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An analysis of close approaches and probability of collisions between LEO 
resident space objects and mega constellations
Yan Zhang, Bin Li , Hongkang Liu and Jizhang Sang

School of Geodesy and Geomatics, Wuhan University, Wuhan, China

ABSTRACT
With the undergoing and planned implementations of mega constellations of thousands of 
Low Earth Orbiting (LEO) satellites, space will become even more congested for satellite 
operations. The enduring effects on the long-term space environment have been investigated 
by various researchers using debris environment models. This paper is focused on the immi
nent short-term effects of LEO mega constellations on the space operation environment 
concerned by satellite owners and operators. The effects are measured in terms of the Close 
Approaches (CAs) and overall collision probability. Instead of using debris environment mod
els, the CAs are determined from integrated orbit positions, and the collision probability is 
computed for each CA considering the sizes and position covariance of the involving objects. 
The obtained results thus present a clearer picture of the space operation safety environment 
when LEO mega constellations are deployed. Many mega constellations are simulated, includ
ing a Starlink-like constellation of 1584 satellites, four possible generic constellations at 
altitudes between 1110 km and 1325 km, and three constellations of 1584 satellites each at 
the altitudes of 650 km, 800 km, and 950 km, respectively, where the Resident Space Object 
(RSO) spatial density is the highest. The increases in the number of CAs and overall collision 
probability caused by them are really alarming. The results suggest that highly frequent orbital 
maneuvers are required to avoid collisions between existing RSOs and constellation satellites, 
and between satellites from two constellations at a close altitude, as such the constellation 
operation burden would be very heavy. The study is not only useful for satellite operators but 
a powerful signal for various stakeholders to pay serious attention to the development of LEO 
mega constellations.
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1. Introduction

With the undergoing and planned implementations of 
mega constellations of Low Earth Orbiting (LEO) 
satellites, such as Starlink, the number of meter-size 
on-orbit objects will increase dramatically, leading to 
much more Close Approaches (CAs) between 
Resident Space Objects (RSOs) in space. As a result, 
more collisions between RSOs, even the Kessler 
Syndrome may occur, which may render the LEO 
region unusable for thousands of years (Kessler 1991; 
Rossi et al. 1997; Anselmo, Rossi, and Pardini 1999; 
Liou and Johnson 2008; Pardini and Anselmo 2014; 
Shen, Jin, and Chang 2014). The concern on the 
potentially more frequent collisions as severe as that 
between Iridium 33 and Cosmos 2251 in 2009 
(Anselmo and Pardini 2009) is real for satellite own
ers, operators, and space communities. The study of 
Oltrogge and Alfano shows that the 2009 collision 
(happened at 790 km in altitude) could send debris 
fragments to orbit region as high as 26,000 km in 
altitude, while the GEO collision can send debris frag
ments down to the Earth’s surface and envelop much 
of the GEO belt within a day (Oltrogge and Alfano 
2019). The potential collisions and space debris could 

affect not only the operating satellites such as BeiDou 
series, Gaofen series satellites (Hao et al. 2018; Zhong 
et al. 2021), but also the study and implementation of 
the LeGNSS (LEO enhanced global navigation satellite 
system) (Ge et al. 2021). This motivates the studies on 
the effects of mega LEO constellations on the immi
nent space operation safety and long-term space envir
onment. Although it is generally known that the 
collision risk will increase significantly with the 
deployment of mega constellations, this paper is 
intended to depict a detailed and clear picture of the 
space operation environment over a short-time period 
of 1 week through the analysis of the close approaches 
between the RSOs and mega constellation satellites in 
the LEO region and associated collision probability. 
Several LEO mega constellations at various orbital 
altitudes and inclinations, which are more or less in 
agreement with those of the proposed mega constella
tions, are simulated. The results will further stress the 
need for coordinated and operational space environ
ment management.

Through different perspectives and methods, 
many researchers have analyzed the long-term 
effects of mega constellations on the space 
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environment. Assuming different mega constella
tion scenarios, Radtke et al. show that a mega con
stellation of 720 satellites at 1200 km in altitude 
would have a 35% probability to catastrophically 
fragment during the investigated mission lifecycle 
(over 8.5 years) by using the MASTER-2009 evolu
tionary debris model (Radtke, Kebschull, and Stoll 
2017). Researches by May et al. indicate that the 
probability of at least one catastrophic collision in 
5 years involving a spacecraft from OneWeb or 
SpaceX, is 5.0% and 45.8%, respectively (Le May 
et al. 2018). Virgili et al. utilize four different tools 
to show that the accumulation of failed constella
tion satellites may become a catalyst for 
a detrimental population increase (Virgili et al. 
2016). Based on ORDEM, the model of Foreman 
indicates that the orbital slots selected for the 
OneWeb constellation and the initial deployment 
of the SpaceX constellation likely cause 17.95 and 
68.42 collisions with debris in 7 years, respectively 
(Foreman, Siddiqi, and De Weck 2017). Rossi et al. 
use tools developed at IFAC-CNR to analyze the 
collision risk between constellations and the clus
ters formed by massive derelict objects in the con
stellations, and find that the cumulative collision 
probability for OneWeb-like and Starlink-like con
stellations will be 4:4� 10� 6 and 4:9� 10� 6 over 
20 years from 2020 to 2040, respectively (Rossi, 
Petit, and McKnight 2020). The Future 
Constellations Model (FCM) created by the 
Aerospace Corporation shows that almost all colli
sions occur because of failed systems (Muelhaupt 
et al. 2019).

Apart from the long-term effect, the short-term 
risk from thousands of LEO satellites put into space 
over a relatively short time period may be highly 
alarming, exampled by the forced orbit maneuver of 
an ESA satellite Aeolus at 320 km, which was man
euvered on 2 September 2019 to avoid a collision 
with Starlink-44 (Foust, 2020a). Muelhaupt et al. use 
the FCM to show that a simulated constellation (of 
1225 satellites distributed in 35 planes in circular 
orbits at 1000 km altitude, at 98° inclination) will 
cause a few warnings to 6 simulated satellites (cir
cular orbits at the same altitude, at 63° inclination) 
in a month (Muelhaupt et al. 2019), which is really 
alarming. Using the CUBE model in the SDM 
(Space debris mitigation), the short-term (30 days) 
close approaches within 4 “clusters” are also pre
sented in Section 5 of the paper by Rossi et al 
(Liou 2006; Rossi, Petit, and McKnight 2020). The 
CUBE method to determine close approaches is to 
first uniformly sample circumterrestrial system in 
space and time and then discretize the space into 
small cubes. If two objects are in the same cube, 
a close approach is determined. In the computation 
of Rossi et al, “a very short time step of 1s is 

adopted for the orbital propagation” and a cube 
with the typical size of 10 km is used (Rossi, Petit, 
and McKnight 2020).

