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Abstract. In view of the fact that non geostationary satellite constellation is
becoming more and more complex and it is difficult to calculate and observe
directly, this paper mainly studies the inter satellite interference of NGSO
constellation. Firstly, the distribution of NGSO and various interference sce-
narios are comprehensively analyzed to enrich and improve the existing inter
constellation interference scenarios of satellite system, and the direct interfer-
ence between constellations in the same system is analyzed. Then, the data of
Leo electromagnetic satellite are analyzed, and the inter satellite link interfer-
ence of NGSO constellation system is calculated. Using the concept of relative
interference time, the time distribution characteristics of interference are visu-
alized, and the time characteristics of interference in different scenes are ana-
lyzed. The inter satellite link interference of large-scale NGSO satellite
constellation system is analyzed from multi-dimensional perspective, and the
simulation is carried out. The implementation results of the strategy prove that
there is interference in the inter satellite links of large NGSO satellite constel-
lation system. The corresponding signal analysis strategy is designed, and the
data processing method of interference data is proposed.
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1 Introduction

1.1 Development of NGSO Constellation Status of NGSO Constellation

The Internet of things is the key direction and an important part of the current
development of information technology. The current ground Internet of things is facing
a variety of difficulties, including the impact of weather, capacity, network resources
and so on. Therefore, people begin to expand the current ground Internet of things, and
open up its re air field, in which the largest main battlefield is the space information
network. The space information network integrates geosynchronous orbit satellites,
medium orbit satellites and low orbit satellites to process the network information in
space [1, 2].

Among them, NGSO satellite communication system has small time delay, strong
anti attenuation ability of signal, and can achieve global seamless satellite coverage by
improving the coverage ability of the system.When the electromagnetic data of NGSO
satellite is modeled, it is necessary to mine the electromagnetic data of NGSO satellite.
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So far, the number of NGSO satellite systems has been increasing, and the latest
SpaceX project will eventually reach more than 4000 NGSO constellations [3–5].

1.2 Research of Interference Analysis for NGSO Constellation

There are all kinds of interference in satellite communication. The construction of
electromagnetic interference model for different scenarios has always been a key
research direction of the majority of scholars.

Satellite communication links are divided into uplink and downlink. Some scholars
have studied the coordination method of uplink and downlink interference in multi
beam satellite communication system and the co channel interference cancellation
technology [6].

However, there is still a lack of inter satellite link interference for NGSO satellites,
which can not accurately reflect the different gain of different angles and the continuous
interference changes at different times [7, 8].

So the main purpose of this paper is to complete the inter satellite link interference
of NGSO constellation. According to ITU report, if the inter satellite links of two
NGSO constellations use the same fixed service frequency band of satellites and the
inter satellite links increase continuously, it may cause the interference of inter satellite
links to affect the system. At present, the main NGSO constellation is basically used Ka
and Ku band, and the service frequency bands used by each system may produce
coincidence. In addition, NGSO constellation, such as Starlink, has launched two
groups of more than 1000 satellites, and there are still a third batch of launch plans.
Moreover, there are inter satellite links in Starlink system, which will lead to the future
low orbit satellite system more complex and need to consider inter satellite interference
[9–11].

2 Construction of Inter Satellite Link Interference Model

2.1 NGSO Constellation Construction

Several common NGSO satellite constellations are simulated: Oneweb, Starlink, to
obtain satellite orbit related parameters, the electromagnetic interference model is used
to calculate several electromagnetic parameters including antenna gain and EIRP, and
the EIRP of uplink ground station transmitter and downlink satellite transmitter in inter
satellite interference is calculated [8, 11]. EIRP is the effective isotropic radiated power.
In satellite communication, the radiation power of satellite or ground station in a
specified direction is equal to the transmitting power of power amplifier multiplied by
the gain of antenna in ideal state, which is used to measure the intensity of interference
and the ability of transmitter to transmit strong signal [9, 12].

The position of the ground station (72.826 ° e, 0) is set. In the constellation of
simulation, a period of time when the satellite passes the top is selected for simulation,
and the step is set to 1s. The azimuth and distance data of the satellite to the ground
station and the ground station to another satellite are obtained. The constellation
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satellite transmission power, ground station transmitter transmission power, satellite
communication frequency and other data are obtained by consulting literature.

