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Motivation and Objectives

Motivation
• The probability of collision (Pc)  calculation takes into account the entire 

circular area on the conjunction plane and thus the Pc values may at 
times be over-estimated, especially for non-symmetrical spacecraft 
whose center of mass is not the center of the object

• The over-estimation of Pc can be shown to be an especially important 
factor when attempting to meet certain long-term collision risk goals for a 
particular mission.

Hard-body Radius and 
Covariance schematic for 
Probability of Collision (Pc) 
calculations 



A.K. Mashiku, M.D. Hejduk | 5

Motivation and Objectives

Objective
• Various approaches exist in literature on determining the HBR but few 

technical analysis has been done to:
–Develop and validate an accurate approach and representation in 

defining the HBR
–Assess the sensitivity of the HBR to the probability of collision

• The present study attempts both the a priori assessment and conjunction 
reprocessing of historical conjunction database by redefining the HBR 
definition profiles

• The final objective is to provide operational recommendations for setting 
the HBR value for a specific mission 
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Primary satellite area projection 
methods

• Collision risk assessments employ the use of a 2D Pc which is evaluated 
on a 2D encounter plane whose normal vector is the relative velocity vector 
of the primary and secondary objects.

• When projecting a spacecraft unto the encounter plane, a symmetrical 
spacecraft may have a same HBR capture compared to an asymmetric 
spacecraft, assuming the center of mass is defined as the center of figure 
for the circumscribing circle; This is not an accurate representation.

• So, we propose an approach that focuses on the projected area of the 
spacecraft onto the encounter plane to define the HBR.

Symmetric Primary 
Satellite

Asymmetric Primary 
Satellite
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Primary satellite area projection 
methods

Method 2: Construct an N-Plate Polygon to capture the spacecraft in 
the conjunction plane using MATLAB.

Projected Cross-
Sectional Area

Defined 
Circumscribing Circle Ratio

HST Area (m2) 67.1 150.7 2.25

AURA Area (m2) 145.7 555.7 3.81
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(1) Sample 3D spacecraft 
model in MATLAB 

(2) Projected cross sectional 
area on conjunction plane 
(XZ-plane)

(b) Asymmetric Spacecraft

(a) Symmetric Spacecraft

Cross-Sectional Areas vs Circumscribing 
Circles HBR comparisons
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HBR profiles investigated 

•We investigate 5 different profiles that can be 
used to define the HBR.

•For each profile, a unique Pc calculation method 
may be required.

•We compare Profiles 2-4 with Profile 1, and 
Profiles 1, 3-4 with Profile 2.

•Profile 2 is referred as the current approach 
missions typically use when defining the HBR.
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HBR Profiles: Pc method and considerations

Pc Method Description Schematic
1 A fixed Hard Body 

Radius (HBR)
20 m or 15 m total HBR

2 Circumscribing circle
with secondary

1.5 m added for secondary object

3 Event-Specific projected 
area with 
circumscribing circle

Incorporated attitude profile for
spacecraft bus and solar panels, 1.5 
m added for secondary object

4 Primary spacecraft 
projected area realized 
as a circle

Primary spacecraft’s projected area 
realized as a circle and a secondary 
object with a 1.5m radius

5 Event projected polygon 
area

Incorporated attitude profile and 
calculated Pc using polygon indices.
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Dataset Used

• We examine a six month’s history of conjunction information for 
Three NASA payloads in near-circular 700km orbits, extracting 
conjunction information that:
– Exceeds a Pc of 1e-5
– HBR of 20m for AQUA and AURA and a HBR of 15m for TERRA

• We incorporate sample attitude files for a week’s worth of data from 
April 21st, 2018. If the epoch at TCA fell outside the attitude files, a 
nominal Nadir-pointing attitude profile was considered.

• The following SPICE kernels were furnished:
– pck00010.tpc : Orientation constants for the Sun/Planets
– de421.bsp : Planetary ephemerides
– naif0010.tls : Leap seconds file*

*Make sure the accurate .tls file is used. For 
post Jan 2017 it is naif0012.tls
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