It is worth noting that researchers use the space 
object spatial density obtained from a space envir
onment model such as MASTER-2009 (in Radtke 
et al., May et al. and Rossi et al.) and ORDEM 
(Foreman et al.) to calculate the collision probability 
in all the papers mentioned above. The methodology 
of these methods is similar, which is to multiply the 
spatial density around a space object by the collision 
volume to obtain the mean number of collisions and 
collision probability (Liou 2006; Foreman, Siddiqi, 
and De Weck 2017; Radtke, Kebschull, and Stoll 
2017; Le May et al. 2018; Rossi, Petit, and 
McKnight 2020). However, the research on the 
short-term imminent effects of mega constellations 
on space operation environment is largely unfound, 
which is the first motivation of this paper (Again, 
only collision risk between satellites in constellations 
is studied in the paper of Rossi et al (Rossi, Petit, 
and McKnight 2020)). A detailed and clear picture 
of the space operation environment following 
deployments of mega LEO constellations can present 
important information to satellite/constellation own
ers and operators. The second motivation is that, 
although using object spatial density to evaluate the 
long-term effect is effective, a more accurate 
approach is required to obtain robust CA and colli
sion risk results over the short term. The velocity of 
RSOs can reach 7.8 km/s and the average relative 
velocity is around 10 km/s (Boley and Byers 2021). 
Given high relative velocity between two LEO 
objects, the use of a time step of 1 s to determine 
CA would result in many missed CAs. In addition, 
using the spatial density to compute the collision 
probability mainly results in statistical results. It is 
better to consider the object characteristics (i.e. posi
tion, velocity, size and covariance) to obtain more 
accurate and reliable results.

The largest publicly available RSO catalog is the US 
Space Command 18th Space Control Squadron 
(USSPACECOM) catalog that contains more than 
20,000 RSOs, mostly larger than 10 cm in diameter, 
with about 76.08% being LEO ones (Apogee below 
than 2000 km of altitude) (Kelso 2019). These RSOs 
consist of operational satellites, spent rocket bodies, 
and debris. The RSO spatial density is highest at the 
altitude of about 800 km, and there are also two little 
peaks at around 500 km and 1400–1500 km, respec
tively. There are also many smaller RSOs whose orbital 
information is not available. Since the number of 
satellites in a single mega LEO constellation would 
easily be more than a thousand, multiple such mega 
constellations would increase the spatial density of 
LEO RSOs larger than 10 cm by a significant 
percentage.
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The great potential of mega LEO constellations for 
communications has prompted many mega constella
tion programs. Table 1 presents information of several 
major constellations available from the Federal 
Communications Commission (FCC) and the 
International Telecommunication Union (ITU). We 
note that the full Hongyan constellation may consist 
of 324 satellites. In addition, the information of 2 
Chinese mega constellations, “GW-A59” and “GW- 
2”, is obtained from ITU, and their official names are 
not known. The “GW-A59” and “GW-2” are the appli
cation codes.

Starlink is the well-known mega constellation 
under deployment. According to the plan of Starlink 
submitted by the SpaceX company to the FCC, the 
whole Starlink constellation comprises 4 sub- 
constellations in various altitudes, including satellites 
within altitude from 540 km to 570 km(FCC.report). 
As of 24 October 2020 895 Starlink satellites have been 
put into orbit as part of the initial Starlink program 
(Foust 2020b). More detailed orbital information of 
Starlink is given in the relevant section.

Given multiple operational mega constellations, 
this research tries to figure out exactly how many 
CAs there are and how high the overall collision prob
ability involving the constellation satellites is over 
a short term, typically 1 week in view of satellite 
operators. For this purpose, instead of sampling cir
cumterrestrial system in space and time to obtain CAs 
and collision probabilities, we take a conventional but 
robust approach. First, a time step of 0.01 s is used in 
the orbit propagation to ensure no CA is missed. 
Second, for each determined CA, the collision prob
ability is computed using theoretically rigorous and 
efficient algorithm based on space compression and 
infinite series, in which the object characteristics such 
as size and position covariance are considered. The 
algorithms are presented in Section 2.

In this paper, the focus is on the increases in the 
number of CAs and collision warnings caused the 
insertion of mega LEO constellations over a time per
iod of 1 week. Several mega constellations at various 

orbit altitudes, including a Starlink-link constellation, 
are considered, and their effects are assessed. 
Moreover, a hypothetical constellation with a high 
inclination (85°) at 800 km is simulated to study 
whether the high-inclination constellation has 
a greater impact on RSOs. At last, the inter-effects 
between two mega constellations at the same orbit 
altitude are studied.

The rest of this article starts with a brief intro
duction to the methodology of the CA and collision 
probability computation in Section 2. Next, situa
tions of the CAs and collision probability in the 
existing space debris environment are presented. 
Then, the increases of CAs and collision probabil
ities caused by the mega constellations are pre
sented and analyzed in Section 4. Finally, 
Section 5 concludes this paper.

2. Methodology of CA and Collision 
Probability Computation

2.1. Computation of CA

A CA occurs when the minimum distance rmin 
between a primary object and a secondary object is 
less than a threshold at a time within a period of time 
T. Hence, the purpose of the CA computation is to 
determine the time of the closest approach (TCA) tmin 
and rmin. As mentioned above, the time step as small as 
possible is required to use in orbital propagation to 
ensure no CAs are missed. Considering all CAs 
between each pair of objects in more than 20 thousand 
objects needed to be determined, the computation 
time would be very long. In this paper, the Alfano 
and Negron (A-N) method is adopted to compute 
CA(Alfano and Negron 1993; Alfano 1994), which 
will reduce the computation time greatly while ensur
ing the calculation accuracy.

The position vectors of the primary object and the 
secondary object at time t are assumed to be rp and rs, 
respectively. The relative position vector and its time 
derivatives are expressed as 

Table 1. The number and orbit of several mega constellations.
Num of Satellites Sats in sub-Con Number of Sub-Cons Inclination(°) Orbit planes Altitude(km) Country

Boeing 147 147 1 54 11 1056 USA
Starlink 4408 1584 4 53 72 550 USA

1584 53.2 72 540
520 97.6 10 560
720 70 36 570

OneWeb 720 720 1 87.9 18 1200 EU
Hongyun 156 156 1 80 13 1040 CHN
Hongyan 60 60 1 80.4 5 1100 CHN
GW-A59 6080 480 3 85 16 590 CHN

2000 50 40 600
3600 55 60 508

GW-2 6912 1728 4 30 48 1145 CHN
1728 40 48 1145
1728 50 48 1145
1728 60 48 1145
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r ¼ rs � rp

r ¼ �rs � �rp

€r ¼ €rs � €rp

(1) 

where r, _r, and €r are the relative position vector, the 
first and second derivatives of the relative position 
vector, respectively.

