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When we last discussed a STM standard last Fall:

• I’d stated that more work is needed before STM standards can be developed.
• Often operators act on false alarms for collision avoidance.
• LEO & GEO catalogs contain only 4% of the population > 1 cm.
• According to ESA there have been 246 non-deliberate explosions since 1999. 60% SC and 65%
• LV in LEO successfully perform a disposal (Including the natural compliant SC).
• 57,145 new spacecraft have been proposed for the next 10 years. However, they cannot all be 

launched because of the limitations of launcher availability and capacity.

•An AIAA STM study identified regulations from 11 countries (still missing some). 
Results were synthesized Into a matrix of governance. The level of governance in 
different areas was scored according to how detailed and demanding the rules are.

• It was noted that there are some gaps in the information, e.g. SSA, algorithms, 
data-pooling, standards, and quality assurance. Inputs from countries such as 
China, India, and Russia would also be useful.
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From AIAA STM Task Force: Observed Gaps in Current STM Governance

•SSA and STM gaps were observed during evaluation:

Quality Control Independent verif/validation

Operator phonebooks, personnel roles Active Debris Removal (ADR)

Comprehensive, timely, accurate Just-in-Time Debris Removal (JDR)

Deployment strategies: trackability, association, discrimination Decision-quality risk assessment procedures and safety metrics

"Rules of the road" Covariance realism tests

Data normalization: Reference frames, units, timing, elements Standards and regulations that incentivize good behaviors

Rendezvous/Proximity Operations (recently approved NWIP) Data pooling protecting Intellectual Property, prioprietary data

On-Orbit Servicing (recently approved NWIP) SSC suggested inclusions

Earth Orientation Parameters Standards for Uncorrelated Track association

Space Weather Ephemeris sharing to support optical transit deconfliction

Atmosphere models

Tasking Algorithms, performance assessment and assurance

Anomaly data sharing (and how to share it) - Orbit determination

Satellites-as-a-sensor - Orbit propagation (numerical)

Comparative SSA - Space weather prediction

Standards governing spacecraft visual magnitude, paints, etc. - Force modeling
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Drafted up a pre-NWIP Form 4 and STCM standard for our consideration.

• Introduction

• 1 Scope

• 2 Terms and definitions

• 3 Symbols and abbreviated terms

• 3.1 Symbols

• 3.2 Abbreviated terms

• 4 Technical Requirements

• 4.1 STCM Lead Agency

• 4.2 STCM Lead Integrator and/or Operator

• 4.3 STCM system

• 4.4 STCM infrastructure

• 4.5 STCM information Security and monitoring measures

• 4.6 Data aggregation, exchange, normalization and curation

• 4.7 Tracking and observations

• 4.8 Data Fusion, Orbit Determination (OD) and Orbit Prediction (OP)

• 4.9 Flight safety

• 4.10 RFI

• 4.11 Quality assurance and control

• 4.12 Rendezvous Proximity Operations (RPO) and On-Orbit Servicing (OOS)

• 4.13 Algorithms, validation, and development

• 4.14 Regulation, compliance and enforcement

• 4.15 Active Debris Removal (ADR)

• 4.16 STM for human safety of flight

• Annex A (informative)  ISO space debris mitigation standards and technical 
reports

• A.1 General

• A.2 ISO xxxxx, Space systems - Detailed space debris mitigation 
requirements for spacecraft

• Annex B (informative)  Methods for assessing STCM parameters

• B.1 Positional precision as a proxy for positional accuracy

• B.2 Estimation of historical and predictive positional accuracy

• B.3 Covariance, attitude and vector interpolation via the Euler 
Axis/Angle method

• B.4 Apparent-to-Absolute Visual Magnitude relationship

• B.5 Benefit of sensor data fusion in STCM system

• B.6 Orbit determination

• B.7 STM Quality Control Processes: Ephemeris upload monitoring

• B.8 STM Quality Control Processes: ephemeris precision by operator

• B.9 Diverse avoidance manoeuvre Go/No-Go metrics and threshold

• B.10 Conjunction assessment process 
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Introduction	

This Space Traffic Coordination and Management standard specifies requirements for the 
coordination and management of space traffic, which will, in turn, promote safe, efficient and 
responsible behaviour in space. All spacefaring nations share interest and responsibility to create 
conditions for a safe, stable, and operationally sustainable space environment. 
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Space	systems	—	Space	Traffic	Coordination	and	Management	

1 Scope	

This recommended standard codifies the essential facets, protocols and operational Space Traffic 
Coordination and Management (henceforth referred to as “STCM”) requirements critical to 
ensure flight safety and mitigate collision risk and Radio Frequency Interference (RFI), from pre-
launch safety assessment through manoeuvre plans, on-orbit collision avoidance and RFI 
mitigation support services, to mission disposal.   

