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As in many newly emerging technologies, terminology is often “invented” and sometimes even “borrowed” from other disciplines (e.g., the biological sciences) to express a new idea or concept. More often than not, these terms, although well intentioned, are not explicitly defined: although they often have a specific meaning or intent on the part of the speaker using that term! And more often than not, the terms will likely mean something different to the speaker and to his/her audience.

The following terms have surfaced in a variety of papers, presentations, and in “casual conversations”. The purpose of this document is to identify the terms that have been used at one time or another, and to try to ascribe a definition or perhaps some intrinsic properties.

These definitions should not in any way been deemed “official” for the NASA community. Instead, they should  hopefully serve as starting point and they should emphasize the need to query the speaker on the use of each term to ensure that the audience clearly understands “exactly” what characteristics the speaker has in mind when the term is used.

1. Spacecraft Aggregations

1.1. spacecraft constellations

1.2. reconfigurable constellations

1.3. homogeneous constellations

1.4. heterogeneous constellations

1.5. spacecraft confederations

1.6. clusters

1.7.  “loose” clusters

1.8. swarms

2. Formation flying vocabulary

2.1. formation flyers

2.2. tandem flyers

2.3.  “active” formations

2.4.  “tight” formations

2.5.  “loose” formations

2.6.  “accretionary” formations

2.7. precision formation flying

2.8. cooperative maneuvering

2.9. motherships

2.10. drones

3. Mission vocabulary

3.1. distributed spacecraft

3.2. multispaceraft missions

3.3. multimission platforms

3.4. cooperative missions

3.5. collaborative missions

3.6. virtual missions

3.7. virtual instruments

3.8. virtual platforms

3.9. virtual webs

3.10. sensor webs

3.11. scout sensors

3.12. “collaborative” sensor webs

3.13. coincident mapping

4. Autonomy vocabulary

4.1. “intelligent” distributed spacecraft

4.2. remote agent

4.3. autonomy

4.4. semi-autonomy

Candidate Definitions for Spacecraft Constellation Terminology 

1. Spacecraft Aggregations

1.1. spacecraft constellations

A reference to a space mission that, beginning with its inception, is consciously designed to consist of two or more spacecraft that are placed on orbit for the specific purpose of conducting science observations to achieve a common objective (e.g., multispectral Earth observing; magnetospheric mapping). A constellation is deemed necessary because one spacecraft alone would be insufficient in meeting certain spatial, temporal, or for example, perhaps multispectral science objectives. Often, the term constellation specifically implies the implementation of a very particular type of Earth orbit (i.e., a Walker-type orbit) that is often employed by the low earth orbiting (LEO) class global communications or geolocation missions (e.g., Teledesic, GPS).

1.2. reconfigurable constellations

Not entirely clear, but very likely a constellation that possesses the ability to change one of more intrinsic characteristics while on orbit. Some of these characteristics may include any or all of the following changes: orbital, attitude, relative spacing, observing activity coordination with other spacecraft, and other TBD characteristics.

1.3. homogeneous constellations

Constellations whose member spacecraft employ identical bus, payload, and operational characteristics.

1.4. heterogeneous constellations

Constellations whose member spacecraft employ different bus, payload, and operational characteristics.

1.5. spacecraft confederations

Unclear origin of this term. Likely a collection of individual spacecraft that are, for some period of time, specifically organized from a mission operations perspective, to perform a series of coordinated observations in order to achieve a particular science objective. The confederation is realized when spacecraft resources are “recruited” as needed and then the confederation is “disbanded” when the need for the organized observing system is no longer required.

1.6. clusters

A collection of spacecraft that perform a science observation where the collection of spacecraft is not uniformly distributed over a particular spatial region. In contrast to a Walker constellation where the spacecraft are uniformly distributed in  multiple orbital planes, clusters may aggregate in certain orbital regions.

1.7. “loose” clusters

Unclear origin of this term. Very likely a subjective evaluation of the relative proximity of each of the spacecraft that comprise a “cluster”.

1.8. swarms

Has not been specifically defined, however, most likely a comparatively “large” aggregate number of spacecraft that perform as an organized group to perform various remote sensing “duties” (presumably akin to a “swarm” of insects – e.g., bees - with different types of members and “responsibilities” : scouts, drones, workers, etc). 

2. Formation flying vocabulary

2.1. formation flyers

Two or more spacecraft that conduct a science mission such that the relative distances and spatial relationships (e.g., separation distances, angular relationships between all spacecraft, etc.) are preserved throughout the respective orbits and/or attitudes of each spacecraft comprising the formation.

2.2. tandem flyers

Two or more spacecraft that follow one another in the same orbital plane. e.g., NASA’s EOS “AM Train”: Landsat-7, EO-1, SAXC, and Terra.

2.3. “active” formations

Unclear origin of this term. Perhaps a formation where the spatial relationships of the spacecraft are permitted to vary yet still maintain roughly the same or similar spatial relationships.

