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SPACE OBJECT ALERT MANAGEMENT AND USER INTERFACES

INCORPORATION BY REFERENCE OF RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Patent Application Nos. 63/393705, filed July 29, 2022, and 63/410163, filed
September 26, 2022. The entire contents of these applications are incorporated by reference

herein and are made a part ol this specification.

BACKGROUND
Field
[0002] This disclosure relates generally to tracking space objects such as satellites

and visual interfaces and computer configurations used in such tracking.

Description of Related Art

[0003] Visualization interfaces can be used to allow a user to view, manipulate,
and adjust data representing tracked orbital objects (e.g., satellites). Tracking orbital objects
involves taking in an amount of data and incorporating that data into a workable and usable
interface.

[0004] Tracking orbital objects may be done using photographs of objects in
space and tracking their positions using a plurality of photographs. Visualization systems
have been developed in various fields that provide some functionality with regard to
portraying various information. However, many features are lacking and many problems

exist in the art for which this application provides solutions.

SUMMARY
[0005] Example embodiments described herein have innovative features, no
single one of which is indispensable or solely responsible for their desirable attributes.
Without limiting the scope of the claims, some of the advantageous features will now be
summarized.
[0006] In some embodiments, a system for determining and displaying path

parameters can include a display interface. The display interface can be configured to
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receive, via a user interface, a first identifier associated with a first space object and
determinc a first mancuver of the first spacc object. The first mancuver can include a
perturbation of the path of the first space object. Based on the first identifier and the first
maneuver, the display system can identify one or more path parameters associated with a
path of the first space object and generate a display interface. The display interface can
include a longitude-time graph having a longitude axis spanning from a lower-longitude limit
to an upper-longitude limit and a time axis spanning from the lower-time limit to the upper-

time limit and an indication of the one or more path parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following drawings and the associated descriptions are provided to
illustrate embodiments of the present disclosure and do not limit the scope of the claims.

[0008] Figure 1A schematically shows a network configuration that allows for the
passing of data to a visualization system.

[0009] Figure 1B shows a schematic of an example visualization display.

[0010] Figure 2 shows an example visualization display with a longitude-time
graph, scalar-time graph, a longitude-latitude graph, and a display area.

[0011] Figure 3 shows a detail view of an example longitude-time graph that may
be a part of the visualization display described in Figure 2.

[0012] Figure 4 shows a detail view of an example longitude-latitude graph that
may be a part of the visualization display described in Figure 2.

[0013] Figure 5 shows a detail view of an example scalar-time graph that may be

a part of the visualization display described in Figure 2.

[0014] Figure 6 shows a zoomed-in and panned view of the visualization display
of Figure 2.
[0015] Figure 7 shows the same view as Figure 6 after the first longitude axis and

the synchronized second longitude axis have been zoomed in.

[0016] Figure 8 shows the same view as Figure 7 after the first time axis and the
synchronized second time axis have been zoomed in.

[0017] Figure 9 shows a zoomed-in and panned view of a longitude-time graph

and scalar-time graph at a current time horizon.



WO 2024/050163 PCT/US2023/069366

[0018] Figure 10A shows a tagging interface comprising a stitching tool interface
and an analysis plot interface.

[0019] Figure 10B shows a selection by a user of a collection of first longitude-
time source points.

[0020] Figure 10C shows a selection by a user of a collection of second
longitude-time source points.

[0021] Figure 10D shows the visualization display of Figure 10C after a user has
selected the stitch selector.

[0022] Figure 11 shows a representation of an orbit of a space object
superimposed on a longitude-time graph and longitude-latitude graph.

[0023] Figure 12 shows the visualization display of Figure 11 with highlighted
longitude-time points and longitude-latitude points indicating a selection of multiple tracks
associated with a space object.

[0024] Figure 13 shows a visualization display comprising a photograph selected
from a set of photographs based on a specified latitude range, a specified longitude range,
and a specified time range.

[0025] Figure 14 shows the visualization display of Figure 13 comprising a
photograph modified relative to the photograph shown in Figure 13.

[0026] Figure 15 shows a visualization display comprising an indication of a
user-selected primary object in a photograph.

[0027] Figure 16 shows a visualization display comprising an indication of a
secondary object detected by a space object detection system.

[0028] Figure 17 shows a visualization display comprising a plurality of tracks
selected by a user.

[0029] Figure 18 shows a visualization display comprising an orbit of a space
object determined using a destination track and source tracks.

[0030] Figure 19 shows a visualization display comprising longitude, time, and
selected track labels.

[0031] Figure 20 shows a visualization display comprising selected tracks of a
space object, an orbit for the space object, and a graph of residuals between the selected

tracks and the orbit.
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[0032] Figure 21 shows an interface displaying an initial track.

[0033] Figurc 22 shows an interface displaying an initial track and a targct track.

[0034] Figure 23 shows an interface displaying an initial track, a target track, and
a transfer selection interface.

[0035] Figure 24 shows an example intercept transfer via the user interface.

[0036] Figure 25 shows an example rendezvous transfer via the user interface.

[0037] Figure 26 shows a characterization of a maneuver that has moved an
object from a first path to a second path.

[0038] Figure 27 shows a panned and zoomed display of Figure 24.

[0039] Figure 28 shows a panned and zoomed display of Figure 25.

[0040] Figure 29 shows a panned and zoomed display of Figure 26.

[0041] Figure 30 shows another example rendezvous transfer via the user
interface.

[0042] Figure 31 shows another example rendezvous transfer between the same
orbits as shown in Figure 30 but with different time constraints.

[0043] Figure 32 shows an example visualization with a proximity spot report and
a maneuver spot report.

[0044] Figure 33 shows two example conjunction spot reports within a
visualization display.

[0045] Figure 34 shows an example first proximity spot report showing a
conjunction between Satellite A and Satellite B.

[0046] Figure 35 shows a second proximity spot report in response to a maneuver
performed by Satellite C.

[0047] Figure 36 shows an example visualization display that shows a space
object graphical representation in combination with other features described herein.

[0048] Figure 37 shows an example visualization display that includes an alert
and source track interface as well as a selected alert interface and an alert selection interface.

[0049] Figure 38 shows the visualization display of Figure 36 but with the alert
and source track interface and the target track identifier within the alert selection interface.

[0050] Figure 39 shows the visualization display with an indication of an alert

type indicator 1332 corresponding to a radiometric (e.g., photometric) alert.
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[0051] Figure 40 shows a different alert type indicator related to a maneuver-
bascd alert.

[0052] Figure 41 shows another alert type indicator related to an object
interaction alert associated with Satellite EE.

[0053] Figure 42 shows a selected track representation and a predicted track
representation each associated with a target track identifier.

[0054] Figure 43 shows another view of the selected track representation of
Figure 51 and the predicted track representation each associated with a target track identifier.

[0055] Figure 44 shows the visualization display including the scalar-time graph
associated with the Satellite FF.

[0056] Figure 45 shows a selection of the selected track representation associated
with Satellite EE.

[0057] Figure 46 shows a user selection of an alert display toggling selector
allowing the user to include an alert associated with selected track representation in the alert
and source track interface as indicated by the alert display toggling indicator.

[0058] Figure 47 shows the inclusion of the alert associated with Satellite EE in
the target track identifier.

[0059] Figure 48 shows a destination track removal indicator that appears in
response to selection of the alert display toggling selector.

[0060] Figure 49 shows how in response to selection of the target track identifier,
the alert for Satellite EE is no longer visible.

[0061] Figure 50 shows a space object annotated graphical representation.

[0062] Figure 51 shows an example method of managing alerts based on
detection of movement parameters for space objects.

[0063] Figure 52 shows a block diagram of an example curated data object
system, according to some embodiments.

[0064] Figure 53 shows an example method for determining where to send a
curated data object based on the curated data object’s destination parameters, according to
some embodiments.

[0065] Figure 54 shows an example method generating and storing a curated data

object into a curated alert database, according to some embodiments.
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[0066] Figure 55 shows an example method for transmitting an object alert to a
first remote clectronic device but not to a second remote clectronic device.

[0067] Figure 56 shows a user interface that displays a plurality of published
object alert indicators.

[0068] Figure 57 shows a user interface displaying a residual plot, which contains
right ascension residual indicators, and/or declination residual indicators.

[0069] Figure 58 shows a user interface displaying a proximity plot, which
contains a [irst space object relative path indicator corresponding to a [irst space object, and a
second space object relative path indicator corresponding to the second space object.

[0070] Figure 59 shows a space object spot report indicator and a space object
conjunction report indicator.

[0071] Figure 60 shows a zoomed in view of an example stitching tool interface
and a selected alert interface, according to some embodiments.

[0072] These and other features will now be described with reference to the
drawings summarized above. The drawings and the associated descriptions are provided to
illustrate embodiments and not to limit the scope of any claim. Throughout the drawings,
reference numbers may be reused to indicate correspondence between referenced elements.
In addition, where applicable, the first one or two digits of a reference numeral for an

element can frequently indicate the figure number in which the element first appears.

DETAILED DESCRIPTION

[0073] Although certain embodiments and examples are disclosed below,
inventive subject matter extends beyond the specifically disclosed embodiments to other
alternative embodiments and/or uses and to modifications and equivalents thereof. Thus, the
scope of the claims appended hereto is not limited by any of the particular embodiments
described below. For example, in any method or process disclosed herein, the acts or
operations of the method or process may be performed in any suitable sequence and are not
necessarily limited to any particular disclosed sequence. Various operations may be
described as multiple discrete operations in turn, in a manner that may be helpful in
understanding certain embodiments; however, the order of description should not be

construed to imply that these operations are order dependent. Additionally, the structures,
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systems, and/or devices described herein may be embodied as integrated components or as
scparatc components. For purposes of comparing various cmbodiments, certain aspects and
advantages of these embodiments are described. Not necessarily all such aspects or
advantages are achieved by any particular embodiment. Thus, for example, various
embodiments may be carried out in a manner that achieves or optimizes one advantage or
group of advantages as taught herein without necessarily achieving other aspects or
advantages as may also be taught or suggested herein.

[0074] Described herein are methodologies and related systems for visualizing
data (e.g., tracks, orbits, photographs, measurements, maneuvers, transfer actions, etc.) from
tracked satellites and other space objects. It will be understood that although the description
herein is in the context of satellites, one or more features of the present disclosure can also be
implemented in tracking objects other than satellites like, for example, aircraft, watercraft,
projectiles, and other objects. Some embodiments of the methodologies and related systems
disclosed herein can be used with various tracking systems, including, for example, those
based on government databases.

[0075] Unless explicitly indicated otherwise, terms as used herein will be
understood to imply their customary and ordinary meaning.

[0076] Disclosed herein are methods and systems relating generally to the
tracking of objects in orbit (e.g., satellites), other space objects, and related systems and
methods of providing an interactive user interface to interact with data related to the tracking
of these objects. The information therein can be stored in one or more databases (e.g., as an
ephemeris).

[0077] Tracking objects in orbit and other space objects can include receiving
image data (e.g., photographs) of portions of the sky from one or more sensors, such as
telescopes, positioned at various positions across the globe. For example, the data may be
collected from a network of telescopes (e.g., over 300 telescopes) that includes telescopes on
every populated continent. The photograph data can be used to map out the entirety or near
entirety of the sky. Various altitudes above sea level may be tracked. The data can be tracked
and processed in real-time. For example, a contemporary database may be configured to
receive real-time image data. Images collected by the telescopes may be processed in situ

with observations being received with a latency of less than about 1 minute and within about
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15-30 seconds in some embodiments. A historical database may be configured to store data
received before a threshold time. The threshold time may be a specificd amount of time (c.g.,
years, months, days, etc.). Alternatively, the threshold time may refer to a time based on a
user action. For example, the historical database may be configured to store data received
before a user causes the system to display the user interface. Using an algorithm, the received
data may be consolidated and categorized. For example, the algorithm may be configured to
determine whether objects that appear in a plurality of photographs correspond to the same
object over time and space. A gap in exposure of certain objects may be small. For example,
a mean solar exclusion gap may be less than about 7 hours and may be about 6 hours in some
embodiments.

[0078] Figure 1A is an example network configuration 194 for a visualization
system 190. The architecture of the visualization system 190 can include an arrangement of
computer hardware and software components used to implement aspects of the present
disclosure. The visualization system 190 may include more or fewer elements than those
shown in Figure 1A. It is not necessary, however, that all of these elements be shown in order
to provide an enabling disclosure. In some embodiments, the visualization system 190 is an
example of what may be referred to under different names.

[06079] As illustrated, the visualization system 190 can include a hardware
processor 188, a memory 146, a real-time orbital object data interface 172. a tagging
interface 174, a image interface 176, a real-time connection interface 178, and/or an real-time
connection interface 178, each of which can communicate with one another by way of a
communication bus 142 or any other data communication technique. The hardware processor
188 can read and write to the memory 146 and can provide output information for the
visualization display 100. The real-time orbital object data interface 172, tagging interface
174, image interface 176, and/or real-time connection interface 178 can be configured to
accept input from an input device 164, such as a keyboard, mouse, digital pen, microphone,
touch screen, gesture recognition system, voice recognition system, and/or another input
device capable of receiving user input. In some embodiments, the visualization display 100
and the input device 164 can have the same form factor and share some resources, such as in

a touch screen-enabled display.
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[0080] In some embodiments, the real-time orbital object data interface 172, the
tagging intcrface 174, the image interface 176, and/or the real-time connection interface 178
can be connected to a historical data server 140, a contemporary data server 150, and/or a
metadata server 154 via one or more networks 144 (such as the Internet, 3G/Wi-Fi/LTE/5G
networks, satellite networks, etc.). The real-time orbital object data interface 172 can receive
graphical data information related to orbital objects via the network 144 (the network 144 can
provide one-way communication or two-way communication). In some embodiments, the
real-time orbital object data interface 172 may receive, where applicable, object data
information or information that can be used for location determination (such as a cellular
and/or Wi-Fi signal that can be used to triangulate a location) and determine the position of
one or more objects.

[0081] The tagging interface 174 can receive tagging data from a user via the
input/output device interface 182. The metadata server 154 can provide an application
programming interface (API) that the tagging interface 174 can access via the network 144
(such as, for example, a 3G, Wi-Fi, LTE, or similar cellular network). The metadata server
154 may comprise data from one or more third-party providers. For example, the metadata
server 154 may comprise government information (e.g., received from a United States Air
Force satellite database). The image interface 176 may receive track information (such as, for
example, an ordered list of known location coordinates) from a historical data server 140,
contemporary data server 150, and/or metadata server 154 via the network 144. The track
information can also include track-related information, such as photos, videos, or other data
related to orbiting objects. In some embodiments, instead of receiving the track information
over a network 144 from a historical data server 140, the system can receive such track
information from a user via a computer-readable storage device, such as, for example, a USB
thumb drive. The image interface 176 can also receive images (e.g., photographs. video)
from a contemporary data server 150. In some embodiments, the map data can provide
longitude, latitude, altitude information, and any other information related to orbiting objects.

[0082] The memory 146 can contain computer program instructions (grouped as
modules or components in some embodiments) that the hardware processor 188 can execute
in order to implement one or more embodiments described herein. The memory 146 can

generally include RAM, ROM and/or other persistent, auxiliary or non-transitory computer-
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readable media. The memory 146 can store an operating system 122 that provides computer
program instructions for usc by the hardware processor 188 in the gencral administration and
operation of the visualization system 190.

[0083] The memory 146 can include computer program instructions and other
information for implementing aspects of the present disclosure including a graphic module
124, a tagging module 126, a data integration module 128, a synchronization module 130, a
user settings module 132, other modules, and/or any combination of modules.

[0084] In some embodiment, the memory 146 may include the graphic module
124 that generates a track from the received ordered list of known locations using algorithms,
such as interpolation or extrapolation algorithms. Additionally, the graphic module 124 may,
in response to a user determination, alter the format (e.g., axes, labels, values) of the
graphical display. Examples of functionality implemented by the graphic module 124 are
more fully described, for example, with reference to Figures 1A-5.

[0085] In some embodiments, the memory 146 includes a tagging module 126
that the hardware processor 188 executes in order update, in response to a user action,
aspects (e.g., metadata, values) of the underlying data. Accordingly, the tagging module 126
can provide data (e.g., updates) to the synchronization module 130. Examples of
functionality implemented by the tagging module 126 are more fully described, for example,
with reference to Figures 10A—10D. The data integration module 128 can correlate various
data automatically or in response to a user input. For example, the data integration module
128 can combine data from the one or more servers (e.g., the historical data server 140, the
contemporary data server 150, and the metadata server 154) that may be used for displaying
on the visualization display 100. Examples of functionality implemented by the data
integration module 128 are more fully described, for example, with reference to Figures 2-9.

[0086] In some embodiments, the memory 146 includes a synchronization
module 130 that can be configured to correlate various aspects of data from the one or more
servers. For example, the synchronization module 130 can be configured to synchronize the
display of a data set on multiple graphs or to synchronize elements (e.g., axes, labels,
dimensions, alignments, etc.) of one or more graphs of the visualization display 100. The
synchronization module 130 can update data based on inputs from the tagging module 126

(such as stitched objects or elements), guidance parameters from the user settings module
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132, and/or inputs from the data integration module 128. Examples of functionality
implemented by the synchronization module 130 arc more fully described, for example, with
reference to Figures 2-9.

[0087] In some embodiments, the memory 146 includes a user settings module
132. The user settings module 132 can provide access to various user settings related to user
preferences, including graph parameters, graph configurations (e.g., layout, orientation,
formatting, etc.) and modes (e.g., display mode, tag mode, etc.). For example, the threshold
values used for determination of the direction guidance mode may be accessed through the
user settings module 132. In some instances, the user settings module 132 may provide
connectivity to a data store 168 and access user settings from or store user settings to the data
store 168. Examples of functionality implemented by the user settings module 132 are more
fully described, for example, with reference to Figures 2-10D. In some embodiments, other
interfaces and modules, such as the real-time orbital object data interface 172, the tagging
interface 174, the image interface 176, real-time connection interface 178, and/or
input/output device interface 182 may have access to the data store 168.

[0088] The historical data server 140 may communicate via the network 144 with
a historical data interface. The historical data interface may include one or more of the real-
time orbital object data interface 172, the tagging interface 174, the image interface 176, and
the real-time connection interface 178. The historical data interface may be configured to
receive historical data of objects in orbit around a planet from a historical data set. The
historical data may comprise a time, a latitude, a longitude, a scalar, and/or an object
identifier (e.g.. name) for each object. The historical data can comprise data collected over a
period of time greater than a threshold time (e.g., a year).

[0089] The amount of historical data can be unusually immense. For example, the
amount of historical data may include billions of data identifiers derived from petabytes or
even exabytes of photographic data. The historical data obtained may be increasing over time.
Such an immense amount of data can cause serious challenges related to, for example,
maintaining, sorting, extracting, transmitting, and/or displaying that data, particularly in a
timely and organized fashion. This data may be supplemented from other databases (e.g., the

metadata server 154), such as third-party databases. Such third-party databases may include
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government organizations, such as military groups (e.g., the United States Air Force), but
may includc private (c.g., commercial) sources additionally or alternatively.

[0090] The contemporary data server 150 may communicate via the network 144
with a real-time (e.g., contemporary) data interface configured to receive contemporary data
of objects in orbit around a planet from a contemporary data set. The contemporary data may
comprise a time, a latitude, a longitude, an object identifier, and/or a scalar for each object.
The contemporary data may comprise data collected after the historical data available from
the historical data set. The contemporary data may include data received within a few
minutes or even seconds of a current time. The contemporary data may be data stored after a
user has initiated a particular action, such as causing the system to generate a visualization
display 100. In such a case. the system can be configured to update the visualization display
100 with pixels associated with the data collected after the generation of the visualization
display 100.

[0091] Figure 1B shows a schematic of an example visualization display 100.
Such a visualization display 100 may operate within the network configuration 194 of Figure
1A, for example. The visualization display 100 may be displayed on any type of digital
display device, such as a desktop computer, a laptop computer, a projection-style device, a
smartphone, a tablet, a wearable device, or any other display device. The visualization
display 100 may include a first plot 104, a second plot 108, a third plot 112, and/or a display
area 116.

[0092] The first plot 104 and second plot 108 may be displayed with similar (e.g.,
within a few pixels) vertical dimensions and/or similar vertical alignment. For example. the
first plot 104 may be disposed directly left of the second plot 108. The third plot 112 may
have similar vertical dimensions and/or similar vertical alignment as the display area 116.
The first plot 104 may have similar horizontal dimensions and/or similar horizontal
alignment as the third plot 112. In some embodiments, the second plot 108 may have similar
horizontal dimensions and/or similar horizontal alignment as the display area 116. In some
designs, the second plot 108 may include a tagging interface (e.g., a stitching and/or splicing
interface).

[0093] Figure 2 shows an example visualization display 200 with a longitude-

time graph 204, scalar-time graph 208, a longitude-latitude graph 212, and a display area

-12-
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216. The visualization display 200 may correspond in some or all respects with the
visualization display 100 of Figurc 1B. Figures 3—5 may provide further details related to onc
or more portions of Figure 2.

[0094] The visualization display 200 can include a longitude-time graph area 228.
In some embodiments, the longitude-time graph area 228 is bounded by a first longitude axis
224 and a first time axis 220. Each of the first longitude axis 224 and/or first time axis 220
can include one or more axis labels. In some designs, the axis labels of the first longitude
axis 224 are not shown in relation to the longitude-time graph 204 but in relation only to, for
example, the longitude-latitude graph 212 (see, e.g., Figures 10A—10D). The axis labels of
the first longitude axis 224 and/or first time axis 220 may be equidistant from one another to
portray equal intervals of the respective longitude or time. The first longitude axis 224 may
span any portion of longitudes found on a planet (e.g., Earth). For Earth, the range may be
from 180 W (e.g., 180° West or -180°) to 180 E (e.g., 180° East or +180°) or any range
therein. For example, as shown in Figure 2, the first longitude axis 224 spans from 180 W to
120 E. However, other ranges are possible, examples of which are described below. The first
longitude axis 224 may run eastern-most to western-most from left to right (e.g., as shown in
Figure 2), but other configurations are possible.

[0095] The first time axis 220 may span any time from a historical time to nearly
a current time of a user. For example, as shown by Figure 2, the first time axis 220 may span
from 2014-07 (e.g., July 2014) to 2017-07 (e.g., July 2017). The displayed time may
correspond to a universal time, such as the coordinated universal time (UTC). Stored time

"

values may similarly be in UTC. The latest time may be labeled “current time,” “now,” or a
similar label and/or may indicate to a user that data from the most current time available are
displayed. The most current time available may include time within a few seconds (e.g., 1-60
seconds) or a few minutes (e.g.., 1-30 minutes) of a present time at which a viewer is
observing the data. The first time axis 220 may span from a historical time from an earliest
time when a database (e.g., a historical data server 140, a miscellaneous data server 154) has
available data. The earliest time when the database has data may be as far back as the year
2010. In some embodiments, the historical data server 140, the contemporary data server

150, and/or the metadata server 154, may be configured to store some or all of the

corresponding data in short-term memory storage (e.g., Random Access Memory (RAM)).
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The first time axis 220 may include axis labels that run earliest to most recent from top to
bottom (c.g., as shown in Figurc 2), but othcr variations arc possible. Axis labels may be
spaced equidistant from each other to indicate equal time intervals therebetween. An axis
label may show a corresponding time to include a year, a month, a day, an hour, a minute,
and/or a second, depending on the level of specificity that is available, the span of the first
time axis 220, and/or the level of detail that is needed for a particular display. As shown in
Figure 2, each axis label may not include superfluous detail (e.g., not show a year at each
interval) in order (o reduce clutter and to increase clarity for a viewer.

[0096] Each axis label of the first longitude axis 224 and/or first time axis 220
may include gridlines. For example, the longitude-time graph 204 may include one or more
horizontal gridlines 296 and/or vertical gridlines 294 (not shown in Figure 2). The vertical
gridlines 294 and horizontal gridlines 296 may aid a viewer in identifying a particular point
within one or more of the graphs. To further aid a user in visualizing the orbital object
information, in some embodiments, the longitude-time graph 204 may display a longitude-
time map (not shown in Figure 2). The longitude-time map may be a geographical map of a
portion of the planet. For example, the longitude-time map may identify the contours and/or
limits of various landmasses (e.g., continents, islands). This information may help a user
quickly ascertain over which landmass or body of water, for example, an orbital object may
be located. For example, it may be useful to a viewer to see that a satellite orbits above a
portion of Africa (or other planetary location). Points displayed on the corresponding graph
(e.g., the longitude-time graph 204) may be superimposed over the geographic map (e.g., the
longitude-time map).

[0097] The longitude-latitude graph 212 may include a longitude-latitude graph
area 240 that is bounded by a second longitude axis 236 and a latitude axis 232. Each of the
second longitude axis 236 and/or the latitude axis 232 can include one or more axis labels.
The second longitude axis 236 and the first longitude axis 224 may be identical. For
example, first longitude axis 224 may respond to a user input in the same way as the second
longitude axis 236. In some embodiments, the axis labels of the second longitude axis 236
represent the values of the axis labels for the longitude-time graph 204. The axis labels of the
second longitude axis 236 and/or the latitude axis 232 may be equidistant from one another

to portray equal intervals of the respective longitude or latitude. Like the first longitude axis
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224, the second longitude axis 236 may span any portion of longitudes found on the planet.
For example, as shown in Figure 2, the sccond longitude axis 236 spans from 180 W to 120
E. However, other ranges are possible. Like the first longitude axis 224, the second longitude
axis 236 may run eastern-most to western-most from left to right (e.g., as shown in Figure 2),
but other configurations are possible.

[0098] The latitude axis 232 may span any latitude found on the planet. For
example, the latitude axis 232 may span from 90 S (e.g., 90° South) to 90 N (e.g., 90° North)
or any range therein. For example, as shown in Figure 2, the latitude axis 232 may range
from 15 S (e.g.. 15° South) to 15 N (e.g., 15° North). The latitude axis 232 may include axis
labels that run western-most to eastern-most from left to right (e.g., as shown in Figure 2),
but other variations are possible. Axis labels may be spaced equidistant from each other to
indicate equal latitude intervals therebetween.

[0099] Each axis label of the first longitude axis 224 and/or latitude axis 232 may
include gridlines. For example, the longitude-latitude graph 212 may include one or more
horizontal gridlines 296 and/or vertical gridlines 294. In some designs, the vertical gridlines
294 may correspond to gridlines found in the longitude-time graph 204. If the first longitude
axis 224 and the second longitude axis 236 span the same values, then the same vertical
gridlines 294 may appear to run through both the longitude-time graph 204 and the
longitude-latitude graph 212. In some embodiments, the longitude-latitude graph 212 may
display a longitude-latitude map. In some designs, the longitude-latitude map may include a
portion of the same features in the longitude-time map. The longitude-latitude map may be a
geographical map of a portion of the planet. For example, the longitude-latitude map may
identify the contours and/or limits of various landmasses (e.g., continents, islands). This
information may help a user quickly ascertain over which landmass or body of water, for
example, an orbital object may be located. For example, it may be useful to a viewer to see
that a satellite orbits above a portion of Africa (or other planetary location). Points displayed
on the corresponding graph (e.g., the longitude-latitude graph 212) may be superimposed
over the geographic map (e.g., the longitude-latitude map).

[0100] The scalar-time graph 208 may include a scalar-time graph area 252 that is
bounded by a scalar axis 248 and a second time axis 244. Each of the scalar axis 248 and/or

the second time axis 244 can include one or more axis labels. The second time axis 244 and

-15-



WO 2024/050163 PCT/US2023/069366

the first time axis 220 may be identical. For example, first time axis 220 may respond to a
uscr input in the same way as the sccond time axis 244. In some embodiments, the axis labels
of the first time axis 220 represent the values of the axis labels for the scalar-time graph 208.
The axis labels of the scalar axis 248 and/or the second time axis 244 may be equidistant
from one another to portray equal intervals of the respective longitude or latitude. Like the
first time axis 220, the second time axis 244 may span any time from a historical time to
nearly a current time of a user. Additional details on the historical and (nearly) current times
are discussed above in regard to the longitude-time graph 204.

[0101] Like the first time axis 220, the second time axis 244 may include axis
labels that run earliest to most recent from top to bottom (e.g., as shown in Figure 2), but
other variations are possible. Axis labels may be spaced equidistant from each other to
indicate equal time intervals therebetween. An axis label may show a corresponding time to
include a year, a month, a day, an hour, a minute, and/or a second, depending on the level of
specificity that is available, the span of the first time axis 220, and/or the level of detail that is
needed for a particular display. As shown in Figure 2, each axis label may not include
superfluous detail (e.g., not show a year at each interval) in order to reduce clutter and to
increase clarity for a viewer.

[0102] The scalar axis 248 may span any value of scalars associated with scalars
within a database. Each scalar displayed may correspond to a magnitude or other value. For
example, the magnitude may represent an intensity (e.g., of light from the orbital object).
However, other scalar values are also possible, such as a size, a projected area, a temperature,
a mass. a radar cross section, an altitude, an inclination, a delta-V, a time until a certain
event, a probability of a certain event, etc. Many variants are possible. The scalar axis 248
may include axis labels that run greatest to smallest from left to right (e.g., as shown in
Figure 2), but other variations are possible. Axis labels may be spaced equidistant from each
other to indicate equal scalar intervals therebetween.

[0103] Each axis label of the scalar axis 248 and/or the second time axis 244 may
include gridlines. For example, the scalar-time graph 208 may include one or more horizontal
gridlines 296 and/or vertical gridlines 294. In some designs, the horizontal gridlines 296 may

correspond to gridlines found in the longitude-time graph 204. If the first time axis 220 and
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the second time axis 244 span the same values, then the same horizontal gridlines 296 may
appear to run through both the longitude-time graph 204 and the scalar-time graph 208.

[0104] The visualization display 200 may further include a display area 216. The
display area 216 may be configured to display an image chip 268. This may offer a viewer an
opportunity to see an underlying photograph from which image data were extracted that
correspond to a set of data or identifiers that are associated with one or more points displayed
by the visualization display 200. The image chip 268 may correspond to a photograph of one
or more orbital objects. For example, the image chip 268 may be a representation of the
photograph. In some cases, the image chip 268 may display an object image 270 that
represents an orbital object. The image chip 268 may include multiple object images 270
(e.g., sequential images, summated images (see below), etc.). The display area 216 may also
include an interface toggle 266, which is described in more detail below.

