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ABSTRACT 

Effective and efficient constellation management consists of more than managing multiple, independent spacecraft. 

There are requirements at the constellation level that must be maintained, for example, keeping all of the spacecraft 

within the same orbital tube, managing global daily average access, or maintaining the phasing of the constellation 

to ensure revisit times are maximized across the constellation. At the same time, each of the spacecraft within the 

constellation have finite resources, such as propellant, that must be managed to ensure they are spent evenly across 

the constellation to prevent premature depletion on one or more individual spacecraft.  

These additional challenges in managing constellation missions create the need for risk mitigation/operations 

support tools for Earth Observation satellite constellations, such as the Canadian Space Agency’s RADARSAT 

Constellation Mission (RCM). RCM, with three spacecraft at an altitude with a high concentration of other orbiting 

objects, expects to be subject to relatively frequent collision avoidance (COLA) maneuvers compared to previous 

RADARSAT missions. In addition, RCM is required to maintain the orbital requirement of staying within a tube of 

+/- 100 m around a reference orbit. Maintaining this tube will inherently require a large number of maneuvers before 

taking COLA maneuvers into account. Thus, for off-nominal events like COLA maneuvers, mission operators must 

be able to plan burns and recover the spacecraft to nominal operations quickly, while keeping to the tube 

requirement and preserving consumables like fuel. To this end, MDA has recently developed the Constellation 

Management Tool (CMT) for the Canadian Space Agency (CSA) within the Space Technology Development 

Program.  

Using knowledge of the RCM concept of operations for standard orbital tube maintenance, MDA developed an 

algorithm for recovery of the orbital tube after a COLA maneuver. The CMT application ingests a tradespace of 

COLA maneuvers from the CSA-developed Collision Risk Assessment and Mitigation System (CRAMS). The 

CMT filters the CRAMS maneuver tradespace for a user-defined probability of collision and miss distance, then 

uses the new algorithm to determine optimal recoveries for each candidate COLA maneuver.  

Ultimately, CMT provides an assessment of the CRAMS tradespace, including tube recovery options, based on 

various optimization criteria. This can provide a useful tool in the operational COLA process in the light of frequent 

tube maintenance maneuvers and constellation considerations.  

1 BACKGROUND 

Managing a constellation of spacecraft adds a level of complexity above that of managing several independent 

spacecraft. While a constellation provides a level of redundancy to meet mission objectives, this comes at the cost of 

additional requirements. For the Canadian Space Agency’s RADARSAT Constellation Mission (RCM), this 

includes phase coherence between images of the same targets taken from different spacecraft at different times and 

the maintenance of an optimum ground repeat time to maximize access opportunities. These constellation 

requirements become orbit requirements that all three RCM spacecraft fly within a fixed distance from the same 

reference and maintain a fixed 120 degree phase angle between them in the orbit plane.  

In anticipation of the launch of RCM, the CSA sought to advance the technology readiness level (TRL) of 

operational tools used to manage constellations. One interest was in new tools for risk mitigation in the operation of 

the three RCM satellites. Under a contract signed in 2016, MDA developed a tool for CSA within the Space 

Technology Development Program (STDP) as STDP 10 Priority Technology #10: Mitigation of Constellation 

Impacts from Sensing Signal Interference and Emergency Event Management.  
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RCM, with three spacecraft, and in an orbit with a higher concentration of other orbiting objects (debris and active 

spacecraft), will likely be subject to relatively frequent (compared to RADARSAT-2) collision avoidance (COLA) 

maneuvers. Less likely, but still possible, it may also be subject to occasional anomalies which could cause a 

temporary loss of orbit control. In both of those cases, mission operators must be able to recover the spacecraft from 

these off-nominal events to resume nominal operations.  

It is therefore necessary for mission operators to have dedicated tools to help them understand the full impact of the 

off-nominal events on the constellation as a whole, and to help them make decisions about how to perform recovery 

operations. The Constellation Management Tool is intended to give constellation operators a valuable resource to 

optimize collision avoidance maneuver and recovery operations. 