A distance function f tð Þ and its time derivatives are 
then 

f tð Þ ¼ r � r
_f tð Þ ¼ 2 _r � rð Þ

€f tð Þ ¼ 2 €r � r þ _r � _rð Þ

(2) 

where f tð Þ, _f tð Þ, and €f ðtÞ are the distance function, its 
first and second time derivatives, respectively.

The tmin is the real root of _f tð Þ, if _f tð Þ ¼ 0 and 
€f ðtÞ> 0. Dividing the time period T into n equal inter
vals, and for each interval, a cubic polynomial, P, is 
defined to represent the first derivative function. Thus, 
solving of the root of _f tð Þ is equivalent to finding the 
root of P. For an individual interval, if a real root 
exists, that is, there is a ti that makes _f tið Þ ¼ 0 and 
€f ðtiÞ> 0, a minimum value of f tð Þ is found in the 
interval. A few such time epochs may be found in 
the interval, and tmin is the epoch at that the distance 
is the minimum. The polynomial, Pi, for the i-th 
interval is expressed as 

Pi ¼ α3τ3 þ α2τ2 þ α1τ þ α0; 0 � τ � 1ð Þ (3) 

where α0, α1, α2, and α3 are the coefficients; τ is the 
normalized time variable.

The real root τr of Pi can be determined after the 
coefficients are obtained from the boundary equation. 
tmin can be expressed as 

tmin ¼ ΔT i � 1ð Þ þ ΔT � τr; 1 � i � nð Þ (4) 

where n is the number of intervals, and ΔT is the 
duration of each interval.

For an interval, each of the three components of 
the relative position vector in the Earth-Centered 
Inertial (ECI) coordinate system is defined as 
a quintic polynomial Q 

Q ¼ β5τ5 þ β4τ4 þ β3τ3 þ β2τ2 þ β1τ þ β0; ð0 � τ � 1Þ
(5) 

where β0, β1, β2, β3, β4, and β5 are coefficients, which 
can be obtained from the boundary equation too.

Let QX;QY and QZ be the quintic polynomials for 
the X, Y, and Z components, respectively. The mini
mum distance rmin is then 

rmin ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

N¼X;Y;Z
QNi

2 τrð Þ
r

(6) 

2.2. Collision probability computation

Assuming that the RSO position errors follow a three- 
dimensional Gaussian distribution, then the mean and 
covariance matrix of the Gaussian distribution fully 
describe the position uncertainty of RSOs. To com
pute the probability of collision between two RSOs, 
the following two hypotheses are usually made (Akella 
and Alfriend 2000)

(1) The shape of an object is regarded as a sphere;
(2) The relative motion of two objects is assumed 

to be linear during the close approach over 
a very short time, and the position covariances 
remain the same over the short time.

The collision probability at TCA is equivalent to the 
probability that the distance between the centers of 
two objects is less than the sum of the sphere radiuses 
of the two objects in the ECI coordinate system. The 
relative position vector is perpendicular to the relative 
velocity vector at TCA(Chan 1997). Therefore, the 
encounter coordinate system o � xyz can be defined 
as follows: the position of primary is the origin and the 
z-axis parallel to the relative velocity vector. With that, 
the position of the secondary object must be in the xy 
plane (encounter plane), as shown in Figure 1.

As the error distributions of the two objects are 
independent of each other, the combined covariance 
matrix and a combined sphere with the radius R being 
the sum of the radiuses of the two objects can be 
generated. Then, the collision probability P in the 
three-dimensional space is equivalent to the probabil
ity that the distance between the two points is less than 
the combined radius R of the circle, which is the 
projected circle of the sphere onto the encounter 
plane (Alfano and Negron 1993) 

P ¼
ðð

x2þy2�R2

1
2πσxσy

� exp � 1
2

x� μxð Þ
2

σ2
x
þ

y� μyð Þ
2

σ2
y

� �� �

dxdy

(7) 

where μx and μy are the coordinates of the circle 
center. A rapid algorithm based on space compression 
and infinite series is used to compute this two- 
dimensional integration (Bai and Chen 2009). First, 
the above integral is converted into an integral with 
equal variance in the elliptic domain, as 

P ¼
ðð

x02

R2þ
y02

k2R2�1

1
2πσx2 � exp � 1

2
x0 � μx

0
ð Þ

2
þ y0 � μy

0
ð Þ

2

σ2
x

� �� �

dx0dy0

(8) 

where the compression coefficient k ¼ σx
σy

, and 
x0 ¼ x; y0 ¼ σx

σy
y ¼ ky; μx

0

¼ μx; μy
0

¼ kμy. Then, 
the elliptic integral domain is replaced by a circular 
domain with equal area, expressed as 
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P ¼
ðð

x02þy02�kR2

1
2πσ2

x
� exp � 1

2
x0 � μx

0
ð Þ

2
þ y0 � μy

0
ð Þ

2

σ2
x

� �� �

dx0dy0

(9) 

To achieve the desirable computation accuracy and 
efficiency, the method based on space compression 
and infinite series is used to compute P, in which 
only the first of the expanded terms is considered 
(Bai and Chen 2009). Thus, P is approximated as 

P � P0 ¼ exp � 1
2

μx
2

σ2
x
þ

μy
2

σ2
y

� �h i
1 � exp � R2

2σxσy

� �h i

(10) 

where P0 is the first term of the infinite series.

3. CA and collision probability situations in 
the existing debris environment

To assess the adversary effects due to mega constella
tions, it is necessary to compute the CAs and collision 
probability in the existing RSOs environment.

In the experiments, the CA threshold of the mini
mum distance between two RSOs is set at 5 km, 
a general standard to declare a CA event, and an 
interval duration of ΔT ¼ 200 s is set to ensure the 
computation accuracy, which means, a week 
(T ¼ 7days) is divided into 3024 intervals, and 
a cubic polynomial P is defined to find the real roots 
for each interval. The positions of the RSOs are com
puted using the USPACECOM TLE sets and the ana
lytical SGP4 propagator (SpackTrack).

The computation of the collision probability 
between two RSOs at the TCA needs their radiuses, 
which could be estimated from their Radar Cross- 
Section (RCS) information. Satellite Situation Report 
(SSR) in the USPACECOM TLE catalog has 16,685 

RSOs, all but 622 objects have the RCS information 
(SpaceTrack 2019). The relationship between object 
RCS and size is very complex. The Swelling fluctuation 
model and SEM model of Lincoln Laboratory are 
example models to estimate object size from its RCS 
(Lambour et al. 2004). However, the SSR only provides 
three RCS categories in Large, Medium, and Small for 
RSOs. In this paper, the radius of RSO is set to 3 m, 
0.371 m, and 0.114 m with respect to the object of 
Large, Medium, and Small RCS, respectively. For 
those 662 RSOs without RCS information, their size 
is set to 0.1 m.

