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Abstract

In order to finely predict the receiving schedule of the new generation of polar
orbit meteorological satellite time-delay data and solve the problem of rapid
positioning of lost data, this paper studies and proposes the satellite data re-
cording and satellite program-controlled program, and designs the delay data
receiving timeline precision forecasting method. It is concluded that the de-
tection load of polar orbit meteorological satellite in our country has devel-
oped from single load to multiple loads, and the detection data need to be
downloaded to the ground for processing and application. And as the satellite
load increases and the accuracy of each payload detection and channel in-
creases, the amount of probing data will further increase, which in turn will
require further increase of the speed of data transmission in the earth. Due to
the limitation of the space data transmission frequency band, under the prior
art system, the increase of the satellite data transmission rate is limited. On
the basis of understanding the working principle of Fengyun-3, the new
transmission system will be implemented in terms of data source compres-
sion, channel coding, modulation and polarization multiplexing by exploring
new weather transmission systems for meteorological satellites in the future
upgrade and at the same time analyze ways to avoid inter-satellite interference
in order to solve the contradiction between the increase of data volume and
the resource of terrestrial data transmission in the existing system.
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1. Introduction

Fengyun-3 meteorological satellite is China’s second-generation polar orbiting
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meteorological satellite, the amount of delay data far exceeds the amount of real-
time data, delayed data reception on the integrity of the global data has a great
impact [1]. The first generation of China’s polar weather satellite delay data re-
ception by the three ground receiving stations located in Beijing, Guangzhou
and Xinjiang in our country. There are seven transit orbits, but often there is a
track to receive no delay data (star on the memory is empty), so we can only re-
ceive 6 track delay data, and in this case, the ground system can not accurately
predict, only to be informed when the actual reception. China’s second-genera-
tion polar orbit weather satellite delay data reception in China by Beijing,
Guangzhou, Xinjiang, Jiamusi and Sweden Kiruna, five ground receiving sta-
tions to receive about 14 transit tracks per day, orbit relay will still be appearing
on-board. Memory is empty; the ground [2] station will appear to receive delay
data. The traditional prediction of receiving polar orbit meteorological satellite
time-delay data is based on the time of satellite transit and the program of satel-
lite program control, which does not consider the actual data storage on the sa-
tellite and the code rate of satellite decentralization that may result in the possi-
bility of forecasting satellite transit reception time. There will be no delay data
situation; ground receiving station delay data reception cannot be accurately
predicted.

The meteorological satellites observe the surface of the earth and the atmos-
phere from outer space [3] [4]. They are characterized by high observational
areas, wide observation areas and high frequency of observation [5]. It is a cha-
racteristic of large-scale dynamic observation of the ground [6]. A polar orbiting
meteorological satellite can obtain global meteorological [7] data twice a day,
and a stationary meteorological satellite can obtain weather images of nearly one
quarter of the earth every 30 minutes [8]. Meteorological satellites not only can
get a wide range of images of the Earth’s surface and the cloud top [9], but also
obtain quantitative meteorological data of the three-dimensional space atmos-
phere such as temperature, humidity [10], pressure and radiation, which plays
an important role in weather forecasting and climate prediction [11]. Now the
application of meteorological satellites has far exceeded the traditional meaning
of the meteorological category [12], in the dynamic monitoring of ecological en-
vironment and natural disasters, as well as marine, agriculture, fisheries, avia-
tion, navigation and so has a wide range of uses [13]. Fengyun-3 ground applica-
tion system is a new design and construction of the system, which carries 11 in-
struments, of which 9 are for the first time on the Star [14]. The instrument’s
detection band covers UV, visible, infrared and microwaves [15]. The most
prominent feature of this instrument is its ability to detect all-weather atmos-
pheric conditions [16]. It provides initial field data for numerical weather fore-
casting and visible and infrared data for environmental monitoring up to 250 m
resolution. Fengyun-3 detection data of large amount of data [17], transmission
channels and requiring high time-consuming access, it is the earth’s comprehen-

sive remote sensing detection of large polar [18] orbiting satellites, in a space
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platform, using a variety of detection methods, simultaneous detection, can
compare Good to meet the needs of meteorological observation.