This paper will discuss the approach to solving this problem, specific to the RADARSAT Constellation Mission, 

focusing primarily on COLA events, and discuss the development of the Constellation Management Tool, as well as 

its proposed use in RCM operations. 

2 APPROACH 

To approach this problem for the RADARSAT Constellation Mission, we must first do the following: 

1) Determine the requirements that are at the ‘constellation-level’ and which of those requirements are 

impacted if any satellite in the constellation has an off-nominal event. This will be detailed in Section 3. 

2) Determine which RCM constellation parameters are to be evaluated when assessing the impact of an off-

nominal event. This will be detailed in Section 4.  

3) Determine the possible off-nominal events, and how they impact the constellation-level requirements. This 

will be detailed in Section 5. 

Once those questions are answered we can determine how to best optimize the selection and execution of collision 

avoidance maneuvers, as discussed in Section 6. Finally, in Section 7, we will outline how the CMT software 

analyzes the COLA tradespace to provide operators with the suite of maneuver options available. 

3 CONSTELLATION-LEVEL REQUIREMENTS 

This section discusses the mission level requirements of RCM which are considered ‘constellation level’. That is, 

the mission requirement is dependent on the operation of the constellation as a whole, and not on an individual 

spacecraft. 

3.1 Global Coverage and Access 

One of the main goals of RCM is to provide wide area monitoring at medium resolution. This requirement is defined 

as the ability to access any point on the Earth (except South Pole) in medium and high-resolution modes on an 

average daily basis. Analysis performed in the design phases of the mission demonstrated that, for the planned 

reference orbit, these requirements could be met on an average daily basis for a 3-satellite constellation with equal 

(120 degree) phasing. 

3.2 Short Period Coherent Change Detection 

An analysis technique frequently employed by SAR image users is that of coherent change detection (CCD): 

comparing multiple SAR images to detect small changes in the scene. This ability to perform CCD using images 

taken from different spacecraft in the constellation is one of the key features of the RCM mission.  

The requirement for CCD capability is defined as the ability to perform repeat-pass interferometric imaging in 

stripmap and scanSAR modes with minimum 4-day revisit to access any area of the globe (except the South Pole). 

CCD further requires that each of the repeat images being compared be taken from the same viewing angle and with 

a very small baseline distance between spacecraft at the time of the image. A single-satellite mission with a 

repeating ground track orbit will return to the same viewing angle over a particular area of the Earth only once per 

repeat cycle. For RCM, that repeat cycle is 12 days. By using a three-satellite constellation, all on the same repeating 

ground track, that same location will be viewed by one of the spacecraft every 4 days. 
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The short revisit and short baseline requirements lead to tight restrictions on the orbits of each of the satellites in the 

constellation. To achieve these strict orbit requirements, all three RCM spacecraft must fly within a single 100 m 

radius tube shared by the whole constellation.  

For the purposes of off-nominal event management, it is the orbital tube that is the relevant mission requirement. 

That will be discussed in the next section. 

3.3 Orbital Tube 

The orbital tube is best expressed in the Earth-Centered Earth-Fixed (ECEF) coordinate system. In this frame, it is 

possible to define a cyclical “reference orbit” with a 12-day repeat ground track and to describe the “orbital tube” as 

the surface created by sweeping a 100 m radius circle along this reference. Errors, represented as a deviation of the 

satellite from the reference point in the tube can be split into along-track errors and cross track/radial errors. This is 

shown in Figure 3-1 and Figure 3-2. 

 

 

Figure 3-1   Orbital Tube Geometry  

Figure 3-2   Orbit control results showing radial and 

cross-track excursions inside the reference orbital 

tube. 

3.4 Constellation Geometry 

RCM is required to operate with all spacecraft spaced equally around the orbit to maintain the 4-day revisit cycle. 