Considering the difficulty in the acquisition of cov
ariance information for RSOs, fixed errors are set to 
300 m, 100 m, and 100 m in the in-track, cross-track, 
and radial directions for each RSO, respectively. The 
collision probability threshold of NASA’s collision 
warning is set at 10−4 for the red warning and 10−5 

for the yellow warning (Gavin 2010).
Computation of CAs and collision probability for 

the RSOs in the existing space debris environment 
over a short time period provides us a more specific 
picture of the existing space environment and 
a reference to assess the immediate effects of mega 
constellations. The CAs and the collision probability 
in the week starting from 24 May 2019 are computed, 
in which the TLEs of 17,347 RSOs are taken from the 
USSPACECOM catalog. Figure 2 gives the distribu
tion of CAs that occur in the LEO region and the 
associated collision probabilities with respect to the 
orbit altitude.

There are 92,663 CAs in total in the space over 
the May 2019 week. Figure 2 shows the CAs in the 
LEO region which accounts for 99.88% of all CAs 
in the space. Each blue dot represents a CA event 

Figure 1. The encounter plane of two objects(Zaidi and Hejduk 2016).
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that is associated to an altitude and a collision 
probability. The number of CAs (red line in 
Figure 2) increases with the altitude from around 
550 km to 800 km, and then decreases from 
850 km to 1400 km. Besides, there are two small 
peaks at altitudes around 550 km and 1400– 
1500 km. Understandably, such fluctuation of the 
red line is caused by the different object spatial 
density at different altitudes. The variation trend 
of CA number with altitude is consistent with 
that of the RSO spatial density given by Pardini 
and Anselmo (Pardini and Anselmo 2020).

In Figure 2, it is seen that there is a line at the 
probability of 1:0� 10� 7 separating the whole prob
ability map into two areas. Taking CAs from 800 km 
to 900 km (CAs in the green box in Figure 2) in 
altitude as an example, it is believed that this separa
tion is caused by the assumption on the combined 
radius of two RSOs. When all CAs in the green box 
are divided into 6 groups in terms of object size, we 
have groups of Large–Large (LL), Large-Medium 
(LM), Large-Small (LS), Medium–Medium (MM), 
Medium-Small (MS), and Small–Small (SS), which 
represent combinations of the primary and secondary 
objects of different sizes. The CA statistics of each 
group are computed and given in Table 2 (where LN, 
MN, SN, and NN stand for CAs involving objects with 
no RCS data).

As seen from Table 2, the group LS accounts 
for more than 77% of CAs with the collision 
probability exceeding 1:0� 10� 7, and SS account 

for more than 79% of CAs with the probability 
less than 1:0� 10� 7. Such statistics may suggest 
that, the object radius and the resulting CA group
ing lead to the collision probabilities concentrated 
in two areas above and below the yellow separa
tion line (1:0� 10� 7). This suggestion may be 
further illustrated by a small experiment, in 
which the collision probability associated to 
an SS CA is re-computed with the size of one of 
two small objects is set to large. The probability 
maps before and after the re-computation are 
shown in Figure 3. As a result, the original colli
sion probability area associated with SS CAs is 
moved up and merged into the area mostly repre
senting the LS CA group.

The above results are obtained for the week 
starting 24 May 2019. For the better understanding 
of the weekly changes of CAs over a relatively long 
time period, three other weeks, respectively, in 
August and November of 2018 and February of 
2019 are chosen, and the CA numbers of the 4 
weeks are summarized in Table 3, and the CA 
number distributions with the orbit altitude are 
shown in Figure 4.

Judging from Table 3, it is seen that the numbers of 
RSOs and resulted CAs in these 4 weeks are very close. 
Figure 4 shows that the distributions of CAs with 
altitude in the 4 weeks are roughly the same. In the 
assessment of the effects of mega constellations, we 
will make experiments only with the week in May of 
2019.

Figure 2. The CA and collision probability distributions of the current space in the May 2019 week.

Table 2. Grouping CAs in the 800 km – 900 km altitude region in terms of RSO size.
All categories LL LM LS MM MS SS LN MN SN NN

> 1E-7 6405 892 1018 10,491 30 313 409 306 10 34 0
< 1E-7 26,317 0 30 538 216 6029 35,310 19 209 2176 37
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Apart from the CA grouping in terms of the RSO size 
(large, medium, or small), they can also be categorized 
according to the RSO type (satellite, rocket body, or 
debris), and the distributions are shown in Figure 5.

As seen from the left of Figure 5, Deb–Deb CAs 
account for more than half of all CAs, and Sat-Deb 
CAs account for 21.87%, respectively. CAs involving 

Figure 3. Collision probability map before (left) and after (right) adjusting only one of two RSO sizes in the original SS CAs from 
small to large.

Table 3. Numbers of RSOs and CAs in the chosen representa
tive 4 weeks.

Week 
No.

Number 
of RSOs

Number 
of CAs Start time End time

1 18,703 89,265 24 August 2018 30 August 2018
2 17,390 92,668 24 November 2018 30 November 2018
3 17,361 93,121 24 February 2019 Feb 30, 2019
4 17,347 92,663 24 May 2019 30 May 2019

Figure 4. CAs in four weeks over a year.
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debris account for 85.13% of all CAs, which is 
obviously due to the large proportion of debris 
among the RSOs. In the right of Figure 5, Small– 
Small CAs and Large-Small CAs account for 53.11% 
and 20.39%, respectively, because RSOs are mostly 
Small. As a result, RSOs of Small size contribute to 
more than 85% of all CAs.

4. Effects of mega constellations on CA and 
collision probability in the existing space 
environment

In this section, several mega LEO constellations are 
simulated, and their effects on the CA and collision 
probability are assessed. The first one is a full 
Starlink-like constellation of 4409 satellites including 
5 sub-constellations. In addition, two Chinese con
stellations that are Hongyun-like and Hongyan-like 
constellations comprising 156 and 60 satellites are 
simulated, respectively. Then, three hypothetical 
constellations at orbit altitudes of high spatial density 
in the LEO region are simulated to investigate their 
effects. Moreover, a hypothetical constellation with 
a high inclination (85°) at 800 km is simulated to 
study whether the high-inclination constellation has 
a greater impact on RSOs. At last, the inter-effects 
between two mega constellations at the same orbit 
altitude are investigated.

It is noted that, as far as the satellites in 
a constellation are functioning and controlled, 
there will be no collision between satellites in the 

same constellation. Therefore, no analysis is made 
to the collision between satellites in the same 
constellation.