The traditional receiving schedule of polar orbit meteorological satellite time-
delay data only predicts the transit time of the satellite under the specified an-
tenna elevation angle, and cannot predict the downlink data situation. With the
development and upgrading of satellite technology, the technical level of terre-
strial business systems is also getting higher and higher, and the requirements
for forecasting delay data of polar orbit meteorological satellites are also getting
higher and higher, and the delay data for each track is accurately predicted The
amount of time delay data transmitted by satellites during transit and the obser-
vation time period of delay data received by each orbit, the time delay data
source for timely discovering the integrity of postponed data reception and the

after-analysis of poor quality at the ground receiving station very necessary.

2. Realization of Fine Forecasting of Time Delay Data
Receiving Schedule

Accurately forecast time delay data reception schedule is based on the original
satellite transit time table to increase the number of Fengyun-3 delay data recep-
tion time period, and the received data observation period.

Precisely forecasting the delay time of receiving data on the ground station,
we must always know the state of the data in the satellite memory, the storage of
delay data on the satellite during the transit, and the code rate of the satellite
downlink.

Accurately forecast the ground station receives the load data observation period,
we must master the program of satellite programs to record each transit, depar-

ture, the delay of data transmission, input into the memory of the load data period.

2.1. Research on Orbit Prediction Method

Analyze and study the advantages and disadvantages of many kinds of orbit pre-
diction algorithms and select the prediction algorithm that is adaptable and
matches with the orbit calculation of polar orbit meteorological satellite in Chi-

na.

2.2. Ground Receiving Range Forecasting Research

According to the configurable station and antenna receiving range, the corres-
ponding azimuth and time when the antenna passes through different station
areas, the antenna receiving at different elevation angles and the length of satel-

lite transit time at each receiving elevation angle are predicted.

2.3. On-Time Delay Data Recording of the Forecast

According to the program of satellite program, the on/off status of the satellite
remote sensing equipment is extracted from the satellite telemetry data, and the

delay data storage quantity is accurately calculated and predicted according to
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the code rate of each instrument recording data and the recorded time length.

The amount of data stored in each track during entry into the country
= X Load data amount
= X (Load data record code rate * Recording time).

It can be seen from Table 1 that the recording rate of the mid-resolution
spectral imager and the scanning radiometer is different during day and night,
and the time corresponding to the code rate needs to be strictly in accordance
with the daytime and nighttime status of the satellite.

2.4. Delay Data Ground Reception Time Forecast Study

Delay time, the ground reception time is the data transmission time of satellite
transit. Combined with the format of digital transmission and the proportion of
delay data in the satellite decentralized data, the effective time period of the data
when the satellite passes the delay of different stations is predicted.

Calculate the state of the recorded records in a day, divided into three states:
MERSI and other instruments co-recorded state; other instruments record
MERSI does not record the state; record stop state, record the state of the re-
cordings stored every second and multiply the recording rate of the correspond-
ing instrument to calculate the amount of solidified recording.

Number of stored records = Recording status stored every second * Recording

rate of corresponding instrument * Constant factor.

Table 1. Delay link data corresponding to the instrument.

Remote sensing equipment

Medium resolution spectral imager

Record code rate MPT DPT Record storage

. L . Star point data
16 Mbps Medium resolution imaging spectrometer

during the day
Scanning radiometer (daytime) 1.3308 MbpV Scanning radiometer s Global record

Scanning radiometer (night) 0.39924 Mbps
Microwave imager 100 Kbps Global record
Infrared spectrometer 4 packs/6.4 s Global record
Ozone vertical detector 1 package/64 s Microwave imager Global record
Total ozone detector 1 package/8.16 s Satellite engineering telemetry parameters Global record
Earth radiation detector 1 package/4 s Infrared spectrometer Global record