The three spacecraft are phased 120 degrees apart in the same orbit plane. This can easily be visualized in inertial 

space, as seen in Figure 3-3. This constellation geometry allows RCM to meet the global access requirements, and 

allow for an evenly-spaced CCD period. 

 

Figure 3-3   Visualization of Spacecraft Phasing in Inertial Space 

 

This spacing ensures that as RCM-1 progresses through the orbital tube, it will arrive at the exact same position as 

RCM-2 occupied four days earlier. Maintaining this equal phasing is important both to ensure that there are no gaps 

in the daily global access requirement, and that the constellation maintains an even 4-day CCD revisit pattern. 
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4 CONSTELLATION PARAMETERS 

When managing the impacts of off-nominal events on the ability of the constellation to fulfill the constellation level 

requirements, it is necessary to consider a number of key mission parameters. 

4.1 Imaging Schedule 

The primary mission of RCM is Earth observation and when an off-nominal event occurs, it will have a number of 

effects on the image acquisition schedule. 

Recall that the orbital tube is defined based on the need to follow the same repeat ground track and image from the 

same viewing angle in order to carry out short period CCD. Thus, any images taken from locations outside the tube 

are not usable for CCD.  

CMT provides an estimate of the tube exit and entry times caused by significant events. This, in combination with 

the RCM image acquisition schedule, allows for the identification of planned CCD images within that timeframe. In 

order to retain the ability for those images to be used in a CCD process, they would have to be re-scheduled for a 

time when the satellite will be in the orbital tube. 

Imaging that is not applicable to CCD can be still be performed from outside the tube. Therefore, tube exits will not 

have an impact on non-CCD imaging activities and the requirement for daily global access is still met. However, 

performing maneuvers often requires slewing a spacecraft to redirect thrusters which prevents it from being able to 

image. Therefore, images are lost during the maneuvers themselves. The mission planning system can reschedule 

image areas of interest to other spacecraft if the images are not applicable to CCD. Thus, overall global access and 

most imaging requirements of the mission, other than CCD, are not strongly impacted by these events.  

CMT can provide useful knowledge of the impact to imaging and how many images will need to be rescheduled 

when considering spacecraft events. However, the significant impacts to RCM imaging requirements of an event 

such as a collision avoidance maneuver will come in the form of loss of CCD imaging, which is only scheduled to a 

spacecraft flying in the orbital tube. 

4.2 Propellant Consumption/Delta-V 

The constraints placed on the orbit of the constellation will require many more maneuvers than previous SAR 

missions (RADARSAT-1/2). Due to the need for tube flying, Semi-Major Axis (SMA) and Inclination (INC) 

maneuvers, though small, will be performed routinely. SMA maneuvers as often as once a day, INC maneuvers less 

often. These maneuvers consume a large portion of the overall delta-V budget for the mission. It is still in the best 

interest of the mission to minimize the delta-V expended by maneuvers. 

Therefore, when analyzing collision avoidance events or other events requiring maneuvers to return to nominal tube 

flying, the delta-V cost is obviously worth considering. The CMT was therefore designed to allow the maximum 

size of burn to be configurable when analyzing the off-nominal event. Consequently, the CMT can show the 

estimated total delta-V costs for any scenario under consideration allowing operators to trade off between fuel costs 

and time out of the tube. 

4.3 Key Constellation Parameters 

From the discussion above, we can now identify the key constellation parameters to consider when managing off-

nominal events. 

The following should be configurable parameters: 

 Maximum size of burn 

 Target return time to orbital tube 

The following should be plotted to identify the impact on the constellation:  

 Time outside orbital tube (effectively, ground track error and ultimately lost CCD imaging 

time) 

 Number of images required to be re-planned 

 Total delta-V cost 
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The CMT provides an analysis platform to manage parameters when planning the recovery from unplanned events. 

This allows for an effective way to manage the impact of off-nominal events on the constellation. 

Given that, the management of off-nominal events should aim to manage the impact on the 4-day CCD repeat cycle. 