[0105] The visualization display 200 may further include a point marker 256. The
point marker 256 may be used to identify a pixel associated with one or more points (e.g.,
longitude-time points) indicated by a user within the display currently. For example, the
point marker 256 may comprise a highlighted pixel (or cluster of pixels around the
highlighted pixel) to identify the current pixel/point. The one or more points displayed by the
visualization display 200 may be received from one or more databases (e.g., the historical
data server 140, the contemporary data server 150, the metadata server 154) via one or more
data interfaces (e.g., the real-time orbital object data interface 172, the tagging interface 174,
the image interface 176, the real-time connection interface 178). The data interfaces may be
referred to as application program interfaces (e.g., APIs). The user may use an input device
(e.g., a keyboard, a mouse, a digital pen, a microphone, a touch screen, etc.) to indicate the
currently identified pixel. The point marker 256 may further be indicated by a horizontal
tracking line 260 and/or vertical tracking line 264. As shown in Figure 2, each of the
horizontal tracking line 260 and vertical tracking line 264 may be visible in multiple graphs.
For example, if the point marker 256 is displayed in the longitude-time graph 204, the
horizontal tracking line 260 may be displayed in both the longitude-time graph 204 and the
scalar-time graph 208. Similarly, the vertical tracking line 264 may be visible in both the
longitude-time graph 204 and the longitude-latitude graph 212.
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[0106] The point marker 256 may be associated with one or more point marker
mctadata stamps. The onc or more point marker metadata stamps may display onc or more
data types not evident from a graph in which the point marker 256 is currently displayed. For
example, in the longitude-time graph 204, a scalar stamp 274 and/or object identifier stamp
282 may be displayed. This may be because the longitude-time graph 204 is not configured
to display scalar and/or object identifier information. Similarly, a time value, scalar value,
and/or object identifier may be displayed for an identified pixel within the longitude-latitude
graph 212. Moreover, a longitude value, latitude value, and/or object identifier may be
displayed for an identified pixel within the scalar-time graph 208. As shown in Figure 2, the
scalar stamp 274 and/or object identifier stamp 282 may be displayed near (e.g., within a few
pixels of) the point marker 256. The scalar stamp 274 can display a scalar value
corresponding to a point associated with the identified (e.g., highlighted) pixel. As shown,
the scalar value could be, for example, “12.1 VMag.” Similarly, the object identifier stamp
282 may display an object identifier (e.g.. object name) corresponding to the point associated
with the identified pixel. As shown, the object identifier could be, for example, 27820:11003
(AMC-9 (GE-12)). In some embodiments, as noted above, a latitude stamp (not shown) can
be displayed. The latitude stamp may be displayed near the point marker 256 and may
display a latitude value corresponding to the point associated with the identified pixel.

[0107] One or more of the horizontal tracking line 260 and/or the vertical tracking
line 264 may have corresponding tracking line metadata stamps. The one or more tracking
line metadata stamps may correspond to data types displayed by the corresponding graph in
which the identified pixel is displayed. For example, as shown in Figure 2, an identified pixel
within the longitude-time graph 204 may include a horizontal tracking line 260 and/or the
vertical tracking line 264 that correspond, respectively, to a tracking line time stamp 298
and/or a tracking line longitude stamp 290. Similarly, an identified pixel within the
longitude-latitude graph 212 may include a horizontal tracking line 260 and/or vertical
tracking line stamp 290 that correspond. respectively, to a tracking line latitude stamp and/or
a tracking line longitude stamp 290. Moreover, an identified pixel within the scalar-time
graph 208 may correspond to a horizontal tracking line 260 and/or vertical tracking line
stamp 290 that correspond, respectively, to a tracking line time stamp and/or a tracking line

scalar stamp. In this way, a user can quickly identify one or more values associated with the
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pixel identified by the point marker 256. The horizontal tracking line stamp (e.g., tracking
linc time stamp 298) and/or the vertical tracking linc stamp (c.g., tracking linc longitude
stamp 290) may be displayed near the corresponding tracking line.

[0108] As shown in Figure 2, the longitude-time graph 204 may include one or
more unhighlighted collections 272 of longitude-time points, highlighted collections 276 of
longitude-time points, and/or selected collections 280 of longitude-time points. Similarly, the
longitude-latitude graph 212 may include one or more unhighlighted collections 284 of
longitude-latitude points, highlighted collections 288 of longitude-latitude points, and/or
selected collections 292 of longitude-latitude points. Moreover, the scalar-time graph 208
may include various scalar-time points 254 within the scalar-time graph area 252. The scalar-

time points 254 may include points that are highlighted, unhighlighted, and/or selected.

Object Tracking

[0109] The visualization display 200 described herein can be used to track orbital
objects and present that data to a user/viewer in a meaningful way. The systems displayed
herein provide a novel way of presenting high-dimensional (e.g., four-dimensional, five-
dimensional, or higher dimensional) data in a way that is understandable by a human viewer.

[0110] For additional detail related to Figure 2, reference will now include
reference to Figures 3-5. Figure 3 shows a detail view of an example longitude-time graph
204 that may be a part of the visualization display 200 described in Figure 2. The first
longitude axis 224 may span from a lower-longitude limit 312 to an upper-longitude limit
316. Similarly, the first time axis 220 may span from a lower-time limit 304 to an upper-time
limit 308. Within the longitude-time graph area 228, the visualization display 200 may
include one or more sets of longitude-time points. The one or more sets of longitude-time
points may correspond to one or more pixels. Each set of longitude-time points may
correspond to data on one or more orbital objects around the planet. For example, each of the
one or more longitude-time points may correspond to a data set comprising historical data
and/or contemporary data. Each set of longitude-time points may correspond to a set of
identifiers. The set of identifiers may include a longitude value, a latitude value, a time value,

a scalar value, and/or an object (e.g., name) identifier. Each set of identifiers may be obtained
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from one or more photographs. The photographs may contain image data from which one or
morc identificrs of the sct of identifiers can be obtained (c.g., through algorithm).

[0111] The longitude-time points displayed within the longitude-time graph area
228 may be points that have a time value between the lower-time limit 304 and the upper-
time limit 308. Additionally or alternatively, the displayed longitude-time points may have a
longitude value between the lower-longitude limit 312 and the upper-longitude limit 316.

[0112] As shown in Figure 3, the point marker 256 may comprise one or more
highlighted pixels that can help a user determine which pixel is identified by a user input
device. If the pixel is associated with object data, the scalar stamp 274 and/or object
identifier stamp 282 may be displayed within the longitude-time graph area 228. One or both
of the scalar stamp 274 and the object identifier stamp 282 may be displayed in an area easily
associated with the point marker 256. If the identified pixel does not contain corresponding
object data, then the respective scalar stamp 274 and/or object identifier stamp 282 may not
be displayed. As shown the pixel currently identified by the point marker 256 is a pixel that
includes a selected collection 280 of longitude-time points.

[0113] In order to further aid a user, an interface toggle 320 may be included in
the longitude-time graph 204. The interface toggle 320 may be manipulated by a user from
an input device (e.g., function keys on a keyboard, a mouse, etc.). The interface toggle 320
may communicate with the user settings module 132 (see Figure 1A) to determine, for
example, display settings for the longitude-time graph 204. A user may be able to adjust the
display settings using the interface toggle 320. For example, the user may be able to click a
box to switch a view type. The user may be able to filter what types of points (e.g.,
unhighlighted, highlighted, selected) are displayed. The interface toggle 320 may allow a
user to toggle the display of the longitude-time map on and off. For example, as shown in
Figure 3. the longitude-time map is toggled off while in Figure 2 it is toggled on.

[0114] Figure 4 shows a detail view of an example longitude-latitude graph 212
that may be a part of the visualization display 200 described in Figure 2. The second
longitude axis 236 may span from a lower-longitude limit 412 to an upper-longitude limit
416. Similarly, the latitude axis 232 may span from a lower-latitude limit 408 to an upper-
latitude limit 404. The longitude-latitude points displayed within the longitude-latitude graph

area 240 may be points that have a latitude value between the lower-latitude limit 408 and the
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upper-latitude limit 404. Additionally or alternatively, the displayed longitude-latitude points
may have a longitude valuc between the lower-longitude limit 412 and the upper-longitude
limit 416.

[0115] The longitude-latitude graph area 240 may include various displayed
longitude-latitude points. For example, the longitude-latitude graph 212 may display one or
more unhighlighted collections 284 of longitude-latitude points, highlighted collections of
longitude-latitude points (not shown), and/or selected collections 292 of longitude-latitude
points. In some cases, the one or more selected collections 292 of longitude-latitude points
may include highlighted longitude-latitude points. Figure 4 shows the point marker 256 over
a point in a selected collection 292 of longitude-latitude points.

[0116] As shown in Figure 4, the point marker 256 may be displayed within the
longitude-latitude graph 212. For example, a user may use an input device to indicate where
and/or in which graph the point marker 256 is located. As noted above, if the point marker
256 is displayed within the longitude-latitude graph 212, a tracking line latitude stamp 422
may be displayed. The tracking line latitude stamp 422 displays a latitude value associated
with a longitude-latitude point corresponding to the pixel identified by the point marker 256.
Additionally or alternatively, a tracking line longitude stamp 290 may be displayed. One or
more point marker metadata stamps (e.g., the scalar stamp 274, the object identifier stamp
282, a latitude stamp, a longitude stamp. a time stamp) may be displayed. as described above.

[0117] An interface toggle 426 may be included to aid a user in interacting with
the longitude-latitude graph 212. For example, the interface toggle 426 may allow a user to
toggle a view of the longitude-latitude map on or off. The interface toggle 426 may be
manipulated by a user from an input device (e.g., function keys on a keyboard, a mouse,
etc.). As shown in Figure 4, the longitude-latitude map is toggled on. Other functionality is
also possible.

[0118] Figure 5 shows a detail view of an example scalar-time graph 208 that
may be a part of the visualization display 200 described in Figure 2. The scalar-time graph
208 may show one of a number of possible scalar values. For example, the scalar may refer
to a magnitude, such as an intensity of reflected light. However, a number of other scalar

values are possible, such as a size, a projected area, a temperature, a mass, a radar cross
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section, an altitude, an inclination, a delta-V, a time until a certain event, a probability of a
certain cvent, ctc.

[0119] The scalar axis 248 may span from a lower-scalar limit 512 to an upper-
scalar limit 516. Similarly, the second time axis 244 may span from a lower-time limit 504 to
an upper-time limit 508. The scalar-time points displayed within the scalar-time graph area
252 may be points that have a scalar value between the lower-scalar limit 512 and the upper-
scalar limit 516. Additionally or alternatively, the displayed scalar-time points may have a
time value between the lower-time limit 504 and the upper-time limit 508.

[0120] As shown in Figure 5, the point marker 256 may be displayed within the
scalar-time graph 208. As noted above, if the point marker 256 is displayed within the scalar-
time graph 208, one or more metadata stamps may be displayed. For example. the tracking
line time stamp 298 may indicate a time value of a scalar-time point corresponding to the
pixel identified by the point marker 256. Similarly, a tracking line scalar stamp (not shown)
may indicate a scalar value of a scalar-time point corresponding to the pixel identified by the
point marker 256 Additionally or alternatively, one or more point marker metadata stamps
(e.g., the scalar stamp 274, the object identifier stamp 282, a latitude stamp, a longitude
stamp, a time stamp) may be displayed, as described above.

[0121] The scalar-time graph 208 may display one or more unhighlighted
collections 584 of scalar-time points, highlighted collections 584 of scalar-time points (not
shown), and/or selected collections 580 of scalar-time points. As shown, the point marker
256 identifies a pixel associated with a point in a selected collection 580 of scalar-time
points. An interface toggle 522 may be included to aid a user in interacting with the scalar-
time graph 208. For example, the interface toggle 522 may allow a user to toggle which
type(s) (e.g., unhighlighted, highlighted, selected) points are displayed. Additionally or
alternatively, the interface toggle 522 may allow a user to toggle between a stitching panel
and a graph and/or to toggle which type of scalar is displayed by the scalar-time graph 208.
Other functionality is also possible.

[0122] With reference generally to Figures 2-5, the system may allow a user to
interact with the visualization display 200 in a variety of beneficial ways. For example, a user
may be able to pan and zoom within one or more graphs in the visualization display 200.

Panning may be up, down, left, right, or any other direction along an axis. Zooming may
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include zooming in and/or out. The user may give a panning input and/or a zooming input via
an input device. The panning input and/or zooming input may comprisc a scrolling of a
mouse wheel, a click of a mouse, a pinch motion, a flick motion, a swipe motion, a tap,
and/or any other input identifying a pan or zoom action. The visualization display 200 may
be configured to allow simultaneous manipulation of multiple graphs. For example, in
response to a user input to pan or zoom the first time axis 220 or the second time axis 244,
the system may set the lower-time limit 304 equal to the lower-time limit 504 and/or set the
upper-time limit 308 equal to the upper-time limit 508. Similarly, in response o a user input
to pan or zoom the first longitude axis 224 or the second longitude axis 236, the system may
set the lower-longitude limit 312 equal to the lower-longitude limit 412 and set the upper-
longitude limit 316 equal to the upper-longitude limit 416.

[0123] A user may be able to set the upper and/or lower limits of a given axis.
Additionally or alternatively, the user may be able to set axis spacing, axis intervals, axis
labels, axis formatting, axis length, and or other aspects associated with one or more axes.
Once set, the system may be configured to automatically update that axis. In some
embodiments, the system may be configured to automatically update a corresponding axis.
For example, automatically updating a corresponding axis may include setting a common
alignment for both of the two axes, setting a common length for both of them, and/or
disposing them parallel to one another. The first longitude axis 224 and second longitude axis
236 may be corresponding axes. Similarly, the first time axis 220 and second time axis 244
may be corresponding axes.

[0124] Zooming may be defined as changing a total span (e.g., a difference
between an upper-axis limit and a lower-axis limit) of one or more axes in the visualization
display 200. A single axis may be zoomed in or out by the user. A single graph (e.g., two
perpendicular axes) may be zoomed in or out. However, the system may be configured to
allow a uwser to zoom in and/or out on multiple axes and/or graphs simultaneously. For
example, zooming in on the longitude-time graph 204 may adjust not only the first time axis
220 and first longitude axis 224, but it may adjust the second time axis 244 as well.

[0125] Zooming and/or panning in one axis or one graph may affect which points
are displayed in other graphs within the visualization display 200. For example, in an

adjustment of the lower-time limit 304 or the upper-time limit 308, the system may be
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configured to update the longitude-latitude graph 212 to display pixels corresponding only to
longitude-latitude points corresponding to a sct of identifiers having a time identifier between
the lower-time limit 304 and the upper-time limit 308.

[0126] Panning and/or zooming may be done within a graph or along an axis. For
example, in response to a user input to pan or zoom along a length of first time axis 220, the
system may be configured to simultaneously modify one or more of the lower-time limit 304
and/or the upper-time limit 308. In response to a user input to pan or zoom along a length of
second time axis 244, the system may be conligured to simultaneously modify one or more
of the lower-time limit 504 and/or the upper-time limit 508. Additionally or alternatively, in
response to a user input to pan or zoom along a length of the first longitude axis 224, the
system may be configured to simultaneously modify one or more of the lower-longitude limit
312 and/or the upper-longitude limit 316. In response to a user input to pan or zoom along a
length of the second longitude axis 236, the system may be configured to simultaneously
modify one or more of the lower-longitude limit 412 and/or the upper-longitude limit 416.
Additionally or alternatively, in response to a user input to pan or zoom along a length of the
latitude axis 232, the system may be configured to simultaneously modify one or more of the
upper-latitude limit 404 and/or the lower-latitude limit 408. In response to a user input to pan
or zoom along a length of the scalar axis 248, the system may be configured to
simultaneously modify one or more of the lower-scalar limit 512 and the upper-scalar limit
516.

[0127] Further, in response to a user input to adjust the lower-longitude limit 312
or the upper-longitude limit 316, the system may update the scalar-time graph 208 to display
pixels corresponding only to scalar-time points corresponding to a set of identifiers having a
longitude identifier between the lower-longitude limit 312 limit and the upper-longitude limit
316. Similarly, in response to a user input to adjust the upper-latitude limit 404 or the lower-
latitude limit 408, the system may update one or more of the longitude-time graph 204 and/or
the scalar-time graph 208 to display pixels corresponding only to respective longitude-time
points and/or scalar-time points corresponding to a set of identifiers having a latitude
identifier between the lower-longitude limit 312 and the upper-longitude limit 316.

[0128] Moreover, in response to a user input to adjust the lower-scalar limit 512

or the upper-scalar limit 516, the system may update one or more of the longitude-time graph
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204 and the longitude-latitude graph 212 graph to display pixels corresponding only to
respective longitude-time points and/or longitude-latitude points corresponding to a sct of
identifiers having a scalar identifier between the lower-scalar limit 512 limit and the upper-
scalar limit 516.

[0129] As noted above, the system may be configured to store dozens of
petabytes of data. This can provide a variety of challenges. One of which is how the data are
displayed in a way that is helpful to a human user. Accordingly, in certain embodiments, the
visualization display 200 may be configured to divide a graph (e.g., the longitude-time graph
204) into a plurality of pixels. Each pixel may represent a corresponding bin of data. Each
bin can be configured to store historical and/or contemporary data as well as metadata.

[0130] In some cases, a single pixel may correspond to a bin containing dozens,
hundreds, or even thousands of data sets corresponding to orbital objects. To aid a user in
digesting such a large amount of data, the visualization display 200 may be configured to
display an indication of the amount of data (e.g., the number of objects, the number of sets of
object identifiers) stored therein. For example, a user may use the point marker 256 to
identify a pixel. The system can be configured to display a number of object identifiers (e.g.,
a number of unique object identifiers) between one and a total number of object identifiers
associated with the bin associated with the identified pixel. An object identifier can be any
type of identifier of an orbital object. The object identifier may comprise one or more letters,
numbers, symbols, or any combination of these.

[0131] In some designs, the system is configured to receive a selection from a
user of a target object identifier. For example, the system may sequentially cycle (e.g.,
automatically, manually) through a display of each object identifier associated with the
identified pixel (e.g., every second, every two seconds, in response to a user input, etc.). As a
different example, the system may be configured to display a list of object identifiers from
which a user may select the target object identifier. The system may be configured only to
display unique object identifiers since many object identifiers in a single bin may be
identical. In some embodiments, the system may not display one or more of the metadata
stamps (e.g., the tracking line longitude stamp 290, the horizontal tracking line 260, the
object identifier stamp 282, the scalar stamp 274, etc.) until an object identifier has been

selected. In certain embodiments, the system displays metadata stamps for each unique object
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identifier present in the bin. The visualization display 200 may implement a color scale or
gray scalc to providc information about the number of unique orbital object identificrs in a
bin. For example, bins with more unique orbital object identifiers may correspond to lighter
pixels while bins with fewer unique orbital object identifiers may be darker. Bins with no
orbital object identifiers may be black. This situation may arise, for example, when viewing a
small portion (e.g., zoomed in) of the data in a graph.

[0132] The system can be configured to identify one or more values (e.g., by
various metadata time stamps described herein) associated with a default data set. The point
marker 256 is an example of an interface element that can identify values in the default data
set. The default data set may be determined based on one or more default rules. The default
rule(s) may be based on a storage time (e.g.. most recently stored), a view time (e.g.. most
recently viewed), a numerical value (e.g., smallest latitude), an object identifier (e.g., earliest
object identifier by alphabetical order), or any other default measure.

[0133] As a user moves the point marker 256, the system may automatically (e.g.,
in real-time) update the identified values (e.g., metadata time stamps) associated with the
updated pixel corresponding to an updated data set. The updated data set may be determined
using the same or different rules described above. The user may move the point marker 256
over an updated pixel in a variety of ways, such as by mousing over the pixel using an input
device (e.g., mouse), tapping on the pixel (e.g., using a touchscreen), typing in information
associated with the updated pixel, or in any other way to identify a pixel.

[0134] It may be advantageous to allow a user to save one or more settings
associated with the visualization display 200. For example, a user may wish to return at a
later time to a point or set of points displayed by the visualization display 200. This may be
accomplished in a number of ways. For example, a user may be configured to bookmark one
or more values associated with the target point (e.g.. an object identifier, a longitude value, a
time value, etc.). The system may store a list of the user’s bookmarks to allow for easy access
at a future time. The system may be configured to store a set of points based, for example, on
the points having a common object identifier. For example, multiple points may correspond
to the same object as it orbits the planet. Thus, multiple points in time and space may
reference the same object. The user may be able to retrieve the set of points by inputting the

object identifier (e.g., selecting it from a list, typing it in).
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[0135] Additionally or alternatively, the system may be able to allow a user to
savc a vicw of onc or more graphs. For cxample, a user may be able to bookmark a particular
view within the longitude-time graph 204. Accordingly, the system may associate with the
bookmark stored values for a bookmark-min longitude value (e.g., the lower-longitude limit
312), a bookmark-max longitude value (e.g., the upper-longitude limit 316), a bookmark-min
time value (e.g., the lower-time limit 304), and/or a bookmark-max time value (e.g.. the
upper-time limit 308). Similar usage may be made for other values (e.g., a scalar value, an
object identifier, a latitude). Points that satisfy these bookmark-min and/or bookmark-max
values could be displayed by the system in response to a user selection of the associated

bookmark.

Display Synchronization

[0136] One of the benefits of various embodiments described herein is the ability
of a user to quickly and easily view and digest an immense amount of data containing
variables in three, four, or more dimensions. To help a user visualize data containing higher-
dimension values, various graphs of the visualization display 200 may be synchronized to
each other. Figures 69 illustrate various functionality associated therewith.

[0137] Figure 6 shows a zoomed-in and panned view of visualization display 200
of Figure 2. As shown, the first time axis 220 spans from and updated lower-time limit 304 to
an updated upper-time limit 308. The first time axis 220 spans about fifteen weeks. Similarly,
the first longitude axis 224 has been updated to show a span of about 37 degrees between the
lower-longitude limit 312 and the upper-longitude limit 316. The object identifier stamp 282
indicates the same object identifier shown in Figure 2. This indicates that the point marker
256 identifies a pixel associated with the same object as is identified in Figure 2. The
tracking line longitude stamp 290 indicates a longitude of about 83.0019 W and the tracking
line time stamp 298 indicates a time of 2017-06-17 08:10:51. As shown, the selected
collection 280 of longitude-time points is associated with the pixel identified by the point
marker 256. Other unhighlighted collections 272 of longitude-time points are also shown,
which are associated with the unhighlighted collections 284 of longitude-latitude points.

[0138] The selected collection 280 of longitude-time points is similarly associated

with the selected collection 292 of longitude-latitude points displayed in the longitude-
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latitude graph 212 as well as the selected collection 580 of scalar-time points displayed in the
scalar-time graph 208.

[0139] The visualization display 200 may further include a current time stamp
610. The current time stamp 610 may indicate a current universal time, such as one tracking
the coordinated universal time (UTC).

[0140] Figure 7 shows the same view as Figure 6 after the first longitude axis 224
and the synchronized second longitude axis 236 have been zoomed in. Note that the first
longitude axis 224 and the second longitude axis 236 (as well as the [irst time axis 220 and
the second time axis 244) are synchronized in this case, allowing for a seamless viewing
experience when viewing each of the graphs. Because the first longitude axis 224 and the
second longitude axis 236 are synchronized to each other, the scalar-time graph 208 has also
been updated. The point marker 256 identifies a slightly different pixel as compared to
Figure 6. As shown, both longitude axes 224, 236 span a little over a single degree.
Moreover, as shown, the axis labels (and/or the associated hash marks) on the first longitude
axis 224 have become omitted since the two longitude axes 224, 236 are synchronized.
Similarly, the two time axes 220, 244 can be synchronized. in which case the axis labels
(and/or the associated hash marks) of the second time axis 244 may be omitted.

[0141] Figure 8 shows the same view as Figure 7 after the first time axis 220 and
the synchronized second time axis 244 have been zoomed in. Because the first time axis 220
and second time axis 244 are synchronized to each other, the scalar-time graph 208 has also
been updated. The point marker 256 identifies a slightly different pixel as compared to either
Figure 6 or Figure 7.

[0142] Figure 9 shows a zoomed-in and panned view of a longitude-time graph
204 at a current time horizon. The current time horizon may be identified by a current time
marker 922. The current time marker 922 may include a line and/or a descriptor, such as a
“now” descriptor, as shown. The future longitude-time area 914 and the future scalar-time
area 918 do not include any display points corresponding to object data since those times are
later than the current time as indicated by the current time stamp 610. Data that has been
received later than a threshold time from the current time may not be displayed yet. This
delay may be due to latency in the network (e.g., the network 144) or for some other reason

that delays the system from receiving the data.
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[0143] The image chip 268 in Figures 6-8 identifies an object image 270 while
the image chip 268 in Figurc 9 docs not. The image chip 268 corresponds to a photograph
from which object data has been obtained associated with a pixel identified by the point
marker 256. The photographs shown in Figure 6-8 may identify the object image 270
received from actual telescopic images. As noted, an image chip 268 may include a plurality
of object images 270. In some embodiments, the image chip 268 identifies which of the
plurality of object images 270 corresponds to the data associated with the pixel identified
(e.g., by the point marker 256). For example, a marker may be displayed indicating a location
of the object within the at least one photograph. The marker may comprise a circle, a box,
crosshairs, a coloring, a flicker, or any other indication of an object within a photograph. The
user may identify the pixel associated with the object image 270 in other ways described
above.

[0144] Image chip 268 data may be received from one or more databases. For
example, the system may receive the image chip 268 data from a database remote from the
system. Additionally or alternatively, the data may be received from a database local to the
system. The image chip 268 data may be received via one or more pointers (e.g., hyperlinks)
that point to corresponding databases. For example, various image chip 268 data may be
stored on databases associated with the imager (e.g., telescope) from which the data was first
obtained.

[0145] The user may select one or more objects from an image chip 268 and a
corresponding point or plurality of points may be indicated (e.g., highlighted, supplied with a
marker) on one or more of the graphs in the visualization display 200. Additionally or
alternatively, the user may be able to select a point or plurality of points on one or more of
the graphs in the visualization display 200 and have one or more images (e.g., photo, video)
displayed by the image chip 268 with associated marker. In some designs, the image chip
268 is configured to show a video corresponding to multiple points within a graph in the
visualization display 200. The multiple points may comprise a common object identifier. In
Figure 9, because an identified pixel does not correspond to image data for a photograph, the

blank image chip 926 does not display any photograph.

Tagging Interface
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[0146] It may be useful to update data corresponding to the object data in the
historical and/or contemporary databascs. For cxample, it may be helpful to add or remove an
object identifier (e.g., object name) to one or more points. To this end, a tagging interface can
be implemented in various embodiments. Figures 10A—10D illustrate various aspects of
embodiments of the system that include a tagging interface.

[0147] Figure 10A shows a tagging interface comprising a stitching tool interface
804 and an analysis plot interface 808. The tagging interface is shown along with a
longitude-time graph 204 and a longitude-latitude graph 212. As shown. the stitching tool
interface 804 may include a source track region designator 818 with corresponding source
track region 820 and/or an destination track region designator 826 with corresponding
destination track region 824. In some embodiments. the source track region designator 818
and/or destination track region designator 826 are not included. The destination track region
824 may include one or more of a stitch selector 828, a splice selector 832, an orbit selector
836, and/or a download selector 840. In response to the orbit selector 836, the system may be
configured to calculate and/or display an aspect of an orbit of a selected object or plurality of
objects. The stitching tool interface 804 may further include an undo selector 834. The undo
selector 834 may be represented by words “undo” and/or by a symbol (e.g., an arrow
symbol). In response to a selection of the undo selector 834, the system may undo a most
recent user selection. In response to a sequence of selections, the system may be configured
to revert back a sequence of actions in response to a sequence of previous user selections.

[0148] The analysis plot interface 808 may include one or more analysis plot
input selectors 848 and/or an interface toggle 266. The interface toggle 266 may be selected
by a user to toggle between a tagging interface and the scalar-time graph 208 and/or display
area 216. The analysis plot interface 808 may include an analysis plot. The analysis plot may
display one or analysis points within a plot area. The analysis plot may include a time axis
and/or a scalar axis. The time axis may span a particular number of days (e.g., five days,
seven, days, ten days, etc.). The scalar axis may be determined based on a number of selected
points, such as a collection 816 of longitude-time destination points.

[0149] As shown in Figure 10A, the collection 816 of longitude-time destination
points may be selected by a user. For example, the user may highlight one or more of the

collection 816 of longitude-time destination points. As used herein, highlighting may include
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altering one or more of a color, shading, intensity, and/or background. This may be achieved,
for cxample, by right-clicking on a mousc onc of the points in the longitude-time graph 204
and/or the longitude-latitude graph 212. The right-click (or other user input) can cause the
point marker 256 to identify a pixel associated with object data. As shown in Figure 10A, the
user has identified the collection 816 of longitude-time destination points. The identified
collection 816 of longitude-time destination points may be highlighted (e.g., colored). The
collection 816 of longitude-time destination points corresponds to a collection 844 of
longitude-latitude destination points. The destination track identifier 852 in the stitching tool
interface 804 identifies the collection 816 of longitude-time destination points as a
destination track. The selected points may correspond to the destination track analysis points
856 displayed within the analysis plot interface 808.

[0150] Figure 10B shows a selection by a user of a collection 868 of first
longitude-time source points. The collection 868 of first longitude-time source points may
consist of a single point. As shown, the collection 868 of first longitude-time source points is
different from the collection 816 of longitude-time destination points. The collection 868 of
first longitude-time source points may be highlighted (e.g., differently from the highlighting
of the collection 816 of longitude-time destination points). The source track region 820 now
shows a first source track identifier 864 that has been selected. A corresponding collection
872 of first longitude-latitude source points and/or a corresponding collection 860 of first
source analysis points may be plotted in their respective graph/plot.

[0151] Figure 10C shows a selection by a user of a collection 880 of second
longitude-time source points. The collection 880 of second longitude-time source points may
consist of a single point. As shown, the collection 880 of second longitude-time source points
is different from either the collection 816 of longitude-time destination points or the
collection 868 of first longitude-time source points. Similarly, as shown, the highlighting of
the collection 880 of second longitude-time source points may be different from either the
collection 816 of longitude-time destination points or the collection 868 of first longitude-
time source points. The second source track identifier 876 indicates the additional selection
of the collection 880 of second longitude-time source points. A corresponding collection 884
of second longitude-latitude source points and/or a corresponding collection 888 of second

source analysis points may be plotted in their respective graph/plot. A highlighted stitch
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selector 829 may indicate that the selected collections 868, 880 are ready to be stitched. It
will be noted that a single source track (as opposed to the two source tracks in the displaycd
example) may provide the highlighted stitch selector 829 as well.

[0152] Figure 10D shows the visualization display 200 of Figure 10C after a user
has selected the stitch selector 828. Once the stitch selector 828 has been selected by the user,
the resulting new collection 892 of longitude-time destination points comprise the original
destination and source track(s). A corresponding new collection 896 of longitude-latitude
destination points and/or a new collection 898 of destination analysis points may also be
displayed. Accordingly, it may be that no source tracks are indicated in the source track
region 820. The destination track region 8§24 may continue to display an object identifier
associated with the resulting destination track.

[0153] In this way, the tagging interface may allow a user to select a destination
element comprising a first name identifier and a source element comprising at least one of
the plurality of pixels corresponding to longitude-time points comprising a second name
identifier. After selecting the stitch selector, the display can be configured to indicate that the
source element comprises the first name identifier. In some designs, each of the destination
element and source element consists of one or more points displayed by the system during
the user selection of the stitch selector. In response to the user selection, the computer
readable storage may be configured to associate a first data file comprising the first name
identifier with a second data file comprising the second name identifier.

[0154] A reverse process may be used to splice a collection of points into separate
sets of points. For example, a user may be able to select a collection of source points as well
as one or more splice points from among the source points. After selecting the splice selector
832, the system may be configured to remove and/or alter an object identifier associated with
the splice points relative to the source points.

[0155] For example, the system can be configured such that a user may be able to
select at least one pixel corresponding to at least one longitude-time point comprising a first
object identifier. The system may be configured to highlight a series of longitude-latitude
points comprising an object identifier identical to the first object identifier. In response to a

user selection of the splice selector, the system can be configured to distinguish a first set of
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one or more longitude-time points from a second set of one or more longitude-time points on
the visualization display 200.

