNEL

CHARACTERISTICS’ DESCRIPTION

The MWTS instrument is a self-calibrating total-power
passive microwave radiometer which has been made by the
Xian department of China Aerospace Science and Technology
Corporation [2]. It weighs 39 kg and consumes 58 W of
power. It consists of three parts: detector, system controller, and
receiver. Fig. 1 shows a photograph of FY-3A MWTS with all
the major components.

It has two types of working modes, namely, pointing mode
and scanning mode. In the former mode, the MWTS can point
to any injected angle from the controller on the Earth. It is help-
ful for the on-orbit calibration process and status monitoring.
Normally, the MWTS is a cross-track scanner and executes one
complete revolution every 16-s period. The step-scan angle is
6.9◦. During every revolution, the MWTS scans 15 Earth field
of views (FOVs) within ±48.3◦ from the nadir location, one
cold calibration FOV, and one warm blackbody FOV per 16-s
scan period. FOVs 0 and 14 are the outermost scan positions
of the Earth views, and FOV 7 is the nadir scan position.
FOV 15 is the space view position whose scan angle is 121.2◦.
FOV 16 is the internal warm target view position whose scan
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Fig. 2. MWTS scan sequence.

TABLE I
SPECIFICATION AND MEASURED CHARACTERISTICS

OF THE FY-3A MWTS PERFORMANCE

angle is 228.3◦. Fig. 2 shows the MWTS scan sequence of the
Earth, the cold space, and the warm target.

The MWTS measures the Earth’s radiation at four channels
with frequencies at 50.3, 53.596, 54.94, and 57.29 GHz, which
has the same channel frequency as channels 3, 5, 7, and 9 of
AMSU-A. The MWTS data are used for temperature sounding
from the surface to about 20 km. All channels are designed in
single-sideband mode except the second channel that is double
sideband. Table I presents the specification and measured char-
acteristics of the MWTS instrument. Its channel characteristics
between measured and specifications of FY-3A MWTS are
listed in Table II.

III. ON-ORBIT CALIBRATION PROCESS INTRODUCTION

The MWTS scans one cold calibration FOV and one warm
blackbody for each scan. The onboard calibration of MWTS is
obtained by a two-point calibration reference, namely, black-
body view and cold space view, taking into account nonlinear
contribution by the use of the parameters derived from the
thermal vacuum chamber test before launch.

There are four platinum resistance thermometers (PRTs)
placed in the internal warm target. The physical temperature of
the internal warm target is the average of all measured effective
PRT temperatures.

Before launch, MWTS was tested and calibrated in KM2
thermal vacuum chamber environment by No. 509 Institute
of Shanghai Academy of Space Flight Technology. During
the test, the temperatures of the instrument and the scene
were modulated to simulate the possible on-orbit situation. The
data from the thermal vacuum chamber test were analyzed at
National Satellite Meteorological Center and by the MWTS
manufacturer to derive the calibration parameters at four dif-
ferent instrument temperatures of 0 ◦C, 10 ◦C, 20 ◦C, and
30 ◦C [3], [4].

The MWTS on-orbit calibration algorithm converts the ob-
served Earth-viewing counts to radiances and takes into account
any nonlinear contribution due to an imperfect square-law
detector. The nonlinear parameters are predetermined during
the thermal vacuum test which are provided at three principal
instrument temperatures. By the use of the observed radio
frequency (RF) temperature, the nonlinear parameters used on
orbit are interpolated from the three principal instrument values
[3], [5]–[9], which are very important in the operational cali-
bration algorithm to generate the MWTS Level 1 data sets. The
MWTS on-orbit calibration process also includes the antenna
pattern correction and lunar contamination correction [6], [9].

IV. ON-ORBIT VERIFICATION OF

THE MWTS PERFORMANCE

During the 3-month period after the satellite launch, a sys-
tematic postlaunch calibration and validation of the FY-3A
MWTS instrument performance was conducted with on-orbit
data. The main verified parameters include the noise equivalent
differential temperature (NEDT), the radiometric counts from
the cold space and warm targets, the housekeeping tempera-
tures, the channel gains, the setting of error flags, etc. Here, we
present the long-term results of the FY-3A MWTS instrument
performance, including the NEDT, the cold and warm internal
target counts, the housekeeping instrument temperature, and the
channel gains.