1 k 15
Solar radiation monitor package/15 s Earth radiation revenue detector Global record
(4 to 16 packets/track)
Microwave thermometer 4 packs/2.667 s Microwave thermometer Global record
Microwave hygrometer 4 packs/2.667 s Total ozone detector Global record
Space Environment Monitor 1 pack/42 s Ozone vertical detector Global record
10 packs/120
GNOS occultation detector 200 Kbps packs s Global record
(once a day)
Satellit i ing tel t
ad:t; ? éggﬁ:ﬁ? iicif;:cel)ry 2 packs/s Solar radiation monitor Global record
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2.5. Delay Data Time Forecast Software Research

The forecast software is researched and developed by the National Satellite Me-
teorological Forecasting Center. The software is used to analyze the relationship
between the data received on the ground and the data stored on the satellite and
to determine the recording time of the data segment.

The amount of data stored in storage for a period of time = the amount of da-
ta recorded in storage during exit — the amount of delayed data delivered during
entry.

DPT reception time per track * DPT data transfer rate = amount of data that
can be dropped by this track.

Determine whether the amount of data that can be dropped by the track is
greater than the number of stored records. If it is smaller than the number, it in-
dicates that the track cannot be completely deallocated and the remaining data
will be accumulated to the next track.

According to the state of the recordings stored every second, judge the time

period for recording the MERSI and other instruments on a track.

3. Application of Precise Prediction Algorithm

According to the accurate prediction of the data receiving schedule, it is learned
in advance when and where the real-time observed data of various loads on the
satellite will be downloaded to which ground receiving station. So the ground
system will load the global observation data by arc projected onto the earth
(Figure 1), you can right click the properties of each arc, including the arc of the
receiving time, the received track number, the received ground station and other
information. When there is missing data in the puzzle, you can quickly pass the
adjacent arc at the missing data to determine the missing attribute of the arc, so

as to know the source of the missing data and locate the cause of the problem.

4. Conclusion and Discussions

Based on the analysis of the working principle and function of Fengyun-3

Figure 1. Global observational data projection.
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meteorological satellite, this paper presents satellite data recording and satellite
program control, and designs a fine forecasting method of time delay data re-
ceiving schedule, so as to finely predict the receiving schedule of delay data of a
new generation of polar orbit meteorological satellites and solve the problem of
rapidly locating lost data.

1) The polar orbit meteorological satellite [19] in our country has been devel-
oped from Fengyun-1 to Fengyun-3 at present. The detection load of a star de-
velops from a single load to multiple loads. The detection data need to be down-
loaded to the ground for processing and application. Star data transfer code rate
from F1. 3308 Mbps to 300 Mbps. Subsequent satellites as the satellite load in-
crease and the accuracy of the payload detection and channel increases [20], the
amount of probing data will further increase, thus requiring further increase in
the rate of data transfers to the earth. Due to the limitation of the data transmis-
sion space of the land space, under the prior art system, the increase of the satel-
lite data transmission rate is limited [21].

2) Fengyun-3 satellite data transmission system uses a multi-carrier, unipolar,
QPSK modulation, encoding using RS + (7.3/4) convolutional encoding. DPT
channel occupies a bandwidth of 300 Mhz; the frequencies used by the ITU for
air-to-ground [22] data transmission are located in the L band, the X band and
the KA band, respectively, of which the L band is only 12 MHz in bandwidth
and is mainly used for real-time data, the X-band includes 7750 MHz - 7900
MHZ and 8025 MHZ - 8400 MHZ. The former segment is mainly used for the
transmission of medium-capacity real-time data due to its narrow bandwidth.
The latter segment is widely used in the global data transmission at home and
abroad. KA segment due to greater rain attenuation, and ground tracking tech-
nology are not mature; there is no application in orbit. That is, the use of X-band
space for data transmission resources is limited.

3) In order to solve the contradiction between the increase of satellite data,
transmission data volume and spatial resources in the existing system [23], it is
necessary to explore the new meteorological satellite in the future to adopt a new
transmission system. The new transmission system will compress the data
source and encode the channel, modulation and polarization multiplexing and
other aspects of the upgrade, at the same time, needs to analyze ways to avoid

interstellar interference.
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