2.2 System Model

Interference Scene Analysis
In NGSO satellite communication, an important situation that may produce interference
is the interference scene of inter satellite link. A satellite in NGSO constellation will be
subject to a variety of potential interference scenarios. It is mainly divided into uplink
and downlink scenarios. For the communication between constellation A and earth
station A in Fig. 1, the interference in the uplink is mainly the interference from
satellites of other constellations and other possible earth stations. The main interference
in the downlink is divided into the interference of other constellation to the earth station
and the possible interference of GSO constellation to the earth station.

In the discussion of inter satellite interference scenarios, the adjacent satellite inter-
ference scenarios are generally considered. In this problem, we mainly consider the
interference of the uplink channel in the satellite adjacent system. In other words, the
actual useful signal in the process of satellite communication is the useful signal
strength sent by the ground station, while the interference is caused by the information
sent by other constellations.

However, in some scenarios, when the local satellite a exchanges information with
the local earth station, the output information of the neighboring satellite B may also be
transmitted to the receiver of the local satellite a, causing direct interference between
the two stars. It can be seen that this situation will occur in the uplink state of the main
link.

In analyzing the interference in the uplink of non-geostationary orbit constellations,
the overall model is shown in Fig. 1. In complex interference analysis, geostationary
orbit satellites and non-geostationary orbit satellites need to be considered. When
examining the uplink of non-geostationary satellites, The main link of communication
is the link transmitted to the constellation by the Earth station of a non-geostationary

Fig. 1. Schematic diagram of electromagnetic spatial distribution and interference complexity
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orbit satellite, Among them, the most important interference scenario is the useless
signals emitted by other earth stations. In addition, it is necessary to consider the
interference of signals emitted by other non-geostationary satellites and the interference
caused by some geostationary satellites.

Interference Calculation
No matter what kind of inter satellite interference is caused, the same data processing
method can be used to quantify the interference and know whether it is necessary to
adjust the system, such as adaptive power control. Then we need to calculate the best
sampling time of the system, which can reduce the amount of data calculation as much
as possible on the premise of correctly judging the interference between the systems.
The following formula is needed to calculate the optimal sampling time:

Dtstep� down ¼ Dtdown
Nstep� down

ð1Þ

In the calculation, we need to obtain the selected constellation orbit height and satellite
angular velocity data.

In the above formula, Dtstep� down means the step size of the downlink time of the
system, that is the best sampling time interval of the system, Dtdown is the time required
to interfere with the main lobe radiation range of the antenna of the NGSO satellite
passing through the earth station, which will be affected by the antenna type and
amplification capacity of the system, as well as the orbit height of the satellite.
Nstep� down indicates the sampling times of the main lobe radiation area of the receiving
antenna in the ground station of the disturbed system. It is affected by the main lobe
width and other factors. It is the ratio of the 3 dB width to the off-axis angle sampling
interval of the main lobe of the receiving antenna in the earth station of the disturbed

NGSO system. Its value can also be replaced by a value greater than or equal to
ffiffiffiffiffi
24
DR

q
,

where DR is the resolution dI of the interference signal power I received by the NGSO
disturbed earth station. According to experience, its value can be set as 0.5dB.

The value of can be determined by the ratio of the angle of the main lobe radiation
area of the satellite receiving antenna through the earth station to the angular velocity of
the satellite in the circular orbit. In this scene, the final time step is 6 s according to the
above method.

Generally, according to the regulations of the International Telecommunication
Union, as long as the influence of the interference signal from the adjacent satellite on
the equivalent noise of the receiving system of the satellite reaches 6%, it is generally
recognized that there is interference in the adjacent satellite system and needs to be
adjusted. Therefore, 6% is regarded as the threshold. If the relative increment of
equivalent noise temperature can be expressed as DT

T , it can be expressed as:

DT
T

¼ 6% ð2Þ

The conversion to DB is 12.2 db.
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When considering inter satellite interference, power is chosen to judge. In the
calculation process, the data processing of load-to-dry ratio is needed. So the rela-
tionship between the load-to-dry ratio of the final transmission and the carrier to dry
ratio transmitted by the inter satellite link itself is as follows:

C
Ith

¼ C
Nth

þ 12:2 dB ð3Þ

The downlink carrier to interference ratio is:

C
Idn

¼ Cdn � Idn ¼ C
Tdn

� I
Tdn

ð4Þ

When considering the power spectral density to analyze the above, the above formula
can be changed into:

C
Idn

¼ ðEIRPDþGer � LdÞ � ðEIRPD0 þG0
er � L0dÞ ð5Þ

When the power spectral density is considered to analyze the above, in the calculation
of the uplink load to dry ratio, the carrier power of the antenna output end of the earth
station at the receiving end can be changed into:

Cdn ¼ EIRPs � Ld þGer ð6Þ

EIRPs is EIRP value of carrier satellite, Ld is loss value of downlink, Ger is the
receiving gain of ground station.