The requirement for 1-day average global access will also be considered, but since non-CCD imaging can occur 

outside of the orbital tube, there will be less of an impact on the ability of the constellation to fulfill that 

requirement. 

5 EVENTS WITH CONSTELLATION LEVEL IMPACTS 

The scope of the CMT project included evaluating all possible off-nominal events that could disrupt the ability of 

the constellation to fulfill the requirement of a 4-day CCD repeat cycle and daily global access. The conclusion was 

that three types of events would have such an impact: a collision avoidance maneuver, a temporary loss of spacecraft 

orbit control, or the complete loss of a spacecraft in the constellation. 

For the purposes of this paper, only the collision avoidance maneuver is discussed here. 

5.1 Collision Avoidance 

Collision avoidance during nominal operation of RCM will involve monitoring for potential collisions with orbital 

debris, or other spacecraft. This will be accomplished through the use of the Conjunction Risk Assessment and 

Mitigation System (CRAMS) [2]. CRAMS is a Canadian government-owned and operated system that interfaces 

with the RCM ground segment. CRAMS learns of potential conjunction events via conjunction data messages 

(CDMs) provided by the 18th Space Control Squadron (18 SPCS). In the event CRAMS receives a CDM from 18 

SPCS and decides that there is a potential conjunction event for RCM requiring a maneuver, CRAMS will send 

maneuver planning inputs to the RCM ground segment. These inputs will include a tradespace of COLA maneuver 

options for consideration. 

RCM is required to respond to high-likelihood conjunction events and, if necessary, maneuver to mitigate them. 

Such an event occurs with one spacecraft in the constellation independent of the others, so the response would be the 

manoeuvring of a single spacecraft. How that spacecraft maneuvers, characterizes the effects on constellation 

parameters.  

5.2 Impact of Collision Avoidance Maneuver on the Constellation 

Maneuvers for collision avoidance and re-entry to the tube occur only along-track, in either prograde or retrograde 

directions. The significant impact of a COLA maneuver is that it raises or lowers the orbit and in either case 

increases the along-track separation between the spacecraft and the secondary object of the conjunction event at the 

time of closest approach (TCA).  

This change in orbit velocity leads to trailing or leading the reference orbit in inertial space above the rotating Earth, 

which causes the spacecraft’s actual ground track to move relative to the reference ground track. A 100 m separation 

from the reference ground track at any point in the orbit constitutes an exit from the orbital tube and marks the point 

at which CCD imaging becomes invalid. Future maneuvers would then need to be planned to reverse the process and 

return to the flight tube.  

Figure 5-1 below shows a tube departure after COLA maneuver (note, this is simulated, not based on an actual RCM 

COLA maneuver). The maneuver is retrograde in this case and the spacecraft leaves the tube in a matter of hours. 

From that point on, CCD imaging can not be done, although imaging not intended for CCD can. In this case no re-

entry to the tube is shown. 

In these plots, note that the ground track of a simulated RCM spacecraft is plotted in black. The zero point 

constitutes a ground track exactly matching the reference orbit. The solid red line indicates the 100m ground track 

error limit beyond which CCD cannot occur and the dashed red line at 40m indicates a limit at which maneuvers 

would routinely be performed to avoid leaving the tube. The example shown includes a routine SMA increasing tube 

maintenance burn “Tube Maint. SMA” used frequently to make up for drag effects, and this is followed a day later 

by the retrograde COLA burn. 
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Figure 5-1   Relative Ground Track Drift after COLA Maneuver 

The impact on the ability of the constellation to fulfill the constellation level requirement of 4-day CCD revisit is 

directly related to how quickly it recovers the orbital tube. Operationally, this will require a trade-off in the form of 

total fuel cost. 

6 OPERATIONAL CONCEPTS FOR EVENT MANAGEMENT 

During the RCM commissioning phase the reference orbit was precisely determined and the RCM spacecraft were 

maneuvered to their respective positions within that reference orbit. It is important that, once set, this reference orbit 

does not change over the mission lifetime. This will allow images taken at any time in the mission lifetime to be 

compared to past images for CCD analysis.  