A. Long-Term Trends of NEDT

The NEDT value represents the standard deviation of antenna
BT measured by the radiometer to the mean values. It is a
function of the system noise of receiver, which is affected by
noise of electronics, short-term gain variation, and observed
count noise. Equation (1) presents the NEDT equation during
vacuum test. At that time, it is calculated as the standard
deviation of radiometric outputs of an antenna system that looks
at a scene target at a constant temperature (nominally, 300 K).
The radiometer has this NEDT parameter specified as a key
performance indicator that must be met during the prelaunch
phase

NEDT =
TH − TL

CH − CL

√
C2

HRMS + C2
LRMS

2
(1)

where TL and TH represent the temperatures of cold space
and the internal warm target, respectively. CL and CH are
the observed radiometric counts of cold space and internal
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TABLE II
FY-3A MWTS CHANNEL CHARACTERISTICS

Fig. 3. Long-term trends of the MWTS NEDT value as a function of days
from January 1, 2009, to December 31, 2010. Each data point is a NEDT
value from 100 consecutive scans from one of the orbits. The horizontal lines
represent the MWTS specifications for NEDT at individual channels.

warm target, and CLRMS and CHRMS represent the standard
deviations of CL and CH .

The on-orbit NEDT values in this paper are calculated using
the data from ten consecutive scans with the internal warm
target temperature variation within an order of 0.1 K. There
are ten NEDT values for 100 consecutive scans. The NEDT
value chosen for these 100 consecutive scans is the third largest
NEDT value in the ten NEDT values. The specification and
measured averaged MWTS NEDT results of four channels
calculated from 3-month on-orbit data are listed in Table II.
The on-orbit NEDT values for most channels are lower than
the prelaunch values, which are attributed to the lower on-
orbit temperatures of the instrument than those in the thermal
vacuum.

Fig. 3 shows the MWTS NEDT curves during 2009 and
2010. Each point on the curves is one NEDT value for 100
consecutive scan lines. Overall, the MWTS NEDT values cal-
culated from the on-orbit data meet the specifications listed

Fig. 4. Long-term trends of the RF temperature and internal warm target PRT
averaged temperatures from January 1, 2009, to December 31, 2010. Each data
point is an average of data from one orbit.

in Table II. The MWTS NEDT values at all four channels
are constant and close to 0.1, which is much better than the
specifications.

There are several anomalies at a day of 350 at all channels
and those days from 250 to 270. The instrument manufacturer
explained that they came from the error of the angle coder.
Finally, after a careful analysis of the problem, they revised the
program and infused it to the MWTS from ground. The NEDT
values after the day of 350 are stable and shown in Fig. 3.

B. Long-Term Trends of Housekeeping Sensor Temperature

The RF temperature is used as the instrument reference
temperature in the MWTS operational calibration algorithm.
The temperature of internal warm target is used in calibration
process as the high reference temperature. Fig. 4 shows the
long-term trends of the RF temperature and the averaged PRT
temperature of the internal warm target from January 1, 2009,
to December 31, 2010. Each point on the curves is the average
of RF temperatures from all scan lines of one orbit.

The RF temperature curve shows an obvious variation with
season. During the summer of the northern hemisphere, the RF
temperature is high, and during the winter, it is relatively low.
This is the result of the sensor temperature variation with its
platform and environment.

Overall, the MWTS PRT temperature varies within 0.3 K
during the 2-year analysis period. It proves that the MWTS
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Fig. 5. FY-3A MWTS long-term trends of radiometric space counts from
January 1, 2009, to December 31, 2010. Each data point is an average of data
from one orbit.

Fig. 6. FY-3A MWTS long-term trends of radiometric warm target counts
from January 1, 2009, to December 31, 2010. Each data point is an average of
data from one orbit.

controls its PRT heating very well. When the internal warm tar-
get temperature goes down and below the temperature thresh-
old, the MWTS temperature control system begins to warm
the PRTs until reaching the threshold. So, the temperatures are
always equal to or a bit lower than the threshold temperature.

C. Long-Term Trends of Space View and Internal Warm
Target Counts

Figs. 5 and 6 show the long-term trends of the orbital
averages of the radiometric space and warm calibration counts
from January 1, 2009, to December 31, 2010. Each point on

Fig. 7. Long-term trends of the channel gains from January 1, 2009, to
December 31, 2010. Each data point is an average of data from one orbit.

the curves represents the average of the space or warm view
counts from all scan lines of one orbit for one MWTS channel.
The variation of space and warm counts is also illustrated.
Comparing two time series, the fluctuations are similar. This is
mainly because both the warm and cold counts are the outputs
from the same receiver.

