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Recently, the number of space objects around the Earth has increased rapidly, necessitating systematic
space risk management. This paper proposes a dual-mode framework for assessing the risk of collision
between space objects. The proposed framework consists of microscopic and macroscopic modes. The
former focuses on one—to—one collision events, and the latter assesses the overall collision risk inside a cell
located in space. Two risk assessment case studies using the proposed two modes demonstrate the

effectiveness of the proposed framework.
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Fig. 1. Number of objects in earth orbit — registered, reentered, and remaining.
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Fig. 2. Conjunction encounter geometry.
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2.3.1 Conjunction assessment risk analysis (CARA)

CARA= NASA| 93] 7 3= A1F &4 T2 0E NASAY] 5 dF &2 X
57| 9Jall 18th Space Control Squadron(18SPCS)ell == %ict. CARA +FE-2 A &
& A¥S AAlstaL Brel 94 A, YA Howner/operator, 0/0)9] F& 2|1 7150
gt QAFE IS A YeITh Fig. 4= CARAS] &9 Z2ZA|AE Yepdct

A WA DARD CA= high accuracy catalog(HACYS E-83f o AMte] #Al&E ASs)
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Conjunction Assassment (CA) is the process CA Risk Analysis (CARA! is the process of Collision Avoidance (CDLA) is the process of

of identifying close approaches between two assessing collision risk and assisting satellites executing mitigative action, typically in the form

f)rrbltlng objects; sometimes called conjunction plan maneuvers to mitigate that risk. if of an orbital maneuver, to reduce collision risk
screening warranted

Each satellite Owner/Operator (O/O) — mission
The 18™ Space Control Squadron at The CARA Team at NASA GSFC serves all management, flight dynamics, and flight

Vandenberg AFB, maintains the high accuracy
calalog of space objecis, screens CARA-
supported assels againsl the catalog, performs
OD/tasking, and generates close approach data

operations — are responsible for making
maneuver decisions and executing the
maneuvers

NASA operational uncrewed satellites, and is a
service provider for some other external
agencies/organizations

Fig. 4. Overview of the NASA CARA process [11].
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Fig. 5. Schematic diagram of a dual-mode framework for assessing space object collision risk.
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Table 1. Collision risk assessment between COSMOS 1275 DEB and FENGYUN 1C DEB

Space-track SGP4 Spherical-harmonic
TCA (UTC) 2021-10-08 2021-10-08 2021-10-08
07:31:02.387 07:31:02.374 07:31:02.296
Min distance (m) 21 264.88 626.20
Pc () 7.35475e-04 0 0

TCA (UTC), time of closet approach (coordinated universal time).

S4 [ SGPa 1
g e ~~ Spherical Harmonics 4" order
= 3| |——TCA-Space-Track G
» L 00000 -
a2 OQGOO i
g 000060 Oooo
.'1% 1r 0000 o 00 J
< . o 0900 Oooo
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Fig. 7. Collision probability between KOMPSAT 3A and STARLINK 2228.
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Table 2. Collision risk assessment under mega constellation using collision flux (£), mean

number of collision (¢) and collision probability (Ps ;)

Without constellation With constellation

Delbris size:
100m >d F(1/m?/yr) c Pis1 (%)

F (1/m?/yr) c Piz1 (%)
d > 0.001m 4.2900E-03 1.2870E-02 1.2788E+00 4.2930E-03 1.2879E-02 1.2796E+00
d>0.01m 6.5630E-05 1.9689E-04 1.9687E-02 6.8940E-05 2.0682E-04 2.0680E-02

d>01m  4.9670E-06 1.4901E-05 1.4901E-03 8.2800E-06 2.4840E-05 2.4840E-03
d>1m 8.9470E-07 2.6841E-06 2.6841E-04 4.2080E-06 1.2624E-05 1.2624E-03
d>10m 55470E-10 1.6641E-09 1.6641E-07 3.3140E-06 9.9420E-06 9.9420E-04
100m>d>1m
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Fig. 9. Collision flux versus altitude w/ and w/o STARLINK constellation.

Table 3. Collision risk assessment with different constellation

Constellation spec. F (1/m?/yr) c Pis1 (%)
15 m? / 22 sat per plane 8.2800E-06 2.4840E-05 2.4840E-03
15m? / 11 sat per plane 4.9670E-06 1.4901E-05 1.4901E-03
7.5 m? / 22 sat per plane 8.2800E-06 2.4840E-05 2.4840E-03
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