This standard levies requirements on the STCM Lead Agency, STCM Lead Integrator or Operator, 
STCM Servers and Network, STCM System, STCM Orbit Determination and Prediction, STCM 
Space Data Interfaces, STCM Data Aggregation and Curation, STCM Operations, STCM Quality 
Control, and STCM SSA Systems, and STCM Algorithms and Metrics.  These requirements are 
designed to ensure that STCM analyses and services are timely, accurate, comprehensive, 
transparent, standards-based, progressive, and highly-available to support the operators’ risk 
mitigation decision-making processes: 

 TIMELY means that Space Situational Awareness (SSA) analyses and risk assessment 
information and STCM products are produced and delivered on operationally-relevant 
timescales to allow the operator to develop possible courses of action (e.g. collision 
avoidance) and implement the selected action. 

 ACCURATE means that for all required object categories and types (debris, HAMR, 
manoeuvring, RPO, and OOS), the resulting orbit solutions and predictions are maintained 
accurately enough to support the decision authority’s selected safety criteria and 
minimally acceptable criteria thresholds. 

 COMPREHENSIVE means incorporating SSA information on all relevant space objects to 
the required detectability threshold(s) spanning all required orbit regimes.  It also means 
drawing upon the rich set of “crowd sourced” spacecraft metadata and tracking data from 
a diverse and comprehensive set of space operators, SSA service providers and tracking 
sensors via an automated “trust but verify” approach; 

 TRANSPARENT means that data sources, algorithms, processes, operations and STCM 
status and anomalies are well-described and published. 

 STANDARDS‐BASED means that the STCM system supports and relies upon international 
standard space data messages and standardized operational best practices. 

 PROGRESSIVE means that the STCM system must be flexible to accommodate our deeper 
understanding of the impacts upon the space environment created by increased and 
emerging space activities and to benefit from technological advances and refined 
capabilities. 

 HIGH	 AVAILABILITY means assured, secure access to SSA and STCM products and 
services.	

2 Terms	and	definitions	

For the purposes of this document, the following terms and definitions apply.   
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2.1	Space	Situational	Awareness	(SSA)	
As noted in [1 and 2], there are numerous definitions of the over-subscribed phrase Space 
Situational Awareness (SSA).  A comparative interpretation of these definitions is shown in 
Table 1.  The principle observation from this table is that some definitions include national 
security elements and the others do not.   For the purpose of space safety for which this 
standard is intended, Space Situational Awareness shall be defined as “the knowledge and 
characterization of space objects and their operational environment to support safe, stable, and 
sustainable space activities.” 
 
2.1	Space	Traffic	Coordination	and	Management	
Also, as noted in [1 and 2], there have been numerous definitions of the phrase Space Traffic 
Management.  These are comparatively shown in Table 2.  Here, we see the valid functions of 
licensing, regulatory aspects and traffic control to be discriminators for certain definitions, 
while other definitions are focused on monitoring and coordination. 
 
To properly differentiate between these two legitimate aspects of space safety, the term Space	
Traffic	Coordination	(STC) shall be defined as “the planning, coordination, and on-orbit 
synchronization of activities to enhance the safety, stability, and sustainability of operations in 
the space environment.”   
 
The term Space	Traffic	Management	(STM) shall be defined as “the licensing, regulation, 
control and enforcement of activities to enhance the safety, stability, and sustainability of 
operations in the space environment. 
 
Space	Traffic	Coordination	and	Management	(STCM) shall be defined as encompassing both 
STC and STM, i.e., the combination of coordination and enforcement, recognizing that space 
traffic management and enforcement cannot be effectively and optimally achieved without 
appropriate attention to coordination. 
 
NOTE: This standard will incorporate both coordination (STC) and enforcement (STM) 
normative content.  The applicability of the enforcement clauses is at the discretion of the 
applicable State Actor’s STCM decision authority.  
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Table	 1	 Sample	 of	 definitions	 for	 Space	
Situational	Awareness	(SSA)	

Table	 2	 Sample	 of	 definitions	 for	 Space	
Traffic	Management	(STM)	

 

 

2.2CCSDS	SANA	Registry	
For the purpose of space data exchange, reference frames, element sets, timing systems, attitude 
specifications, spacecraft and orbit types, atmosphere and gravity models and spacecraft activity 
status shall adopt the CCSDS SANA Registry definitions [3]. 