4.1. Effects of the simulated Starlink-like 
constellation

4.1.1. Orbital simulation of mega constellations
The 5 constellations listed in Table 4 are simulated 
according to the initial report of the Starlink con
stellation submitted to FCC in December 2018. 
We notice that the Starlink constellation has 
been changed in April 2021, with all the satellites 
are to be placed in the 540 km ~570 km altitude 
range. This paper still uses the 5 constellations in 
Table 4 to study the effects of mega constellations 
at different altitudes.

It is noted that CON.1 simulates the Starlink 
constellation at the orbit altitude of 550 km, 
CON.2 through CON.5 are possible generic con
stellations at altitudes between 1110 km and 
1325 km. Each of the 5 constellations is of 
a Walker configuration.

To facilitate the computation of the CAs and 
collision probability, the positions of the Starlink- 
like satellites are needed. The TLEs at the initial 
time epoch of satellites in a sub-constellation are 
set as follows. First, the mean motion of a satellite 
is determined from the semi-major axis which is 
the sum of the sub-constellation altitude and the 
Earth radius. Then, the Right Ascension of 
Ascending Node (RAAN) of the first orbital plane 
of the sub-constellation, Ω0, is set according to the 
constellation design, and the perigee argument μ of 
the first satellite in the first orbital plane is set to 
zero degrees. Therefore, the right ascension of 
the m-th plane, Ωm, and perigee argument of the 
n-th satellite in the m-th plane, μm;n, are 

Figure 5. Distributions of CAs according to RSO type and size. The left one is the CA distribution with respect to the RSO type, and 
the right one to the RSO size. Sat stands for satellites, R/B for rocket body, and Deb for debris.

Table 4. Design of simulated constellations.
Sub-constellation CON.1 CON.2 CON.3 CON.4 CON.5

Number of orbital planes 24 32 8 5 6
Number of satellites per plane 66 50 50 75 75
Altitude(km) 550 1110 1130 1275 1325
Inclination(°) 53 53.8 74 81 70
Number of Satellites 1584 1600 400 375 450
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Ωm ¼
360
P
ðm � 1Þ; m ¼ 1; 2; . . . ; P (11) 

μn ¼
360P

N n � 1ð Þ þ 360
N m � 1ð ÞF; n ¼ 1; 2; . . . ; N

P

(12) 

where P and N are the numbers of the planes and the 
total satellites of Walker sub-constellation, respec
tively; F is the phase factor. Besides, the B* Drag 
coefficient for a satellite is set to either the value of 
an existing Starlink satellite or a typical value for 
a satellite at the Starlink-like sub-constellation alti
tude. Given the difficulty of obtaining the attitude of 
each satellite, we treat each satellite as a sphere, to 
ensure that the worst-case scenario (such as an uncon
trolled tumbling satellite) is considered. In the com
putation, each Starlink-like satellite is assumed to be 
a sphere with its radius being 2 m.

4.1.2. Overall effects of the simulated Starlink-like 
constellation
The combination of the simulated Starlink-like satel
lites with the cataloged RSOs on 24 May 2019 results 
in 108,217 CAs in the May week. Compared with the 
CAs without the simulated constellation, the number 
of CAs is increased by 15,554, with an increment of 
16.79%. For each of the increased CAs, one object is an 
RSO, and the other is a Starlink-like satellite. 
Partitions of the increased CAs in terms of the RSO 
type are shown in Figure 6. It is seen that space debris 
contributes to more than 80% of all the increased CAs 
over the week.

Besides, using the probability threshold of NASA’s 
collision warning for satellite, the number of CAs in 
the week that exceed the red warning threshold is 

increased from 72 to 111, while that exceeding the 
yellow warning threshold grows from 592 to 871 con
cerning because of the simulated constellation.

Although the CA number given above appears less 
concerning, an analysis on the collision probability 
will reveal more alarming numbers. One would be 
interested in the probability of a collision involving 
a Starlink-like satellite in a short time period, for 
example, 1 week. Such a probability could be com
puted as follows. Each CA associated with a Starlink- 
like satellite is regarded as an independent event, and 
its collision probability is denoted as pi. Then, the 
overall probability of at least one collision occurring 
over the week from CAs is computed as 

pw ¼ 1 �
Qn

i¼1
1 � pið Þ (13) 

where n is the number of all CAs involving Starlink- 
like satellites.

It is accentuated that the probability computed 
using Eq (13) does not take into account for the 
impact of the collision avoidance maneuvers by satel
lites. Accordingly, the overall collision probabilities 
without and with the Starlink-like constellation are 
6.58% and 31.34% in the May week, respectively. The 
conclusion can be made that, the insertion of the full 
Starlink-like constellation results in the probability 
increase by 3.76 times, which means if there is no 
collision warning and avoidance maneuver opera
tion, a satellite from the Starlink-like constellation 
is almost certainly to collide with one of RSOs in 
a few weeks. It is noted that the uncertainties in 
orbits (state covariances) and the properties (object 
sizes and shape) are assumed in the collision prob
ability computation, which leads anyway to results 
that are “statistical”; however, the method used pro
vides an alternative approach to assess the collision 
probability between the mega constellation and 
RSOs.

4.1.3. Effects of sub-constellations on RSOs
As described above, the simulated Starlink-like con
stellation consists of five sub-constellations at different 
altitudes. To study the effects of sub-constellations on 
RSOs in their corresponding altitude regions, a shell of 
20 km in altitude centered at the altitude of each sub- 
constellation is considered. The number of CAs and 
their collision probabilities within each of the 5 shells 
are computed, as shown in Figure 7 and listed in 
Table 5.

As shown in Figure 7, the CAs with the existing 
RSOs in the five shells decrease with the increas
ing altitude. The insertion of the Starlink-like con
stellation results in significant increases in the CAs 
within all the five shells, by a factor of 16.34, 
19.40, 7.64, 10.48, and 14.81, respectively, for the 
sub-constellations from low to high altitude. The 

Figure 6. RSO partitions of CAs with Starlink-like constellation 
in the May 2019 week.
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magnitude of the CA increase appears to depend 
on the RSO spatial density, with the high density 
leading to more significant CA increase. For 
example, CON.1 and CON.2 have increases of 
7385 and 4889 CAs, respectively, where the den
sities are about 1:8� 10� 8 and 0:7� 10� 8 km3, 
respectively.

On the warnings based on the collision probability, 
there are also very significant increases within the 5 
shells due to the Starlink-like constellation, as shown 
in Figure 8 and listed in Table 6. In particular, it can be 
seen that there is only one red warning CA in each of 
the CON.1 and CON.2 shells without the Starlink-like 
constellation. With the constellation, the red warning 
CAs increase to 22 and 15 in the two shells. The red 
warning CAs would occur in the CON.3 and CON.5 
shells, while there is no warning happen without the 
Starlink-like constellation. The number of yellow 
warning CAs will also have big jumps in all the shells.