In order to maintain this reference orbit a spacecraft is required to perform frequent orbital maneuvers to negate the 

effects of orbital perturbations (atmospheric drag, solar/lunar perturbations, etc.). 

When discussing the problem of orbit control for constellations, there are two broad solutions: absolute station-

keeping or relative station-keeping [3]. Absolute station-keeping maintains each spacecraft in a pre-defined position 

(mission epoch) in the designated reference orbit whereas relative station-keeping maintains only the relative 

positions of the spacecraft with respect to the other spacecraft in the constellation. As discussed in Wertz [3], it is 

often assumed that relative station-keeping would reduce the number of orbit maneuvers required and hence 

minimize the fuel expended on orbital maneuvers. Wertz concluded however that in most cases the savings in fuel 

cost are not realized and the complexity of orbit control increases. 

The RapidEye optical EO constellation has taken a hybrid approach to orbit control [1]. The constellation follows a 

repeating ground track and follows an orbit maintenance strategy which relies on a reference orbit, but in certain 

conditions that mission will perform maneuvers relative to the other spacecraft in the constellation, to save fuel. 

RapidEye’s solution is appropriate for their constellation due to the fact that their requirement for global access at 

the equator is seriously affected by the relative phase shifts of the spacecraft due to COLA maneuvers. RCM, on the 

other hand, with its tight orbital tube, imposed by the requirement for CCD, has no option but absolute orbit control. 

Each RCM spacecraft must maintain its position within the orbital tube (and return to that position after a COLA 

maneuver) so that each spacecraft will pass over the same point on the ground track at the same angle. If, after a 

COLA maneuver on one spacecraft, each of the other spacecraft raised their orbits by the same amount, the entire 

constellation would be out of the orbital tube. This would prevent the RCM spacecraft from CCD imaging. 

6.1 Frequency of Conjunction Events 

Prior to launch, an analysis was performed using NASA Debris Assessment Software (DAS) to estimate the 

potential for frequent conjunctions between RCM spacecraft and debris on orbit. The results from DAS were 

doubled to account for an increase in orbit debris over the mission life (7.33 years). 

Table 1   Expected Number of Objects (x2) Passing Within Given Miss Distance per RCM Spacecraft 

Miss distance (m) 

Object Size (cm) 

10 5 2 0.5 0.05 

4.2 0.0025 0.0032 0.0063 0.240 1,552 
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Miss distance (m) 

Object Size (cm) 

10 5 2 0.5 0.05 

100 1.5 1.8 3.56 135 893,367 

200 6.0 7.1 14.16 551 3,556,559 

500 38 45 91 3,396 126,191,469 

1500 340 408 834 31,698 200,000,000 

 

If it is assumed that data is available in conjunction messages from 18 SPCS for objects as small as 2 cm and that 

any object within a 500m distance of RCM spacecraft is significant enough to warrant a collision avoidance 

maneuver, then this estimate leads to the conclusion that each spacecraft may require a maneuver at a rate of 1 per 

month averaged over the mission lifetime. As stated above, this number doubles the DAS estimate in order to 

account for future growth in debris population. This increasing debris implies the actual number of maneuvers 

required may be half this at the start of the mission (back in line with the original DAS estimate) but twice as much 

near the end.  

Actual flight experience has been six conjunction events with miss distances less than 500 m in the first four months 

on-orbit. This is half the rate in the above table and thus in line with the DAS estimate. In these cases, no maneuvers 

were performed since there were low probabilities of collision. 