—  

NOTE: ISO also maintains a terminological database representing the en masse aggregation of all 
ISO standards called the Online Browsing Platform (OBP) at: 
https://www.iso.org/obp/ui/#search.  However, OBP content is typically not harmonized across 
the ISO standards spectrum. 

3 Symbols	and	abbreviated	terms	

3.1 Symbols	

 (TBD) 

3.2 Abbreviated	terms	

 (TBD) 
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4 Technical	Requirements	

The requirements for STCM systems are contained in this section.  These requirements are 
designed to assist State Actors in interpreting existing international treaties and agreements [4, 
5, 6, 7].  Additionally, many ISO standards for operations and debris mitigation are relevant [8, 9 
10,  11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21].  National space regulations associated with STCM 
services derive from each State Actor’s interpretation of these existing space laws and consensus 
international guidelines.  The set of requirements contained in this standard address 
coordination, monitoring and regulatory aspects of STCM.  

STCM Lead Agency, STCM Lead Integrator or Operator, STCM System, Servers, and Network, 
STCM Orbit determination and prediction, STCM space data interfaces, STCM Data Aggregation 
and Curation, STCM Operations, STCM Quality Control, and STCM SSA Systems, and STCM 
Algorithms and Metrics 

4.1 STCM	Lead	Agency	

4.1.1 State Actors and/or international organizations shall appoint a suitable domestic or 
international STCM Lead Agency for their individual areas of responsibility and shall authorize 
and fund them to implement, operate, and monitor the STCM system. 

4.1.2 The selected STCM Lead Agency shall have a corporate culture, mission priorities and 
focus that is aligned with and responsive to the flight safety needs of the Decision Authority and 
STCM customer.  NOTE: These should include: Primacy of STCM as a core mission/business 
objective, the safe and efficient use of space, sustainability of space operations, transparency, 
timeliness and accuracy. 

4.1.3 The STCM Lead Agency shall appoint a Decision Authority to set top-level thresholds, 
availability targets and operating constraints. 

4.1.4 The STCM Lead Agency shall establish an enforceable legal protection agreement with 
each of its customers to cover legal liability issues and data misuse.  Penalties shall be levied on 
parties commensurate with any violation of this agreement. 

4.1.5 The lead authority for the STCM system shall ensure that sufficient legal mechanisms 
and security controls are in place to discriminate between permitted and prohibited use of 
contributor data..   

4.1.5.1 Legal protections Permitted Data Uses shall include flight safety, EMI/RFI 
coordination with ITU and resolution of actual harmful interference, support for insurance 
underwriting, and as legally required by national regulatory authorities.   

4.1.5.2 Legal protections Prohibited Data Uses shall include use of data for any commercial 
purposes (i.e., sales, strategic planning, or marketing), securing orbital-spectrum rights, or 
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release or retransmission of data, STCM results, or derivative products thereof to third parties, 
except where expressly authorized by the data owner or STCM Lead Agency.   

4.1.6 Spacecraft operators participating in the STCM system should contribute spacecraft 
manoeuvre plans, ephemerides and physical characteristics relevant to flight safety and RFI 
mitigation, when doing so is permitted by national or contractual requirement. 

4.1.7 The STCM Lead Agency shall establish a legal agreement with its service provider(s) as 
required to enforce the Decision Authority's required Service Level Agreement (SLA) governing 
responsiveness, SSA data accuracy, and system availability.	

 

4.2 STCM	Lead	Integrator	and/or	Operator	

4.2.1 The STCM Lead Agency shall select STCM lead integrator and/or operator(s) that have 
a corporate culture, mission priorities and focus that are aligned with, and responsive to, the 
flight safety needs of the Decision Authority and spacecraft operator needs.  These should 
include: Primacy of STCM as a core mission/business objective, the safe and efficient use of 
space, sustainability of space operations, transparency, timeliness and accuracy. 

4.2.2 The STCM operator(s) shall ensure that permanent and on-call flight safety Subject 
Matter Expertise (SME) and STCM system support are provided commensurate with the 
Decision Authority's requirements for technical support staffing and responsiveness to 
spacecraft operator questions and needs. 

4.2.3 The STCM operator shall properly train and equip its personnel to meet the 
requirements of the Decision Authority.	