Finally, the overall collision probabilities computed 
using Equation (13), pw, within the shells in the week 
are summarized in Table 7. As seen from that table, 
the probability in the CON.1 shell has increased by 
a factor of 407, and the increases in the other 4 sub- 
constellation shells are between a factor between 92 
and 250, and the factor becomes smaller with the 
increase of the shell altitude. Again, the magnitude of 

Figure 7. CAs and collision probability map in sub-constellation shells without and with the Starlink-like constellation.

Table 5. Changes on the number of CAs at corresponding 
shells.

Altitude(km)
Original 

CAs
Increased 

CAs
Sum of Original and Increased 

CAs

540–560 452 7385 7837
1100–1120 252 4889 5141
1120–1140 177 1353 1530
1265–1285 124 1300 1424
1315–1335 43 627 670

Figure 8. Red and yellow warning increases due to the 
Starlink-like constellation.

Table 6. The number of red and yellow warnings CAs due to 
the Starlink constellation.

Altitude(km)

Original warnings CAs Increased warnings CAs

Red Yellow Red Yellow

540–560 1 12 21 165
1100–1120 1 1 14 72
1120–1140 0 0 2 24
1265–1285 0 0 0 9
1315–1335 0 0 2 9

Table 7. The changes of overall collision probability in the May 
week due to the Starlink-like constellation.

Altitude regions(km) pw without constellation pw with constellation

540–560 6.13E-04 2.50E-01
1100–1120 1.56E-04 1.44E-02
1120–1140 3.50E-05 3.41E-03
1265–1285 3.45E-06 8.24E-04
1315–1335 1.08E-05 2.71E-03
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the increase is large when a shell has high RSO spatial 
density. Clearly, the large number and big size of the 
Starlink-like satellites are responsible for the astonish
ing increase in the overall collision probability.

Current and future satellite owners and operators 
would be more concerned with the safety of their 
satellites at these shell altitudes; therefore, a partition 
of the Starlink-related CAs in terms of the RSO type is 
more revealing, and the partitions are shown in 
Figure 9. Consistent with Figure 7, CON.1 has the 
most CAs among the 5 sub-constellations. For the 4 
higher sub-constellations, the vast majority of the CAs 
are related to debris. But alarmingly, satellites at the 
CON.1 shell altitude are more likely than those at 
other altitudes to involve in CAs with the Starlink- 
like satellites.

4.2. Effects of the Chinese LEO constellations

The first satellites for both the Hongyun and the 
Hongyan constellations have been launched, which 
not only marks the beginning of the Chinese constel
lation program, but also inspires our interest in the 
effects of such constellations on RSOs. The Hongyun 
constellation comprises 156 satellites, which are dis
tributed evenly over 13 orbital planes, and the inclina
tion of each satellite is designed to be 80°. The 

Hongyan constellation consists of 60 satellites with 5 
planes, and the inclination is 80.4° for each satellite 
(Han et al. 2021). Both constellations are simulated in 
the same way for the Starlink-like constellation, and 
the effects of constellations on the RSOs within the 
corresponding shells are summarized in Table 8.

Even though more CAs occur in the 1040 km shell 
(440 CAs) than in the 1100 km shell (281 CAs), the pw 
is smaller. There are 1 red and 4 yellow warnings in the 
1100 km shell, which collision probabilities exceed 
10−4 and 10−5, respectively, and such warnings signifi
cantly increase the pw in the 1100 km shell. The inser
tion of Hongyun-like constellation increases 1206 
CAs, and the pw in the shell is increased by 2 orders 
of magnitude. Besides, there are 2 red and 17 new 
yellow warnings for Hongyun-like constellation in 
1 week. With fewer satellites, the Hongyan-like con
stellation increase 327 CAs and the pw by a factor of 8. 
More than that, the red and yellow warnings faced by 
Hongyan-like constellation are less. There is no doubt 
that, with similar altitudes and inclination, the con
stellation with less satellites is better for the space 
environment.

4.3. Effects of hypothetical LEO mega 
constellations at different altitudes

RSOs, many of them are operational Earth-observing 
satellites, are more crowded in the LEO region from 
600 km to 1000 km in altitude, which means higher 
object spatial density in the region. This drives our 
interest to explore the effects of possible mega con
stellations on RSOs in this region. Three hypothetical 
LEO constellations at altitudes of 650 km, 800 km, and 
900 km, respectively, are simulated. Each of them is of 
a Walker configuration similar to CON.1. The infor
mation of the three LEO constellations denoted as 
ICON.1, ICON.2 and ICON.3, respectively, is given 
in Table 9.

Adding the three hypothetical constellations to the 
existing RSO catalog results in the big changes of CAs 
in numbers in the corresponding regions and the 
associated collision probability. They are shown in 
Figure 10, in which the relevant information with 
CON.2 at the altitude of 1100–1120 km is also shown 
in the yellow box for comparison. More specific 
changes of CAs in number are given in Table 10.

As shown in Figure 10, the numbers of CAs 
without the mega constellations, shown in green, 
in the shells of ICON.1 and ICON.3 are 1725 and 

Figure 9. Partition of the CAs involving Starlink-like satellites 
in terms of RSO type.

Table 8. Orbital information and effects of two Chinese 
constellations.

Hongyun-like Hongyan-like

Altitude(km) 1040 1100
Number of satellites 156 60
Inclination(°) 80 80.4
CAs within shell without CON 440 281
pw within shell without CON 4.76E-05 2.61E-04
Red/yellow warnings without CON 0/0 1/4
Increased CAs 1206 327
pw within the shell with CON 1.89E-03 8.82E-04
Increased red/yellow warnings 2/17 1/10

Table 9. Orbits of hypothetical constellations.
Hypothetical constellations ICON.1 ICON.2 ICON.3

Number of orbital planes 24 24 24
Number of satellites per plane 66 66 66
Altitude(km) 650 800 950
Inclination(°) 53 53 53
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1801, respectively; but the number in the ICON.2 
shell is a much bigger 7797 because the RSO spatial 
density is highest at the ICON.2 altitude. The inser
tion of the three hypothetical constellations results 
in much more CAs, shown in light blue, within the 
three shells, by 13,913, 25,828, and 13,870, for 
ICON.1, ICON.2, and ICON.3, respectively. 
Compared with CON.2, the hypothetical constella
tions result in 1.85, 4.28, and 1.84 times more CAs 
than those caused by CON.2. In particular, one 
would be really worried if a mega constellation is 
deployed at the ICON.2 altitude of 800 km.