 

Figure 6-1 RCM Conjunctions Since Launch 

6.2 COLA Maneuver Tradespace 

Once operators decide that an upcoming conjunction requires a maneuver to reduce the risk of collision, the specific 

maneuver must be sized appropriately. This exercise typically involves choosing an along-track delta-V at a 

particular time that will move the primary spacecraft out of harm’s way. CRAMS provides a tabular tradespace that 

covers a wide range of options in possible delta-V’s and possible times they can be applied. The table includes 

Probability of Collision (PoC) data as well as estimated miss distances for each maneuver. Selecting which 

maneuver to perform involves first selecting the timing of the maneuver and then selecting the appropriate delta-V 

that will reduce the PoC to an acceptable level. For RCM, the acceptable PoC level is < 1e-7. Because the CRAMS 

tradespace is a table it is important that the resolution, in terms of both time and delta-V, is sufficiently fine that 

meaningful data can be extracted.  

However, in planning a strategy for a particular COLA maneuver and tube re-entry, it is likely worth considering 

that collision avoidance and re-entry to the tube can require several maneuvers and no imaging at all can be done 

during the time used to accomplish maneuvers. Slewing duration to direct thrust vectors is the largest contributor to 

this. Prograde burns require less slewing time than retrograde, so in the interest of preserving imaging schedules 

there is some incentive to prefer fewer, shorter, and generally prograde maneuver options.  
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CMT includes analysing the performance of collision avoidance maneuvers followed by recovery to the tube. There 

is always a drift between when the COLA delta-V occurs and the time that the recovery can be started. This dwell 

time is assumed to be the time until closest approach with the secondary object in the COLA event. Therefore, a 

COLA maneuver in the tool is characterized by the size of the COLA maneuver performed and the time to TCA at 

the point it is performed. CMT then plans a recovery from COLA maneuvers to return the spacecraft to the tube 

within a user-defined timeframe using burns of no greater than a user-defined maximum burn size. 

Hence, input characteristics to the analysis of a single COLA burn option in the tradespace are the time of the burn 

and the delta-V of the burn as well as the maximum burn sizes allowed for recovery and a desired time to complete 

the recovery. The tradespace itself already provides the expected PoC after the burn. The outputs of the CMT 

analysis are the calculated burns necessary for recovery to the tube, the total delta-V cost for recovery, the amount of 

time spent outside the tube when CCD cannot be performed, and the number of images lost during maneuvers that 

planning will need to reschedule. 

As an example, Figure 6-2 below shows a simulated retrograde COLA maneuver with delta-V = 26.5 mm/s 

performed at 24 hrs before the time of closest approach to the secondary object, followed by recovery maneuvers 

and a return to the tube. The COLA maneuver and two recovery burns are indicated as well as two routine tube 

maintenance burns at +/- 40 m. Re-entry, in this case, is characterized by a return to the tube within 24 hrs and a 

maximum maneuver size of 50 mm/s with a recovery burn once back in the tube requiring 20 mm/s. Between the 

time spent drifting and the time to recover, the actual time spent outside the tube when CCD imaging could not be 

performed is 47 hrs. That 47 hours and the total delta-V cost of 69.9 mm/s to recover after the initial COLA burn of 

26.5 mm/s constitutes the constellation-level impact of this COLA event. 

Figure 6-3 below shows a simulation with the same initial setup but this time the maximum burns allowed are only 

27 mm/s. This results in needing an additional maneuver and ultimately a total cost that is slightly higher in terms of 

delta-V and thus fuel. This result costs a total of 74.9 mm/s to recover where the above example cost a total of 69.9 

mm/s to recover after the same initial COLA burn. There is roughly the same cost to lost CCD imaging time due to 

the tube exit. 

 

Figure 6-2   COLA maneuver and recovery – Low 

drag, 1-Day Target Recovery, Max Burn 50 mm/s 

 

Figure 6-3   COLA maneuver and recovery – Low 

drag, 1-Day Target Recovery, Max Burn 27 mm/s 

Alternatively targeting for a longer duration before recovering to the tube predictably allows for smaller delta-V cost 

at the expense of more time outside the tube that is lost to CCD imaging. The following figures (Figure 6-4 and 

Figure 6-5) show cases for max bun sizes of 50 mm/s and 27 mm/s with a desired recovery duration of 2.5 days. 
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Figure 6-4   COLA maneuver and recovery – Low 

drag, 2.5-Day Target Recovery, Max Burn 50 mm/s 

 