When considering the system margin, M can get the formula according to the
threshold calculated before:

M ¼ C
I
� ð C

Nth
þ 15:2Þ ð7Þ

According to the radio rules, when judging whether there is interference, the system
margin can be used. When the system margin is greater than 0, the interference of the
system is not serious and will not affect the channel of the main link. When it is less than
0, the interference will affect the communication of the main link, so the system needs to
be operated, such as adaptive power control, to improve the channel environment.

For the general system, the frequency band overlap between uplink and downlink,
so in order to meet the above requirements, the threshold will be increased by 3 dB.
Therefore, the downlink carrier to interference ratio threshold will be 15.2 db higher
than the system’s own carrier to noise ratio, and the carrier to noise ratio of the system
can be obtained as follows:

C
Nth

¼ Eb

N0
þRs � BW0 þMðdBÞ ð8Þ
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The specific algorithm is shown in Table 1. In this way, the relative increment of
equivalent noise temperature can be calculated according to the satellite constellation
parameters, and it can be judged according to ITU-R S.324 [13] whether the two
systems need to coordinate.

2.3 Analysis of Interference Problem

There are many kinds of interference and environmental factors in satellite commu-
nication system. When considering the interference between satellites, the free space
transmission model is generally considered, and the atmospheric loss is also
considered.

Free Space Loss
Free space is an ideal model for long-distance transmission of radio waves. Suppose
that the transmitting power of a directional antenna is PT , the power gain of the
transmitting end is GT , the opening area of the receiving end is AR, and the power gain
of the receiving end is GR. The free space transmission loss is defined as Lf as follows:

Lf ¼ 4pd
k

� �2

¼ 4pdf
c

� �2

ð9Þ

When the free space transmission loss is converted to dB, it is:

Lf½ � ¼ 92:44þ 20 lg dðkmÞþ 20 lg f ðGHzÞ ð10Þ

Then the power PR to the receiving end is as follows:

PR ¼ PTGTARg
4pd2

¼ PTGTGR
k

4pd

� �2

¼ PTGTGR

Lf
ð11Þ

Table 1. Inter satellite link interference analysis algorithm.
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Atmospheric Loss
In addition, the attenuation of electromagnetic wave transmission in clear weather is
mainly due to the absorption of water vapor and oxygen in the lower atmosphere, and
the density of water vapor and oxygen is uneven, which decreases with the increase of
altitude. In addition, along the ray path, the temperature of atmospheric environment
decreases with the increase of height, so some environmental models require temper-
ature correction.

Rain Loss
The influence of rain on communication system is considered. According to the cal-
culation method of rain attenuation specified by ITU-R P.681-1 [14], it can be con-
cluded that the rain attenuation of space is related to transmission distance and
communication frequency. In the actual communication system, the communication
spectrum may not be fixed, but the fixed transmission distance should be. At the same
transmission distance, the larger the communication frequency, the greater the free
space loss and atmospheric attenuation loss.

3 Simulation Setup133

Through the real-time data of NGSO satellite system obtained by communication
system simulation, the angle relationship, distance relationship and current time of two
independent satellites in the system at a certain time can be obtained. Because at some
time, there may be no signal transmission between the two satellites, there is no
interconnection, so the data will not be obtained at this time. In the final data pro-
cessing, the interference value is shown as Nan, that is, it does not exist.

After that, we need to classify each group of data, extract the data according to the
interference situation, then select the appropriate system parameters for various inter-
ference situations, and design and calculate the relationship between inter satellite
interference and its influencing factors.

Considering different interference scenarios, cosine theorem is used to calculate
various angles to obtain antenna gain of different angles, and finally interference sit-
uation is obtained, as shown in Fig. 2 and Fig. 3.