[0156] The system can be configured to highlight one or more pixels
corresponding to a set of longitude-time points, for example, in response to a user input. The
user input may comprise a selection of the one or more longitude-time points (e.g., via a
selection of one or more pixels). The user input may include a mouse click, a double tap, a
pinch motion, a two-finger tap, a grouping (e.g., circling) motion, or some other input
signifying a selection of points. In some embodiments, the system may highlight a series of
points based on a user selection of a first pixel. The system may be configured to highlight a
series of pixels comprising the first pixel. Each of the pixels in the series can correspond to
longitude-time points comprising a common object identifier. Moreover, while longitude-
time points have been used as an example in Figures 10A—10D, other points (e.g., longitude-
latitude points, analysis plot points) may be used for selecting and/or tagging (e.g., stitching,

splicing).

Autoselector

[0157] One of the many advantages of the systems described herein includes the
ability to track and/or predict space objects. The trajectory of a space object can be extremely
challenging to calculate and predict. Each prediction may include a set of measurements,
which can be variable in their accuracy, precision, and/or dependability. For example,
determining a position of the object in flight may require many images of the object using
many optical sensors. such as a network of telescopes. Piecing the data from these images
and arriving at an accurate and reliable position can be extremely difficult.

[0158] Despite the many challenges of capturing and allowing meaningful user
interactions with space objects, embodiments disclosed herein can allow a user and the
system to work synergistically to help identify areas where certain data can be improved,
modified. and/or removed if necessary. Such an interface combines access to an enormous
dataset, direction to more interesting features and aspects of that dataset that a human user
can understand, and often a user experience that allows for real-time interaction with those

features and aspects that is intuitive and manageable. In certain embodiments, a user can
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work with the machine to identify, manipulate, and sort (e.g., combine) data about various
spacc objccts.

[0159] Figure 11 shows an example user-selected first track (e.g., via a track
identifier or track representation) and a system-predicted second track (e.g., via a system-
predicted track identifier or track representation). A tagging interface is shown. One or more
track representations (e.g., lines) may represent a corresponding number of tracks. A track
may represent a path that an orbital object takes in space. One or more points or pixels may
be used to indicate data points (e.g., timepoints) associated with an object’s trajectory,
position, time, etc. As shown, the first and second tracks may be displayed one on or more
graphs. For example, a longitude-time graph may be shown together with a longitude-time
graph (e.g.. as described elsewhere herein). Additionally or alternatively. one or more scalar-
time plots may be included. Other graphs/plots may be used, such as those described
elsewhere herein.

[0160] Figure 12 shows where second track is updated (e.g., to include additional
tracks). As shown in the photographs of Figures 11-12, for example, the first and/or the
second tracks can include an indication of the “future” (e.g., below a “current time” line). A
first track representation may include points (e.g., longitude-time points) within a
corresponding graph (e.g., longitude-time graph). Each of the plurality of longitude-time
points can correspond to a set of identifiers having a time identifier between the lower-time
limit and the upper-time limit and having a longitude identifier between the lower-longitude
limit and the upper-longitude limit. The first track representation can provide a view of at
least a portion of the first track. Additional tracks may be represented with corresponding
track representations.

[0161] The display system may include a tagging interface that includes a stitch
selector (e.g., “Stitching Tool” in Figures 11-12). The stitch selector may include certain
functionality (e.g., buttons, interface design, etc.) of that described in relation to Figures
10A—-10D, for example. In response to a user selection of a track representation, the display
can indicate a selection (e.g., automatic, user-identified) of a different track representation
corresponding to a second track. The system may automatically determine that the second
track representation based on a determination that the second track is associated with the

same orbital object as the first track.
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[0162] The second track representation may be displayed on one or more graphs
described herein. The system can highlight onc or morc of the first and/or sccond track
representations (e.g., based on a user selection of the corresponding track representation).

[0163] In certain embodiments, the system can update the display to
progressively highlight one or more additional track representations (e.g., after highlighting
the first and/or second track representations). The system may update the display to
automatically and/or progressively highlight each of the additional track representations. The
delay may be between about 0.01 s to about 10 s between each of the highlights. The delay
may depend on the density of tracks and/or the number of tracks in the viewable display. In
response to a user’s suspend input, the system may suspend and/or stop progressive
highlighting of each of the additional track representations. A length of the delay between
each of the highlights may depend on at least one of a density and/or a number of tracks
displayed. The display may be configured to progressively highlight the additional track
representations based at least on a time identifier associated with the additional track
representations. The display may progressively highlight the additional track representations
(e.g., within the longitude-time graph) by receiving a user designation. The designation may
include one or more of a scroll indicator, a button, a wheel, a switch, or any combination
thereof. Additionally or alternatively, the display may deselect highlighting by receiving the
user designation.

[0164] As described in more detail herein, the system may be configured to
determine an orbital path of the orbital object. The orbital path may be determined over an
orbital time period that includes a first time period that (i) overlaps the time period. (ii)
precedes the time period, (iii) succeeds the time period, or (iv) any combination thereof. As
shown in Figures 11-12, the orbital path may be shown on one, two, or more graphs
simultaneously. For example, the orbital path may be shown on the latitude-longitude graph

and/or the longitude-time graphs. Other variations are possible.

Image Stacking
[0165] The system can receive a plurality of photographs of space objects within

a time domain. Each of the plurality of photographs can correspond to a latitude domain, a

longitude domain, and/or a timestamp within the time domain. Based on a selection (e.g., by
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a user), the system can receive image data derived from the plurality of photographs. In
certain cmbodiments, the system may reccive a uscr sclection of a latitude range within the
latitude domain, a longitude range within the longitude domain, and/or a time range within
the time domain. Figure 13 shows a photograph based on a user-selection of a latitude range,
a longitude range, and a time range of set of photographs. Once selected. the display can
show an object image 960 within the image chip 958.

[0166] In response to the user selection, the system may modify the image shown
in the image chip 958. Figure 14 shows an example modilied photograph (e.g., based on a set
of photographs) relative to the photograph showed in Figure 13. The modification may be
based on at least one of the plurality of photographs received by the system. As shown in
Figure 14, the display interface can generate a display of the 958. As shown in the
photographs of Figures 13-14, one or more of the space object’s characteristics (e.g.,
location in photo, size, color, brightness, etc.) may be shown as being modified (e.g., the
object may be removed from the photo).

[0167] The modified image may be a combination (e.g., a summation, overlay,
etc.) of two or more images of the plurality of photographs within the selected latitude range,
longitude range, and time range. For example, the system may integrate (e.g., summate
values of) the image data derived from the plurality of photographs of space objects. For
example, certain values (e.g.. RGB values, color histogram values, image histogram values,
brightness values, contrast values, contrast histogram values, etc.) may be added together
and/or averaged across a plurality of photographs to determine a final (e.g., integrated) value.
One of more of the photographs may show a plurality of space objects even though Figures
13-14 show only a single space object.

[0168] The system can receive a user selection of an object shown in a
photograph and display a marker indicating a location of the object within the photograph.
The marker may include any marker, such as a circle, a box, and/or crosshairs. In some
embodiments, a user can select a time identifier and/or a name identifier associated with an
object. Based on this selection, the system may display a marker indicating a location of the
object within the photograph.

[0169] The system can be configured to automatically identify one or more

objects within the modified image. Such modification may include increasing or decreasing a
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brightness, a contrast, or a gamma value of one or more photographs. Other changes may be
made. For cxample, the system may reduce a characteristic of an object within at least onc of
the plurality of photographs. As another example, the system may remove an object within at
least one of the plurality of photographs, as further discussed below.

[0170] When reducing a characteristic of an object, the system can reduce a
brightest of the object within the photograph. Additionally or alternatively, a larger object
(e.g., the largest object in the photograph) within the at least one of the plurality of
photographs may be obscured or removed. In some embodiments. the system is configured to
reduce a characteristic of an object based on a location of the object within the photograph.
For example, a central object may be obscured or removed from the photograph. The user
may select the object and/or the system may automatically detect the object. Additionally or
alternatively, the system may reduce a characteristic of the selected object, such as a
brightness. Other objects may be removed from the photograph or their visibility may be
otherwise substantially reduced.

[0171] In some embodiments, the system develops each of image chips such that
a space object is disposed at a predetermined location of each image chip of a plurality of
image chips. For example, the space object may be disposed at or near a center of the image
chip. This can allow a user more convenient and intuitive visual access to the space object
within the chip. Additionally or alternatively. this arrangement can allow for fewer mistakes
by the system in identifying the space object, such as when modifying one or more
characteristics thereof, as disclosed herein.

[0172] It may be further advantageous to dispose the space object within the same
predisposed location within the image chip within a particular range of latitudes, longitudes,
times, etc. For example, the space object may be maintained at a center of each image chip
even as corresponding latitude and longitudes ranges change for each image chip of the
plurality of image chips as the space object moves through space. The system may use this
information to predict a position of the space object position and/or an orbit of the space
object orbit. The system may, based on the predicted space object’s position and/or orbit,
develop an image chip such that the predicted space object position and/or the space object
orbit position (e.g., in an image chip where the expected position of the space object is

located) is disposed at a center of the image chip. Other configurations are possible.
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Object Detection

[0173] It can be advantageous to be able to automatically and/or manually
identify objects in the photographs or image chips. For example, the system may be
configured to detect one or more objects (e.g., additional objects) that may not have been
previously detected by the system or a user.

[0174] Reference will now be made to Figures 15-16. Figure 15 shows an
indication of a user-selected primary object 970 in a photograph and Figure 16 shows an
indication of a secondary object 972 detected by the system (e.g., based on the user selection
of the first object, based on an automatic detection). As shown in the photographs of Figures
15-16, the primary and/or secondary objects may be selected using user-inputted time and/or
name identifiers. The system can automatically identify the primary object 970 in the
photograph. In some embodiments, the system may receive a user selection of the secondary
object 972 object in the at least one of the plurality of photographs. The secondary object 972
may be more visible in part because of modifications to the photographs, as described herein.
In response to the user selection of the secondary object 972 in the at least one of the
plurality of photographs, derive a second set of identifiers corresponding to the second orbital
object.

[0175] A display a marker can be displayed to indicate a location of the primary
object 970 and/or the secondary object 972 (and/or other objects) within the photograph. The
marker(s) 974, 976 can be one or more of a circle, a box, crosshairs, and/or some other visual
or audible marker. For example, as shown in Figure 16, the secondary object selection
identifier 976 may be a dotted-lined circle. The primary object selection identifier 974 may
be a different shape, size, color, etc. to distinguish it from the secondary object selection
identifier 976. Various colors or highlights may additionally or alternatively be included to
mark its location in the photograph.

[0176] In some embodiments, a user can select a time and/or name identifier to
signal to the system a particular location or other characteristic of the secondary object 972.
The system can receive the time and/or name identifier display a marker indicating a location

of the secondary object 972 within the at least one photograph. The user can enter the
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secondary object’s 972 via various input methods, such as a mouse, keyboard, eye gesture,
hand gesture, and/or other indication.

[0177] In some embodiments, the system may be configured to derive a set of
identifiers associated with the secondary object 972 to automatically identify the secondary
object 972 in one or more photographs. For example, the system may determine a particular
contrast between an object and a background. Additionally or alternatively, the system may
determine that a primary object (e.g., the primary object 970) appears to have an unusual
shape, which may be an indication of another object in the frame. Such a contrast may be
more apparent, for example, if a user and/or the system automatically adjusts a parameter of
the image, such as the image’s brightness, contrast, gamma value, and/or other characteristic.
As noted above. this modification may include modifying a characteristic of the primary
object 970 of the at least one of the plurality of photographs.

[0178] The system may receive the user input via two or more interface devices.
For example, a combination of a keyboard, mouse, controller, headset, touch-interface,

and/or other interfaces may be used.

Orbit Determination

[0179] As noted above, one of the many advantages of the systems described
herein includes the ability to track and/or predict space objects. The trajectory of a space
object can be extremely challenging to calculate and predict. Yet, if determining a space
object’s position is challenging, predicting the trajectory (e.g., orbit) of the object into the
future and/or based on limited data can often be even more complicated. Yet, in spite of these
challenges, embodiments disclosed herein can accurately determine such trajectories and/or
present those determinations in a format that a user can readily understand and manipulate.
Such an interface combines access to an enormous dataset, direction to more interesting
features and aspects of that dataset that a human user can understand, and often a user
experience that allows for real-time interaction with those features and aspects that is
intuitive and manageable. Indications of, and data on, an object’s trajectory can be
indispensable to a user in certain circumstance. Such data may help identify future collisions,

and having access to the data may help protect life and property.
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[0180] Reference will now be made to Figures 17-20. Figure 17 shows a plurality
of time points sclected by uscr. Figure 18 shows a track that extends both into the past and
future. Tracks may include published orbit tracks and/or user-determined tracks. Figure 19
shows an example of a longitude-time plot and a scalar-time plot showing same points. As
shown, two or more plots may be used to show the same plurality of points and/or one or
more of the same tracks. As shown in Figures 17-19, for example, a user may select
timepoints by choosing a combination of time, name, longitude, and/or latitude identifiers.
Figure 20 shows a graph of residuals (either between published and user-selected or between
published and system-determined). For example, as shown, the scalar-time graph 208 may
indicate the residual between the system-determined timepoints and/or track and another
(e.g., published) corresponding track. The scalar-time graph 208 shown indicates that a
residual is near zero for some portions but deviates (e.g., to greater than 50) for other
portions. Such a comparison can help the user and/or the system to calibrate the accuracy of
the system’s determinations. Additionally or alternatively, the user and/or system may be
better able to determine the accuracy of the other corresponding track. As shown, the residual
is represented as a sigma (“‘c”) or other symbol. The residual may be shown as a difference,
an average, a standard deviation, or other metric.

[0181] As shown, the system can receive a selection of a plurality of timepoints
(e.g., from a remote or local database, as described herein) corresponding to one or more
orbital objects. Each timepoint may include sets of identifiers within a selected time period.
For example, as shown, the point marker 256 indicates that a user has selected the track
representation 940. Based on these timepoints, the system can determine an orbital path of an
orbital object associated with the selected plurality of timepoints, wherein the orbital path is
determined over an orbital time period that includes a time period that (i) overlaps the
selected time period, (ii) precedes the selected time period, (iii) succeeds the selected time
period, or (iv) any combination thereof. The selected time period generally spans from a
lower-time limit to an upper-time limit that may be selected by a user or in certain
implementations by the system automatically. Based on the selection, the system can
generate a display interface, such as the one shown in any of Figures 17-20. The selected
time period can determine one or more axes of one of more graphs displayed, such as any of

the graphs described herein. The display can show an indication of the orbital path of the
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object spanning the selected time period. This indication is represented as a predicted track
represcentation 950 in Figures 18 and 20.

[0182] The selection of the timepoints may include a selection based one two or
more identifiers of those timepoints. This selection may help the system identify a space
object of interest. For example, the selection may be based on a selection of a time identifier
and a name identifier, multiple time identifiers, multiple longitude identifiers. multiple
latitude identifiers, a combination of these, or some other combination of identifiers.

[0183] Once selected, the system can display an indication of the orbital path
spanning a future-time period subsequent to the selected time period. Additionally or
alternatively, the indication of the orbital path may span a prior-time period preceding the
selected time period. As shown in Figure 19. for example, an indication of the current time
(e.g., the time the user is using the display) may be displayed. The current time may be
shown as a line traversing at least part of a longitude-time graph and/or a scalar-time graph,
for example, as shown in Figure 19. Additionally or alternatively, a time of a selected
timepoint may be displayed. Such times can orient a user around which part of the displayed
orbital path covers a future time period. As shown, for example, in Figure 20, the predicted
track representation 950 may be displayed on a plurality of graphs simultaneously.
Additionally or alternatively, the selected timepoints may be indicated on a plurality graphs.

[0184] Because the system in certain embodiments can predict the future position
of the space object, the indicator of the current time may be displayed so as to indicate that
the time period of the predicted track representation 950 spans a time later than the current
time (e.g., the “future”).

[0185] It may be helpful for a user to compare a system-predicted path with a
third-party published path (e.g., a path determined from a received path equation or other
symbolic representation). The system may, through an orbital path data interface for
example, receive orbital path data from one or more orbital path data sets (e.g., a third party
data set, a previously predicted data set of the disclosed systems). Each of the received
orbital paths may be associated with the same orbital object. The system can then display,
based on the received orbital path data, an indication of a received orbital path (e.g., from the
third party) spanning the selected time period. This orbital path may be in addition to or

instead of the predicted track representation 950, for example.
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[0186] In some embodiments, the system can determine the received orbital path
bascd on a comparison of corresponding name identificrs associated with the received orbital
path and the orbital path determined by the system. Because the orbital path data among the
various predicted data may be slightly different, a comparison of the data may be helpful.
Accordingly, the system may be able to compare the selected orbital path with the received
orbital path and, based on the comparison, indicate a result of the comparison. For example,
the system may determine and display a residual characteristic of the selected orbital path by
determining a difference between a timepoint associated with the selected orbital path and a
corresponding timepoint associated with the received orbital path.

[0187] Comparing the selected orbital path with the received orbital path may
include determining a difference between at least one identifier (e.g., a time identifier, a
latitude identifier, etc.) associated with the selected orbital path and a corresponding
identifier of the received orbital path. The system may determine, for example, a residual
characteristic (e.g., a level of accuracy or reliability) by calculating an ascension and/or a

declination based on the data. Other configurations are possible.

Maneuver and Transfer Determination

[0188] Once an orbit has been determined, it can be useful to determine how that
orbit relates to another space object, such as an orbit of the other space object. Space objects
may from time to time change their expected trajectory. For example, an altitude, longitude,
latitude, and/or velocity may be altered. This alteration may occur through short accelerations
(e.g., burns) and/or sustained (e.g., continuous) accelerations. In some instances, it may be
desirable to adopt the orbit of a target space object or simply some other orbit. Adopting a
new orbit, such as the orbit of a target space object, is called an orbit transfer. It may
additionally or alternatively be desirable to not only adopt another orbit but to do so at the
same or similar position of a target object (e.g., substantially along the same path as the other
space object). Joining another object in such a way is called a rendezvous transfer. An orbit
transfer or a rendezvous transfer may include a Lambert transfer, which is an expenditure of
a minimum or substantially minimum change in velocity (or energy) of the object to

complete the transfer. The change in velocity can be denoted as a “delta V.” In each of the
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orbit and rendezvous transfers, the object completes at least two separate maneuvers—an
initial mancuver and a final mancuver.

[0189] A third type of transfer may involve a single maneuver. This type of
transfer can be used to alter an orbit of an object to contact or impact another space object
(e.g., substantially transverse to the path of the other space object). Such a maneuver may be
used to perturb the path or orbit of the target object. This third type of transfer is called an
intercept transfer. Each of these transfers, along with other details, is described in more detail
below.

[0190] A user interface can be helpful in visualizing, identifying, and/or
manipulating a path (e.g., orbit) of a space object. The user interface can include a display
interface such as is disclosed herein (e.g., visualization display 100. 200). For example. the
interface can include a longitude-time graph (e.g., having longitude and/or time axes). The
interface can include a zoom control interface (e.g., a time axis zoom control interface, a
longitude axis zoom control interface, etc.) and/or a pan control interface (e.g., a time axis
pan control interface, a longitude axis pan control interface, etc.). The zoom control interface
can allow a user to select a scale factor for one or more axes of a graph (e.g., a longitude-time
graph, a longitude-latitude graph, a magnitude-time graph, etc.). Additionally or
alternatively, the pan control interface can allow a user to move a lower and/or upper limit of
a graph in the same direction.

[0191] The user interface can include one or more indications of orbital paths that
have been stored, received, and/or determined by the system. The interface can allow a user
to select an initial orbit of an orbital object and a target orbit. One or both of the initial and
target orbits may be selected from stored, received, and/or determined orbits. The system
may allow a user to quickly and easily toggle between which selected object corresponds to
the initial orbit and which one corresponds to the target orbit, where applicable.

[0192] Using the interface, a user can select an orbit transfer window (e.g., an
orbit transfer time window, an orbit transfer longitude window, etc.). The orbit transfer
window can set boundary conditions for when and/or where an orbit transfer is to be
initiated, at least partially take place, and/or be completed by a space object. The “now” line
on the user interface may serve as a minimum boundary condition on time. The transfer

window can identify how long an object has to complete a transfer, when the transfer can
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begin, and/or when it can end. Based on the transfer window, the system can automatically
determine a transfer duration, a transfer start position, a transfer end position, and/or a total
transfer distance. Automatically may mean occurring without further input from a user (e.g.,
execution instruction, selection, etc.). The system may allow a user to set a maximum
computation time that determines how long the system can strive to best approximate the
calculated value(s) within the set time. For example, a user may set a maximum computation
time of about 0.01s,0.15,0.5s,15,25,5s,10s,25s,30s,45s, 60 s, or any value therein
or a range of values having any endpoints therein. The transfer window can determine in part
an efficiency of an energy expenditure by the selected object. For example, a larger time
window may improve an efficiency of an energy expenditure of a selected object. A user can
select a transfer action for the orbital object (e.g., an orbit transfer, a rendezvous transfer, an
intercept transfer, etc.). As disclosed herein, the transfer action may include one, two, or
more individual maneuvers. In some designs, details of each maneuver may be selected by
the user. For example, one or more of the following parameters (e.g., maximum, minimum,
target, etc.) of the space object may be selectable by a user: an energy change, a velocity
change, a path angle change, an altitude change, a latitude and/or longitude change, a
threshold distance from another object (e.g., another space object), a closing velocity, a solar
phase angle (e.g., an angle between the vector toward the sun and the line of sight from one
target to the other), etc. Other details of the space object may, if known. be identified by the
user (e.g., mass of the object, name of the object, relationship of object to other space objects,
etc.), such as those described herein.

[0193] The system can calculate or otherwise determine one or more details of an
orbital object and/or of an orbit of the orbital object, such as is described above. Some details
may apply to a change in a path of the orbital object, such as a transfer action. Many of these
details include, for example, one or more of the following: a trajectory of the transfer path, a
duration of one or more maneuvers, a total duration of a transfer action, a curvature of a path
during one or more maneuvers and/or transfer actions, a velocity (e.g., speed and/or
direction) of the object during one or more maneuvers and/or transfer action, a time of
initiating and/or concluding one or more maneuvers and/or transfer actions, a contact time
when an object encounters another object, a location of said encounter, an altitude during one

or more maneuvers and/or transfer actions, a mass of the object, another scalar value (e.g.,
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brightness, diameter, etc.) of the object, a closing velocity, a solar phase angle (e.g., an angle
between the vector toward the sun and the line of sight from onc target to the other), and/or
any other detail of a space object.

[0194] For example, the system can determine a velocity change of the orbital
object capable of causing the orbital object to move from the initial orbit to the target orbit
within the transfer window (e.g., starting and/or ending the transfer within the transfer
window). The system may additionally or alternatively calculate a transfer path of the orbital
object corresponding to a path between the initial orbit and the target orbit. The path may
begin and/or end within the transfer window, which may include a transfer time window. The
system can modify the longitude-time graph to include an indication of the calculated
transfer path.

[0195] In some designs, the system determines the initial orbit of the orbital
object by using observations of the orbital object collected over a time period having an
endpoint no later than a first maneuver timepoint (e.g., when the first maneuver is to begin).
The calculated velocity change may be a minimum velocity change (e.g., in a Lambert
transfer) needed to perform the maneuver and/or the full transfer action.

[0196] For certain transfer actions (e.g., the orbit transfer), the system may be
configured to calculate, based on the orbit transfer window, a velocity change associated with
a maneuver of the transfer action. The orbit transfer window can include a completion
timepoint by which the orbit transfer is to be completed. The calculated second velocity
change may be capable of causing the orbital object to move (e.g., after a first maneuver) into
the target orbit within the orbit transfer time (e.g., based on the orbit transfer time window).
The system can display an indication of the target orbit relative to the transfer path, such as
described below. The indication of the calculated transfer path can include indications of
timepoints corresponding to respective initiations of one or more maneuvers of the transfer
action.

[0197] In some implementations, the system can determine a total velocity
change. The total velocity change can include a summation of one or more velocity changes

associated, for example, with corresponding one or more maneuvers of a transfer action.
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[0198] As noted above, the transfer action can be an orbit transfer for adopting a
target orbit. The transfer action can be a rendezvous transfer for joining a position and
adopting an orbital path of a target orbital object.

[0199] The transfer action can additionally or alternatively include an intercept
transfer for causing the orbital object to contact a target orbital object. The user may be
allowed to select a minimum intercept velocity or other parameter (e.g., minimum energy,
maximum intercept velocity, target path direction, etc.) associated with the orbital object as it
contacts the target orbital object. As noted, a user can identily and/or select an orbit transfer
window (e.g., time window) and/or one or more targetable objects from a subset of one or
more potential objects (e.g., within a graph of the user interface).

[0200] The system can determine whether the transfer action (e.g., intercept
transfer) is possible within the orbit transfer window. In some cases, for example, a particular
transfer action may not be possible within a certain time frame. In some implementations, a
maximum velocity change may be set by the system. For example, a maximum velocity
change may be about 10 m/s, about 12 m/s, about 15 m/s, about 20 m/s about 25 m/s, or fall
within any range having endpoints therein or having a value therein. In some
implementations, the maximum velocity change is about 15 m/s. The system may be able to
calculate a time and/or may display a timepoint corresponding to that time when the orbital
object is to contact the target orbital object and/or adopt its orbit and/or position. The user
interface can display this timepoint within the orbit transfer window if applicable.

[0201] The system can allow a user to update the orbit transfer window. In some
designs, the system may automatically update calculated output (e.g.. transfer path, contact
time, contact location, maneuver time, etc.) in real-time based on a change in the orbit
transfer window (e.g., by panning. by zooming, by direct input via an input interface, etc.).
For example, the system may be configured to automatically calculate an updated transfer
path of the orbital object in response to a user-updated orbit transfer time window. The
system may allow a user to lock the display so that panning and/or zooming is temporarily
disabled to allow, for example, for more precise window determination and more accurate
calculations. Additionally or alternatively, the lock function may allow a user to pan and/or
zoom without causing the system to automatically recalculate one or more details related to a

transfer.
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[0202] As noted above, some of the data may be obtained from a real-time
telescope data connection interface configured to reccive image data from historical and
contemporary data sets. These data sets can be generated by a network of telescopes
photographing the orbital object. From such photographs, one or more sets of identifiers can
be identified about the space object.

[0203] The system can display an indication of the current time (e.g., by a line
and/or timestamp). The system may display the indication of the transfer path of the orbital
object in relation to the indicator of the current time so as to indicate that at least part of the
transfer action (e.g., an initiation and/or completion of the transfer action) occurs and/or
spans a time later than the current time. Additionally or alternatively, the system may display
the indication of the transfer path in relation to the indicator of the current time so as to
indicate that at least part of the transfer action occurs and/or spans a time prior to the current
time.

[0204] Turning now to the figures, the details above will be explained in greater
detail and/or additional features will be described. Figures 21-23 show initial orbit selection,
target orbit selection, and transfer action selection. Figure 21 shows an interface having a
longitude-time graph 204, a longitude-latitude graph 212, a stitching tool interface 804, and
an analysis plot interface 808. It should be noted that many of the features described with
reference to Figures 21-29 include one or more features of Figures 1-20. Where common
numbers are used, similar or common functionality may be included.

[0205] For example, Figure 21 and Figure 22 show a time axis 220, a latitude axis
232, and a longitude axis 224. A first plurality of elements may form an initial track 1040
and a second plurality of elements may form a target track 1050. One or both may be
additionally or alternatively represented in the longitude-latitude graph 212 and/or the
analysis plot interface 808. The analysis plot interface 808 may show a magnitude value of
the tracks, as described in more detail above. One or both of these can be identified, for
example, in the stitching tool interface 804. For example, the initial track identifier 1044 can
indicate what track the initial track 1040 is (e.g., based on a color coordination, a shape
coordination, etc.). Additional information may be provided about the initial track 1040 as
shown, such as an identification number, a name, an associated country (e.g., origin, owner,

etc.), and/or a velocity. Other details described herein may be included additionally or
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alternatively. Similar information may be presented for the target track 1050 via the target
track identificr 1054. The “now™ or “current time” line is indicated by the current time
marker 922. Figure 13 also includes an alert selector 1042 configured to allow a user to select
a target one or more alerts from the source track region 820.

[0206] Figure 23 shows an initial orbit 1060 and target orbit 1070 corresponding
to the initial track 1040 and the target track 1050, respectively. The initial orbit 1060 and the
target orbit 1070 may be shown within a transfer selection interface 1004, as shown. The
transfer selection interface 1004 may be included additionally with, alternatively to. or part
of the stitching tool interface 804. The transfer selection interface 1004 can include a transfer
relationship axis 1008. The transfer relationship axis 1008 has units associated with distance
in kilometers, though other units of distance (e.g., m, miles, etc.) may also be used. The
vertical axis may correspond to the time axis 220. Additionally or alternatively, a separate
axis (e.g., longitude, latitude, altitude, etc.) may be used. The transfer selection interface
1004 can include details about one or more orbital objects. As shown, details of the object
associated with the target orbit 1070 are indicated, such as the target track identifier 1054, the
distance differential indicator 1056, and the velocity differential indicator 1058. If a user
selects a different target object, target track 1050, and/or target orbit 1070, different
information may be indicated.

[0207] The transfer selection interface 1004 can allow a user to select a target
type of transfer action. For example, a user may select a space object (e.g., by selecting a
track, by selecting an orbit, by selecting a photograph, etc.) as well as a target space object
and/or orbit (e.g., by selecting a track, by selecting an orbit, by selecting a photograph, etc.).
The user may select the type of transfer (e.g., orbit transfer, rendezvous transfer, intercept
transfer). The user may additionally or alternatively select various parameters, such as a
transfer window, as described herein. Other details may be selected by the user, such as
maximum values for a velocity, energy, etc., as described herein in more detail. A target final
velocity may be selected. In some embodiments, the target velocity may be 0.1 km/s, 0.5
km/s, 1 km/s, 2 km/s, 5 km/s, or any value therein or fall within any range with endpoints
therein.

[0208] In some designs, the system may automatically suggest a target space

object/orbit. The system may also automatically update the interface to indicate one or more
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details associated with the combination of the target object/orbit with the selected transfer
type (c.g., a calculated velocity change, a calculated time of completion, a calculated duration
of transfer, etc.). The system may take into account other factors, such as a direction and/or
energy of sunlight on one or more of the initial and/or target object.

[0209] As shown the initial orbit 1060 approaches the target orbit 1070. The
system indicates that an expected closest approach 1062 is to occur sometime in the future.
This is because the closest approach 1062 occurs below the current time marker 922.
However, the closest approach 1062 could occur in the past in a different circumstance.

[0210] Figure 24 shows an example intercept transfer via the user interface. As
shown, the initial orbit 1060 and/or the target orbit 1070 may be indicated on one or more of
the longitude-time graph 204. the longitude-latitude graph 212, and/or the analysis plot
interface 808. In the transfer selection interface 1004, a transfer path 1080 is provided. The
transfer path 1080 informs a user of a calculated path that a selected space object could take
to complete the intercept transfer. Since the intercept transfer only requires a single
maneuver, the intercept transfer has an initial maneuver point indicated by the transfer
initiation indicator 1072 and an ending maneuver point indicated by the transfer completion
indicator 1074. In this case, the transfer completion indicator 1074 indicates a time where the
orbital object is expected to contact the target object. As shown, each of the transfer initiation
indicator 1072, the transfer path 1080, and the transfer completion indicator 1074 occur
below the current time marker 922, which indicates that the beginning and ending of the
transfer action would occur in the future. Additionally or alternatively, the system may be
able to identify such transfer actions in the past.