Figure 6-5   COLA maneuver and recovery – Low 

drag, 2.5-Day Target Recovery, Max Burn 27 mm/s 

It is important to note that recoveries to the tube should return very near to the prescribed original location in the 

reference orbit. CCD image timing relies on each spacecraft occupying that location in the 12 day cycle, and thus 

specific constellation phasing is required. The Mission Planning System can account for offsets in the timing but 

there should be no significant phasing errors of the spacecraft within the tube due to COLA events. COLA 

maneuvers with drifts and recoveries are not expected to alter the phasing of the spacecraft within the tube by large 

amounts.  

7 CMT SOFTWARE  

CMT contains a routine for applying a suggested maneuver from the CRAMS tradespace then determining a 

maneuver or series of maneuvers to return to the orbital tube after the TCA of the COLA event. The user of the 

software sets parameters that characterize the return to the tube. These include the desired maximum size of burns to 

use and the desired amount of time one wants the recovery to take. Since there are many options in the CRAMS 

tradespace there is opportunity to trade off fuel expenditure and CCD availability.  

CMT also accepts input files for the RCM reference orbit, the future predicted orbit, and an image acquisition 

schedule. With the image schedule, it is possible to determine which imaging activities cannot be performed due to 

the outages imposed by performing collision avoidance and recovery maneuvers. The input orbits are necessary for 

estimating the effects of burns on the predicted orbit and assessing future locations with respect to the reference to 

analyze the position in the tube.  

CMT analyzes every COLA maneuver in the CRAMS tradespace. Then, for each one, CMT performs a collision 

avoidance and recovery calculation. It can then provide a report on the time spent outside the tube when CCD 

imaging cannot be performed, the delta-V costs of performing the collision avoidance and recovery, the number of 

maneuvers necessary to recover and the amount of potential imaging time lost. CMT also compares the maneuver 

times to the image acquisition schedule and assess the specific imaging activities that will be lost to a given COLA 

maneuver and recovery. 

Figure 7-1 below shows an example analysis presented from the prototype tool. The tradespace used in the analysis 

assumed maneuver sizes between 2 and 35 mm/s. The Time to TCA values varied from 6 hours to 36 hours. In each 

case from the tradespace, the total maneuvers costs, lost imaging time, and time spent outside the tube are reported.  

The automated re-entry routines here assumed maximum maneuver sizes of 50 mm/s and a desired return to tube 

within 1 day of TCA. Contour plots are shown indicating the time spent out of the tube (lost CCD imaging time), the 

total cost to recover in terms of delta-V, and the total imaging time lost for each option in the tradespace. 
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Figure 7-1   COLA Tradespace Analysis 

8 CONCLUSION AND FUTURE WORK 

This paper has examined the issue of collision avoidance maneuver management for constellations, using RCM as 

the design reference mission. The focal points of this analysis was to identify the ‘constellation-level’ requirements, 

identify the off-nominal events which could impact the constellation, and describe operational scenarios to address 

those off-nominal events. 

The Constellation Management Tool is intended to be used for analysis support by the RCM Operations team. The 

current design of the RCM Ground Segment does not include automated interfaces with the CMT. In the current 

operational environment, it is assumed that CMT operators have access to whatever data the RCM Ground Segment 

would typically provide including orbit ephemeris data and COLA maneuver planning inputs provided by CRAMS, 

as well as image planning schedules. Such data is essential for evaluating the operational impacts of COLA 

maneuvers or other events. 

Maneuver options calculated by CMT and other data reported by CMT are intended to be used by operators who 

would then implement desired maneuvers using the Flight Dynamics component of the RCM Spacecraft Control 

Subsystem. Ultimately, CMT provides an assessment of the CRAMS tradespace, including tube recovery options, 

based on various optimization criteria. This can provide a useful tool in the operational COLA process in the light of 

frequent tube maintenance maneuvers and constellation considerations.  
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