4.3 STCM	system	

A comprehensive, timely and accurate SSA and STCM system enhances the safe and sustainable 
conduct of space activities.  The effective STCM system incorporates international standards, 
guidelines, multilateral data exchange, registration, notification and coordination of launch, on-
orbit, re-entry, safety and environmental events.  An example STCM framework is shown in Fig.	
1.  Inclusion of the “regulators and monitoring agencies” box on the upper right shall depend upon 
whether the decision authority places requirements on an STCM framework to provide or 
accommodate such enforcement functions. 
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Fig.	1	Example	of	a	Space	Traffic	Coordination	and	Management	framework	

The following requirements pertain to the STCM framework and components:	

4.3.1 STCM	system	requirements	document	

An STCM system requirements document shall be assembled containing base-level requirements 
which the system shall meet in order to comprehensively enhance space safety and conduct 
sustainable space activities, incorporate international standards, facilitate multilateral data 
exchange, encourage or enable registration, and provide notifications and coordination of launch, 
on-orbit, re-entry, safety and environmental events.   

4.3.2 Aggregate	STCM	service	level	availability	

The aggregate STCM system and each of its safety-relevant components (including SSA system, 
computational infrastructure, network access, data fusion centre, SSA and STCM data products 
generation, and notification systems) shall be highly available, meeting the applicable decision 
authority’s availability requirement. 

4.3.3 STCM	system	geographic	diversity	

The STCM system’s essential components shall operate in at least two geographically-diverse 
regions, subject to the applicable decision authority’s geographic diversity requirement. 

4.3.4 The STCM system and its constituent components (to include sensors, sites and 
algorithms employed by the STCM service provider) shall be at Technical Readiness Level 9 
(System Proven and Ready for Full Commercial Deployment) before providing operational flight 
safety services. 

4.3.5 The STCM system shall encourage and empower data owners to use the STCM system 
as their official space data distribution hub, allowing spacecraft operators and SSA service 
providers to authorize other entities to access their spacecraft data, SSA data, and/or STCM 
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results.  The STCM system shall provide an Open-Architecture Data Repository (OADR) 
capability to serve this function,  

4.3.6 The STCM system shall implement Fine-Grained User Access (FGUA) controls to allow 
STCM account administrators to control the user accounts for their organization, define 
personnel roles and responsibilities, and authorize data access for third-party entities. 

4.3.7 The STCM system shall promote and facilitate transparency of activities and 
capabilities on-orbit, through actions such as disclosure, trackability, registration, and status 
updates. 

4.3.8 The STCM system shall provide a comprehensive phone book capability to facilitate 
inter-operator communications and rapid resolution of threats.  The phonebook shall support 
definition of personnel roles and responsibilities, including roles for management, information 
security, flight dynamics, operations floor, and RFI mitigation support. 

4.3.9 The STCM system shall be capable of notifying users of launch, on-orbit, re-entry, 
safety and environmental events. 

4.3.10 The STCM system shall support standards, guidelines, and regulations that incentivize 
good behaviour, to include ISO 24113, (TBD). 

4.3.11 The STCM system shall have the means to detect, characterize, and respond to 
incidents while maintaining continuous operational capability.	

 

4.4 STCM	infrastructure	

4.4.1 The STCM infrastructure shall be highly-available, meeting the Decision Authority's 
requirements for availability, responsiveness and accuracy. 

4.4.2 The STCM infrastructure shall be designed and operated to provide robust, 
uninterrupted processing in the event that a server or network component fails, with parallel or 
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alternate computer systems and web services able to quickly and robustly replace the failed 
component. 

4.4.3 The STCM infrastructure shall be designed and operated to facilitate rapid 
reconstitution from total failure in the event of an unforeseen major event or catastrophe, in 
compliance with the Decision Authority's reconstitution requirement.	

4.5 STCM	information	Security	and	monitoring	measures	

4.5.1 The STCM system shall provide a trusted and secure framework (e.g., adhering to 
formal cybersecurity standards (such as ISO 27001 or NIST SP 800-171) to protect against 
cyber threats to ensure confidentiality, integrity, and availability.  

4.5.2 The STCM system shall maintain and monitor security logs. 

4.5.3 The STCM system shall appropriately protect the intellectual property and proprietary 
data associated with international, governmental, military, civil, and commercial operator space 
data and systems. 

4.5.4 The STCM system shall by design and operations be robust against man-in-middle and 
Denial of Service attacks. 

4.5.5 Transfers of operator predictive ephemerides, spacecraft characteristics, status, 
tracking observations, planned manoeuvres and RF information to the STCM shall only require 
outbound (one-way) data transfer from the operational spacecraft systems.   

4.5.6 The STCM system shall require that all contributed data provided by SSA service 
providers and spacecraft operators be encrypted in transit to the STCM centre. 

4.5.7 The STCM system shall ensure that space object observations, associations and UCT 
information are encrypted both while in transit and at rest. 

4.5.8 The STCM system shall provide flexible options for ad hoc data export, data 
interchange, reporting and trending by internal and/or third-party applications to inform the 
STCM Lead Agency and STCM Operator of system loading, customer usage, and potential data 