Again, there are also significant increases in the 
numbers of the red and yellow warnings CAs within 
the three hypothetical constellations shells, as shown 
in Figure 11. It is noted that there are only 2 and 1 red 
warning CAs in the shells of ICON.1 and ICON.3, 
respectively, and six in the ICON.2 shell without the 
hypothetical constellations. With the constellations, 
the red warning CAs are increased by 44, 57, and 25 
in the three shells, respectively. The yellow warning 
CAs also have big jumps in all shells as well.

Finally, the overall collision probabilities in the 
May 2019 week computed using Eq (13), pw, within 
the shells are summarized in Table 11. The probabil
ities in the shells of ICONs are increased by a factor of 
24.14, 7.60, and 14.83, respectively.

It appears that a mega constellation of 1584 satel
lites deployed at an altitude of high RSO spatial den
sity will lead to a significant increase in the overall 
collision probability. For the ICON.2, the overall colli
sion probability in the May 2019 week increases by 
7.60 times, from the originally high value of 5:98�
10� 3 without the constellation to 5:14� 10� 2. This 
implies that a collision between RSOs in the ICON.2 
shell with a constellation satellite would occur in about 
20 weeks if there is no satellite orbit maneuverer. The 
time for a collision to occur is about 29 and 38 weeks, 
respectively for the ICON.1 and ICON.3 
constellations.

Figure 10. Effects of three hypothetical LEO constellations and CON.2 on corresponding regions.

Table 10. Changes on numbers of CA at corresponding shells.

Altitude(km)
Original 

CAs
Increased 

CAs
Sum of original and increased 

CAs

640–660 1725 13,913 15,638
790–810 7797 25,828 33,627
940–960 1801 13,870 15,673

Figure 11. Red and yellow warning increases due to the 
hypothetical constellations.

Table 11. The overall collision probability changes due to the 
hypothetical constellations.

Hypothetical constellation

ICON.1 ICON.2 ICON.3

Constellation altitude(km) 640–660 790–810 940–960
pw within shell without ICON 1.31E-03 5.98E-03 1.68E-03
pw within shell with ICON 3.47E-02 5.14E-02 2.66E-02
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As described in Sections 4.1 and 4.2, the imple
mentations of the mega constellations will increase 
the collision probability in space. In this section, 
the situations of the red and yellow warnings invol
ving RSO satellites and the simulated mega con
stellations are presented. RSO satellites have to 
make orbit maneuvers to avoid collisions. It is 
noted that all the increased warnings are between 
the RSO satellites and constellation satellites. 
Figure 12 shows these increased red and yellow 
warnings, as well as the original warnings without 
the constellations. These numbers are also given in 
Table 12.

As shown in Figure 12, the insertions of the 
mega constellations lead to many more warnings 
involving RSO satellites in the relevant shells, 
except for the shell of CON.4. The number of 
the warning increases appears strongly correlated 
to the RSO spatial density, with the high density 
resulting in more warning increase. It is found 
that the warning increases in the ICON.1 shell 
are more than those in the ICON.3 shell, because 
the satellite spatial density in the ICON.1 shell is 
higher.

4.4. Effect of LEO mega constellation of high 
orbital inclination

In the current RSO catalog, objects with orbital inclina
tion from 80° to 100° account for more than 49.48% of 
the total population, which means that these RSOs are 
likely clustered near the North and South Pole regions. 
It would be interesting to see whether a mega constella
tion with a high inclination will have a bigger effect on 
RSOs. For this purpose, another hypothetical LEO 
mega constellation, ICON.4, is simulated. This Walker 
constellation has the same number of satellites (1584) 
and altitude (800 km) as those of ICON.2, but the 
inclinations of each satellite are increased from 53° to 
85°. The effects of ICON.4, including increased CA 
number and pw within the shell in the 
May 2019 week, are summarized in Table 13. For com
parison, the effects of ICON.2 are also presented in 
Table 13. It is seen that, although with the same number 
of satellites and altitude, a highly inclined ICON.4 
results in 55% more CAs than ICON.2, and the overall 
collision probability pw is increased by 60%.

To show the spatial distribution of the CA 
caused by two constellations, the latitudinal distri
bution of CA numbers within the 790–810 shell is 
shown in Figure 13.

Table 12. The increased warnings involving RSO satellites.

Altitude(km)

Original warnings Increased warnings

Red Yellow Red Yellow

540–560 1 11 6 76
640–660 1 8 14 124
790–810 5 61 18 179
940–960 0 9 8 59
1100–1120 1 1 6 20
1120–1140 0 0 0 7
1265–1285 0 0 0 0
1315–1335 0 0 1 1

Figure 12. Increased warnings involving RSO satellites. The upper one is the increased red warnings and the lower one on the 
yellow warnings. The bar charts in the green box are for warnings due to the three hypothetical constellations, and the rest of the 
charts to the Starlink-like sub-constellations.

Table 13. The comparison of the effect of ICON.2 and ICON.4 
on RSOs.

ICON.2 ICON.4

Shell altitude(km) 790–810
Original CA 7797
pw within shell without ICON 5.98E-03
Inclination(°) 53 85
Increased CA 25,828 40,124
pw within the shell with ICON 5.14E-02 8.22E-02
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For the original CAs, because the RSOs with inclina
tion from 80° to 100° account for nearly half of all RSOs, 
the CAs occur more frequently in the space of high 
latitude, as the blue bar shown in Figure 13. The 
increased CAs caused ICON.2 are all in the space 
bounded by the orbital inclination, but they also occur 
more frequently in the high latitude space (yellow bar in 
Figure 13). There are more increased CAs caused by 
ICON.4 (red bar), and the frequency in the space of 
latitude 70 – 80° is much higher than that in the low 
latitude space.

4.5. Inter-effects between two LEO constellations 
at close altitudes

Based on the constellation programs of different 
institutions mentioned in the Introduction, it is 
quite possible that multiple LEO constellations 
will operate at the same time. Even if several con
stellations are operating at the same time but at 
different altitudes, the CAs will not occur between 
satellites from different constellations, as long as 
the difference between orbit altitudes of any two 
constellations is significantly large, because the 
orbits are all nearly circular.

However, if two constellations are at the same altitude, 
the inter-effects between them must be considered. It is 
seen from Table 1 in the Introduction that, the altitude of 
the Hongyan constellation is 1100 km, and that of sub- 
constellation CON.2 of Starlink is 1110 km. In the 
extreme case, two constellations may be at the same 
altitude, and there could be unexpectedly high numbers 
of the CAs and collision warnings. To assess this extreme 
scenario, a constellation comprising 324 satellites oper
ating at the same altitude as CON.2 is assumed. The 

hypothetical constellation, called E-Hongyan, is simu
lated having with 6 orbital planes and an orbital inclina
tion of 80.4°. Over the May 2019 week, the insertion of 
the E-Hongyan and CON.2 results in 1835 and 4889 CAs 
with RSOs, respectively, and the pw in the 1110 km shell 
is increased to 3.29 � 10� 3 by E-Hongyan.

