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1. Context and SOTA "

B. Motivation

CURRENT INDICES HAVE LIMITATIONS FOR DAILY USE

= Data availability FLASH Score :

= Computational limitations for combination of probability

efficiency purposes and consequence for
explosion and collision,

= Methodological inadequacies m > plus an object properties
— specific to certain type of related component,
fragmentation through PUBLIC database

" Flexibility requirements Ieasy =L+ L+ 1
e c p
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2.

A.

FLASH theoretical foundations and equations "

Explosion component equation

Explosion component :
Jmm 91, = Pum - E i 4-——---========== I

= Pxm = Probability of explosion ®  Erisk = Severity of impact of explosion
Survival analysis with Kaplan-Meier reliability " Number of fragment from explosion (NASA

Standard Break-Up Model)
= Persistence (Remaining lifetime estimation)
= Density of current orbit altitude
= Crossing orbit density exposure

estimator
Given failure data, estimate the probability of
failures at a given time t

" Properties hazard component :
Combination of mass factor, inclination risk dependance, activity statut factor, orbital persistence and
percentage of orbital time spent under 2000km
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2. FLASH theoretical foundations and equations

B. Properties component equation
= Explosion component :
T 9 Ie — PKM ) Erfsk’ """"""""""""""""""""""
v v
e N
= Pxm = Probability of explosion ®  Erisk = Severity of impact of explosion
Survival analysis with Kaplan-Meier reliability Number of fragment from explosion (NASA
estimator Stant_:!ard Break—Up_I\/_Iode_/) | o
Given failure data, estimate the probability of g er S’ite”’fe (Re”;’a’”ér_;g Z‘f ?“{Te estimation)
failures at a given time t ensity of current orbit altifuae
L Crossing orbit density exposure
J

®" Properties hazard component :

Combination of mass factor, inclination risk dependance, activity statut factor, orbital persistence and

percentage of orbital time spent under 2000km
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2. FLASH theoretical foundations and equations

B. Collision component equation

Pcollision = Collision probability
term: analytical probability inspired by
Kinetic Theory

pe =1 —exp(—pAVAAr)

estimated for different crossed altitude
along with percentage of time spent in
each

_ Olcurrent — o, _
Pcoliision = T * Pcol + ? * Pcol,cross,i
ieMCMA

—
i Icotision = Crisk * Peoliision * Norbital
. ’ *

.

= Crisk = Severity of impact on space orbit:

Crisk = Z R + Neross + Pcross
J

= Rjvariables : NASA Standard Break-Up model
for collision related variables

\

4 )
®  Norbital variable :
related to orbital regime stability and uncertainty, and
fraceability factors (size and activity) and maneuvrability
The more information on object = lower Norbital

g J
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2. FLASH theoretical foundations and equations "

B. Collision component equation

Iconision = Crisk * Peollision * Norbital
| ¢ ) S
’ 1
= Pcollision = Collision probability i | ™ Crisk = Severity of impact on space orbit:
term: analytical probability inspired by | |
L : Cisk = ) Rj+ N + i
Kinetic Theory N risk Z j cross T Pcross
pe =1 —exp(—pAVAA:?) = Rjvariables : NASA Standard Break-Up model
for collision related variables |
= estimated for different crossed altitude
along with percentage of time spent in v
each "  Norbital variable :
57 57, related to orbital regime stability and uncertainty, and
Peolision = —mremt | 5ol + Z L Deol.cross.i traceability factors (size and activity) and maneuvrability
T L T b . . L _
ieMCMA The more information on object = lower Norbital
N /
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3.

RESULTS
AND
DISCUSSION

A. FLASH values distribution

B. FLASH spatial behavior

C. FLASH top 200 and comparison
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3. Results and Discussion
A. FLASH values distribution
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3. Results and Discussion
B. FLASH spatial behavior
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Development of the FLASH score - Space Campus

page 15



3. Results and Discussion
B. FLASH spatial behavior
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3. Results and Discussion “
B. FLASH spatial behavior
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3. Results and Discussion “
C. FLASH Score top 200 and comparison

Satellite Name | Count Mass sum [Kg] Zriasy SUM Iy Min Ir5; max | 1st NORAD  Mass [kg] Type

SL-16 R/B 21 176189.5 4930.4 201.6 259.9 17500 82260 RB

METEOR 3-* 6 12700.0 1228.6 1746 231.7 16191 17500 PL

METEOR 2-* 11 16500.0 2056.7 170.3 214.9 17290 1500.0 PL Most classes of
SL-12 R/B(AUX MOTOR) 2 111.0 3985 186.0 2125 15338 555 RB .