[0211] Figure 25 shows an example rendezvous transfer via the user interface. As
shown, the initial orbit 1060, the target orbit 1070, and/or the transfer path 1080 may be
provided in one or more of the longitude-time graph 204, the longitude-latitude graph 212,
and/or the transfer selection interface 1004. As shown, the initial orbit 1060 and the target
orbit 1070 appear to be at a substantially constant longitude. Here, as indicated in the
longitude-latitude graph 212, the initial orbit 1060 may also be a nearly substantially constant
latitude. However, as shown below in Figure 28, this appearance may be largely due to the
zoom factor of the longitude-latitude graph 212. As shown in Figure 25 (e.g.. in the

longitude-time graph 204), the rendezvous requires at least two maneuvers, each indicated by

-49-



WO 2024/050163 PCT/US2023/069366

corresponding curves 1080a, 1080b of the “S-shape” transfer path 1080. The transfer path
1080 may indicate a visual transition between the initial track 1040 and the target track 1050.
For example, a beginning of the transfer path 1080 (e.g., the first maneuver 1080a) may share
the same or similar color as the initial orbit 1060 and/or an end of the transfer path 1080
(e.g., the second maneuver 1080b) may share the same or similar color as the target orbit
1070. Continuing the example, the color along the transfer path 1080 may indicate a smooth
transition to suggest that the orbital object is transitioning from the initial orbit 1060 to the
target orbit 1070. Additionally or alternatively. other visual indicators may be used, such as
dot shapes, shadings, line dashings, number of lines, line style, highlighting, background
color, and/or other indicator. Similar indicators may apply to the transfer initiation indicator
1072 and the transfer completion indicator 1074, respectively.

[0212] Figure 26 shows a characterization of a maneuver that has moved an
object from a first path to a second path. Sometimes an object has already changed its
trajectory but what transfer has taken place may not yet be known. The system can allow a
user to quickly and/or automatically determine and characterize the transfer that has taken
place. The target track identifier 1054 shows details related to the object. As shown, an initial
orbit 1086 of a space object is displayed in the longitude-time graph 204 and the longitude-
latitude graph 212. A corresponding final orbit 1088 is also shown. When transferring
between the initial orbit 1086 and the final orbit 1088, the object underwent at least one
maneuver 1090. The maneuver 1090 can be identified by the system automatically and/or by
the user. The maneuver 1090 may generally be difficult to detect by a human for a number of
reasons. For example, photographic and/or other tracking data may not be available for a
corresponding space object during the maneuver 1090. Additionally or alternatively, details
of the space object may be incomplete during the maneuver 1090. The system may
automatically identify the two orbits 1086, 1088 or receive a user selection of the two orbits
1086, 1088 and thus identify the intervening maneuver 1090. In this way, the system can
automatically direct a user to find the maneuver 1090 within the user interface. The system
may indicate or highlight the maneuver 1090 by, for example, displaying it using a different
aspect (e.g., color, dot shape, shading, line dashing, etc.) from one or more of the initial orbit

1086 and/or the final orbit 1088.
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[0213] Figures 27-29 show panned and zoomed displays of corresponding
Figurcs 24-26. Accordingly, the time axis 220, the longitude axis 224, the latitude axis 232,
the analysis plot interface 808, and/or the transfer relationship axis 1008 have been zoomed
and/or panned. As noted above, the system can let a user quickly and easily pan and/or zoom
one or more of these axes of one or more of the graphs. This can help allow a user to focus in
on particular details that may be of interest. Additionally or alternatively, the user can zoom
out to obtain a more high-level perspective of one or more of the objects’ movements. The
system is lailored for either close-up or zoomed-out inspection of space objects and their
movements and/or objects.

[0214] Figures 30-31 show an example of additional panned and zoomed
displays where the system determines a different transfer based on the corresponding
boundary conditions set by the display in the respective figure. As noted above, a user may
select a viewing screen to be able to determine the boundary conditions (e.g., time range,
latitude range, longitude range) of a desired transfer. For example, a user may be able to
determine a time range in which the transfer must begin, in which the transfer must end, or
both. In some configurations, the user may select whether the ending, the beginning, or both
are required to be performed within the selected boundary conditions.

[0215] Figure 30 shows an example determination of a boundary condition for
which the completion of both the beginning and ending of the transfer path 1080 are
required. As shown in the longitude-time graph 204 and in the transfer selection interface
1004, the transfer is to begin or has begun (as indicated, for example, by the transfer
initiation indicator 1072) at around June 28, 2019 at midnight. Further, as shown the transfer
is to be completed or has completed just after noon on June 30, 2019.

[0216] Figure 31 shows the same initial orbit 1060 and target orbit 1070 as in
Figure 30 but with different boundary conditions (e.g.. via a panning and zooming of the
longitude-time graph 204). As shown, the transfer is to begin around 6 a.m. on June 29, 2019
and is to end around midnight of June 30, 2019. The boundary conditions of the selected time
interval of the longitude-time graph 204 and/or the transfer selection interface 1004 in Figure
31 do not include the calculated time for the beginning of the transfer in Figure 30 (midnight
of June 28, 2019). Thus, according to the boundary conditions set by the user shown in

Figure 31 (and, in this case, the requirements that both the beginning and ending of the
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transfer occur within those boundary conditions), the same transfer as calculated for Figure
30 is not calculated and/or shown. Accordingly, a user can quickly and intuitivcly identify a
desired boundary condition in which to begin and/or end a transfer by panning and/or
zooming on one of the graphs in the visualization display 200. As the user pans and/or
zooms, the system can automatically and/or in real-time update one or more of the graphs to

show the newly calculated transfer path 1080.

Alert and Report Generator

[0217] The systems and methods described herein can be used to develop and
display one or more reports configured to be read by a computer and/or human. The reports
can be generated based on information collected as described above. The collected
information can be analyzed, optionally with the supplementary input from a human user, to
determine unique interactions between or among two or more space objects that have already
occurred, that are occurring at a present time, that are expected to occur based on current
trajectories, and/or that may occur based on contingent intermediate maneuvers of one or
more space objects. The collected information can be analyzed to identify one or more
maneuvers of a single space object. Thus, the systems and interactive graphical user
interfaces described herein may be configured to generate a report on one, two, three, or
more space objects and the path parameters associated therewith.

[0218] The systems described herein can determine whether a given space object
is an active satellite under control of a launching or operating entity or an inactive object.
This information may be obtained without having information provided about the true nature
of the object. The nature of the object may be inferred through observations of its behaviors.

[0219] Behaviors of a single object can be divided into those that are observable
via the astrometric characteristics of an object and those that are observable via its
photometric characteristics. The photometric and astrometric characteristics of an object may
not truly be independent. For example, the pose (orientation in 3-space) and motion of an
object may affect the signature observed by a sensor. If this signature is faint, the ability of a
sensor to localize the object may be degraded. In general, however, the astrometric and
photometric behaviors may considered to be at least somewhat independently. One benefit of

systems and methods described herein is to prevent unwanted interactions between space
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objects (e.g., unsafe close approaches, collisions, radio frequency interference, etc.) that may
be prevented.

[0220] A report can be generated in response to a user selection. Additionally or
alternatively, a report can be generated in response to an identification (e.g., manual,
automatic) of one or more events that have occurred, are occurring at a current time, or that
may occur under certain circumstances. Such events can ftrigger an alert or some other
indication of the event. The alert can include a communication or indication on the graphical
user interface and/or may be configured to be understandable by a human user or observer.

[0221] A first type of alert that may be triggered is a maneuver alert. Space
objects, including orbital objects, may perform maneuvers from time to time. A maneuver
can include a single maneuver or a plurality of maneuvers. Maneuvers that require two or
more maneuvers may be referred to as “transfers.” Examples of such maneuvers include
those discussed above, such as an orbit transfer, a rendezvous transfer, and an intercept
transfer. Orbit transfers, for example, can include a shift to anther orbit. As an example, an
orbital object may transfer to and/or from the graveyard orbit. Such maneuvers can include
an increase or decrease in a delta V (e.g., instantaneous change in velocity) of the object.

[0222] An alert may be triggered when two or more space objects come into or
are predicted to come into proximity with each other. The trigger may occur when a distance
between two objects is measured or predicted to be below a threshold (e.g., minimum
threshold). When closer than the threshold, the two objects may be referred to as being in
conjunction with one another at a particular time or within a particular time window. Such an
alert may be referred to as a “proximity alert” or a “conjunction alert.” Rendezvous and
proximity operations (RPO) described herein (e.g., where a space object makes an intentional
controlled approach to another space object) may reflect one or more orbit regimes, such as
satellite servicing. inspection, and/or active debris removal.

[0223] Another maneuver includes station keeping, which involves a subtle
movement by the space object to retain its current target orbital path. Often a space object
(e.g.. one orbiting at Geosynchronous Equatorial Orbit (GEO)) may be a government- or
commercially-owned communications or weather satellite. When stationed in its assigned
orbital location, the behavior of such an object may often be routine, with station-keeping

maneuvers usually occurring on a predictable schedule. Sometimes persistent and precise

-53-



WO 2024/050163 PCT/US2023/069366

observations may detect these relatively small maneuvers, and patterns can often be teased
out of thc obscrvation data. As orbital objects revolve around a planct, the orbital object’s
orbit may deteriorate over time. Thus, a station keeping maneuver may be used to maintain
the orbit and prevent and/or repair deterioration in the orbit. For example, a station keeping
maneuver can prevent a loss of altitude, circularization. and/or other imperfection in the
orbit. Circularization refers to the lack of eccentricity in an orbit.

[0224] While a station keeping maneuver can trigger an alert, a failure of an
object to maintain a stable orbil can also trigger an alert. Such drifting can indicate that an
object is no longer capable of maintaining a stable orbit and/or that control of the object has
diminished or ceased. The system may be able to identify if an object is failing to maintain
the stable orbit by identifying an expected value, such as a position, degree of circularization
(e.g., angle of curvature), velocity, and/or acceleration, and comparing the expected value
with a corresponding measured or observed value. Additionally or alternatively, the system
may identify an alert when a drift rate has been increased, decreased, and/or changes
directions.

[0225] Specific details (e.g., path parameters) of a space object’s trajectory may
trigger an alert. For example, a particular apparent destination or source orbit may trigger an
alert. The system may, for example, identify an alert when a space object enters/exits a
graveyard orbit, a geosynchronous orbit, a geostationary orbit, a semi-geosynchronous orbit,
and/or other type of orbit.

[0226] In generating alerts, the system may identify a threshold (e.g., maximum
threshold) that needs to be exceeded before an alert is triggered. For example, the system
may generate an alert if a threshold difference between the expected value and the measured
value is exceeded. The threshold can include a difference between an expected trajectory and
a measured trajectory. For example, the threshold can refer, for example, to an angular
threshold and may be about 0.05 degrees, about 0.1 degrees, about 0.2 degrees, about 0.3
degrees, about 0.5 degrees, about 0.8 degrees. about 1 degree, about 1.5 degrees, about 2
degrees, about 2.5 degrees, about 3 degrees, about 4 degrees, about 5 degrees, any value
therein, or fall within any range having endpoints therein. The threshold may refer to a
distance threshold and may be about 1 meter, about 5 meters, about 10 meters, about 20

meters, about 30 meters, about 40 meters, about 50 meters, about 60 meters, about 75 meters,
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about 100 meters, about 150 meters, about 200 meters, about 250 meters, any value therein,
or fall within any range having cndpoints thercin. The threshold can refer to a velocity
threshold and may be about 0.5 m/s, about 1 m/s, about 1.5 m/s, about 2 m/s, about 2.5 m/s,
about 3 m/s, about 4 m/s, about 5 m/s, about 7 m/s, about 10 m/s, about 12 m/s, about 15 m/s,
about 20 m/s, about 30 m/s, about 40 m/s, about 50 m/s, about 100 m/s, any value therein, or
fall within any range having endpoints therein. In some embodiments, the threshold may be
an isolated value (e.g., not a difference between two values). For example, an alert may be
generated if a Delta-V value exceeds a threshold value.

[0227] Another event that may trigger an alert is the identification (e.g.,
appearance) of a new object. The system may be regularly (e.g., continuously) reviewing
images of space to identify new objects. Additionally or alternatively, as described herein, a
human user may aid the system in identifying new objects. A new object may be identified
from a launch, a deployment, a third-party listing that draws attention to the object, and/or
from a new visibility (e.g., manually and/or automatically). The identification of new objects
may trigger an alert that can cause the system to generate a report. Additionally or
alternatively, a lost space object may trigger an alert. An object may be lost when a space
object does not appear at or near an expected location. The expected location may be an area
or volume of space. The boundaries of the area or volume may be based on a threshold
distance, area, or volume from or around a target point. Examples of such threshold distances
are described herein. Threshold areas or volumes may be a 2D or 3D extension of such
threshold distances.

[0228] Yet another example of a possible alert that may be triggered is when the
system determines that a magnitude (e.g., intensity of light, light pattern) of a space object
differs from an expected magnitude value. For example, one alert is triggered when an
intensity of light differs from an expected intensity of light. Additionally or alternatively, the
alert may be triggered if the shape or pattern of the light emitted and/or reflected from the
space object is sufficiently different (e.g., greater than a threshold value) from an expected
shape or pattern. Such an alert may be referred to as a “photometric anomaly alert” (PAA).

[0229] As described in more detail above, the system can receive a plurality of
images of one or more space objects. Based on these images, the system can identify an

intensity of light projected from the space objects at different times and positions. Using
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these images, the system can determine a model of a photometric pattern projected from the
objects and, bascd on the model, determine an expected photometric pattern and/or intensity
of light at a given future time.

[0230] Using the model (e.g., expected photometric pattern, intensity of light), the
system can determine an attitude state, such as a relative attitude state, of the space object.
Examples of such attitude states include a spin stable state, an attitude control state, an
uncontrolled spin state (e.g., anomalous slewing), a directed orientation (e.g., dynamic
slewing), and a tumble state (e.g., a low-aspect-ratio tumble). Dynamic slewing includes
directing the objects orientation in a controlled way, such as apparently directing an attitude
toward another object. An alert may be generated if a particular attitude state changes, such
as a beginning. ending, or acceleration of an attitude state.

[0231] In some embodiments, the system identifies certain attitude states as non-
alerts. For example, certain embodiments may use attitude states to identify alerts of objects
that appear to be “dead” (e.g., apparently not controlled). However, in certain
implementations, “live” objects may trigger alerts as described herein, such as the proximity
and orbit transfer alerts.

[0232] One of the many advantages of the systems described herein includes the
ability to identify and signal anomalous or otherwise interesting information to a human user
and/or the computer system. Each alert can be based on tracking path parameters of a space
object. The path parameters can include a position, a displacement, a speed, a velocity, an
acceleration, a curvature of orbit (e.g., circularization), and/or any other detail of the object’s
orbit or other trajectory. Path parameters can additionally or alternatively include a
relationship with one or more space objects (e.g., a distance from, a relative velocity/speed, a
relative lighting advantage, etc.) such as described herein. A path parameter can include a
detail of a departure or change in object trajectory (e.g., a maneuver, a transfer, etc.).

[0233] Various features of certain embodiments will now be described with
reference to the figures. Figure 32 shows an example visualization display 200 (e.g.,
interactive graphical user interface) with a proximity spot report and a maneuver spot report.
The proximity spot report and the maneuver spot report may be indicated by the proximity
spot report indicator 1126 and the maneuver spot report indicator 1128, respectively. The

spot reports 1126, 1128 represent pop-up reports that can be shown directly in the
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visualization display 200, as shown. However, other types of displays and formats are
possible, such as thosc described below with Figures 34-35. The longitude-time graph 204
and longitude-latitude graph 212 show two orbital paths of separate objects—Satellite 2 and
Target 3. The initial orbit 1160 of Satellite 2 is shown, which is based at least in part on a
corresponding initial track 1140 of Satellite 2. Following the initial orbit 1160, the
visualization display 200 shows that Satellite 2 undertook one or more maneuvers to initiate a
transfer path 1180 (e.g., a intercept transfer). Following the transfer path 1180, a final orbit
1194 of the Satellite 2 is displayed. The final orbit 1194 may be calculated in part based on a
corresponding final track 1192 of Satellite 2. The initial track 1140 and final track 1192 each
represent one or more data points (e.g., timepoints) associated with corresponding one or
more images of the Satellite 2.

[0234] The Target 3 has an orbit represented on the visualization display 200 by
the target orbit 1170, which is determined at least in part by its associated target track 1150.
As shown in the longitude-time graph 204, the final orbit 1194 of Satellite 2 and the target
orbit 1170 of Target 3 appear to reach their point of closest approach around 06:00 of August
18, 2019.

[0235] In response to a user selection, a spot report may be generated. Such a
report may be based on an alert identified by the system and/or may be based on a user
search. For example, a user may select (e.g., click on) a particular alert, which may result in
the automatic generation of the spot report. Additionally or alternatively, a user may search
for one or more source objects (e.g., Satellite 2), one or more target objects (e.g., Target 2), a
time or time window, a latitude or latitude range, a longitude or longitude range, and/or other
search parameter.

[0236] As shown in Figure 32, for example, a user has selected one or both of
Satellite 2 and Target 3. In response, the proximity spot report indicator 1126 can include
details such as when the maneuver occurred (e.g., 3 days before the generation of the report),
at what time the maneuver occurred (e.g., at 5:53:13 on August 18, 2019), a degree of
uncertainty (e.g., positional uncertainty of about 27 m), a near-instantaneous change in
velocity (e.g., Delta-V) of the source object Satellite 2 (e.g., 2.87 m/s), a change in apogee
(e.g., increase from GEO-51km to GEO-6km), a change in perigee (e.g., increase from GEO-
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56km to GEO-38 km), a drift rate change (e.g., decrease from 0.69 deg/day to 0.28 deg/day),
and/or change in inclination (c.g., decrcasc from 0.04 dcg to 0.02 deg).

[0237] The report may additionally or alternatively include a status of any
matches of the above factors to a target object (e.g., Target 2) and/or related information. For
example, the system may identify that the maneuver of Satellite 2 caused it to have a
matched inclination with Target 2. which required a burn of 1.16 m/s to achieve proximity. A
change in burn economics (e.g., a decrease or increase) based on the maneuver can be shown
(e.g., decrease from 2.08 m/s to 1.16 m/s). The report can include a time of when the
conjunction occurred (e.g., 10 hours before the generation of the report). A minimum
distance (e.g., 37 km +/-942 m) of the conjunction and/or the time of the conjunction (e.g.,
5:55:34 on August 19, 2019) can be displayed. An effect on the minimum distance and/or on
the time of conjunction (e.g., maneuver decreased minimum distance from 55 km to 37 km)
can be displayed.

[0238] It may be advantageous to know whether one or more objects had a solar
lighting advantage. For example, an object may be equipped with image sensors to obtain
details about another object, such as when the conjunction occurs. The proximity spot report
1126 can additionally or alternatively include an indication of which object had a solar
lighting advantage during the conjunction (e.g., Target 3 had a solar lighting advantage)
and/or whether the maneuver changed the nature of the solar lighting advantage (e.g.,
Satellite 2 had a strong solar lighting advantage prior to the maneuver).

[0239] Other path parameters of the source object (e.g.. Satellite 2) and/or target
object (e.g., Target 3) can be calculated and displayed. For example, the details of the orbit of
Satellite 2 are shown in Figure 32—Source: ExoMaps User OD; Apogee: 35780 km (GEO-
6km); Perigee: 35748 km (GEO-38km); Inclination: 0.02 degrees; Drift Rate: 0.28
degrees/day; Position Uncertainty: 40 m; Orbit Age: 2.32 days.

[0240] As shown, the system also generated a maneuver spot report 1128. A
system may generate one or more spot reports. The maneuver spot report 1128 indicates path
parameters associated with the path of the source object (e.g., Satellite 2). Here, because the
proximity report already included details of the maneuver (e.g., time of maneuver, effect,

etc.. as discussed above), those details are not listed again here.
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[0241] Figure 33 shows two example conjunction spot reports 1130, 1132. The
first conjunction spot report 1130 describes details associated with a conjunction between a
source object Satellite 1 and a first target object Target 1. The second conjunction spot report
1132 shows details related to a conjunction between the Satellite 1 and a second target object
Target 2.

[0242] The longitude-time graph 204 and longitude-latitude graph 212 visually
show details of the paths of the Satellite 1, Target 1, and Target 2. The visualization display
200 shows an initial orbit 1186, maneuver path 1190, and a final orbit 1088. The initial orbit
1186 is calculated in part based on the initial track 1140. The visualization display 200 shows
the first target orbit 1170a (e.g., based at least in part on the first target track 1150a) and the
second target orbit 1170b (e.g.. based in least in part on the second target track 1150b). One
or more of the elements described above may be displayed by the longitude-time graph 204,
the longitude-latitude graph 212, another graph described herein (e.g., the magnitude-time
graph), and/or any combination thereof.

[0243] The longitude-time graph 204 shows a current time marker 922. The final
orbit 1088, first target orbit 1170a, and the second target orbit 1170b each span before and
after a current time, as indicated by their display below and above, respectively, the current
time marker 922. In some embodiments, as a user zooms into the longitude-time graph 204
and/or the longitude-latitude graph 212 to a certain threshold of detail, one or more object
indicators may be shown. The visualization display 200 shows a Satellite 5 indicator 1116, a
Satellite 1 indicator 1118, a Target 1 indicator 1120, and/or a Target 2 indicator 1122. These
object indicators may indicate where a corresponding orbit would intersect the current time
marker 922 in the absence of any intervening maneuvers. In some embodiments, the location
of the object indicators may based on a relative location of the paths of the respective object
orbital paths. Note that no tracks (e.g., initial track 1140, first target track 1150a, second
target track 1150b) are indicated below the current time marker 922 since no future images of
objects would yet be available for analysis.

[0244] As shown, the first conjunction spot report 1130 includes details related to
a maneuver of Satellite 1 that already caused a conjunction (e.g., historical conjunction) with
Target 1. As shown. the maneuver occurred 9 hours before the generation of the report. The

maneuver occurred at 12:47:25 on August 20, 2019 with a degree of positional uncertainty of
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376 m and a Delta-V of the Satellite 1 of 3.98 m/s. The first conjunction spot report 1130
shows a decrcasc in apogee from GEO+6km to GEO-32km and a decrcasc in perigee from
GEO-1km to GEO-96km and a drift rate increase from 0.03 deg/day to 0.82 deg/day.

[0245] The first conjunction spot report 1130 indicates that Satellite 1 and Target
1 had a matched inclination with a difference of 0.02 degrees, which required a burn of 3.20
m/s to achieve proximity. The required burn increased from 2.10 m/s to 3.20 m/s. The
conjunction occurred 4 hours before the generation of the report. A minimum distance of 48
km +/- 279 m of the conjunction occurred at 17:12:21 on August 20, 2019. The maneuver
decreased a minimum distance from 68 km to 48 km. The first conjunction spot report 1130
indicates that Satellite 1 had a solar lighting advantage during the conjunction but that prior
to the maneuver, Target 1 had a strong solar lighting advantage.

[0246] Other path parameters of Satellite 1 are shown in Figure 33—Source:
ExoMaps User OD; Apogee: 35754 km (GEO-32km); Perigee: 35690 km (GEO-96km);
Inclination: 0.05 degrees; Drift Rate: 0.82 degrees/day; Position Uncertainty: 377 m; Orbit
Age: 0.12 days.

[0247] Figure 33 also shows an example second conjunction spot report 1132 that
shows an expected conjunction (e.g., future conjunction) between Satellite 1 and Target 2. As
shown, the maneuver shares the same characteristics of the maneuver described by the first
conjunction spot report 1130, so those details will not be repeated. The second conjunction
spot report 1132 indicates that Satellite 1 and Target 2 had a matched inclination with a
difference of 0.02 degrees, which required a burn of 5.59 m/s to achieve proximity. The
required burn increased from 3.11 m/s to 5.59 m/s. The conjunction is not expected to occur
until 18 hours after the generation of the report. A minimum distance of 50 km +/- 15.0 km
of the conjunction occurred at 16:11:55 on August 21, 2019. The maneuver decreased a
minimum distance from 685 km to 50 km. The second conjunction spot report 1132 indicates
that Satellite 1 will have a solar lighting advantage during the conjunction but that prior to
the maneuver, Target 2 would have had a strong solar lighting advantage but for the
maneuver by Satellite 1. Other path parameters of Satellite 1 are shown in Figure 33, but as
above, these details repeat the orbit information shown by the first conjunction spot report

1130 and are not repeated here.
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[0248] Figures 34-35 show two example proximity spot reports 1252, 1254,
respectively. The proximity spot reports 1252, 1254 show reports that can be presented to a
human user in an easily digestible format. The proximity spot reports 1252, 1254 do not
require access to the visualization display 200 described above but can be prepared (e.g.,
printed) and presented to a human user after analysis by the computer system and/or one or
more human users has been conducted.

[0249] Figure 34 shows an example first proximity spot report 1252 showing a
conjunction between Satellite A and Satellite B. The [irst proximity spot report 1252 includes
a display interface detail 1206 and a spot report detail 1208. The display interface detail 1206
shows an object orbit 1212 (e.g., of the Satellite A and/or of the Satellite B), a current time
marker 922, and a plurality of object indicators 1216. The object indicators 1116 can include
identifiers such as country flags, position indicators (e.g., lines, arrows), activity details (e.g.,
blinking, highlighting, font adjustments) based on current or otherwise relevant object
behavior (e.g., a satellite may blink or be highlighted based on a recently obtained alert
related thereto). Other details, such as those described above, are shown but are not discussed
here in detail. For example, details of the source and/or target objects can be shown in with
the stitching tool interface (e.g., stitching tool interface 804 of Figure 22) and/or the analysis
plot interface (e.g., analysis plot interface 808 of Figure 22).

[0250] The spot report detail 1208 shows that Satellite A maneuvered at 01:11:32
on August 19, 2019, which was 45 hours before the generation of the first proximity spot
report 1252. The state uncertainty is 52 m with a Delta-V of 2.66 m/s. The perigee decreased
from GEO+316km to GEO+28%m with a decrease in drift rate from 4.07 degrees/day to
3.88 degrees/day. Satellite A is expected to match the inclination of Satellite B, and 0.66 m/s
of burn is required for proximity. The maneuver decreased a required burn rate from 2.00 m/s
to 0.66 m/s. The first proximity spot report 1252 indicates that the conjunction is expected to
occur 34 hours after this report with a minimum distance of 0 km +/- 5.2 km at 08:24:42 on
August 22, 2019. The maneuver decreased the minimum distance from 16 km to 0 km and
will give Satellite A a solar lighting advantage, even though prior to the maneuver, Satellite
B would have had a slight solar lighting advantage.

[0251] Figure 35 shows a second proximity spot report 1254 in response to a

maneuver performed by Satellite C. The second proximity spot report 1254 includes a
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display interface detail 1206 and a spot report detail 1208. The 11206 includes a plurality of
object orbits 1212, including the orbits of Satcllites C and D.

[0252] The spot report detail 1208 shows that Satellite C maneuvered at 17:24:02
on August 12, 2019, with a Delta-V of 1.58 m/s. The apogee increased from GEO-28km to
GEO-10km and the perigee decreased from GEO-42km to GEO-55km. Satellite C matched
the inclination of Satellite D, and a Delta-V of 1.82 m/s is required to enter proximity
operations. The second proximity spot report 1254 indicates that the conjunction is expected
to occur with a minimum distance of 16 km +/- 1.2 km at 15:31:32 on August 14, 2019. The

maneuver will give Satellite C a solar lighting advantage.

Alert Management

[0253] The systems can display and manage alerts (e.g., description, report,
update, etc.). Certain alerts may be automatically generated while others may be generated as
a result of user interaction with a user interface. In some embodiments, the user interfaces
may display to a user one or more alerts. The user may be able to select an alert and view the
alert or metadata associated with the alert, update the alert, remove the alert, transmit the
alert to another computer, and/or take another action related to the alert. The alert may notify
a user of unique interactions between or among two or more space objects that have already
occurred, that are occurring at a present time, that are expected to occur based on current
trajectories, and/or that may occur based on contingent intermediate maneuvers of one or
more space objects. Accordingly, the alerts may include a report and/or other alert data
related to one, two, or more space objects and/or path parameters associated therewith.

[0254] As discussed above, there are many kinds of alerts that can be identified
and/or generated by the systems described herein. For example, an alert can be related to a
maneuver, a proximity of two space objects, a station keeping of a space object, a failure to
station keep by a space object, failure to maintain a stable orbit, an apparent destination or
source orbit of a space object (e.g., to/from a graveyard orbit. etc.), a drift rate of a space
object, an appearance of a new object, a disappearance of a known object, a change in a
magnitude (e.g., radiometric measurement) associated with one or more space objects, and/or

other conditions or scenarios described herein may result in generation of an alert.
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[0255] In some embodiments the system may be able to predict what a user
determines to be an alert. For example, the system may usc a trained machine learning model
to develop predictions for what a user may identify as important alerts and/or what a user
identifies as a dismissible alert. The methods and systems for using deep learning techniques
to arrive at what is an important or dismissible alert, alone or in combination with other data
(e.g., user input). Deep learning techniques in the form of one or more algorithms can be
used to analyze the alerts. An algorithm can obtain results of user responses to alerts as input
data and output a prediction of a user outcome of an alert. The algorithm may utilize a neural
network, such as a convolutional neural network (CNN), or some other machine learning
model. In some embodiments, the algorithm includes a particle filter that is configured to
probabilistically assign a condition that most likely matches or fits with characteristics
associated with each dismissed and/or maintained. This probabilistic assignment may be
based on hundreds, thousands, or even millions of relevant alerts as prior information.

[0256] The system can receive alert input, pass the alert input through a machine
learning model, such as, for example, a convolutional neural network (CNN), and receive an
alert status output. The machine learning model can receive the alert input and pass it to one
or more model layers. The model layers can include a plurality of convolutional layers that
“convolve” with a multiplication or other dot product. Additional convolutions may be
included, such as pooling layers, fully connected layers, and normalization layers. One or
more of these layers may be “hidden” layers because their alert inputs and alert status outputs
are masked by an activation function and a final convolution.

[0257] Pooling layers may reduce the dimensions of the data by combining the
alert status outputs of neuron clusters at one layer into a single neuron in the next layer.
Pooling may be a form of non-linear downsampling. Pooling may compute a max or an
average. Thus, pooling may provide a first approximation of a desired feature, such as a
degree of damage to a hair follicle or other sample. For example, max pooling may use the
maximum value from each of a cluster of neurons at a prior layer. By contrast, average
pooling may use an average value from one or more clusters of neurons at the prior layer, as
represented schematically in FIG. 2. Maximum and average pooling are only examples, as
other pooling types may be used. In some examples, the pooling layers transmit pooled data

to fully connected layers. Fully connected layers can connect every neuron in one layer to
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every neuron in another layer. Thus, fully connected layers may operate like a multi-layer
perceptron ncural network (MLP). A resulting flattencd matrix can pass through a fully
connected layer to classify alert input.