The inter-effects between two constellations may be 
dependent on the configuration of the ascending nodes 
of the orbital planes. According to the design para
meters, the difference between the ascending nodes of 
the first orbital planes of the two constellations can be 
any value from 0 to 11.25°. Therefore, we consider 11 
scenarios about this difference. The numbers of CAs 
between constellations and the pw of these CAs for each 
of these scenarios are summarized in Table 14.

It is seen that the number of CAs and the overall 
collision probability are almost independent of the dif
ference between the first ascending nodes. Alarmingly, 
there are more than 29 thousands CAs between 
E-Hongyan and CON.2 in the May 2019 week, and 
the overall collision probability of these CAs is high at 
1:9� 10� 2. Compared to the numbers of the CAs 

Figure 13. Latitudinal distribution of CA numbers within 790–810 km.

Table 14. The CAs and overall collision probability between 
E-Hongyan and CON.2 over a week.

Difference between the first 
ascending nodes(°) Number of CAs pw

1 29,543 1.91E-02
2 29,419 1.91E-02
3 29,574 1.91E-02
4 29,581 1.91E-02
5 29,592 1.91E-02
6 29,640 1.92E-02
7 29,630 1.92E-02
8 29,628 1.92E-02
9 29,570 1.92E-02
10 29,733 1.92E-02
11 29,546 1.92E-02
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between existing RSOs and constellation satellites (1835 
by E-Hongyan, and 4889 by CON.2), the number of 
CAs between the two constellations is much larger. The 
total pw in the 1110 km shell is also increased from 
1.56 � 10� 4 to 3.63 � 10� 2, if both the constellations 
are operating at the same altitude.

It is imperative to note that, the extraordinarily 
high number of CAs between the two constellations 
over a week will place a heavy operation burden on the 
constellation owners. This would demand meticulous 
consideration in the constellation altitude design. It 
also indicates the extreme importance of collaboration 
between constellation operators, such as the orbital 
adjustment of satellites in a constellation. Essentially, 
the orbital adjustment is to keep the safety of satellites 
within and outside the constellation when there are 
many potential collisions. The issue should be consid
ered cooperatively: firstly, the balance between the cost 
and effectiveness of satellite maneuvering. The opera
tor of satellite must decide whether it is safe to per
form a maneuver, and whether the maneuver is cost 
and may even reduce the operational life of the satel
lite when it faces a collision warning. Secondly, the 
maneuvered satellite needs to return to its original 
position in the constellation as soon as possible to 
keep the constellation configuration, which is an 
important factor in planning the orbital adjustment. 
Third, the increased workload of collision avoidance 
maneuver should be minimized and automated. As 
the current conjunction assessment and the planning 
of avoidance maneuvers are largely manually pro
cessed, the dramatically increased collision warnings 
will cause a huge workload, and thus automated colli
sion avoidance is highly demanded.

5. Conclusions

Mega LEO constellations of hundreds or thousands 
of satellites, mainly for communications, have been 
proposed, and the Starlink constellation has been in 
rapid implementation. Researches on their effects 
on the long-term space environment suggest that 
the probability of collision with satellites from 
mega LEO constellations is high. Current and 
future satellite owners and operators would be 
more concerned with the short-term imminent 
operation safety of their satellites at the mega con
stellation altitudes, exampled by ESA’s Aeolus satel
lite maneuverer on 2 September 2019 to avoid 
a collision with Starlink-44.

In this paper, a Starlink-like constellation con
sisting of 1584 satellites, 4 possible generic constel
lations at altitudes between 1110 km and 1325 km, 
Hongyan-like and Hongyun-like constellation, and 
4 other hypothetical mega constellations, are simu
lated, and the close approaches in a time span of 1 

week between existing resident space objects and 
satellites from the simulated constellations, and the 
associated collision probabilities, are computed and 
analyzed.

Results show that the number of total CAs in a week 
is increased by 15,554 due to the insertion of the 
Starlink-like constellation, and this results in the prob
ability of at least one collision in a week is increased 
from 6.58% to 31.38% in the whole space if there is no 
satellite orbit maneuver operation. Moreover, the 5 sub- 
constellations have even more severe impacts on their 
corresponding orbit regions. The 4 higher sub- 
constellations increase not only the numbers of CAs, 
but also the probabilities of at least one collision by 2 
orders of magnitude in their corresponding regions, 
and the lower one at an altitude of 550 km increases 
the probability by 3 orders of magnitude. Besides, there 
would be 39 red and 279 yellow warnings more issued 
in 1 week. The results also reveal that the seriousness of 
the effects from the mega constellations is greater at the 
region with high RSO spatial density.

Similar alarming results are also obtained from 
the computations of the CAs and collision prob
ability between the existing RSOs and satellites 
from the three hypothetical LEO constellations at 
the altitudes of 650 km, 800 km, and 950 km, 
respectively. Because the 800 km altitude region 
has the highest RSO spatial density, the probability 
of a collision in this region in 1 week due to the 
constellation of 1584 satellites is about 5:14� 10� 2, 
an increase by almost 1 order of magnitude. The 
red/yellow warnings would increase by 44/328, 57/ 
485, and 25/247, respectively, with respect to the 
three hypothetical constellations from low to high 
altitude. The result shows that the red warnings 
increased by the mega constellations are a real con
cern. For the 800 km altitude region, the red warn
ing increases from 6 to 63 in the May 2019 week, 
suggesting it needs more frequent orbit maneuvers 
to keep satellites safe. In other regions of altitude 
from 550 to 1110 km, the red warnings also have 
large increases.

To investigate the effect of orbital inclination, 
another hypothetical constellation with a high inclina
tion (85°) is simulated. Because of the higher RSO 
spatial density in the regions near the Poles, the mega 
constellation will cause much more CAs and higher 
collision risk within the corresponding shell.

A number of proposed mega constellations are close 
in the orbital altitude. The study of the inter-effects 
between a sub-constellation of 1600 satellites and 
another of 324 satellites, both at the altitude of 
1110 km, reveals that there are more than 29,000 CAs 
in a week. The high number of CAs would demand 
a very careful consideration in the constellation config
uration design.
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In summary, when a mega constellation is fully 
deployed, there would be very significant increases in 
the numbers of CAs and red/yellow warnings in the 
constellation altitude region, and the increases would be 
really alarming in some regions. This suggests that the 
space safety after deployment of mega LEO constellations 
would be a concerned challenge, and there could be an 
extraordinary orbital operation burden for constellation 
owners to avoid space collision. A comprehensive space 
traffic management system would be essential to ensure 
the space operation safety.
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