Fig. 2. Inter satellite interference of Starlink system to OneWeb system.
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According to the simulation, the judgment value of interference between Starlink,
and Oneweb on the same layer is always greater than 0, so it can be seen that it will not
interfere with the communication of the current link. In the case of Starlink on the same
layer, it is within 3 km, so the interference situation is basically unchanged, and the
decision value is about 6 dB. The analysis of the judgment value shows that the
interference of Oneweb to Starlink system is slightly larger than that of Starlink to
Oneweb system. When the communication frequency is about 20 GHz, the rainfall
attenuation is about 5 dB under the condition of light rain with daily rainfall of about 5
to 10 mm. In Starlink system, the inter satellite interference may be caused at some
time under the condition of rainfall, which may cause interference to NGSO com-
munication system, but it is relatively small.

The multi-dimensional analysis of interference and time and frequency shows that
in the frequency range from 26 GHz to 40 GHz, in another word, in the range of Ku,
with the increase of frequency and free space loss, the final SINR of the system will
decrease and the possibility of interference will increase. As for the relationship
between interference and time, with the change of time, the angle and distance between
satellites will also change, and the final interference decision will be as follows.As is
shown in the previous image, this is the interference feature of inter satellite data. When
considering the time distribution characteristics of inter satellite interference, a new
reference standard is introduced, which is defined as the relative interference time, that
is, the ratio of the time that a system is affected by interference in one day to the total
operation time of the system.

When analyzing and mining the data of inter satellite interference between NGSO
satellite constellations, an important analysis standard is the relative interference time
of the system. In the adjacent satellite system, the longer the relative interference time
is, the longer the interference time is, and the worse the environment is, so the system
needs to be adjusted.

For the relative interference time of electromagnetic data processing, Starlink
constellation 1007 to 1027 are selected to analyze the interference of Oneweb con-
stellation 0007 in one day. In the test frequency range of 1 to 24 MHz, the relative
interference time is shown in Fig. 4. It can be seen that there are great differences in the
relative time of communication interference between different satellites on this day.

Fig. 3. Inter satellite interference of OneWeb system to system Starlink.
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Among these 20 satellites, the average time of communication interference between
different satellites is 1 The time of communication interference between 1016 and 1017
satellites is about 2 h, and the time of interference between 1012, 1018, 1022 and 1024
satellites is the smallest, about 50 min. In addition, it can be seen that the greater the
frequency of communication, the more time of system interference.

Accordingly, the interference of OneWeb on Starlink is shown in Fig. 5.
For the interference analysis and data processing of the system, in order to obtain

the characteristics of the interference data, it is necessary to process the data according
to the following steps:

(1) Obtain the real jamming situation of the jammed area, including its time, location,
respective emitter parameters and other data.

(2) The jamming data are classified according to different jamming sources.
(3) According to the interference data, an appropriate interference data analysis model

is established, and the prediction data are obtained by using the model, and then the
model parameters are optimized by comparing with the actual data.

When building prediction model based on actual data, Markov prediction method is
usually used to analyze and predict situation information according to probability
transfer matrix. However, Markov model has the following disadvantages:

Fig. 4. Relative interference time of Starlink to OneWeb in one day under different frequencies.

Fig. 5. Relative interference time of OneWeb to Starlink in one day under different frequencies.
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(1) The state partition of data is more based on experience, and the partition results
vary from person to person.

(2) Markov prediction method uses the principle of probability maximization to cal-
culate, ignoring the possible low probability information.

In addition, we can use the interference analysis algorithm designed before to
analyze the interference data in the region by combining the emitter location algorithm,
the source division and the desired emission data. Assuming that there are k radiation
sources in the region, the center frequency of each radiation source and the distance
from the grid point to the radiation source are known, the field strength of the grid point
can be obtained.

4 Conclusion

According to the analysis, we can see that the space electromagnetic interference
phenomenon has always existed and is very complex. The interference caused by the
inter satellite link proposed in this paper exists in Ka and Ku band, and will have an
impact on the system, and will be more serious in rain and other scenarios.

In addition, the main trend of interference in Ka and Ku frequency bands is that the
higher the frequency, the greater the interference. Under conditions such as rain, it may
have a great impact on the communication system. Therefore, it is necessary to adopt
some power control methods to improve the system performance. We should also give
full consideration to allocating appropriate frequencies in Ka and Ku frequency bands
to reduce system interference.
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