[0258] At one or more convolutions, the algorithm can use a sliding dot product
and/or a cross-correlation. Indices of a matrix at one or more convolutions or model layers
can be affected by weights in determining a specific index point. For example, each neuron
in a neural network can compute an alert status output value by applying a particular function
to the alert input values coming [rom the receptive field in the previous layer. A vector of
weights and/or a bias can determine a function that is applied to the alert input values. Thus,
as the machine learning model proceeds through the model layers, iterative adjustments to
these biases and weights results in a defined alert status output, such as a likelihood of a user
dismissal of the alert, or the like.

[0259] FIG. 36 shows an example visualization display 200 that shows a space
object graphical representation 1304 in combination with other features described herein. The
space object graphical representation 1304 shows a space object pictorial representation
1308, one or more space object identification indicators 1312, one or more space object
property indicators 1316, and/or space object orbit indicators 1320. The space object
graphical representation 1304 shown corresponds to a target track identifier 1354a. As shown
the target track identifier 1354a is indicated within the destination track region 824 of the
visualization display 200. The target track identifier 1354a corresponds to selected track
representations 1340a in both the longitude-time graph 204 and the longitude-latitude graph
212. The space object graphical representation 1304 may be overlayed across the
visualization display 200 and may be manipulable (e.g., resized, moved, etc.) by a user.

[0260] The space object pictorial representation 1308 can include a visual image
of what the Satellite AA looks like or may look like to a human viewer. For example, the
space object pictorial representation 1308 shows a satellite that includes a large image sensor,
a data communication interface, solar panels, and other features.

[0261] The space object identification indicators 1312 can include identifying
details or characteristics that may be relevant to and/or identify the Satellite AA. For

example, the space object identification indicators 1312 can include an system identification
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number, an international identification number, a country of origin and/or ownership, and/or
an cntity that owns the space object.

[0262] The space object property indicators 1316 can include relevant details
about the Satellite AA that are of interest to a user. For example, the space object property
indicators 1316 can include an object class (e.g., dead satellite, operational satellite, active
satellite, etc.), a size class (e.g., large, micro, etc.), a shape class (e.g.. cylinder, cube,
elongate, irregularly shaped, box, etc.), an aspect ratio (e.g., large, small, etc.), an indication
of solar panels (e.g., 2 horizontal solar panels, 4 vertical solar panels, none, elc.), a status
such as an orbit status (e.g., geo-orbit) or other properties (e.g., inclusion of thrusters, etc.), a
state of the satellite (e.g., station keeping, drifting, dynamic slewing, in geo-orbit, etc.), an
average visible magnitude (e.g., 13.27), a size estimate (e.g., 1.8 m), and/or other property of
the space object.

[0263] The space object orbit indicators 1320 can include details related to an
orbit of the space object. For example, the space object orbit indicators 1320 can include a
source of the orbital information (e.g., Exo Space Catalogue, another private catalogue, a
military catalogue, etc.), a current longitude of the space object (e.g., 22.47), an apogee (e.g.,
35814 km or GEO + 28 km), a perigee (e.g., 35791 km or GEO + 5 km), an inclination (e.g.,
11.740), a drift rate (e.g., -0.210/day), a position uncertainty (e.g., 4272 m), an orbit age (e.g.,
0.95). and/or other information related to the space object’s orbit. In some embodiments, the
space object graphical representation 1304 can additionally or alternatively include treaty
information related to a country of origin or ownership of the space object (in the case shown
in FIG. 36, Country A). For example, the treaty information may include a listing of existing
treaties governing the country, such as Treaty 1 or Treaty 2 as shown.

[0264] FIG. 37 shows an example visualization display 200 that includes an alert
and source track interface 1324 as well as a selected alert interface 1346 and an alert
selection interface 1328. The alert and source track interface 1324 can list one or more alerts
associated with corresponding source tracks. The source tracks may be identified with
corresponding source track identifiers. As shown, the source track identifiers include alerts
associated with Satellites CC, BJ, BC, BG, BF, BH, and EE. A user may be able to select one
or more of the source track identifiers from the alert and source track interface 1324 (e.g., by

selecting an associated alert) and/or from corresponding track representations within the
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longitude-time graph 204, the longitude-latitude graph 212, and/or some other region of the
visualization display 200. The source track identifiers may include an indicator of country
origin or ownership (e.g.. a country flag) and/or a speed of a corresponding space object. A
color associated with each of the source track identifiers may be indicated by the
corresponding source track identifier. That color may be indicated by corresponding track
representations within the longitude-time graph 204 and/or the longitude-latitude graph 212.
In some embodiments, the corresponding track representations may be indicated using some
other indicator additional to or alternative to color (e.g., shape of individual track
representation elements, shading, etc.). In some embodiments the alert and source track
interface 1324 can show all or nearly all alerts shown in the longitude-time graph 204 and/or
the longitude-latitude graph 212. If there are more alerts than can be shown at once, the alert
and source track interface 1324 may include an expander selector, such as a scroll window,
to allow a user to see the additional alerts.

[0265] In some embodiments the visualization display 200 includes a selected
alert interface 1346. The selected alert interface 1346 can include one or more features of the
visualization display 200, such as an angle of coverage, a degree of persistence, a gap time,
an amount of time latency, an availability and/or accuracy and/or sensitivity of
measurements, a number of sensors used to obtain the measurements, a number of objects, a
number of observations, a number of patched or modified observations, and/or other data
related to the space objects. The data of the selected alert interface 1346 may be divided into
segments for one or more of those categories. The segments may correspond to NOW,
DISPLAY. and/or TOTAL.

[0266] FIG. 38 shows the visualization display 200 of FIG. 36 but with the alert
and source track interface 1324 and the target track identifier 1354a within the alert selection
interface 1328. The alert may have been generated by a user (e.g., after viewing the space
object graphical representation 1304 and/or the selected track representation 1340a within the
visualization display 200) and/or automatically by the system. In some embodiments, the
destination track region 824 changes to the selected alert interface 1346 after the target track
identifier 1354a has been identified as an alert and/or in response to the same.

[0267] FIG. 39 shows the visualization display 200 with an indication of an alert

type indicator 1332 corresponding to a radiometric (e.g., photometric) alert. The radiometric
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alert may correspond to one or more of a variety of possible radiometric alerts, such as a
slewing anomaly, a spin stable alert, a tumbling alert, and/or any radiometric or photometric
anomalies described herein, such as ones regarding an attitude of the space object. The alert
type indicator 1332a can include a text descriptor and/or graphical descriptor (e.g., icon) of
the nature of the alert. The alert type indicator 1332a can indicate that a target track identifier
1354b is associated with the alert.

[0268] FIG. 40 shows a different alert type indicator 1332b related to a
manecuver-based alert. As discussed above, maneuver-based alerts can include one or more of
a variety of alerts, including ones related to station keeping (e.g., failing to keep station), an
orbit transfer, drifting, moving to/from a different orbit, etc. Also shown in the alert and
source track interface 1324 of FIG. 40 is the inclusion of the alert related to Satellite CC from
FIG. 39.

[0269] FIG. 41 shows another alert type indicator 1332c related to an object
interaction alert associated with Satellite EE. As shown, the alert type indicator 1332c
indicates a proximity alert, but other kinds of object interaction alerts are possible, such as a
conjunction alert or other alerts described herein. The alert type indicator 1332c is associated
with the target track identifier 1354d corresponding to a selected track representation 1340e
and a predicted track representation 1350e. The predicted track representation 1350e may
have previously been calculated.

[0270] FIG. 42 and FIG. 43 both show a selected track representation 1340e and a
predicted track representation 1350e each associated with a target track identifier 1354e. FIG.
43 shows a zoomed out version of FIG. 42. As shown in FIG. 42, the Satellite FF has
engaged in an orbit transfer, as shown by the orbit transfer indicator 1342. Such an orbit
transfer may trigger its own alert. FIG. 44 shows the visualization display 200 including the
scalar-time graph 208 associated with the Satellite FF. As can be seen in the analysis plot and
the scalar-time graph 208, the pattern of the radiometric observations obtained of the Satellite
FF before and after the orbit transfer indicates the changed orbit.

[0271] FIGS. 45-49 shows a sequence of selection and removal of an alert and its
associated destination track(s). FIG. 45 shows a selection of the selected track representation
1340d associated with Satellite EE. In FIG. 46, a user has selected an alert display toggling

selector 1358 allowing the user to include an alert associated with selected track
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representation 1340d in the alert and source track interface 1324 as indicated by the alert
display toggling indicator 1362. In some cmbodiments, thc user can sclect a type of alert
and/or details associated with the alert. FIG. 47 shows the inclusion of the alert associated
with Satellite EE in the target track identifier 1354d. As shown in FIG. 47, a user can select
an alert display toggling selector 1358 to allow the user to ultimately delete or remove the
alert associated with Satellite EE from the alert and source track interface 1324. As shown in
FIG. 48, a destination track removal indicator 1374 appears in response to selection of the
alert display toggling selector 1358 and allows a user to select one or more alerts to remove
from the alert and source track interface 1324. In response to selection of the target track
identifier 1354d, the alert for Satellite EE is no longer visible, as shown in FIG. 49. In FIG.
49, the deselected track representation 1366 is indicated by a different color of track
representation relative to the color of the track in FIGS. 45-48. Other differences in
indication are possible, such as shape, shading, etc. In some embodiments, the indication of
the Satellite EE may be maintained in the alert and source track interface 1324 until a user
takes a different action.

[0272] FIG. 50 shows a space object annotated graphical representation 1404. It
may be helpful to see a space object annotated graphical representation 1404 that includes
updated or annotated information about the corresponding space object (in this case Satellite
GG). As shown. the space object annotated graphical representation 1404 includes a space
object pictorial representation 1408, one or more space object identification indicators 1412,
one or more space object property indicators 1416, one or more space object annotated
activity indicators 1422, and one or more space object orbit indicators 1420.

[0273] The space object pictorial representation 1408, like the space object
pictorial representation 1308, can include can include a visual image of what the Satellite GG
looks like or may look like to a human viewer. As shown by FIG. 50, the displayed satellite
includes a large cubic satellite with solar panels, among other features.

[0274] The space object identification indicators 1412 can include one or more of
the features described above with regard to the space object identification indicators 1312.
The space object property indicators 1416 can include one or more features of the space
object property indicators 1316 described above. The space object orbit indicators 1420 can

include one or more features of the space object orbit indicators 1320 described above.
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[0275] The space object annotated activity indicators 1422 can include details of
alerts or other dctails about a spacc object. For example, the space object annotated activity
indicators 1422 can describe when the space object entered a particular orbit, when a drift
rate is or was changed, when a conjunction occurred, when the space object failed to keep its
station, when the space object made a maneuver, etc. An end time of any of these may also
be annotated. The annotations shown in the space object annotated activity indicators 1422
can be added to, removed, or otherwise modified by a user. Additionally or alternatively, the
annotations may be tracked by the system and automatically updated when the space object
annotated graphical representation 1404 is displayed. An annotation may indicate an
accuracy of an alert, such as whether the alert is a true positive. A true positive may
correspond to an alert that accurately describes a state or movement or other aspect of the
space object. A true positive may be determined at least in part by comparing other data
within the system, such as other space object data.

[0276] FIG. 51 shows an example method 6000 of managing alerts based on
detection of movement parameters for space objects. The method 6000 can be performed by
a system, such as a system described herein. At block 6004 the system can identify a space
object and an object alert associated with a change in one or more movement parameters of
the space object. The object alert may reflect astrometric and/or photometric properties, such
as those described herein. The object alert can include alert metadata, such as details about
when the alert was generated, what the nature of the alert is, and/or some other metadata. At
block 6008 the system can generate data configured to display a display region and an object
alert indicator within the display region. The object alert indicator can correspond to the
object alert. The data may be configured to display the object alert indicator at a location
within the display region. The location may be based on the alert metadata. At block 6012 the
system can generate data configured to display, within a second display region, a listing of a
plurality of alerts comprising the object alert. At block 6016 the system can receive a user
selection of an alert from the plurality of alerts configured to be displayed in the second
display region. At block 6020 the system can automatically generate updated data configured
to display an updated display region based on the user selection of the alert. The updated
display region can include a panned, rotated, and/or zoomed perspective of the display

region.
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[0277] The system can additionally or alternatively receive a user removal-
sclection of the object alert indicator. In responsc to sclection of the removal-selection, the
system can generate updated data that is configured to display the updated display region
without the object alert indicator. Additionally or alternatively, the system may remove an
indication that a corresponding track is associated with the alert. For example, the
corresponding track may be displayed with a different color or other indicator, as described
above.

[0278] In some embodiments, based on the alert metadata, the system may
determine a state change of the space object. The state change can include one or more of a
perturbation of the path of the space object, a changed attitude, a changed configuration of
the space object. or some other state change described herein. Based on the state change. the
system can identify one or more updated movement parameters associated with the space
object and generate updated data that is configured to display an indication of the one or
more updated movement parameters. In some embodiments, the system can generate updated
data that is configured to display within the updated display region a longitude-time graph as
described herein. additionally or alternatively, the system may determine a change in a
radiometric (e.g., photometric) attribute associated with the space object. The one or more
updated movement parameters can include the change in the radiometric attribute. For
example, the system may determine that the change in the radiometric attribute exceeds a
threshold value and, based on this determination, determine that the space object is in one or
more of the following: a state of tumble, a state of uncontrolled spin, a state of directed
orientation, a state of spin stable, and/or a state of attitude control. The system may identify a
physical shape of the space object based on the radiometric attribute and/or display the
physical shape, such as in a space object graphical representation described herein.

[0279] In some embodiments, the system can determine, based on the physical
shape of the space object, a second radiometric attribute of the space object associated with a
time later than a time associated with the object alert. For example, the system may be able to
predict a shape, attitude, or other attribute of the space object at a future time.

[0280] In some embodiments a user can set a threshold value for determining
when an alert should be generated for a space object. The system may determine that if a

particular aspect of the space object exceeds the threshold, then the alert should be generated.
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[0281] In some embodiments, the system can highlight an alert, such as in
responsc to a user sclection (c.g., mouse click, mousc over, ctc.). The highlighting can be

enlarged letters or pictures, flashing, change in color, or some other highlighting.

Data Object Management

[0282] The management of space objects can be important for tracking, reporting,
and otherwise managing space object alerts, space object metadata, space object movement
parameters, and/or other aspects of space object observations and management. Data objects
corresponding to one or more aspects of the data described above. For example, a data object
may be created in response to a determination by the system that a space object has likely
caused and/or experienced a maneuver or other action that passes an alert threshold. If
movement of a space object passes such a threshold, a data object that includes relevant data
(e.g., metadata, movement parameters, etc.) can be created.

[0283] After a data object is created, a space object alert can be sent to and/or
stored in a temporary database, where the system can automatically and/or a human analyst
can validate the authenticity of the alert. Even though an alert may be generated by the
system (e.g., because certain movement parameters trigger and/or meet an alert threshold),
the alert may represent a false positive in the sense that true data corresponding to motion,
location, and/or other data associated with the space object may not accurately be reflected in
the alert. This may cause an alert to be generated even when the true data associated with the
space object would not constitute an alert. If the alert can be authenticated (e.g., confirmed),
the system can then automatically send and/or store the alert to a curated database of
authentic space object alerts. The alert may be stored in a data object. Additionally or
alternatively if the alert can be authenticated, then the data object may be referred to as a
“curated data object.” For data objects for which the alert data cannot be and/or has not yet
been authenticated, the data object may be an “uncurated data object.”

[0284] It may be advantageous to send alerts to remote computing devices
corresponding to interested parties or entities. For example, certain entities may be interested
in the motion, position, or other data associated with certain space objects (but perhaps not
others). Thus, alerts related to those certain target space objects can be sent to those

interested entities (and perhaps not to other entities). Accordingly, it may be beneficial for
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the systems described herein to correlate alert data with relevant entities. The system can
include a publish sclector to allow a user to “publish” the alert and/or data object if the alert
and/or data object are ready to be sent to the relevant entities (e.g., if the data object has been
authenticated). Publishing can therefore include indicating that the relevant data is ready to
be transmitted to the remote electronic device(s). Additionally or alternatively, publishing
may refer to the transmitting itself.

[0285] Once a user presses publish on a -publish selector, the system can
automatically determine where (o send the authenticated space object alert. This
determination may have been previously made (e.g., as described above). The data to be
transmitted may be transmitted from the curated database and/or may be based on one or
more destination parameters. The destination parameters may correspond to and/or indicate
respective recipient remote electronic devices. In some embodiments, the recipient electronic
device can set the destination parameters.

[0286] Additionally or alternatively, the entities may set the alert thresholds
and/or other criteria that determine what constitutes an uncurated alert, what constitutes a
curated alert, for what object(s) alerts should be determined, a time (e.g., time of day,
frequency, etc.) of transmission, a mode of transmission, an indication of urgency of alerts,
and/or other relevant aspects of space objects and their motion that may be relevant for the
system. Such information can include specific metadata or movement parameter thresholds,
all metadata or movement parameters associated with a specific space object, and/or all
metadata or movement parameters gathered by and/or received from specific telescopes.

[0287] FIG. 52 shows a block diagram of an example curated data object system
1600, according to some embodiments. The curated data object system 1600 can include a
space object data interface 1604, a user interface 1608, an alert data interface 1612, a
memory 1616, a processor 1620, an uncurated alert database 1624, and/or a curated alert
database 1628. The curated data object system 1600 may correspond to other systems
described herein. The curated data object system 1600 may include one or more features of
any system described herein. The user interface 1608 may include one or more features of the
visualization display 200 or other interface described herein. The memory 1616 and/or
processor 1620 may include features described of a corresponding memory and/or processor

above. The uncurated alert database 1624 may be configured to store uncurated alerts and/or
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uncurated data objects. Additionally or alternatively, the curated alert database 1628 may be
configured to storc curated alerts and/or curated data objccts.

[0288] The memory 1616 can include a trained machine learning model stored
thereon. The trained machine learning model may be in operative communication with other
elements of the system via one or more data connections. Although the trained machine
learning model may be separate (e.g.. remote) from the curated data object system 1600, in
some embodiments the trained machine learning model is included in the curated data object
system 1600.

[0289] Images of the space objects may be captured as described above. After
capture, these images may be processed using the trained machine learning model. This
process may be done automatically in response to receiving the images received by the
curated data object system 1600.

[0290] The trained model may receive an input (e.g., image of a space object),
pass the input through the trained machine learning model, for example, a convolutional
neural network (CNN), and receive an output. The input may include one or more images or
other tensor, such as those received from the telescopes. The trained machine learning model
receives the input and passes it to one or more model layers. In some examples, the one or
more model layers may include hidden layers and a plurality of convolutional layers that
“convolve” with a multiplication or other dot product. Additional convolutions may be
included, such as pooling layers, fully connected layers, and normalization layers. One or
more of these layers may be “hidden” layers because their inputs and outputs are masked by
an activation function and a final convolution.

[0291] Pooling layers may reduce the dimensions of the data by combining the
outputs of neuron clusters at one layer into a single neuron in the next layer. Pooling may be
a form of non-linear down sampling. Pooling may compute a max or an average. Thus,
pooling may provide a first approximation of a desired feature, such as an alert status or
maneuver. For example, max pooling may use the maximum value from each of a cluster of
neurons at a prior layer. By contrast, average pooling may use an average value from one or
more clusters of neurons at the prior layer. It may be noted that maximum and average
pooling are only examples, as other pooling types may be used. In some examples, the

pooling layers transmit pooled data to fully connected layers.
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[0292] Fully connected layers may connect every neuron in one layer to every
ncuron in another layer. Thus, fully connccted layers may operate like a multi-layer
perceptron neural network (MLP). A resulting flattened matrix may pass through a fully
connected layer to classify the input.

[0293] At one or more convolutions, the system may calculate a sliding dot
product and/or a cross-correlation. Indices of a matrix at one or more convolutions or model
layers maybe affected by weights in determining a specific index point. For example, each
neuron in a neural network may compute an output value by applying a particular function to
the input values coming from the receptive field in the previous layer. A vector of weights
and/or a bias may determine a function that is applied to the input values. Thus, as the trained
machine learning model proceeds through the model layers. iterative adjustments to these
biases and weights results in a defined output, such as a location, orientation, or the like.

[0294] FIG. 53 shows an example method 1650 for determining where to send a
curated data object based on the curated data object’s destination parameters. The method
1650 can be performed by a system, such as a system described herein. At block 1654 the
system can receive a plurality of movement parameters associated with one or more space
objects. The plurality of movement parameters may be associated with corresponding
timepoints of the space object, of which the orbit of the space object can be determined. At
block 1658 the system can receive input from the user comprising an alert threshold. The
alert threshold can be triggered by proximity, time, or specific space objects. At block 1662
the system can determine that specific movement parameters of the space object satisfy one
of the alert thresholds. At block 1666 the system can generate an object alert associated with
the space object. The object alert can include alert metadata, such as details about when the
alert was generated, what the nature of the alert is, and/or some other metadata. At block
1670 the system can receive from the user a selection configured to generate a curated data
object comprising the first object alert and a destination parameter associated with the
recipient electronic device. At block 1674 the system can transmit the curated data object to a
first recipient electronic device and not to a second recipient electronic device based on the
destination parameter of the curated data object satisfying the first recipient electronic

device’s threshold and not the second recipient electronic device’s threshold. For example,
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the destination parameter may be associated with the first recipient electronic device but not
the second recipient clectronic device.

[0295] The system can additionally or alternatively send the curated data object to
the first recipient electronic device and not the second recipient electronic device based on
transmission criteria such as time of day, a user command, a proximity of the first space
object with a second space object at a current time, a determination that the object alert is
associated with a time in the past, or a determination that the object alert is associated with a
time in the future.

[0296] In some embodiments, the system can generate updated data configured to
display a display region and an object alert indicator within the display region. The object
alert indicator can correspond to the object alert. The data in this embodiment may display
the object alert indicator at a location within the display region based on the curated data
object. Additionally, or alternatively, the system can generate data configured to display,
within a second display region, a listing of a plurality of alerts comprising the object alert.
The system may then receive via a user interface, a user selection of an alert from the
plurality of alerts displayed in the second display region. Based on that user selection, the
system can automatically generate updated data configured to display an updated first display
region. The first display region comprising a panned, rotated, and/or zoomed perspective of
the display region.

[0297] In some embodiments, the system can determine the orbit of the space
object based on a period that overlaps the selected time period, precedes the selected time
period, and/or succeeds the selected time period. The selected time period spanning from a
lower-time limit to an upper-time limit. Additionally, or alternatively, the system can
generate a display interface comprising a time axis that spans from the lower-time limit to the
upper-time limit, and displays an indication of the orbit spanning at least the time period.

[0298] In some embodiments, the system can receive a plurality of movement
parameters that contain a set of identifiers. including a name identifier, a time identifier. a
latitude identifier, and a longitude identifier. Additionally, the system may generate a
magnitude-time plot, comprising a magnitude axis, a time axis, and a plurality of pixels
corresponding to magnitude-time points within the magnitude-time plot. each point

corresponding to a set of identifiers within a lower and upper limit.
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[0299] Additionally, or alternatively, the system can generate a proximity plot,
which compriscs a distance axis and a time axis, both spanning upper and lower limits. The
proximity plot also may contain a plurality of pixels corresponding to distance-time points
within the proximity plot, each point corresponding to a set of identifiers within a lower and
upper limit.

[0300] Additionally or alternatively, the proximity plot may also indicate the orbit
of a space object in relation to the path of a second space object. The proximity plot may
further comprise a graphical indication of a minimum distance between the space object and
the second space object.

[0301] FIG. 54 shows an example method 1700 generating and storing a curated
data object into a curated alert database. The method 1700 can be performed by a system,
such as a system herein. At block 1704 the system can determine that one or more movement
parameters associated with a space object satisfy an alert threshold. The one or more
movement parameters can be used the system to determine the orbit of the space object. At
block 1708 the system can generate and store in an uncurated alert database an uncurated
alert data object, based on the determination that the first one or more movement parameters
satisfies the alert threshold. The uncurated alert data object comprising a change in the one or
more movement parameters associated with the first space object. At block 1712 the system
can receive an alert-publish selector from the user. The alert-publish selector being a
selectable option that the user can trigger when the space object alert has been validated. At
block 1716 the system can generate and store in a curated alert database a curated alert data
object. The curated alert data object comprising the change in the one ore more movement
parameters associated with the first space object and is generated based on the user selection
of the alert-publish selector.

[0302] The system can additionally or alternatively receive a user selection
configured to generate display data for displaying a magnitude-time plot. Additionally, or
alternatively, the system can receive user selection configured to update the display data for
displaying a proximity plot configured to indicate a minimum distance between the space
object and a second space object.

[0303] In some embodiments. the system may include a destination parameter

with the curated alert data object. The destination parameter being associated with a recipient
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electronic device. The system can then transmit the curated alert data object to the recipient
clectronic device and not a sccond recipient clectronic device based on the destination
parameters of the curated data object. This transmission may be directly or indirectly from
the uncurated database.

[0304] FIG. 55 shows an example method 1750 for transmitting an object alert to
a first remote electronic device but not to a second remote electronic device. The method
1750 can be performed by a system, such as a system herein. At block 1754 the system can
receive a first alert criteria. The first alert criteria is associated with the first remote electronic
device. At block 1758 the system can receive a second alert criteria. The second alert criteria
is associated with the second remote electronic device. The first and second alert criteria can
be based on specific user set thresholds such as proximity, time of day, and/or a user
command. At block 1762 the system can determine, based on the first alert criteria and/or the
second alert criteria, a space object. At block 1766 the system can determine that one or more
movement parameters associated with the space object satisfy the first alert criteria but not
the second alert criteria. At block 1770 the system can generate an object alert associated
with the first space object. The object alert corresponds to a change in the one or more
movement parameters associate with the space object. The object alert generated based on
the determination that the one or more movement parameters associated with the space object
satisfy the first alert criteria. At block 1774 the system can transmit the object alert to the first
remote electronic device but not to the second remote electronic device based on the
determination that the one or more movement parameters associated with the space object
satisfies the first alert criteria but not the second alert criteria.

[0305] The system can additionally or alternatively, when requested by the user,
generate a curated dated object that comprised the object alert and a destination parameter
associated with the first remote electronic device.

[0306] In some embodiments, the system can receive user selection configured to
generate display data for displaying a magnitude-time plot. Additionally. or alternatively, the
system can determine an orbit of the space object based on the one or more movement

parameters associated with the space object.
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[0307] In some embodiments, the system can receive user selection configured to
gencrate display data for displaying a proximity plot configurcd to indicatc a minimum
distance between the space object and a second space object.

[0308] FIGS. 56-59 show a sequence of images of an example user interface (e.g.,
visualization display 200) for creating and managing data objects, such as curated data
objects, associated with orbital objects and other space objects. FIG. 56 shows a plurality of
published object alert indicators 1804. The published object alert indicators 1804 may have
been previously determined by the system (o be space object alerts or some other kind of
alerts (e.g., maneuver alerts). Additionally or alternatively, the published object alert
indicators 1804 may have been reviewed by a human analyst and/or a trained computer
model for identifying and/or confirming the alerts.

[0309] The published object alert indicators 1804 may be referred to as published
annotations and/or may be displayed within the longitude-time graph. The published object
alert indicators 1804 may show details associated with one or more particular space objects
and/or a plurality of space objects. For example, the published object alert indicators 1804
may indicate a location (e.g., in time and/or space), such as in a longitude-time plot or
longitude-latitude plot described herein, of where a maneuver described herein took place or
is taking place or is to take place by the one or more space objects. As shown, the published
object alert indicators 1804 show multiple instances of conjunctions between two objects,
indicated by corresponding space object indicators 1808a-b. The first space object indicator
1808a corresponds to Satellite AAA and the second space object indicator 1808b corresponds
to Satellite BBB. The space object indicators 1808a-b may be displayed in the longitude-time
graph, the longitude-latitude graph, the stitching tool interface 804, and/or in any other
portion of the visualization display 200. The published object alert indicators 1804 in FIG. 56
also show other published object alerts, such as station keeping alerts. The published object
alert indicators 1804 may include any of the alert types described herein.

[0310] The published object alert indicators 1804 may be based at least in part on
a determined orbital path of one or more of the objects involved in the maneuver. The orbital
path may not be necessarily displayed in the user interface (e.g., in the longitude-time plot),
as is the case in FIG. 56. However, FIG. 56 shows a system that was at the time currently

calculating a transfer orbit, a maneuver orbit, and orbit residuals. As described in more detail
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above, the system can use the first space object track 1806a to calculate the orbit of Satellite
AAA. Additionally or altcrnatively, the system may usc the sccond spacce object track 1806b
to calculate the orbit of Satellite BBB. The orbit may be based on only the space object orbit
tracks 1806a-b shown in some embodiments. Additionally or alternatively, other selected
tracks may be used in the calculation in some embodiments even if they are not shown in the
visualization display 200.

[0311] The published object alert indicators 1804 may be manually input by a
user for later display and/or they may be automatically generated based on a determination of
the orbital path(s) of one or more objects involved in the maneuver and/or one or more
maneuver parameters (e.g., velocity, direction, and/or acceleration of one or more space
objects; nature of maneuver; location of maneuver; time of maneuver; etc.) associated with
the maneuver, such as those described herein. The maneuver parameters may be based at
least in part on one or more movement parameters (e.g., velocity, location, direction of travel,
acceleration, etc.) associated with one or more objects associated with the maneuver. As
shown, the published object alert indicators 1804 may repeat based on a regular occurrence
(e.g., regular locations, regular or predictable times), and this regularity may be predictable in
the future based on a calculated orbit. The published object alert indicator 1804 may be
published. For example, the published object alert indicator 1804 may be transmitted to a
remote computing device that stores and/or disseminates the published object alert indicator
1804 and/or maneuver parameters associated therewith.

[0312] In some embodiments, a user may select an object and add or remove an
associated annotation. The system may display only annotations for selected object(s), in
some embodiments. In some embodiments, one or more annotations may only be displayed
at appropriate levels of downsampling. For example, the system may select a subset of
annotations to be displayed when at a certain level of downsampling the number of
annotations is too many to legibly fit within the appropriate location. In some embodiments,
the published object alert indicators 1804 may be automatically generated in response to a
user selection (e.g., confirmation of a true positive) of an alert described herein.

[0313] FIG. 56 also shows the stitching tool interface 804 that includes an alert
list interface 1336. The alert list interface 1336 can include one or more space object

indicators corresponding to space objects for which alerts have been identified by the system
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and/or by an analyst. If a space object indicator is available to be selected, it can appear in the
alert list interface 1336 as sccond space object indicator 1808b. The sccond space object
indicator 1808b also appears on visualization display 200 in the form of second space object
track 1806b, which shows the longitude-time data points that correspond to second space
object indicator 1808b.

[0314] Additionally or alternatively, if a user selects a satellite from alert list
interface 1336, the selected satellite may be removed from alert list interface 1336 and added
to selected alert interface 1346. In the selected alert interface 1346, the selected satellite first
space object indicator 1808a is shown. First space object indicator 1808a also appears in
visualization display 200 in the form of first space object track 1806a, which shows the
longitude-time data points that correspond to first space object indicator 1808a.