2.4. “tight” formations

A subjective description of the degree precision and accuracy needed to be maintained between the spacecraft that comprise the formation.

2.5. “loose” formations

A subjective description of the degree precision and accuracy needed to be maintained between the spacecraft that comprise the formation.

2.6.  “accretionary” formations

A formation that “comes into being” as spacecraft are placed on orbit. In contrast to the more general “constellations”, accretionary formations are formation-class constellations that  come into being: i.e., there was with no preconceived plan to create the constellation from the outset. Evolutionary mission circumstances permitted it to come into being. Two examples are: the “AM Train” consisting of Landsat-7, EO-1, SAXC, and Terra and the “PM Train” consisting of Aqua, Aura, Cloudsat, Picasso, and Parsol. Nether the AM Train nor PM train were initially conceived from the outset to be conducted as a constellation formation mission.

2.7. precision formation flying

A subjective term referring to the required preciseness required of a particular formation. There does not appear to be any particular set of objective metrology standards as what exactly constitutes “precise”. 

2.8. cooperative maneuvering

Unclear origin/use of this term. Perhaps meaning a “coordinated” maneuver in a spacecraft formation such that if one spacecraft needs to, for example, point its optics to a new star, any attitude maneuver is coordinated with the other spacecraft in the formation. Cooperative maneuvering could also be required in tight formations for collision avoidance.

2.9. motherships

Presupposes a specific constellation architecture where a particular spacecraft serves as the central focal point for the constellation communication, and/or acts as the coordinator of all constellation activities.

2.10. drones

Presupposes a specific constellation architecture where particular spacecraft serve as the “arms and legs” of the constellation: making and reporting observations etc to the “mothership”.

3. Mission vocabulary

3.1. distributed spacecraft

The most general form of a “multi-spacecraft mission”. Multiple spacecraft that are placed on orbit typically for the purpose of conducting a common science objective. This term could also mean, in the most general sense, a collection of spacecraft, composed of several “groups” or “clusters” of spacecraft, whose data is collected for the purpose of increasing science data fusion/synthesis from multiple remote sensing instruments. Depending on the implementation characteristics, there may be many characteristics in common with today’s ubiquitous distributed computing architectures.

3.2. multispaceraft missions

A variant of distributed spacecraft.

3.3. multimission platforms

A variant of distributed spacecraft. May also mean a collection of spacecraft designed to be reconfigured to serve a variety of science missions depending upon how they are configured by ground mission operations.

3.4. cooperative missions

Independent spacecraft missions that are operated as a single “virtual” mission to achieve greater science data return than is otherwise possible with single spacecraft missions alone. Cooperative missions may imply that the “cooperation” is a result of human command and control. (see collaborative missions)

3.5. collaborative missions

Independent spacecraft that “collaborate” to function as a single “virtual” mission to achieve greater science data return than is otherwise possible with single spacecraft missions alone. It is inferred that perhaps collaborative missions may imply autonomous command and control. (see cooperative missions)

3.6. virtual missions

Independently operated spacecraft that, from a command and control perspective, are conducted as a single “virtual” space mission”.

3.7. virtual instruments

Independently operated instruments that, from a command and control perspective, are controlled as a single “virtual” space mission”.

3.8. virtual platforms

Independently operated spacecraft (and perhaps airborne and/or terrestrial based platforms) that, from a command and control perspective, are conducted as a single “virtual” mission.

3.9. virtual webs

The ability to logically organize and group sensor webs into subgroups.

3.10. sensor webs

A collection of space-based, atmospheric-based, and/or surface-based instruments and platforms that collect and process remote sensing data to achieve the greatest degree of science data return and data synthesis from spatially distributed set of sensors. The sensor web may simply collect and distribute data to a central data processing entity, or it may be a highly sophisticated and autonomous collaborative remote sensing system that dynamically adjusts to the changing characteristics of the phenomena it is observing.

3.11. scout sensors

A collaborative “constellation” or other distributed space mission where one spacecraft collects data and reports it to a “follower” spacecraft so that the follower can use the scouts information to adjust its remote sensing observation plan. For example, and scout sensor may scan for clouds and report that to the follower. The follower may then adjust its instruments to point to a secondary cloud free target in lieu of its original cloud-obscured target.

3.12. “collaborative” sensor webs

See sensor webs.

3.13. coincident mapping

Two or more spacecraft that are specifically operated to perform coordinated observations of the same target.

4. Autonomy vocabulary

4.1. “intelligent” distributed spacecraft

Presumably highly autonomous distributed spacecraft.

4.2. remote agent

An on-board resource monitoring and resource planning/allocation system to reduce and perhaps eliminate the need for mission operations to provide specific guidance to the spacecraft systems to achieve the mission objective. For example, agent technology has been implemented and tested to perform on-board autonomous spacecraft navigation.

4.3. autonomy

The ability to perform certain operations on-board with the need for human intervention from ground based missions operations.

4.4. semi-autonomy

Some TBD subset of fully autonomous operation.
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