There are considerable periods of rapid variations on these
radiometric count curves. Comparing Figs. 5 and 6 with Fig. 4,
their fluctuation trend patterns are identical. For comparison,
Fig. 8(a) puts channel 4 space count and the RF temperature
curves together, in which we could see both curves vary in
similar fluctuation pattern. This means that the space view and
the internal warm target counts vary simultaneously with the
instrument temperature such that, at day 480, the increase of
the RF temperature is consistent with the increase of space and
warm counts at the same time. The reason for the dependent
relationship between the instrument temperature and the counts
is that the instrument temperature will affect the sensor gain
which is controlled by automatic gain control (AGC) in the
MWTS receiver system whose effect is shown in Fig. 8(b).
Obviously, the time series of the RF temperature from several
seasons reveals significant effects on all radiometric counts.

D. Long-Term Trends of Channel Gain

The other parameters such as instrument gain and telemetry
are also monitored and presented here. Channel gains of the
MWTS are controlled by the internal AGC. The variation of the
MWTS channel gains could be the result of instrument house-
keeping temperature changes, sensor aging, etc. If the value
exceeds the preset threshold, the channel gain is modulated
automatically. The channel gain is defined as follows:

Gain =
CH − CL

TH − TL
. (2)

The definitions of CL, CH , TL, and TH are the same as (1).
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Fig. 8. Comparison with the RF temperatures from January 1, 2009, to
December 31, 2010. Plot (a) is comparison between the RF temperature and
space counts in channel 4. Plot (b) is comparison between the RF temperatures
and gains in channel 4. Each data point is the average of data from one orbit.

Fig. 7 shows the long-term trends of mean channel gains
from January 1, 2009, to December 31, 2010. Each point on
the curves is the average of the gains from all the scan lines
of one orbit for one MWTS channel. Overall, the channel gain
values are stable.

There are a lot of very small variations on these channel
gain curves. Comparing Fig. 7 with Fig. 4, the fluctuation trend
pattern of channel gain is almost identical with the instrument
temperature. Fig. 8(b) shows together the channel 4 gains and
the sensor RF temperatures. Their fluctuations are very similar
with each other. The other three channels have the same char-
acteristics which are not shown in this paper. This implies that
the MWTS channel gains vary with the instrument temperature
and are sensitive to instrument temperature.

V. ASSESSMENTS OF CALIBRATION RESULTS

The MWTS four channels have the same channel frequency
as channels 3, 5, 7, and 9 of AMSU-A. Thus, the quality of the
BT measurements from the FY-3A MWTS can be assessed us-
ing the AMSU-A BT observations from the NOAA-18 satellite
[10], [11].

A direct pixel-by-pixel comparison between FY-3A MWTS
and NOAA-18 AMSU-A is not possible over a global scale
since these two satellites pass a local area at different time
except for the region over the high latitudes where simultaneous
observations can happen [11]. In this paper, the statistical
features of the differences between the MWTS-observed and
model-simulated BTs are examined and compared with those of
the NOAA-18 AMSU-A over oceanic and clear sky conditions.
The input data for the simulation come from the National
Centers for Environmental Prediction (NCEP) Global Data As-
similation System. The forward model used is the Community
Radiative Transfer Model developed by the U.S. Joint Center

Fig. 9. Histograms of the BT bias between observations and simulations for
(gray) MWTS and (black) AMSU-A.

for Satellite Data Assimilation [12]. The radiative transfer mod-
eling is performed under clear atmospheric conditions and over
ocean using sea surface temperature, surface wind vector, and
temperature/moisture profiles obtained from the NCEP data.

Fig. 9 shows the bias of observed and simulated results for
FY-3A MWTS and NOAA-18 AMSU-A from December 11
to 15, 2010. Each point on the curves is the frequency of the
BT difference during the period for one MWTS or AMSU-A
channel. The biases are almost the same for MWTS channel 1
and channel 4. For channels 2 and 3, the biases are larger than
AMSU-A. The bias distributions are similar for channels 2
and 4.

VI. SUMMARY AND CONCLUSION

FY-3A is the first experimental satellite of China second-
generation orbital satellites. The MWTS data are very useful in
atmospheric temperature profile retrieval, NWP data assimila-
tion, etc. This paper has presented a 2-year on-orbit assessment
of FY-3A MWTS postlaunch instrument performance, includ-
ing the long-term trends of NEDT, calibration counts from cold
space and internal warm targets, instrument temperatures, and
channel gains. The observed and simulated BT differences of
MWTS and AMSU-A are compared.

Overall, the MWTS NEDT values calculated from the on-
orbit data are much better than its specification. Although not
shown, MWTS NEDT values at all channels agree well for both
prelaunch and on-orbit results. The cold and warm counts agree
well with the variation of sensor temperature and channel gain.
The observed and simulated BT biases are almost the same for
MWTS channel 1 and channel 4. For channels 2 and 3, the
biases are larger than AMSU-A.
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