[0315] Additionally or alternatively, in the selected alert interface 1346, an alert
rejection selector can be available for the user to reject (e.g., delete) the alert associated with
the first space object indicator 1808a. The user may select this option if the system generated
a false positive alert, and/or if no action is to be taken on the alert due to the first space object
indicator 1808a not satisfying a uniqueness criteria (e.g., first space object indicator 1808a
belongs to the same operator and/or same group of operators as second space object indicator
1808b) in order to be sent to a recipient electronic device.

[0316] Additionally or alternatively, the selected alert interface 1346 includes an
alert-publish selector PubELE (e.g., the alert-publish selector 1896, described below), which
allows the user to generate a curated alert data object and/or store it in the curated alert
database 1628. The curated alert data object comprising a change in the one or more
movement parameters associated with the first space object indicator 1808a.

[0317] Additionally or alternatively, the selected alert interface 1346 includes a
stitch selector (e.g., stitch selector 1898, described below), which allows the user to generate
an updated visualization display 200 with an updated first space object track 1806a. In some
embodiments, the user may select a first space object track 1806a comprising a plurality of
sets of identifiers, and a second space object track 1806b also comprising a plurality of sets
of identifiers. The user may then select the stitch selector and a recipient device selector (e.g.,
a user selector which allows the alert to be sent to a requesting remote electronic device).

Once the user selects the stitch selector, the system may update the name identifier of the
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second space object track 1806b to correspond to the name identifier of the first space object
track 1806a. The systcm may then update the data to indicate that the first space object track
1806a and the second space object track 1806b are associated with the same name identifier.

[0318] Additionally or alternatively, if the system automatically (e.g., using a
trained machine model) and/or an analyst through the stitch selector updates the data to
display that the first space object track 1806a and the second space object track 1806b are
associated with the same space object, the system and/or the analyst may determine that the
first and second space object do not satisfy the uniqueness criteria, and may remove the
second object alert from the alert list interface 1336. Additionally or alternatively, the system
and/or the analyst may determine that the first and second space object do not satisfy the
uniqueness criteria if they have the same recipient device identifier, correspond to the same
owner or agency, and/or each have a recipient device identifier associated with a common set
of recipient device identifiers.

[0319] Additionally or alternatively. if the system automatically and/or an analyst
through the stitch selector updates the first one or more movement parameters associated
with the first space object to include a second one or more movement parameters, replace the
first one or more movement parameters with the second one or more movement parameters,
and/or to remove an already included one or more movement parameters, the system can
automatically modify the alert start of the first space object alert based on the inclusion of the
second one or more movement parameters, and/or the removal of one or more movement
parameters. For example, if the second one or more movement parameters do not satisfy the
alert threshold, the first object alert status can be modified to remove the alert. Additionally
or alternatively, the system and/or the analyst can modify the alert status of the first space
object if the inclusion of a second one or more movement parameters and/or the removal of
one or more movement parameters causes the first space object to satisfy an alert threshold.

[0320] In some embodiments, after determining that the first space object and the
second space object should be removed from the alert list interface 1336, the system and/or
the analyst may still transmit the first object alert to the remote electronic recipient.

[0321] In some embodiments, the system may generate updated display data for
displaying a magnitude-time plot (e.g., the scalar-time graph 208, the analysis plot interface

808, the residual plot 1816, etc.), based on one or more of the plurality of sets of identifiers.
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[0322] FIG. 57 shows residual plot 1816, which contains right ascension residual
indicators 1824, and/or declination residual indicators 1828. FIG. 57 also shows the
calculated orbits of the corresponding space objects via space object orbit indicators 1810a-b.
The residual plot 1816 can be plotted on the same time axis 1820 as the visualization display
200, with the same lower-time limit and upper-time limit. The residual plot 1816 is also
plotted on angular axis 1822, which shows the arcsecond change in residuals from 20 to -15
arcseconds. The residual plot 1816 also shows the right ascension residual indicators 1824
and declination residual indicators 1828. In some embodiments, the right ascension residual
indicators 1824 correspond to first space object orbit indicator 1810a, and the declination
residual indicators 1828 correspond to second space object orbit indicator 1810b. Using these
right ascension residual indicators 1824 and/or declination residual indicators 1828, an
analyst can identify whether an alert automatically triggered by the system is an authentic or
genuine alert. After reviewing the calculated orbits, the residuals, and/or relative proximities
(see, e.g., FIG. 58 below) of the relevant space objects, an analyst and/or a trained machine
model may be able to determine that the alert is authentic, which may result in automatic or
manual generation of a curated data object.

[0323] Additionally or alternatively, as shown, the information provided in the
residual plot 1816 is updated by the system as recently as 6 hours ago.

[0324] FIG. 58 shows the proximity plot 1850, which contains first space object
relative path indicator 1862a corresponding to the first space object, and second space object
relative path indicator 1862b corresponding to the second space object. The proximity plot
1850 can be set on the same time axis 1858 corresponding to the visualization display 200,
and a distance axis 1854. The proximity plot 1850 can show distances, including minimum
distances, between the first space object (in km) and the second space object over a period of
time. The first space object relative path indicator 1862a corresponds to the data points
associated with a first space object, and the second space object relative path indicator 1862b
corresponds to the data points associated with a second space object and may indicate the
distance between a second space object and the first space object while one or more of the
first and/or second space objects follows their trajectories (e.g., orbital paths). A closest
relative distance indicator 1870 shows the distance between the second space object and the

first space object while both space objects were moving. Various apexes of their relative
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distance from each other may be shown throughout both of their trajectories. These apexes
may be at somcwhat regular times (c.g., as shown in FIG. 58) and/or irrcgular times.

[0325] Additionally or alternatively, space object relative motion indicators 1866
shows the closest the second space object got to the first space object, the time at which this
took place, as well as the solar phase angle of the second space object when this occurred. In
some embodiments, the system can use the information provided in space object relative
motion indicators 1866 to generate a proximity alert, time alert, and/or a photosensitivity
alert if the recipient electronic device request that information in their alerts.

[0326] Additionally or alternatively, the proximity plot 1850 has a spot report
selector 1874, which allows the user to generate a spot report based on the space object
relative motion indicators 1866 in the proximity plot 1850.

[0327] FIG. 59 shows a space object spot report indicator 1880 and a space object
conjunction report indicator 1884. The space object spot report indicator 1880 describes
various attributes or features of Satellite AAA and/or its movement. For example, the space
object spot report indicator 1880 can include one or more movement parameters associated
with the Satellite AAA. As shown, the space object spot report indicator 1880 shows a
country of ownership or association of Satellite AAA. The space object spot report indicator
1880 shows that Satellite AAA is associated with a non-cooperative neighbor (Satellite
CCC), which may be another country or an entity or a group of entities. In some
embodiments, the space object spot report indicator 1880 can show cooperative neighbors,
countries, entities, and/or groups of entities. The space object spot report indicator 1880
includes an activity status indicator (e.g., active satellite), a type of payload and/or equipment
of the satellite (e.g., thrusters, frequent relocator, etc.).

[0328] A satellite may be considered “active” if the satellite has shown evidence
that it can move on its own. In some embodiments, whether a satellite is active or not may
impact whether an alert is or even can be generated, whether a data object is or can be
generated, and/or whether a curated data object can be generated from an uncurated data
object. For example, the system may only allow a maneuver alert to be generated if and only
if the system has observation data associated with the satellite corresponding to times that

occur before and after a maneuver-in-question.
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[0329] The system may, for example, determine, based on certain maneuver
criteria, that a spacc object is active. Such mancuver criteria may include a threshold
deviation (e.g.. position, velocity, acceleration) from an expected or calculated orbit and/or
from an orbital path data (e.g., expected position, expected velocity, expected acceleration).
For example. as discussed above with reference to FIGS. 24-30, space objects may perform
maneuvers that indicate that they are active. The maneuver criteria can additionally or
alternatively include certain name identifiers corresponding to a known active satellite.

[0330] If the system identifies that a possible maneuver has taken place, then the
system can confirm that both first and second observation points have been received. The
possible maneuver may include one or more movement parameters or space object
identifiers. Each of the first and second observation points are associated with the respective
times. A time associated with the first observation point should be before a time associated
with the possible maneuver. A time associated with the second observation point should be
after the time associated with the possible maneuver. In such circumstances, the system can
determine that the possible maneuver associated with the first space object satisfies the alert
criteria. If the alert criteria for a maneuver are satisfied and the required observations points
can be confirmed, then the system may generate a data object (e.g., curated or uncurated)
associated with the first space object.

[0331] The space object spot report indicator 1880 can include details related to a
type of state of the Satellite, such as a type of orbit (e.g., geostationary orbit (GEQO)), a type
of maneuver(s) performed (e.g., station keeping, proximity, etc.). Specific orbit information,
such as apogee, perigee, inclination, drift rate, amount of uncertainty in the position
information, an age of the orbit and/or orbit information, and/or other details.

[0332] The space object conjunction report indicator 1884 shows a spot report
based on a conjunction between Satellite AAA and Satellite BBB. The space object
conjunction report indicator 1884 includes information from a conjunction alert. The space
object conjunction report indicator 1884 indicates that Satellite AAA came within a
minimum threshold distance, thus satisfying an alert threshold or alert criteria. A conjunction
can indicate that a space object (here, Satellite AAA) made a maneuver and/or included a
path that came within a minimum threshold distance from a second space object (here,

Satellite BBB). A conjunction may be characterized by a time of closest approach (TCA), a
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miss distance, a relative velocity, and/or uncertainty in position at the TCA. Such information
can allow the system to determinc a probability of collision.

[0333] The space object conjunction report indicator 1884 may further include
whether an inclination of Satellite AAA matched that of Satellite BBB and/or what burn
would be needed for a rendezvous (here, 3.98 m/s). The space object conjunction report
indicator 1884 shows that Satellite CCC is a non-cooperative neighbor of Satellite AAA and
is within a certain distance. The space object conjunction report indicator 1884 shows that
Satellite AAA had the conjunction with Satellite BBB a certain number of days before the
report with a minimum distance of 41 km (including an uncertainty of 1.6 km). The space
object conjunction report indicator 1884 shows a relative velocity between Satellite AAA and
Satellite BBB at the time of the conjunction. The space object conjunction report indicator
1884 shows that Satellite BBB had a strong solar lighting advantage at the time of the
conjunction (e.g., at the TCA). The space object conjunction report indicator 1884 also states
that the Satellite AAA is active and/or may include other features disclosed above with
regard to the space object spot report indicator 1880 above.

[0334] FIG. 60 shows a zoomed in view of an example stitching tool interface
804 and a selected alert interface 1346, according to some embodiments. The stitching tool
interface 804 of FIG. 60 can be included in any of the previously presented display interface
figures and is blown up to discuss certain elements that may have been too small and/or
obscured to adequately indicate and describe. The stitching tool interface 804 can include a
plurality of alert indicators 1890. Each of the alert indicators 1890 can be associated with
corresponding space object indicators 1808 in some embodiments.

[0335] A user may be able to select a spot report selector 1874 to generate a spot
report for a selected alert or selected track identified in the selected alert interface 1346. The
user may select the spot report selector 1874 by clicking on, double clicking on. and/or
hovering over the spot report selector 1874.

[0336] A user can select an alert list display modification selector 1888, which
can change what is shown within the stitching tool interface 804. For example, the user may
cycle or toggle through various options for display. A first option is to display no alerts (e.g.,
alert objects) withing the stitching tool interface 804. A second option is to display only

conjunction alerts or alert objects. A third option is to display only proximity alerts or alert
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objects. A fourth option is to show all other types of alerts or alert objects. Alert objects may
be data objects described herein, which can include alert data and/or other data displayed, for
example, by a spot report.

[0337] The stitching tool interface 804 can additionally or alternatively include
one or more recipient device selectors 1886. The recipient device selectors 1886 can allow a
user to associate a selected alert or alert object with a recipient device and/or entity. As
discussed above, certain entities may be interested in only certain space objects, certain alert
types, certain geographic locations, certain types of space objects, and/or other categories of
objects/alerts. Accordingly, it can be advantageous for the system to be able to allow a user
to associate such objects and/or alerts with one or more entities via selection of
corresponding one or more recipient device selectors 1886.

[0338] In some embodiments, a user can select a target recipient device selector
1886 to have only alerts associated with the corresponding recipient device displayed within
the stitching tool interface 804. Additionally or alternatively, in some embodiments a user
must both select a recipient device selectors 1886 and the alert-publish selector 1896 in order
to associate the space object and/or alert with the target recipient device. The alert-publish
selector 1896 can be selected by a user to “publish™ an alert. In response to selection of the
alert-publish selector 1896, the system may automatically generate a data object associated
with the published alert. The data object may be an uncurated data object until the uncurated
data object has been validated and/or authenticated by an analyst and/or a trained machine
model. In response to the authentication process, a curated data object may be generated and
stored. In some embodiments, in response to creating the curated data object, the uncurated
data object may be modified, such as being updated to a different location or deleted
altogether. The uncurated data objects may be saved in a different location as the curated data
objects (e.g.. the uncurated alert database 1624 vs. the curated alert database 1628).

[0339] In some embodiments, selection of the alert-publish selector 1896 may
trigger automatic transmission of the alert and/or data object (e.g., uncurated and/or curated
data object) to a recipient device. The automatic transmission may be essentially
instantaneous after the selection of the alert-publish selector 1896 and/or it may be at a
specified time of day. after a specified amount of time elapsed from selection of the alert-

publish selector 1896, and/or some other criteria or threshold described above. In some
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embodiments, only curated data objects will be transmitted to recipient electronic devices
and this transmission occurs at a specificd time of day after sclection of the alert-publish
selector 1896 and/or corresponding recipient device selector 1886.

[0340] As discussed above, criteria and/or thresholds may be received directly
from recipient devices. For example, recipient devices may specify alert thresholds or
criteria, criteria for target space objects, publish criteria, criteria for determining whether an
uncurated data object is a curated data object (e.g., based on an accuracy level of an orbit, a
review of the residuals plot, a review of the distance of closest approach between two space
objects, uniqueness criteria, etc.), when and/or how an alert should be transmitted, etc.

[0341] FIG. 60 also includes an orbit determination selector 1894 and an stitch
selector 1898. A user can select the orbit determination selector 1894 to cause the system to
calculate an orbit for a selected space object and/or track. The orbit determination selector
1894 may correspond to and/or include one or more features of the orbit selector 836
described above.

[0342] The stitch selector 1898 can correspond to and/or include one or more
features of the stitch selector 828 described above. A user can select two or more tracks
and/or two or more space object indicators and “stitch” them together in order to combine the
information into one orbit and/or one space object. This stitching may cause previously
different attributes of each of the space objects and/or tracks to be combined into a single.
For example, name identifiers of the two space objects/tracks may be combined or unified.
Additionally or alternatively, a recipient device identifier may be unified between the two
space objects or tracks in response to selection of the stitch selector 1898 and user selection
of the corresponding space object tracks or object indicators. The system may update, based
on the user selection of the stitch selector 1898, one of the name identifiers to correspond
with the other space object name identifier. Additionally or alternatively, the system may
update one of the recipient device identifiers to correspond with the other space object
recipient device identifier. These updates can be displayed by the user interface, such as by
changing one or more indicators associated with a name or associated entity of the space
object.

[0343] Alert status may be modified in response to user modification of space

object data. For example, if one or more target tracks are removed or added to a source track,
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then this may result in generation of a new alert and/or removal (e.g., deletion) of an existing
alert. Other data, such as movement paramcters, space object identificrs, or other descriptive
data described herein may trigger such modification of alert status. Alert status may be
modified in part because of an updated calculated orbit of a space object, as described above.
Modification of movement parameters or other descriptive data can include adding additional
movement parameters, removing movement parameters, and/or replacing movement
parameters associated with one or more space objects.

[0344] Additionally or alternatively, a user may manually modily a maneuver.
This may include adding a maneuver to the system, removing a maneuver from the system,
and/or replacing one maneuver with another maneuver. Such maneuver modification can
include modifying an identifier and/or movement parameter associated with the maneuver. In
some embodiments, modification of the maneuver may correspond to an automatic
modification (e.g.. removal, addition) of an alert associated with the corresponding space

object.

Example Embodiments

[0345] In a 1st Example, a system for transmitting a curated data object to a first
recipient electronic device and not to a second recipient electronic device, the system
comprising: a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects; an alert data interface configured to
transmit the curated data object to the first recipient electronic device; a non-transitory,
computer-readable storage storing machine-executable instructions; and a hardware
processor in communication with the computer-readable storage, wherein the instructions,
when executed by the hardware processor, are configured to cause the system to: receive, via
the space object data interface, the plurality of movement parameters associated with the one
or more space objects; receive user input comprising a first alert threshold; identify a first
space object of the one or more space objects; determine that first one or more movement
parameters associated with the first space object satisfies the first alert threshold; generate,
based on the determination that the first one or more movement parameters satisfies the first
alert threshold. a first object alert associated with the first space object, the first object alert

corresponding to a change in the first one or more movement parameters associated with the
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first space object; receive user selection configured to generate display data for displaying a
magnitude-time plot; determine, based on the first onc or morec movement paramcters
associated with the first space object, an orbit of the first space object; receive user selection
configured to update the display data for displaying a proximity plot configured to indicate a
minimum distance between the first space object and a second space object; receive user
selection configured to generate, based on the first object alert, the curated data object
comprising the first object alert and a destination parameter associated with the first recipient
electronic device; and transmit, via the alert data interface, the curated data object to the first
recipient electronic device and not to the second recipient electronic device based on the
destination parameter of the curated data object.

[0346] In a 2nd example, the system of Example 1, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
generate updated data configured to display a first display region and a first object alert
indicator within the first display region, the first object alert indicator corresponding to the
space object alert, wherein the data is configured to display the first object alert indicator at a
location within the first display region, wherein the location is based on the curated data
object.

[0347] In a 3rd example, the system of Example 2, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: generate
data configured to display, within a second display region, a listing of a plurality of alerts
comprising the first object alert.

[0348] In a 4th example, the system of Example 3. wherein the instructions. when
executed by the hardware processor, are further configured to cause the system to: receive,
via a user interface, a user selection of an alert from the plurality of alerts configured to be
displayed in the second display region; and based on the user selection of the alert,
automatically generate updated data configured to display an updated first display region,
wherein the updated first display region comprises at least one of a panned, rotated, and/or
zoomed perspective of the first display region.

[0349] In a 5th example, the system of any of Examples 1-4, wherein determining
the orbit of the first space object is based on a set of the movement parameters of the first

space object collected over a selected time period.
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[0350] In a 6th example, the system of Example 5, wherein the set of the
movement parameters of the first space object arc associated with corresponding timepoints
of the first space object, and wherein determining the orbit of the first space object is based
on the corresponding timepoints.

[0351] In a 7th example, the system of Example 6, wherein the orbit of the first
space object is based on a first time period that (i) overlaps the selected time period, (ii)
precedes the selected time period, (iii) succeeds the selected time period, or (iv) any
combination thereof, the selected time period spanning {rom a lower-time limit (o an upper-
time limit.

[0352] In a 8th example, the system of Example 7, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: generate a
display interface comprising: a time axis spanning from the lower-time limit to the
upper-time limit; and an indication of the orbit spanning at least the first time period.

[0353] In a 9th example. the system of any of Examples 1-8, wherein the
movement parameters of the first space object comprise one or more sets of identifiers,
wherein each set of identifiers comprises: a name identifier; a time identifier; a latitude
identifier; and a longitude identifier.

[0354] In a 10th example, the system of Example 9, wherein the magnitude-time
plot comprises: a magnitude axis spanning from a lower-magnitude limit to an upper-
magnitude limit, a time axis spanning from a lower-time limit to an upper-time limit; and a
plurality of pixels corresponding to magnitude-time points within the magnitude-time plot,
each of the plurality of magnitude-time points corresponding to a set of identifiers having a
time identifier between the lower-time limit and the upper-time limit and having a magnitude
identifier between the lower-magnitude limit and the upper-magnitude limit.

[0355] In a 11th example, the system of Example 10, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to: in
response to a user selection of a set of identifiers. highlight one or more pixels corresponding
to respective magnitude-time points, wherein each of the pixels of the one or more pixels
corresponds to magnitude-time points comprising a common name identifier.

[0356] In a 12th example, the system of any of Examples 2-11, wherein the

instructions, when executed by the hardware processor, are further configured to cause the
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system to: receive a user selection of the first object alert indicator, wherein generating the
curatcd data object is in responsc to uscr sclection of the first object alert indicator.

[0357] In a 13th example, the system of any of Examples 1-12, wherein the
transmission of the curated data object to the first recipient electronic device and not the
second recipient electronic device is based on one or more transmission criteria, wherein the
one or more transmission criteria comprise one or more of a time of day, a user command, a
proximity of the first space object with the second space object at a current time, a
determination that the [irst object alert is associated with a time before the current time, or a
determination that the first object alert is associated with a time after the current time.

[0358] In a 14th example, the system of any of Examples 9-13, wherein the
proximity plot comprises: a distance axis spanning from a lower-distance limit to an upper-
distance limit, a time axis spanning from a lower-time limit to an upper-time limit; a plurality
of pixels corresponding to distance-time points within the distance-time plot. each of the
plurality of distance-time points corresponding to a set of identifiers having a time identifier
between the lower-time limit and the upper-time limit and having a distance identifier
between the lower-distance limit and the upper-distance limit; and an indication of the orbit
of the first space object in relation to an indication of a path of the second space object.

[0359] In a 15th example, the system of Example 14, wherein the proximity plot
further comprises an graphical indication of the minimum distance between the first space
object and a second space object.

[0360] In a 16th example, the system for generating a curated data object
corresponding to a change in a first one or more movement parameters associated with a first
space object, the system comprising: a space object data interface configured to receive a
plurality of movement parameters associated with one or more space objects; an uncurated
alert database configured to store uncurated alert data objects; a curated alert database
configured to store curated alert data objects; a non-transitory, computer-readable storage
storing machine-executable instructions; and a hardware processor in communication with
the computer-readable storage, wherein the instructions, when executed by the hardware
processor, are configured to cause the system to: receive, via the space object data interface,
the plurality of movement parameters associated with the one or more space objects; receive

user input comprising a first alert threshold; identify the first space object of the one or more
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space objects; determine that the first one or more movement parameters associated with the
first spacc object satisfics the first alert threshold; generate and storc in the uncurated alert
database an uncurated alert data object, based on the determination that the first one or more
movement parameters satisfies the first alert threshold, the uncurated alert data object
comprising the change in the first one or more movement parameters associated with the first
space object; receive user selection configured to generate display data for displaying a
magnitude-time plot; determine, based on the first one or more movement parameters
associated with the first space object, an orbit of the first space object; receive user selection
configured to update the display data for displaying a proximity plot configured to indicate a
minimum distance between the first space object and a second space object; receive user
selection of an alert-publish selector; and generate and store in the curated alert database,
based on the user selection of the alert-publish selector and on the uncurated alert data object,
the curated alert data object comprising the change in the first one or more movement
parameters associated with the first space object.

[0361] In a 17th example, the system of Example 16, wherein the curated alert
data object further comprises a destination parameter associated with a first recipient
electronic device.

[0362] In a 18th example, the system of Example 17, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
transmit the curated alert data object to a first recipient electronic device and not to a second
recipient electronic device based on the destination parameter of the curated data object.

[0363] In a 19th example, a system for transmitting a first object alert to a first
remote electronic device and not to a second remote electronic device, the system
comprising: a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects; an alert data interface configured to
transmit the curated data object to the first recipient electronic device; a non-transitory,
computer-readable storage storing machine-executable instructions; and a hardware
processor in communication with the computer-readable storage, wherein the instructions,
when executed by the hardware processor, are configured to cause the system to: receive, via
the space object data interface, the plurality of movement parameters associated with the one

or more space objects; receive, from the first remote electronic device via the alert data
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interface, a first alert criteria; receive, from the second remote electronic device via the alert
data intcrface, a sccond alert criteria; determine, based on at Icast onc of the first or sccond
alert criteria, a first space object of the one or more space objects; determine that first one or
more movement parameters associated with the first space object satisfies the first alert
criteria but not the second alert criteria; generate, based on the determination that the first one
or more movement parameters satisfies the first alert criteria, the first object alert associated
with the first space object, the first object alert corresponding to a change in the first one or
more movement parameters associated with the [irst space object; and (ransmit, via the alert
data interface, the first object alert to the first remote electronic device and not to the second
remote electronic device, based on the determination that the first one or more movement
parameters associated with the first space object satisfies the first alert criteria but not the
second alert criteria.

[0364] In a 20th example, the system of Example 19, further comprising a user
interface, wherein the instructions, when executed by the hardware processor, are further
configured to cause the system to: receive, via the user interface, a user selection configured
to generate display data for displaying a magnitude-time plot.

[0365] In a 21st example, the system of any of Examples 19-20, wherein the
instructions, when executed by the hardware processor, are further configured to cause the
system to: determine, based on the first one or more movement parameters associated with
the first space object, an orbit of the first space object.

[0366] In a 22nd example, the system of any of Examples 19-21, wherein the
instructions, when executed by the hardware processor. are further configured to cause the
system to: receive user selection configured to generate display data for displaying a
proximity plot configured to indicate a minimum distance between the first space object and
a second space object.

[0367] In a 23rd example, the system of any of Examples 19-22, wherein the
instructions, when executed by the hardware processor. are further configured to cause the
system to: receive user selection configured to generate, based on the first object alert, a
curated data object comprising the first object alert and a destination parameter associated

with the first remote electronic device.
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[0368] In a 24th example, a system for updating a second recipient device
identificr of a sccond space object track to correspond to a first recipient device identificr, the
system comprising: a space object data interface configured to receive a the plurality of sets
of identifiers; a non-transitory computer readable storage configured to communicate
instructions for displaying a plurality of graphs; a hardware processor in communication with
the non-transitory computer-readable storage, wherein the instructions, when executed by the
hardware processor, are configured to cause the system to: receive, via the space object data
interface, the plurality of sets ol identifiers, wherein each set of identifiers corresponds to a
space object and comprises: a name identifier; a time identifier; a latitude identifier; a
longitude identifier; a scalar identifier; and a recipient device identifier; and generate data for
displaying a plurality of space object tracks and a tagging interface comprising a stitch
selector; receive user selection of first and second space object tracks associated with
respective first and second name identifiers and first and second recipient device identifiers;
receive user selection of the stitch selector and a recipient device selector; update, based on
the user selection of the stitch selector, the second name identifier of the second space object
track to correspond to the first name identifier; update the data to display, based on the
updated second name identifier of the second space object track, an indication that the first
and second space object tracks are associated with the same name identifier; and update,
based on the user selection of the recipient device selector, the second recipient device
identifier of the second space object track to correspond to the first recipient device
identifier.

[0369] In a 25th example, the system of Example 24, wherein the instructions,
when executed by the processor, are further configured to: receive a first alert threshold;
determine that a set of identifiers associated with the first space object satisfies the first alert
threshold; and generate, based on the determination that the set of identifiers satisfies the first
alert threshold, a first object alert associated with the first space object, the first object alert
corresponding to a change in the set of identifiers associated with the first space object.

[0370] In a 26th example, the system of Example 25, wherein determining that
the set of identifiers associated with the first space object satisfies the first alert threshold
comprises determining, based on the set of identifiers associated with the first space object,

an orbit of the first space object.
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[0371] In a 27th example, the system of any of Examples 25-26, wherein the
instructions, when exccuted by the processor, are further configured to: reecive user sclection
configured to update the display data for displaying a proximity plot configured to indicate a
minimum distance between the first space object and a second space object.

[0372] In a 28th example, the system of any of Examples 25-27, wherein the
instructions, when executed by the processor, are further configured to: generate, based on
the first object alert, a data object comprising the first object alert and a destination parameter
associated with a recipient electronic device; and transmit the data object to the recipient
electronic device based on the destination parameter of the data object.

[0373] In a 29th example, the system of any of Examples 24-28, wherein the
instructions, when executed by the processor, are further configured to: receive user selection
configured to generate updated display data for displaying a magnitude-time plot based on
one or more of the set of identifiers.

[0374] In a 30th example, a system for determining that at least one of first or
second object alerts should not be transmitted to a remote electronic device, the system
comprising: a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects; a non-transitory, computer-readable
storage storing machine-executable instructions; and a hardware processor in communication
with the computer-readable storage, wherein the instructions, when executed by the hardware
processor, are configured to cause the system to: receive, via the space object data interface,
the plurality of movement parameters associated with the one or more space objects; receive
a first alert criteria; determine, based on the first alert criteria, that movement parameters of
first and second space objects satisfy the first alert criteria; generate, based on the
determination that the movement parameters of the first and second space objects satisfy the
first alert criteria, the first and second object alerts each associated with the respective first
and second space objects, each of the first and second object alerts comprising respective
changes in the corresponding movement parameters associated with the respective first and
second space objects; and determine that the first and second object alerts do not satisfy a
uniqueness criteria; and determine, based on the determination that the first and second
object alerts do not satisfy the uniqueness criteria, that at least one of the first or second

object alerts should not be transmitted to the remote electronic device.
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[0375] In a 31st example, the system of Example 30, wherein the movement
paramecters of the first and sccond spacc objects cach comprisc onc or morc scts of
identifiers, wherein each set of identifiers comprises: a name identifier; a time identifier; a
latitude identifier; and a longitude identifier.

[0376] In a 32nd example, the system of Example 31, wherein determining that
the first and second object alerts do not satisfy the uniqueness criteria comprises determining
that the first space object and the second space object correspond to the same space object.

[0377] In a 33rd example, the system of Example 32, wherein determining that
the first space object and the second space object correspond to the same space object
comprises determining that the first space object and the second space object each comprise
the same name identifier.

[0378] In a 34th example, the system of Example 32, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
remove, based on the determination that the first space object and the second space object
correspond to the same space object, the second object alert.

[0379] In a 35th example, the system of Example 34, wherein determining that
the at least one of the first or second object alerts should not be transmitted to the remote
electronic device comprises determining that the first object alert, but not the second object
alert, should be transmitted to the remote electronic device.

[0380] In a 36th example, the system of any of Examples 31-35, wherein each set
of identifiers further comprises a recipient device identifier corresponding to an owner or
agency associated with the corresponding first and second space objects.

[0381] In a 37th example, the system of Example 36, wherein determining that
the first and second object alerts do not satisfy the uniqueness criteria comprises determining
that the first space object and the second space object have the same recipient device
identifier.

[0382] In a 38th example, the system of Example 36, wherein determining that
the first and second object alerts do not satisfy the uniqueness criteria comprises determining
that the first space object and the second space object each have the a recipient device

identifier associated with a common set of recipient device identifiers.
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[0383] In a 39th example, the system of any of Examples 30-38, wherein
receiving the first alert criteria is from a first remote clectronic device.

[0384] In a 40th example, a system for modifying a space object alert, the system
comprising: a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects; a non-transitory, computer-readable
storage storing machine-executable instructions; and a hardware processor in communication
with the computer-readable storage, wherein the instructions, when executed by the hardware
processor, are configured to cause the system o: receive, via the space object data interface,
the plurality of movement parameters associated with the one or more space objects;
determine, based on the first one or more movement parameters associated with the first
space object, an orbit of the first space object; receive an alert threshold; determine. based on
the orbit of the first space object, that first one or more movement parameters associated with
a first space object satisfies the alert threshold; generate, based on the determination that the
first one or more movement parameters satisfies the alert threshold, a first object alert
associated with the first space object, the first object alert corresponding to a change in the
first one or more movement parameters associated with the first space object; receive user
selection configured to update the first one or more movement parameters to include second
one or more movement parameters; and modify an alert status of the first space object based
on the second one or more movement parameters.