TRANSIT 5B-2 1 74.3 209.6 209.6 209.6 704 743 PL Ob]eCtS from DISCOS
DELTA 1 R/B 3 1969.9 568.4 174.4 209.1 6921 8450 RB .
COSMOS (m=3221kg) 9 28989.1 1648.4 170.7 203.7 20565 32210 PL fragmentation
SL-8 R/B 53 75592.7 95425 167.8 203.4 6149 14340 RB

SL-14 R/B 15 20825.1 2792.0 171.2 200.9 21233 13875 RB database appears
ARIANE 40+ R/B - 1764.1 194.7 1947 194.7 23561 17641 RB SRR

ARIANE 40 R/B 5 8296.5 9178 1743 1925 21610 17641 RB within the top 200
METEOR 1-* 7 8960.0 1244.0 170.8 1918 5917 12800 PL

DMSP 5D-2 F13 (USA 109) - 1487.0 191.2 191.2 1912 23533 14870 PL

NOAA * 8 72918 1397.7 167.4 190.6 6920 3033 PL

IDEFIX/ARIANE 42P 1 1820.0 188.0 188.0 188.0 27422 18200 PL

COSMOS (m=223kg) 19 4236.8 33782 167.4 186.9 15469 2230 PL

PSLV R/B - 920.0 186.8 186.8 186.8 41878 9200 RB

CBERS 1 1 1450.0 185.5 1855 1855 25940 14500 PL

COSMOS 2242 1 1750.0 185.2 185.2 185.2 22626 17500 PL -
COSMOS 2360 1 31715 183.2 183.2 183.2 25406 31715  PL 30% to 42% s|m||ar|ty
COSMOS 2298 1 892.0 182.7 182.7 182.7 23431 8920 PL . .
COSMOS 1809 1 693.8 182.4 182.4 182.4 17241 693.8 PL in the Top 50 with
COSMOS (m=803kg) 3 2408.3 5217 168.4 1818 18129 8028  PL ) o
COSMOS 2239 1 817.6 181.2 181.2 1812 29590 8176  PL alternative indices
SPOT 3 - 1891.0 181.1 181.1 181.1 22823 18910 PL

COSMOS (m=1487kg) 3 44599 529.2 167.9 180.7 17177 14866 PL

SL-12 R/B(2) 1 2120.9 179.8 179.8 179.8 15334 21209 RB

COSMOS (m=40kg) 4 158.6 701.6 169.7 179.8 17139 396 PL

TRANSIT 5E 3 - 52.5 179.7 179.7 179.7 705 525 PL
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A. Summary of Findings

B. Data accessibility and availability

C. Future work
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4. Conclusions, limitations and future work "
A. Summary of Findings

|. FLASH accounts for Explosion I Inclusion of high rates of explosion

AND Collision patterns ' > objects classes in the most hazardeous
objects
|l. Patterns of FLASH validate the | > Il. Highest risk altitudes have a good
MCMA Clusters location representation of dangerous objects in
FLASH

III.que computationally efficient for iii. Efficient for ground based observers to
daily computation ' > set a priority list

Development of the FLASH score - Space Campus page 20



e
4. Conclusions, limitations and future work "

B. Data accessibility and availability

= Passivation status & PMD success rate: indicate additional information
regarding explosion risk

= Complete CDMs database: compare theoretical collision probabilities with
current record of CDMs.

= Absence of technological progress aspect within the Survival Analysis (biased)

= Fragmentation database incomplete and imprecise
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4. Conclusions, limitations and future work ﬂ‘

C. Future work

Make a comparative analysis and in depth study of FLASH behavior

| M Evaluation of Starlink influence on index components

O Complete, partial removal or inclusion of constellation

Analysis of FLASH behavior

O Analysis of parameters correlation to FLASH
O Compare efficiency of evaluation for high orbits

Adapt to high orbit objects case

O Assessment of long-term impact of a break-up on orbital population
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