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Summary
In this work, the authors present CASSANDRA: Computational Agent for Space Situational Awareness aNd
Debris Remediation Automation, an intelligent agent for Space Environment Management (SEM). Here, the
authors detail the modules that constitute the system and enable it to execute the required tasksCASSANDRA
is designed following a modular architecture: each of the components can work either as a stand-alone tool or
in agreement with other elements of the system. The intelligent agent is then responsible for the appropriate
relation between modules depending on the specific (SEM) task to be addressed. The modular architecture
also allows the inclusion of new modules if new tools are found to be relevant. One illustrative example with a
problem of interest, underlining the relationship among modules, is also included.
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1 Introduction
The New Space era [1] is already a reality. Dur-
ing the last years, the space traffic has experienced
an unprecedented growth. The emergence of mega-
constellations with thousand of satellites each, and
micro-satellites, usually launched on sets of tens,
along with a continuous increased on the space debris
population [2] has force the space community to re-
evaluate the suitability of current tools to ensure space
sustainability and safety of the operations [3].
Space Environment Management (SEM) should tend
towards automation [3]. The continuous growth of
space objects, with the associated rise on close en-
counter and fragmentation events, tracking campaigns,
or re-entry episodes, implies that the required work-
load may threaten the capacity of current human-based
systems. New technologies should be implemented,
being Artificial Intelligence (AI) and Machine Learn-
ing (ML) strong candidates [4, 5].
In this work, the authors introduces CASSANDRA:
Computational Agent for Space Situational Awareness
aNd Debris Remediation Automation, and intelligent
agent to support operators on SEM, developed at the

University of Strathclyde’s Aerospace Centre of Ex-
cellence (ACE). The intelligent agent is constituted by
separate modules which carry out specific tasks. CAS-
SANDRA is responsible to automatically manage the
relationships among blocks (input/output interfaces,
activate appropriate modules, data management) to en-
sure the complete analysis of complex SEM events.
The rest of the paper is structured as follows: in Sec-
tion 2, the modules included on CASSANDRA are de-
tailed, along with the relations among them. Section 3
includes an example that illustrates the operation of
CASSANDRA. Section 4 concludes the paper.

2 CASSANDRA
In this section, the modules included on CASSAN-
DRA are explained along with their connections.

2.1 Modules
A number of modules assist CASSANDRA to manage
SEM events. All these blocks can work as stand-alone
tools with no necessary interaction with the other mod-
ules, provided with the necessary inputs, and provid-
ing the corresponding information: observations, con-
junction alerts, object’s state estimation, outcome of
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a decision-making process... The aggregate value of
CASSANDRA is that it is able to coordinate the dif-
ferent modules to address more complex problems.
Fig. 1 shows the modular architecture of CASSAN-
DRA. A brief description of each of the packages is
provided below.

Figure 1: Modules of CASSANDRA

Radar Responsible of acquiring radar measure-
ments of space objects and their associated position
uncertainty.

Multiple close encounter AI-based module for pre-
dicting close encounters and generating conjunction
alerts, both on the many-vs-many and in the single-vs-
many scenarios [6, 7].

InteLlIgent Atmospheric Density modelling for
space operations (ILIAD) AI-based system for
forecasting the space weather and providing atmo-
spheric density models.

Anomaly detection AI-based module for predicting
unmodelled terms on the dynamics [8]. Potential us-
ages can be detection of manoeuvres or alterations on
perturbing forces.

Intelligent Classification System (ICS) ML-based
decision-making system for supporting operators in
the event of a close approach [9]. Its outputs may sug-
gest the execution of an avoidance manoeuvre or the
acquisition of more observations.

Robust State Estimation (RSE) This model allows
the robust estimation and propagation of the object’s
state and uncertainty (aleatory and epistemic). It also
allows updating the state when receiving new observa-
tions [10].

Collision Avoidance Manoeuvre (CAM) Module
for computing the optimal CAM accounting for
aleatory and epistemic uncertainty [11, 12].

Re-entry (FOSTRAD) Module responsible for the
analysis of re-entry events: re-entry time, on-ground
risk... [13].

Fragmentation Module taking care of the fragmen-
tation events of space objects.

2.2 Relationships
An important role of CASSANDRA is the manage-
ment of the relations between different modules. Even
if each of them is a complex tool, real scenarios
will likely involve the combination of more than one.
Setting the allowed interaction between modules and
specifying the format of the module’s inputs and out-
puts becomes essential for the automatic operation of
CASSANDRA. Fig. 2 illustrates the most important
relations among modules. It is important to note, that
due to the modular architecture of CASSANDRA, this
relationship paths may be altered due to new modules
inclusion or new problem to be addressed.

Figure 2: Relation among modules in CASSANDRA.

3 Example
This section includes and illustrative example of CAS-
SANDRA’s operation for a problem of interesting in
SEM: the decision-making in the event of a close en-
counter under epistemic uncertainty after acquiring
measurement from one space object and estimating its
state. More details can be found in [11].
Fig. 3 includes the pipeline for the proposed exam-
ple, indicating the different modules involved on the
process. The RBP package is responsible of the ro-
bust state estimation when observations are obtained
and the propagation of the uncertain state to the Time
of Closes Approach (TCA). The ICS module perform
the decision-making according to the propagated state,
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providing three different outcomes: i) not perform fur-
ther action in case of low risk event, ii) collect new
measurements if high degree of uncertainty, which in-
volves the Radar module and the RBP to update the
estimated state, iii) or perform a CAM in high risk
events, which requires the CAM module and the RBP
to re-estimate the new object’s state.

Figure 3: Pipeline for the proposed example.

4 Conclusions
In this works, the authors presented CASSANDRA, an
intelligent agent to automate SEM tasks and support
operators.
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