[0385] In a 41st example, the system of Example 40, wherein receiving the user
selection configured to update the first one or more movement parameters to include second
one or more movement parameters comprises adding the second one or more movement
parameters to the first one or more movement parameters.

[0386] In a 42nd example, the system of any of Examples 40-41, wherein
receiving the user selection configured to update the first one or more movement parameters
to include second one or more movement parameters comprises replacing the first one or
more movement parameters with the second one or more movement parameters.

[0387] In a 43rd example, the system of any of Examples 40-42, wherein
receiving the user selection configured to update the first one or more movement parameters
to include second one or more movement parameters comprises removing one or more

movement parameters from the first one or more movement parameters.
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[0388] In a 44th example, the system of any of Examples 40-43, wherein
modifying the alert status of the first spacc object compriscs determining that the second one
or more movement parameters associated with a first space object do not satisfy the alert
threshold.

[0389] In a 45th example, the system of any of Examples 40-44, wherein
modifying the alert status of the first space object comprises determining that the second one
or more movement parameters associated with a first space object satisfy a second alert
threshold.

[0390] In a 46th example, the system of any of Examples 40-45, wherein the
instructions, when executed by the hardware processor, are configured to cause the system
to: receive user selection configured to update the display data for displaying a proximity plot
configured to indicate a minimum distance between the first space object and a second space
object.

[0391] In a 47th example, the system of any of Examples 40-46, wherein the
instructions, when executed by the hardware processor, are configured to cause the system
to: receive user selection configured to generate display data for displaying a magnitude-time
plot.

[0392] In a 48th example, the system of any of Examples 40-47, wherein the
instructions, when executed by the hardware processor, are configured to cause the system
to: receive user selection configured to generate, based on the first object alert, a data object
comprising the first object alert and a destination parameter associated with a recipient
electronic device; and transmit the data object to the recipient electronic device based on the
destination parameter of the data object.

[0393] In a 49th example, a system for generating a data object associated with a
first space object based on respective times associated with first and second observation
points, the system comprising: a space object data interface configured to receive a plurality
of movement parameters and observation points associated with one or more space objects;
an alert data interface configured to transmit the data object to a remote electronic device; a
non-transitory, computer-readable storage storing machine-executable instructions; and a
hardware processor in communication with the computer-readable storage, wherein the

instructions, when executed by the hardware processor, are configured to cause the system
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to: receive, via the space object data interface, the plurality of movement parameters and
obscrvation points associated with the one or more spacce objects; reccive a mancuver criteria
configured to indicate that a space object has performed a maneuver; determine, based on the
maneuver criteria, that a first space object of the one or more space objects is active; receive
an alert criteria; receive, via the space object data interface, the first and second observation
points and a target movement parameter associated with the first space object, wherein each
of the first and second observation points are associated with the respective times, wherein
the time associated with the [irst observation point is before a time associated with the target
movement parameter, and wherein the time associated with the second observation point is
after the time associated with the target movement parameter; determine that the target
movement parameter associated with the first space object satisfies the alert criteria;
generate, based on the determination that the target movement parameter satisfies the alert
criteria and based on the respective times of the first and second observation points, a data
object associated with the first space object; and transmit, via the alert data interface, the data
object to the remote electronic device.

[0394] In a 50th example, the system of Example 49, the system, wherein the first
alert criteria is received from a remote electronic device via the alert data interface.

[0395] In a 51st example, a system for modifying one or more movement
parameters of a data object, the system comprising: a space object data interface configured
to receive a plurality of movement parameters associated with one or more space objects; a
user interface configured to receive user selection for modifying the data object; a non-
transitory, computer-readable storage storing machine-executable instructions; and a
hardware processor in communication with the computer-readable storage, wherein the
instructions, when executed by the hardware processor, are configured to cause the system
to: receive, via the space object data interface, the plurality of movement parameters
associated with the one or more space objects; receive a first alert criteria; determine that the
one or more movement parameters of a first space object of the one or more space objects
satisfies the first alert criteria; generate, based on the determination that the one or more
movement parameters satisfies the first alert criteria, the data object associated with the first
space object; and modify. based on the user selection via the user interface. the one or more

movement parameters of the data object.
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[0396] In a 52nd example, the system of Example 51, wherein modifying the one
or morc movement parameters of the data object compriscs adding an updated movement
parameter to the one or more movement parameters associated with the first space object.

[0397] In a 53rd example, the system of any of Examples 51-52, wherein
modifying the one or more movement parameters of the data object comprises removing a
movement parameter from the one or more movement parameters associated with the first
space object.

[0398] In a 54th example, the system ol any of Examples 51-53, wherein
modifying the one or more movement parameters of the data object comprises replacing the
one or more movement parameters with a second one or more movement parameters
associated with the first space object.

[0399] In a 55th example, a system for generating a curated data object
corresponding to a change in one or more movement parameters associated with a first space
object, the system comprising: a space object data interface configured to receive a plurality
of movement parameters associated with one or more space objects; an uncurated alert
database configured to store uncurated alert data objects; a curated alert database configured
to store curated alert data objects; a non-transitory, computer-readable storage storing
executable instructions and a trained model configured to identify an alert event; and a
hardware processor in communication with the computer-readable storage, wherein the
instructions, when executed by the hardware processor, are configured to cause the system
to: receive, via the space object data interface, the plurality of movement parameters
associated with the one or more space objects; determine that the one or more movement
parameters associated with the first space object satisfies the first alert threshold; generate
and store in the uncurated alert database an uncurated alert data object, based on the
determination that the one or more movement parameters satisfies the first alert threshold, the
uncurated alert data object comprising the change in the one or more movement parameters
associated with the first space object; compare the change in the one or more movement
parameters of the uncurated alert data object with alert events of the trained model; determine
that the uncurated alert data object corresponds to the alert event based on the comparison of
the change in the one or more movement parameters of the uncurated alert data object with

the alert events of the trained model; and generate and store in the curated alert database,
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based on the determination that the uncurated alert data object corresponds to the alert event,
the curated alert data object comprising the change in the one or morc movement paramecters
associated with the first space object.

[0400] In a 56th example, the system of Example 55, wherein the trained model
comprises a convolutional neural network trained to identify the alert event based on the one
Or more movement parameters.

[0401] In a 57th example, a system for managing alerts based on detection of
movement parameters [or space objects, the system comprising: a space object data interface
configured to receive a plurality of movement parameters associated with one or more space
objects; a non-transitory, computer-readable storage storing machine-executable instructions;
and a hardware processor in communication with the computer-readable storage, wherein the
instructions, when executed by the hardware processor, are configured to cause the system
to: identify a first space object and a first object alert associated with a change in one or more
movement parameters of the first space object, wherein the first object alert comprises alert
metadata; generate data configured to display a first display region and a first object alert
indicator within the first display region, the first object alert indicator corresponding to the
first object alert, wherein the data is configured to display the first object alert indicator at a
location within the first display region, wherein the location is based on the alert metadata;
generate data configured to display, within a second display region, a listing of a plurality of
alerts comprising the first object alert; receive, via a user interface, a user selection of an alert
from the plurality of alerts configured to be displayed in the second display region; and based
on the user selection of the alert, automatically generate updated data configured to display
an updated first display region, wherein the updated first display region comprises at least
one of a panned, rotated, and/or zoomed perspective of the first display region.

[0402] In a 58th example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: receive a
user removal-selection of the first object alert indicator; and generate updated data
configured to display the updated first display region without the first object alert indicator.

[0403] In a 59th example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: based on

the alert metadata, determine a first state change of the first space object, the first state
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change comprising one or more of a perturbation of a path of the first space object, a changed
attitude, and/or a changed configuration of the first space objcct; bascd on the first statc
change, identify one or more updated movement parameters associated with the first space
object; and generate updated data configured to display an indication of the one or more
updated movement parameters.

[0404] In a 60th example, the system of clause 59, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: generate
updated data configured to display within the updated [irst display region a longitude-time
graph comprising a longitude axis spanning from a lower-longitude limit to an upper-
longitude limit and a time axis spanning from a lower-time limit to an upper-time limit.

[0405] In a 61st example, the system of clause 59, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: determine
a change in a radiometric attribute associated with the first space object, the one or more
updated movement parameters comprising the change in the radiometric attribute.

[0406] In a 62nd example, the system of clause 61, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
determine that the change in the radiometric attribute exceeds a threshold value; based on the
determination that the radiometric attribute exceeds a threshold value, determine that the first
space object is in one or more of the following: a state of tumble, a state of uncontrolled spin,
a state of directed orientation, a state of spin stable, or a state of attitude control.

[0407] In a 63rd example, the system of clause 61, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: based on
the radiometric attribute, identify a physical shape of the first space object.

[0408] In a 64th example, the system of clause 63, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: based on
the physical shape of the first space object, generate data configured to display the physical
shape of the first space object.

[0409] In a 65th example, the system of clause 63, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: based on
the physical shape of the first space object, determine a second radiometric attribute of the

first space object associated with a time later than a time associated with the first object alert.
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[0410] In a 66th example, the system of clause 57, wherein the instructions, when
cxccuted by the hardware processor, arc further configured to causc the system to: gencrate
data configured to display an indication of an orbit of the first space object within at least one
of the first display region or the updated first display region.

[0411] In a 67th example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: receive a
user selection of a threshold value; based on the threshold value, determine that the first
object alert does not exceed the threshold value; and generate updated data configured to
display the updated first display region without the first object alert indicator.

[0412] In a 68th example, the system of clause 57, wherein the user selection of
the first object alert indicator comprises mousing over the first object alert indicator.

[0413] In a 69th example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: generate
data configured to display an alert indicator associated with each of the plurality of alerts
within one or more of the first display region or the updated first display region.

[0414] In a 70th example, the system of clause 69, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: in
response to the user selection of the first object alert indicator, generate updated data
configured to highlight the corresponding alert apart from other alerts associated with the
others of the plurality of alerts.

[0415] In a 71st example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: determine
a first velocity preceding the first object alert; identify a maneuver associated with the first
object alert; and based on the maneuver, determine a second velocity of the first space object
subsequent to the alert.

[0416] In a 72nd example, the system of clause 57, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
determine an orbit of the first space object; and identify a station keeping maneuver of the
first space object, the station keeping maneuver configured to maintain the orbit of the first

space object, wherein the first object alert is associated with the station keeping.
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[0417] In a 73rd example, the system of clause 57, wherein the instructions, when
cxccuted by the hardware proccessor, are further configured to causc the system to: determine
a target orbit of the first space object; and identify an orbit transfer of the first space object,
wherein the first object alert is associated with a maneuver of the orbit transfer.

[0418] In a 74th example, the system of clause 73, wherein the data are
configured to display a start time and a stop time associated with the maneuver of the orbit
transfer.

[0419] In a 75th example, the system of clause 57, wherein the plurality of
movement parameters comprises at least one of a translation, a rotation, a deployment of an
arm, and/or an opening of a door separation.

[0420] In a 76th example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: generate
second data configured to display a second object alert indicator within the first display
region, the second object alert indicator corresponding to a second object alert comprising
second object metadata, wherein the updated data is configured to display the second object
alert indicator at a second location within the first display region, wherein the second
location is based on the second alert metadata.

[0421] In a 77th example, the system of clause 76, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: identify a
time associated with: receipt of a user removal-selection of the first object alert indicator, the
first object alert, and the second object alert; and generate second updated data configured to
display, based on the time associated with each of the receipt of a user-removal selection and
of the first and second object alerts, the updated first display region without the first object
alert indicator but with the second object alert indicator.

[0422] In a 78th example, the system of clause 77, wherein the time associated
with the first object alert is before the time associated with the receipt of the user removal-
selection of the first object alert indicator, and wherein the time associated with the second
object alert is after the time associated with the receipt of the user removal-selection of the
first object alert indicator.

[0423] In a 79th example, the system of clause 76. wherein the instructions, when

executed by the hardware processor, are further configured to cause the system to: receive,
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via a user interface, a user annotation associated with the first object alert, wherein the
sccond data arc configurcd to display thc uscr annotation with the sccond object alert
indicator.

[0424] In a 80th example, the system of clause 79, wherein the annotation
comprises an indication that the first object alert comprises a true positive.

[0425] In a 81st example, a system for managing alerts based on detection of
movement parameters for space objects, the system comprising: a space object data interface
configured to receive a plurality of movement parameters associated with one or more space
objects; a data interface configured to transmit a report of one or more target space objects of
the one or more space objects; a non-transitory, computer-readable storage storing machine-
executable instructions; and a hardware processor in communication with the computer-
readable storage, wherein the instructions, when executed by the hardware processor, are
configured to cause the system to: receive an indication of the one or more target space
objects; determine that a first space object of the one or more target space objects is
associated with a change in one or more movement parameters that exceed a parameter
threshold; identify a first object alert associated with the change in the one or more
movement parameters of the first space object, wherein the first object alert comprises alert
metadata; generate data configured to display a first display region and a first object alert
indicator within the first display region, the first object alert indicator corresponding to the
first object alert, wherein the data is configured to display the first object alert indicator at a
location within the first display region, wherein the location is based on the alert metadata;
generate data configured to display, within a second display region, a listing of a plurality of
alerts comprising the first object alert; receive, via a user interface, a user selection of an alert
from the plurality of alerts configured to be displayed in the second display region; transmit,
via the data interface to a remote computing device, the report of the one or more target space
objects, wherein transmitting the report is based on the determination that the first space
object is associated with the change in one or more movement parameters that exceed a
parameter threshold; and based on the user selection of the alert, automatically generate
updated data configured to display an updated first display region, wherein the updated first
display region comprises at least one of a panned, rotated, and/or zoomed perspective of the

first display region.
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[0426] In a 82nd example, the system of clause 57, wherein the instructions,
when cxccuted by the hardware processor, arc further configured to causc the system to:
receive a user removal-selection of the first object alert indicator; and generate updated data
configured to display the updated first display region without the first object alert indicator.

[0427] In a 83rd example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: based on
the alert metadata, determine a first state change of the first space object, the first state
change comprising one or more of a perturbation of a path of the first space object, a changed
attitude, and/or a changed configuration of the first space object; based on the first state
change, identify one or more updated movement parameters associated with the first space
object; and generate updated data configured to display an indication of the one or more
updated movement parameters.

[0428] In a 84th example, the system of clause 59, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: generate
updated data configured to display within the updated first display region a longitude-time
graph comprising a longitude axis spanning from a lower-longitude limit to an upper-
longitude limit and a time axis spanning from a lower-time limit to an upper-time limit.

[0429] In a 85th example, the system of clause 60, wherein generating the data
configured to display the first display region and the first object alert indicator within the first
display region comprises at least one of panning, rotating, and/or zooming the display region
such that the location is within the first display region.

[0430] In a 86th example, the system of clause 59, wherein the instructions., when
executed by the hardware processor, are further configured to cause the system to: determine
a change in a radiometric attribute associated with the first space object, the one or more
updated movement parameters comprising the change in the radiometric attribute.

[0431] In a 87th example, the system of clause 86, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: determine
that the change in the radiometric attribute exceeds a threshold value; and based on the
determination that the radiometric attribute exceeds a threshold value, determine that the first
space object is in one or more of the following: a state of tumble, a state of uncontrolled spin,

a state of directed orientation, a state of spin stable, or a state of attitude control.
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[0432] In a 88th example, the system of clause 86, wherein the instructions, when
cxccuted by the hardwarce processor, are further configured to causc the system to: based on
the radiometric attribute, identify a physical shape of the first space object.

[0433] In a 89th example, the system of clause 63, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: based on
the physical shape of the first space object, generate data configured to display the physical
shape of the first space object.

[0434] In a 90th example, the system of clause 63, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: based on
the physical shape of the first space object, determine a second radiometric attribute of the
first space object associated with a time later than a time associated with the first object alert.

[0435] In a 91st example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: generate
data configured to display an indication of an orbit of the first space object within at least one
of the first display region or the updated first display region.

[0436] In a 92nd example, the system of clause 57, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
receive a user selection of a threshold value; based on the threshold value, determine that the
first object alert does not exceed the threshold value; and generate updated data configured to
display the updated first display region without the first object alert indicator.

[0437] In a 93rd example, the system of clause 57, wherein the user selection of
the first object alert indicator comprises mousing over the first object alert indicator.

[0438] In a 94th example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: generate
data configured to display an alert indicator associated with each of the plurality of alerts
within one or more of the first display region or the updated first display region.

[0439] In a 95th example, the system of clause 69, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: in
response to the user selection of the first object alert indicator, generate updated data
configured to highlight the corresponding alert apart from other alerts associated with the

others of the plurality of alerts.
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[0440] In a 96th example, the system of clause 57, wherein the instructions, when
cxccuted by the hardware proccessor, are further configured to causc the system to: determine
a first velocity preceding the first object alert; identify a maneuver associated with the first
object alert; and based on the maneuver, determine a second velocity of the first space object
subsequent to the alert.

[0441] In a 97th example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: determine
an orbit of the [irst space object; and identily a station keeping maneuver of the first space
object, the station keeping maneuver configured to maintain the orbit of the first space object,
wherein the first object alert is associated with the station keeping.

[0442] In a 98th example, the system of clause 57, wherein the instructions, when
executed by the hardware processor, are further configured to cause the system to: determine
a target orbit of the first space object; and identify an orbit transfer of the first space object,
wherein the first object alert is associated with a maneuver of the orbit transfer.

[0443] In a 99th example, the system of clause 73, wherein the data are
configured to display a start time and a stop time associated with the maneuver of the orbit
transfer.

[0444] In a 100th example, the system of clause 57, wherein the plurality of
movement parameters comprises at least one of a translation, a rotation, a deployment of an
arm, and/or an opening of a door separation.

[0445] In a 101st example, the system of clause 57, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
generate second data configured to display a second object alert indicator within the first
display region, the second object alert indicator corresponding to a second object alert
comprising second object metadata, wherein the second data is configured to display the
second object alert indicator at a second location within the first display region, wherein the
second location is based on the second alert metadata.

[0446] In a 102nd example, the system of clause 76, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
receive a user removal-selection of the first object alert indicator; identify a time associated

with: receipt of the user removal-selection of the first object alert indicator, the first object
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alert, and the second object alert; and generate second updated data configured to display,
bascd on the time associated with cach of the recceipt of the uscr removal-selection and of the
first and second object alerts, the second updated first display region without the first object
alert indicator but with the second object alert indicator.

[0447] In a 103rd example, the system of clause 77, wherein the time associated
with the first object alert is before the time associated with the receipt of the user removal-
selection of the first object alert indicator, and wherein the time associated with the second
object alert is after the time associated with the receipt of the user removal-selection of the
first object alert indicator.

[0448] In a 104th example, the system of clause 76, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
receive, via a user interface, a user annotation associated with the first object alert, wherein
the second data are configured to display the user annotation with the second object alert
indicator.

[0449] In a 105th example, the system of clause 79, wherein the annotation
comprises an indication that the first object alert comprises a true positive.

[0450] In a 106th example, the system of clause 76, wherein generating the
second data comprises at least one of panning, rotating, and/or zooming the display region
such that the location and the second location are within the first display region.

[0451] In a 107th example, a system for managing alerts based on detection of
movement parameters for space objects, the system comprising: a space object data interface
configured to receive a plurality of movement parameters associated with one or more space
objects; a data interface configured to transmit a report of one or more target space objects of
the one or more space objects; a non-transitory, computer-readable storage storing machine-
executable instructions; and a hardware processor in communication with the computer-
readable storage, wherein the instructions, when executed by the hardware processor, are
configured to cause the system to: receive an indication of the one or more target space
objects; determine that a first space object of the one or more target space objects is
associated with a change in one or more movement parameters that exceed a parameter
threshold; identify a first object alert associated with the change in the one or more

movement parameters of the first space object, wherein the first object alert comprises alert
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metadata; generate data configured to display a first display region and a first object alert
indicator within the first display rcgion, the first object alert indicator corresponding to the
first object alert; generate data configured to display, within a second display region, a listing
of a plurality of alerts comprising the first object alert; receive, via a user interface, a user
selection of an alert from the plurality of alerts configured to be displayed in the second
display region; and transmit, via the data interface to a remote computing device, the report
of the one or more target space objects, wherein transmitting the report is based on the
determination that the [irst space object is associated with a change in one or more movement
parameters that exceed a parameter threshold.

[0452] In a 108th example, a system for generating updated data configured to
display an annotation of a maneuver associated with a first space object, the system
comprising: a space object data interface configured to receive a plurality of movement
parameters and positional indicators associated with one or more space objects; a data
interface configured to transmit a report of one or more target space objects of the one or
more space objects; a non-transitory, computer-readable storage storing machine-executable
instructions; and a hardware processor in communication with the computer-readable
storage, wherein the instructions, when executed by the hardware processor, are configured
to cause the system to: receive data associated with the one or more target space objects;
generate data configured to display, within a first display region, a longitude-time plot and an
indication of at least the first space object of the one or more target space objects within the
longitude-time plot based at least on the positional indicators associated with the first space
object; determine, based at least on positional indicators associated with the first space
object, an orbital path of the first space object; identify the maneuver associated with the first
space object; generate updated data configured to display, within the longitude-time plot, the
annotation of the maneuver.

[0453] In a 109th example, the system of Claim 108, wherein the indication of the
one or more target space objects comprises a user selection, via a user interface, of the one or
more target space objects.

[0454] In a 110th example, the system of Claim 108, wherein identifying the
maneuver associated with the first space object comprises receiving a user selection, via a

user interface, of maneuver parameters associated with the maneuver.

-110-



WO 2024/050163 PCT/US2023/069366

[0455] In a 111th example, the system of Claim 108, wherein identifying the
mancuver associated with the first space object compriscs determining mancuver parameters
associated with the maneuver based at least in part on the movement parameters associated
with the first space object.

[0456] In a 112th example, the system of Claim 111, wherein determining the
maneuver parameters is further based on the orbital path.

[0457] In a 113th example, the system of Claim 108, wherein displaying. within
the longitude-time plot, the indication of the maneuver comprises displaying the annotation
at a location within the longitude-time plot based on maneuver parameters of the maneuver.

[0458] In a 114th example, the system of Claim 108, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
transmit, via the data interface to a remote computing device, maneuver parameters
associated with the maneuver.

[0459] In a 115th example, the system of Claim 114, wherein transmitting the
maneuver parameters is based on a determination that the first space object is associated with
a change in one or more movement parameters that exceed a parameter threshold.

[0460] In a 116th example, the system of Claim 115, wherein the instructions,
when executed by the hardware processor, are further configured to cause the system to:
update a display of the longitude-time plot, wherein the updated display of the longitude-time
plot comprises at least one of a panned, rotated, and/or zoomed perspective of the longitude-

time plot.

Conclusion

[0461] Reference throughout this specification to “some embodiments” or “an
embodiment” means that a particular feature, structure or characteristic described in
connection with the embodiment is included in at least some embodiments. Thus,
appearances of the phrases “in some embodiments” or “in an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment and

may refer to one or more of the same or different embodiments. Furthermore, the particular
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features, structures or characteristics may be combined in any suitable manner, as would be
apparcnt to onc of ordinary skill in the art from this disclosure, in onc or morc embodiments.

LR34

[0462] As used in this application, the terms “comprising.” “including,

EEINYS

having,”
and the like are synonymous and are used inclusively, in an open-ended fashion, and do not
exclude additional elements, features, acts, operations, and so forth. Also, the term “or” is
used in its inclusive sense (and not in its exclusive sense) so that when used, for example, to
connect a list of elements, the term “or’” means one, some, or all of the elements in the list.

[0463] Similarly, it should be appreciated that in the above description of
embodiments, various features are sometimes grouped together in a single embodiment,
figure, or description thereof for the purpose of streamlining the disclosure and aiding in the
understanding of one or more of the various inventive aspects. This method of disclosure,
however, is not to be interpreted as reflecting an intention that any claim require more
features than are expressly recited in that claim. Rather, inventive aspects lie in a
combination of fewer than all features of any single foregoing disclosed embodiment.
Accordingly, no feature or group of features is necessary or indispensable to each
embodiment.

[0464] Embodiments of the disclosed systems and methods may be used and/or
implemented with local and/or remote devices, components, and/or modules. The term
“remote” may include devices, components, and/or modules not stored locally, for example,
not accessible via a local bus. Thus, a remote device may include a device which is
physically located in the same room and connected via a device such as a switch or a local
area network. In other situations, a remote device may also be located in a separate
geographic area, such as, for example, in a different location, building, city, country, and so
forth.

[0465] Methods and processes described herein may be embodied in, and
partially or fully automated via, software code modules executed by one or more general
and/or special purpose computers. The word “module” refers to logic embodied in hardware
and/or firmware, or to a collection of software instructions, possibly having entry and exit
points, written in a programming language, such as, for example, C or C++. A software
module may be compiled and linked into an executable program, installed in a dynamically

linked library, or may be written in an interpreted programming language such as, for
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example, BASIC, Perl, or Python. It will be appreciated that software modules may be
callable from other modules or from themsclves, and/or may be invoked in responsc to
detected events or interrupts. Software instructions may be embedded in firmware, such as
an erasable programmable read-only memory (EPROM). It will be further appreciated that
hardware modules may comprise connected logic units, such as gates and flip-flops, and/or
may comprise programmable units, such as programmable gate arrays, application specific
integrated circuits, and/or processors. The modules described herein may be implemented as
software modules, or may be represented in hardware and/or firmware. Moreover, although
in some embodiments a module may be separately compiled, in other embodiments a module
may represent a subset of instructions of a separately compiled program, and may not have
an interface available to other logical program units.

[0466] In certain embodiments, code modules may be implemented and/or stored
in any type of non-transitory computer-readable medium or other non-transitory computer
storage device. In some systems, data (and/or metadata) input to the system, data generated
by the system, and/or data used by the system can be stored in any type of computer data
repository, such as a relational database and/or flat file system. Any of the systems, methods,
and processes described herein may include an interface configured to permit interaction with
patients, health care practitioners, administrators, other systems, components, programs, and
so forth.

[0467] A number of applications, publications, and external documents may be
incorporated by reference herein. Any conflict or contradiction between a statement in the
body text of this specification and a statement in any of the incorporated documents is to be
resolved in favor of the statement in the body text.

[0468] Although described in the illustrative context of certain preferred
embodiments and examples, it will be understood by those skilled in the art that the
disclosure extends beyond the specifically described embodiments to other alternative
embodiments and/or uses and obvious modifications and equivalents. Thus, it is intended
that the scope of the example embodiments which follow should not be limited by the

particular embodiments described above.
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WHAT IS CLAIMED:

1. A system for transmitting a curated data objcct to a first recipient clectronic
device and not to a second recipient electronic device, the system comprising:
a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects;
an alert data interface configured to transmit the curated data object to the first
recipient electronic device;
a non-transitory, compuler-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive, via the space object data interface, the plurality of movement
parameters associated with the one or more space objects;
receive user input comprising a first alert threshold;
identify a first space object of the one or more space objects;
determine that first one or more movement parameters associated with
the first space object satisfies the first alert threshold;
generate, based on the determination that the first one or more
movement parameters satisfies the first alert threshold, a first object alert
associated with the first space object, the first object alert corresponding to a
change in the first one or more movement parameters associated with the first
space object;
receive user selection configured to generate display data for
displaying a magnitude-time plot;
determine, based on the first one or more movement parameters
associated with the first space object, an orbit of the first space object;
receive user selection configured to update the display data for
displaying a proximity plot configured to indicate a minimum distance

between the first space object and a second space object;
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receive user selection configured to generate, based on the first object
alert, the curated data object comprising the first object alert and a destination
parameter associated with the first recipient electronic device; and
transmit, via the alert data interface, the curated data object to the first
recipient electronic device and not to the second recipient electronic device
based on the destination parameter of the curated data object.
2. The system of Claim 1, wherein the instructions, when executed by the
hardware processor, are further confligured to cause the system to:
generate updated data configured to display a first display region and a first
object alert indicator within the first display region, the first object alert indicator
corresponding to the space object alert, wherein the data is configured to display the
first object alert indicator at a location within the first display region, wherein the
location is based on the curated data object.
3, The system of Claim 2, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
generate data configured to display. within a second display region, a listing
of a plurality of alerts comprising the first object alert.
4. The system of Claim 3, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
receive, via a user interface, a user selection of an alert from the plurality of
alerts configured to be displayed in the second display region; and
based on the user selection of the alert, automatically generate updated data
configured to display an updated first display region, wherein the updated first
display region comprises at least one of a panned, rotated, and/or zoomed perspective
of the first display region.
5. The system of Claim 1, wherein determining the orbit of the first space object
is based on a set of the movement parameters of the first space object collected over a
selected time period.
6. The system of Claim 5, wherein the set of the movement parameters of the

first space object are associated with corresponding timepoints of the first space object, and
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wherein determining the orbit of the first space object is based on the corresponding
timcpoints.

7. The system of Claim 6. wherein the orbit of the first space object is based on a
first time period that (i) overlaps the selected time period, (ii) precedes the selected time
period, (iii) succeeds the selected time period, or (iv) any combination thereof, the selected
time period spanning from a lower-time limit to an upper-time limit.

8. The system of Claim 7, wherein the instructions, when executed by the
hardware processor, are further confligured to cause the system to:

generate a display interface comprising:

a time axis spanning from the lower-time limit to the upper-time
limit; and

an indication of the orbit spanning at least the first time period.

9. The system of Claim 1, wherein the movement parameters of the first space

object comprise one or more sets of identifiers, wherein each set of identifiers comprises:
a name identifier;
a time identifier;
a latitude 1dentifier; and
a longitude identifier.

10. The system of Claim 9, wherein the magnitude-time plot comprises:

a magnitude axis spanning from a lower-magnitude limit to an upper-
magnitude limit,

a time axis spanning from a lower-time limit to an upper-time limit; and

a plurality of pixels corresponding to magnitude-time points within the
magnitude-time plot, each of the plurality of magnitude-time points corresponding to

a set of identifiers having a time identifier between the lower-time limit and the

upper-time limit and having a magnitude identifier between the lower-magnitude

limit and the upper-magnitude limit.

11. The system of Claim 10, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

in response to a user selection of a set of identifiers, highlight one or more

pixels corresponding to respective magnitude-time points, wherein each of the pixels

-116-



WO 2024/050163 PCT/US2023/069366

of the one or more pixels corresponds to magnitude-time points comprising a

common namec identificr.

12. The system of Claim 2, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

receive a user selection of the first object alert indicator, wherein generating
the curated data object is in response to user selection of the first object alert
indicator.

13. The system of Claim 1, wherein a transmission of the curated data object to
the first recipient electronic device and not the second recipient electronic device is based on
one or more transmission criteria, wherein the one or more transmission criteria comprise one
or more of a time of day, a user command, a proximity of the first space object with the
second space object at a current time, a determination that the first object alert is associated
with a time before the current time, or a determination that the first object alert is associated
with a time after the current time.

14. The system of Claim 9, wherein the proximity plot comprises:

a distance axis spanning from a lower-distance limit to an upper-distance
limit,

a time axis spanning from a lower-time limit to an upper-time limit;

a plurality of pixels corresponding to distance-time points within the distance-
time plot, each of the plurality of distance-time points corresponding to a set of
identifiers having a time identifier between the lower-time limit and the upper-time
limit and having a distance identifier between the lower-distance limit and the upper-
distance limit; and

an indication of the orbit of the first space object in relation to an indication of
a path of the second space object.

15. The system of Claim 14, wherein the proximity plot further comprises a
graphical indication of the minimum distance between the first space object and a second
space object.

16. A system for generating a curated data object corresponding to a change in a
first one or more movement parameters associated with a first space object, the system

comprising:
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a space object data interface configured to receive a plurality of movement
paramecters associated with onc or more space objects;
an uncurated alert database configured to store uncurated alert data objects;
a curated alert database configured to store curated alert data objects;
a non-transitory, computer-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive, via the space object data interface, the plurality of movement
parameters associated with the one or more space objects;
receive user input comprising a first alert threshold;
identify the first space object of the one or more space objects;
determine that the first one or more movement parameters associated
with the first space object satisfies the first alert threshold;
generate and store in the uncurated alert database an uncurated alert
data object, based on the determination that the first one or more movement
parameters satisfies the first alert threshold, the uncurated alert data object
comprising the change in the first one or more movement parameters
associated with the first space object;
receive user selection configured to generate display data for
displaying a magnitude-time plot;
determine, based on the first one or more movement parameters
associated with the first space object, an orbit of the first space object;
receive user selection configured to update the display data for
displaying a proximity plot configured to indicate a minimum distance
between the first space object and a second space object;
receive user selection of an alert-publish selector; and
generate and store in the curated alert database, based on the user

selection of the alert-publish selector and on the uncurated alert data object,
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the curated alert data object comprising the change in the first one or more
movement parameters associated with the first space object.
17. The system of Claim 16, wherein the curated alert data object further
comprises a destination parameter associated with a first recipient electronic device.
18. The system of Claim 17, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
transmit the curated alert data object to a first recipient electronic device and
not to a second recipient electronic device based on the destination parameter of the
curated data object.
19. A system for transmitting a first object alert to a first remote electronic device
and not to a second remote electronic device, the system comprising:
a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects;
an alert data interface configured to transmit a curated data object to the first
remote electronic device;
a non-transitory, computer-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive, via the space object data interface, the plurality of movement
parameters associated with the one or more space objects;
receive, from the first remote electronic device via the alert data
interface, a first alert criteria;
receive, from the second remote electronic device via the alert data
interface, a second alert criteria;
determine, based on at least one of the first or second alert criteria, a
first space object of the one or more space objects;
determine that first one or more movement parameters associated with
the first space object satisfies the first alert criteria but not the second alert

criteria;
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generate, based on the determination that the first one or more
movement paramcters satisfics the first alert criteria, the first object alert
associated with the first space object, the first object alert corresponding to a
change in the first one or more movement parameters associated with the first
space object; and

transmit, via the alert data interface, the first object alert to the first
remote electronic device and not to the second remote electronic device, based
on the determination that the first one or more movement parameters
associated with the first space object satisfies the first alert criteria but not the
second alert criteria.

20. The system of Claim 19, further comprising a user interface, wherein the
instructions, when executed by the hardware processor, are further configured to cause the
system to:

receive, via the user interface, a user selection configured to generate display
data for displaying a magnitude-time plot.

21. The system of Claim 19, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

determine, based on the first one or more movement parameters associated
with the first space object, an orbit of the first space object.

22. The system of Claim 19, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

receive user selection configured to generate display data for displaying a
proximity plot configured to indicate a minimum distance between the first space
object and a second space object.

23. The system of Claim 19, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

receive user selection configured to generate, based on the first object alert, a
curated data object comprising the first object alert and a destination parameter
associated with the first remote electronic device.

24. A system for updating a second recipient device identifier of a second space

object track to correspond to a first recipient device identifier, the system comprising:
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a space object data interface configured to receive a the plurality of sets of
identificrs;
a non-transitory computer-readable storage configured to communicate
instructions for displaying a plurality of graphs; and
a hardware processor in communication with the non-transitory computer-
readable storage, wherein the instructions, when executed by the hardware processor,
are configured to cause the system to:
receive, via the space object data interface, the plurality of sets of
identifiers, wherein each set of identifiers corresponds to a space object and
comprises:
a name identifier;
a time identifier;
a latitude identifier;
a longitude identifier;
a scalar identifier; and
a recipient device identifier;
generate data for displaying a plurality of space object tracks and a
tagging interface comprising a stitching selector;
receive user selection of first and second space object tracks associated
with respective first and second name identifiers and first and second recipient
device identifiers;
receive user selection of the stitching selector and a recipient device
selector;
update, based on the user selection of the stitching selector, the second
name identifier of the second space object track to correspond to the first
name identifier;
update the data to display, based on the updated second name identifier
of the second space object track, an indication that the first and second space

object tracks are associated with a common name identifier; and
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update, based on the user selection of the recipient device selector, the
sccond recipient device identifier of the sccond spacc object track to
correspond to the first recipient device identifier.

25. The system of Claim 24, wherein the instructions, when executed by the
processor, are further configured to:

receive a first alert threshold;

determine that a set of identifiers associated with the first space object
satisfies the first alert threshold; and

generate, based on the determination that the set of identifiers satisfies the first
alert threshold, a first object alert associated with the first space object, the first object
alert corresponding to a change in the set of identifiers associated with the first space
object.

26. The system of Claim 25, wherein determining that the set of identifiers
associated with the first space object satisfies the first alert threshold comprises determining,
based on the set of identifiers associated with the first space object, an orbit of the first space
object.

27. The system of Claim 25, wherein the instructions, when executed by the
processor, are further configured to:

receive user selection configured to update the display data for displaying a
proximity plot configured to indicate a minimum distance between the first space
object and a second space object.

28. The system of Claim 25, wherein the instructions, when executed by the
processor, are further configured to:

generate, based on the first object alert, a data object comprising the first
object alert and a destination parameter associated with a recipient electronic device;
and

transmit the data object to the recipient electronic device based on the
destination parameter of the data object.

29. The system of Claim 24, wherein the instructions, when executed by the

processor, are further configured to:
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receive user selection configured to generate updated display data for
displaying a magnitude-time plot bascd on onc or more of the sct of identificrs.
30. A system for determining that at least one of first or second object alerts
should not be transmitted to a remote electronic device, the system comprising:
a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects;
a non-transitory, computer-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive, via the space object data interface, the plurality of movement
parameters associated with the one or more space objects;
receive a first alert criteria;
determine, based on the first alert criteria, that movement parameters
of first and second space objects satisfy the first alert criteria;
generate, based on the determination that the movement parameters of
the first and second space objects satisfy the first alert criteria, the first and
second object alerts each associated with the respective first and second space
objects, each of the first and second object alerts comprising respective
changes in corresponding movement parameters associated with the respective
first and second space objects;
determine that the first and second object alerts do not satisfy a
uniqueness criteria; and
determine, based on the determination that the first and second object
alerts do not satisfy the uniqueness criteria, that at least one of the first or
second object alerts should not be transmitted to the remote electronic device.
31. The system of Claim 30, wherein the movement parameters of the first and
second space objects each comprise one or more sets of identifiers, wherein each set of
identifiers comprises:

a name identifier;
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a time identifier;
a latitude identificr; and
a longitude identifier.

32. The system of Claim 31, wherein determining that the first and second object
alerts do not satisfy the uniqueness criteria comprises determining that the first space object
and the second space object correspond to a single space object.

33. The system of Claim 32, wherein determining that the first space object and
the second space object correspond to the single space object comprises determining that the
first space object and the second space object each comprise a common name identifier.

34. The system of Claim 32, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

remove, based on the determination that the first space object and the second
space object correspond to the single space object, the second object alert.

35. The system of Claim 34, wherein determining that the at least one of the first
or second object alerts should not be transmitted to the remote electronic device comprises
determining that the first object alert, but not the second object alert, should be transmitted to
the remote electronic device.

36. The system of Claim 31, wherein each set of identifiers further comprises a
recipient device identifier corresponding to an owner or agency associated with the
corresponding first and second space objects.

37. The system of Claim 36, wherein determining that the first and second object
alerts do not satisfy the uniqueness criteria comprises determining that the first space object
and the second space object have a common recipient device identifier.

38. The system of Claim 36, wherein determining that the first and second object
alerts do not satisfy the uniqueness criteria comprises determining that the first space object
and the second space object each have the a recipient device identifier associated with a
common set of recipient device identifiers.

39. The system of Claim 30, wherein receiving the first alert criteria is from a first
remote electronic device.

40. A system for modifying a space object alert, the system comprising:
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a space object data interface configured to receive a plurality of movement

paramecters associated with onc or more space objects;

a non-transitory, computer-readable storage storing machine-executable

instructions; and

a hardware processor in communication with the computer-readable storage,

wherein the instructions, when executed by the hardware processor, are configured to

cause the system to:

41.

receive, via the space object data interface, the plurality of movement
parameters associated with the one or more space objects;

determine, based on first one or more movement parameters associated
with the first space object, an orbit of the first space object;

receive an alert threshold;

determine, based on the orbit of the first space object, that the first one
or more movement parameters associated with a first space object satisfies the
alert threshold;

generate, based on the determination that the first one or more
movement parameters satisfies the alert threshold, a first object alert
associated with the first space object, the first object alert corresponding to a
change in the first one or more movement parameters associated with the first
space object;

receive user selection configured to update the first one or more
movement parameters to include second one or more movement parameters;
and

modify an alert status of the first space object based on the second one
or more movement parameters.

The system of Claim 40, wherein receiving the user selection configured to

update the first one or more movement parameters to include second one or more movement

parameters comprises adding the second one or more movement parameters to the first one or

more movement parameters.

42.

The system of Claim 40, wherein receiving the user selection configured to

update the first one or more movement parameters to include second one or more movement
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parameters comprises replacing the first one or more movement parameters with the second
onc or morc movement parameters.

43. The system of Claim 40, wherein receiving the user selection configured to
update the first one or more movement parameters to include second one or more movement
parameters comprises removing one or more movement parameters from the first one or
more movement parameters.

44. The system of Claim 40, wherein modifying the alert status of the first space
object comprises determining that the second one or more movement parameters associated
with a first space object do not satisfy the alert threshold.

45. The system of Claim 40, wherein modifying the alert status of the first space
object comprises determining that the second one or more movement parameters associated
with a first space object satisfy a second alert threshold.

46. The system of Claim 40, wherein the instructions, when executed by the
hardware processor. are configured to cause the system to:

receive user selection configured to update display data for displaying a
proximity plot configured to indicate a minimum distance between the first space
object and a second space object.

47. The system of Claim 40, wherein the instructions, when executed by the
hardware processor, are configured to cause the system to:

receive user selection configured to generate display data for displaying a
magnitude-time plot.

48. The system of Claim 40, wherein the instructions, when executed by the
hardware processor, are configured to cause the system to:

receive user selection configured to generate, based on the first object alert, a
data object comprising the first object alert and a destination parameter associated
with a recipient electronic device; and

transmit the data object to the recipient electronic device based on the
destination parameter of the data object.

49. A system for generating a data object associated with a first space object
based on respective times associated with first and second observation points, the system

comprising:
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a space object data interface configured to receive a plurality of movement
paramecters and obscrvation points associated with onc or morc space objccts;
an alert data interface configured to transmit the data object to a remote
electronic device;
a non-transitory, computer-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive, via the space object data interface, the plurality of movement
parameters and observation points associated with the one or more space
objects;
receive a maneuver criteria configured to indicate that a space object
has performed a maneuver;
determine, based on the maneuver criteria, that a first space object of
the one or more space objects is active;
receive an alert criteria;
receive, via the space object data interface, the first and second
observation points and a target movement parameter associated with the first
space object, wherein each of the first and second observation points are
associated with the respective times, wherein the time associated with the first
observation point is before a time associated with the target movement
parameter, and wherein the time associated with the second observation point
is after the time associated with the target movement parameter;
determine that the target movement parameter associated with the first
space object satisfies the alert criteria;
generate. based on the determination that the target movement
parameter satisfies the alert criteria and based on the respective times of the
first and second observation points, a data object associated with the first

space object; and
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transmit, via the alert data interface, the data object to the remote
clectronic device.

50. The system of Claim 49, the system, wherein the first alert criteria is received
from the remote electronic device via the alert data interface.

51. A system for modifying one or more movement parameters of a data object. the
system comprising:

a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects;
a user interface configured to receive user selection for modifying the data
object;
a non-transitory, computer-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive, via the space object data interface, the plurality of movement
parameters associated with the one or more space objects;
receive a first alert criteria;
determine that the one or more movement parameters of a first space
object of the one or more space objects satisfies the first alert criteria;
generate, based on the determination that the one or more movement
parameters satisfies the first alert criteria, the data object associated with the
first space object; and
modify, based on the user selection via the user interface, the one or
more movement parameters of the data object.

52. The system of Claim 51, wherein modifying the one or more movement
parameters of the data object comprises adding an updated movement parameter to the one or
more movement parameters associated with the first space object.

53.The system of Claim 51, wherein modifying the one or more movement
parameters of the data object comprises removing a movement parameter from the one or

more movement parameters associated with the first space object.
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54. The system of Claim 51, wherein modifying the one or more movement
paramcters of the data objcct comprises replacing the onc or morec movement paramcters
with a second one or more movement parameters associated with the first space object.

55. A system for generating a curated data object corresponding to a change in
one or more movement parameters associated with a first space object, the system
comprising:

a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects;
an uncurated alert database configured to store uncurated alert data objects;
a curated alert database configured to store curated alert data objects;
a non-transitory, computer-readable storage storing executable instructions
and a trained model configured to identify an alert event; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive, via the space object data interface, the plurality of movement
parameters associated with the one or more space objects;
determine that the one or more movement parameters associated with
the first space object satisfies a first alert threshold;
generate and store in the uncurated alert database an uncurated alert
data object, based on the determination that the one or more movement
parameters satisfies the first alert threshold, the uncurated alert data object
comprising the change in the one or more movement parameters associated
with the first space object;
compare the change in the one or more movement parameters of the
uncurated alert data object with alert events of the trained model;
determine that the uncurated alert data object corresponds to the alert
event based on a comparison of the change in the one or more movement
parameters of the uncurated alert data object with the alert events of the

trained model; and
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generate and store in the curated alert database, based on the
determination that the uncurated alert data object corresponds to the alert
event, the curated alert data object comprising the change in the one or more
movement parameters associated with the first space object.

56. The system of Claim 55, wherein the trained model comprises a convolutional
neural network trained to identify the alert event based on the one or more movement
parameters.

57. A system for managing alerts based on detection of movement parameters for
space objects, the system comprising:

a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects;
a non-transitory, computer-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
identify a first space object and a first object alert associated with a
change in one or more movement parameters of the first space object, wherein
the first object alert comprises alert metadata;
generate data configured to display a first display region and a first
object alert indicator within the first display region, the first object alert
indicator corresponding to the first object alert, wherein the data is configured
to display the first object alert indicator at a location within the first display
region, wherein the location is based on the alert metadata;
generate data configured to display, within a second display region, a
listing of a plurality of alerts comprising the first object alert;
receive, via a user interface, a user selection of an alert from the
plurality of alerts configured to be displayed in the second display region; and
based on the user selection of the alert, automatically generate updated

data configured to display an updated first display region, wherein the updated
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first display region comprises at least one of a panned, rotated, and/or zoomed
perspective of the first display region.
38. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
receive a user removal-selection of the first object alert indicator; and
generate updated data configured to display the updated first display region
without the first object alert indicator.
59. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
based on the alert metadata, determine a first state change of the first space
object, the first state change comprising one or more of a perturbation of a path of the
first space object, a changed attitude, and/or a changed configuration of the first space
object;
based on the first state change, identify one or more updated movement
parameters associated with the first space object; and
generate updated data configured to display an indication of the one or more
updated movement parameters.
60. The system of claim 59, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
generate updated data configured to display within the updated first display
region a longitude-time graph comprising a longitude axis spanning from a lower-
longitude limit to an upper-longitude limit and a time axis spanning from a lower-
time limit to an upper-time limit.
61. The system of claim 59, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
determine a change in a radiometric attribute associated with the first space
object, the one or more updated movement parameters comprising the change in the
radiometric attribute.
62. The system of claim 61, wherein the instructions, when executed by the

hardware processor, are further configured to cause the system to:
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determine that the change in the radiometric attribute exceeds a threshold
valuc;
based on the determination that the radiometric attribute exceeds a threshold
value, determine that the first space object is in one or more of the following: a state
of tumble, a state of uncontrolled spin, a state of directed orientation, a state of spin
stable, or a state of attitude control.
63. The system of claim 61, wherein the instructions, when executed by the
hardware processor, are further confligured to cause the system to:
based on the radiometric attribute, identify a physical shape of the first space
object.
64. The system of claim 63, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
based on the physical shape of the first space object, generate data configured
to display the physical shape of the first space object.
65. The system of claim 63, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
based on the physical shape of the first space object, determine a second
radiometric attribute of the first space object associated with a time later than a time
associated with the first object alert.
66. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
generate data configured to display an indication of an orbit of the first space
object within at least one of the first display region or the updated first display region.
67. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
receive a user selection of a threshold value;
based on the threshold value, determine that the first object alert does not
exceed the threshold value; and
generate updated data configured to display the updated first display region

without the first object alert indicator.
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68. The system of claim 57, wherein the user selection of the first object alert
indicator compriscs mousing over the first objcct alert indicator.
69. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
generate data configured to display an alert indicator associated with each of
the plurality of alerts within one or more of the first display region or the updated first
display region.
70. The system of claim 69, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
in response to the user selection of the first object alert indicator, generate
updated data configured to highlight the corresponding alert apart from other alerts
associated with the others of the plurality of alerts.
71. The system of claim 57, wherein the instructions, when executed by the
hardware processor. are further configured to cause the system to:
determine a first velocity preceding the first object alert;
identify a maneuver associated with the first object alert; and
based on the maneuver, determine a second velocity of the first space object
subsequent to the alert.
72. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
determine an orbit of the first space object; and
identify a station keeping maneuver of the first space object, the station
keeping maneuver configured to maintain the orbit of the first space object, wherein
the first object alert is associated with the station keeping.
73. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
determine a target orbit of the first space object; and
identify an orbit transfer of the first space object, wherein the first object alert
is associated with a maneuver of the orbit transfer.
74. The system of claim 73, wherein the data are configured to display a start time

and a stop time associated with the maneuver of the orbit transfer.
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75. The system of claim 57, wherein the plurality of movement parameters
comprises at least onc of a translation, a rotation, a deployment of an arm, and/or an opcning
of a door separation.

76. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

generate second data configured to display a second object alert indicator

within the first display region, the second object alert indicator corresponding to a

second object alert comprising second object metadata, wherein the updated data is

configured to display the second object alert indicator at a second location within the
first display region, wherein the second location is based on the second alert
metadata.

77. The system of claim 76, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

identify a time associated with:
receipt of a user removal-selection of the first object alert indicator,
the first object alert, and
the second object alert; and
generate second updated data configured to display, based on the time
associated with each of the receipt of a user-removal selection and of the first and
second object alerts, the updated first display region without the first object alert
indicator but with the second object alert indicator.

78. The system of claim 77, wherein the time associated with the first object alert
is before the time associated with the receipt of the user removal-selection of the first object
alert indicator, and wherein the time associated with the second object alert is after the time
associated with the receipt of the user removal-selection of the first object alert indicator.

79. The system of claim 76, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

receive, via a user interface, a user annotation associated with the first object
alert, wherein the second data are configured to display the user annotation with the

second object alert indicator.
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80. The system of claim 79, wherein the annotation comprises an indication that
the first object alert comprises a true positive.
81. A system for managing alerts based on detection of movement parameters for
space objects, the system comprising:
a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects;
a data interface configured to transmit a report of one or more target space
objects of the one or more space objects;
a non-transitory, computer-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive an indication of the one or more target space objects;
determine that a first space object of the one or more target space
objects is associated with a change in one or more movement parameters that
exceed a parameter threshold;
identify a first object alert associated with the change in the one or
more movement parameters of the first space object, wherein the first object
alert comprises alert metadata;
generate data configured to display a first display region and a first
object alert indicator within the first display region, the first object alert
indicator corresponding to the first object alert, wherein the data is configured
to display the first object alert indicator at a location within the first display
region, wherein the location is based on the alert metadata;
generate data configured to display, within a second display region, a
listing of a plurality of alerts comprising the first object alert;
receive, via a user interface, a user selection of an alert from the
plurality of alerts configured to be displayed in the second display region;
transmit, via the data interface to a remote computing device, the

report of the one or more target space objects, wherein transmitting the report
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is based on the determination that the first space object is associated with the
change in onc or morc movement parameters that cxceced a paramecter
threshold; and
based on the user selection of the alert, automatically generate updated
data configured to display an updated first display region, wherein the updated
first display region comprises at least one of a panned, rotated, and/or zoomed
perspective of the first display region.
82. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
receive a user removal-selection of the first object alert indicator; and
generate updated data configured to display the updated first display region
without the first object alert indicator.
83. The system of claim 57, wherein the instructions, when executed by the
hardware processor. are further configured to cause the system to:
based on the alert metadata, determine a first state change of the first space
object, the first state change comprising one or more of a perturbation of a path of the
first space object, a changed attitude, and/or a changed configuration of the first space
object;
based on the first state change, identify one or more updated movement
parameters associated with the first space object; and
generate updated data configured to display an indication of the one or more
updated movement parameters.
84. The system of claim 59, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
generate updated data configured to display within the updated first display
region a longitude-time graph comprising a longitude axis spanning from a lower-
longitude limit to an upper-longitude limit and a time axis spanning from a lower-
time limit to an upper-time limit.
85. The system of claim 60, wherein generating the data configured to display the

first display region and the first object alert indicator within the first display region comprises
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at least one of panning, rotating, and/or zooming the display region such that the location is
within the first display rcgion.
86. The system of claim 59, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
determine a change in a radiometric attribute associated with the first space
object, the one or more updated movement parameters comprising the change in the
radiometric attribute.
87. The system of claim 86, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
determine that the change in the radiometric attribute exceeds a threshold
value; and
based on the determination that the radiometric attribute exceeds a threshold
value, determine that the first space object is in one or more of the following: a state
of tumble, a state of uncontrolled spin, a state of directed orientation, a state of spin
stable, or a state of attitude control.
88. The system of claim 86, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
based on the radiometric attribute, identify a physical shape of the first space
object.
89. The system of claim 63, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
based on the physical shape of the first space object, generate data configured
to display the physical shape of the first space object.
90. The system of claim 63, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
based on the physical shape of the first space object, determine a second
radiometric attribute of the first space object associated with a time later than a time
associated with the first object alert.
91. The system of claim 57, wherein the instructions, when executed by the

hardware processor, are further configured to cause the system to:
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generate data configured to display an indication of an orbit of the first space
objcct within at least onc of the first display region or the updated first display region.
92. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
receive a user sclection of a threshold value;
based on the threshold value, determine that the first object alert does not
exceed the threshold value; and
generate updated data configured to display the updated first display region
without the first object alert indicator.
93. The system of claim 57, wherein the user selection of the first object alert
indicator comprises mousing over the first object alert indicator.
94. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
generate data configured to display an alert indicator associated with each of
the plurality of alerts within one or more of the first display region or the updated first
display region.
95. The system of claim 69, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
in response to the user selection of the first object alert indicator, generate
updated data configured to highlight the corresponding alert apart from other alerts
associated with the others of the plurality of alerts.
96. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:
determine a first velocity preceding the first object alert;
identify a maneuver associated with the first object alert; and
based on the maneuver, determine a second velocity of the first space object
subsequent to the alert.
97. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

determine an orbit of the first space object; and
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identify a station keeping maneuver of the first space object, the station
keeping mancuver configured to maintain the orbit of the first space object, wherein
the first object alert is associated with the station keeping.

98. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

determine a target orbit of the first space object; and
identify an orbit transfer of the first space object, wherein the first object alert
is associated with a maneuver ol the orbilt transfer.

99. The system of claim 73, wherein the data are configured to display a start time
and a stop time associated with the maneuver of the orbit transfer.

100. The system of claim 57. wherein the plurality of movement parameters
comprises at least one of a translation, a rotation, a deployment of an arm, and/or an opening
of a door separation.

101. The system of claim 57, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

generate second data configured to display a second object alert indicator

within the first display region, the second object alert indicator corresponding to a

second object alert comprising second object metadata, wherein the second data is

configured to display the second object alert indicator at a second location within the
first display region, wherein the second location is based on the second alert
metadata.

102. The system of claim 76, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

receive a user removal-selection of the first object alert indicator;

identify a time associated with:
receipt of the user removal-selection of the first object alert indicator,
the first object alert, and
the second object alert; and

generate second updated data configured to display, based on the time

associated with each of the receipt of the user removal-selection and of the first and
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second object alerts, the second updated first display region without the first object

alert indicator but with the second object alert indicator.

103.  The system of claim 77, wherein the time associated with the first object alert
is before the time associated with the receipt of the user removal-selection of the first object
alert indicator, and wherein the time associated with the second object alert is after the time
associated with the receipt of the user removal-selection of the first object alert indicator.

104. The system of claim 76, wherein the instructions, when executed by the
hardware processor, are further confligured to cause the system to:

receive, via a user interface, a user annotation associated with the first object
alert, wherein the second data are configured to display the user annotation with the
second object alert indicator.

105. The system of claim 79, wherein the annotation comprises an indication that
the first object alert comprises a true positive.

106. The system of claim 76, wherein generating the second data comprises at least
one of panning, rotating, and/or zooming the display region such that the location and the
second location are within the first display region.

107. A system for managing alerts based on detection of movement parameters for
space objects, the system comprising:

a space object data interface configured to receive a plurality of movement
parameters associated with one or more space objects;
a data interface configured to transmit a report of one or more target space
objects of the one or more space objects;
a non-transitory, computer-readable storage storing machine-executable
instructions; and
a hardware processor in communication with the computer-readable storage,
wherein the instructions, when executed by the hardware processor, are configured to
cause the system to:
receive an indication of the one or more target space objects;
determine that a first space object of the one or more target space
objects is associated with a change in one or more movement parameters that

exceed a parameter threshold;
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108.

identify a first object alert associated with the change in the one or
morc movement paramcters of the first space object, wherein the first object
alert comprises alert metadata;

generate data configured to display a first display region and a first
object alert indicator within the first display region, the first object alert
indicator corresponding to the first object alert;

generate data configured to display, within a second display region, a
listing of a plurality of alerts comprising the first object alert;

receive, via a user interface, a user selection of an alert from the
plurality of alerts configured to be displayed in the second display region; and

transmit, via the data interface to a remote computing device, the
report of the one or more target space objects, wherein transmitting the report
is based on the determination that the first space object is associated with a
change in one or more movement parameters that exceed a parameter
threshold.

A system for generating updated data configured to display an annotation of a

maneuver associated with a first space object, the system comprising:

a space object data interface configured to receive a plurality of movement

parameters and positional indicators associated with one or more space objects;

a data interface configured to transmit a report of one or more target space

objects of the one or more space objects;

a non-transitory, computer-readable storage storing machine-executable

instructions; and

a hardware processor in communication with the computer-readable storage,

wherein the instructions, when executed by the hardware processor, are configured to

cause the system to:

receive data associated with the one or more target space objects;

generate data configured to display, within a first display region, a
longitude-time plot and an indication of at least the first space object of the
one or more target space objects within the longitude-time plot based at least

on the positional indicators associated with the first space object;
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determine, based at least on positional indicators associated with the
first spacc objecct, an orbital path of the first space object;

identify the maneuver associated with the first space object;

generate updated data configured to display, within the longitude-time
plot, the annotation of the maneuver.

109. The system of Claim 108, wherein the indication of the one or more target
space objects comprises a user selection, via a user interface, of the one or more target space
objects.

110. The system of Claim 108, wherein identifying the maneuver associated with
the first space object comprises receiving a user selection, via a user interface, of maneuver
parameters associated with the maneuver.

111.  The system of Claim 108, wherein identifying the maneuver associated with
the first space object comprises determining maneuver parameters associated with the
maneuver based at least in part on the movement parameters associated with the first space
object.

112.  The system of Claim 111, wherein determining the maneuver parameters is
further based on the orbital path.

113.  The system of Claim 108, wherein displaying, within the longitude-time plot,
the indication of the maneuver comprises displaying the annotation at a location within the
longitude-time plot based on maneuver parameters of the maneuver.

114. The system of Claim 108, wherein the instructions, when executed by the
hardware processor, are further configured to cause the system to:

transmit, via the data interface to a remote computing device, maneuver
parameters associated with the maneuver.

115. The system of Claim 114, wherein transmitting the maneuver parameters is
based on a determination that the first space object is associated with a change in one or more
movement parameters that exceed a parameter threshold.

116. The system of Claim 115, wherein the instructions, when executed by the

hardware processor, are further configured to cause the system to:
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update a display of the longitude-time plot, wherein the updated display of the
longitude-time plot compriscs at lcast onc of a panned, rotated, and/or zoomecd

perspective of the longitude-time plot.

-143-



PCT/US2023/069366

WO 2024/050163

1/64

Vi Ol
810)S Ble(] someq nduj Ae(dsiqg
. uoneziensip
X 891 y91 -7 % 1 00}
Y
A Y
a|npo\ Bumasg Jesn » 99BLBJU| 891A9(] Indino/ndu

€L

9|NPO\ UOIBZIUCIYOUAS

oglL -~

a|npojy uonelbaju| ejeq

8zl -

Y

Y

A

a|npoyy Buibbe]
9zl -
a|npopy a1ydels)
4
wesAg buneladp
- fowspy
9p} -

A

A

A 4

A

\-z8l
82BLI8JU| UONIBULOT) Sl | -|edy
-8/}
aoeLIs)U| abew|
N9/}
aoepayu| buibbe|
pL)

y

soeajU| Ble(

10800 [eNgquQ swi| -|esy

\zl)

Y

J0SS8001d 81eMpJeH

.
wa)sAg uoljezijensip o8}

19MI9S
elepelsjy

961

JOMIDS Ble(]
Aielodwauon

051

144

JanIeg eje(
[EOLIOJSIH

0yl




PCT/US2023/069366

WO 2024/050163

2/64

gal'o1d

Y3IHV AV1dSId 1071d ddIHL
9|} N2l
101d ANOD3S 1071d 1SHI4
\-g01 ~y0L

0l
AV1dSId




PCT/US2023/069366

WO 2024/050163

3/64

¢ 9ld
N zzHT )
89¢ b 306 300 30e 0%C e we  mes  mon moaO%Con
” _ _ _ L/ _ _ _ _ \ sol
., ﬁwm 4 ¢6C 87 ~L e
\ J G\“k JOOORRARISSIRRR \ s \x % B 5 y.va
2211 92 887 v8e s
e sdiy) sbeuwl] 2 P 838¢ e[ Nob
99¢ 4 8v¢ ¥97 - 777 NG
8 6 0L LLZLJEl 71 S O 3024 306 309 30¢ 0 M0E 09 MOE  MOZ ) MOSH 08}
A L _ _ L | | ) \._ 20
L 10-2102 P, _ m " "m P m 0
ey - lC i ! o . 10-2102
e S T LN DR Ty
| R e IR S _— | _~0CC
- Loolo |7VesL iovsi ! ™ %, §41-39) panyieoduozes i ,&L.,.\._&.....?@wm I\E.@SN
/ ! LI Y
0 “ i 080 | A — 10
L 105102 e i 2 m i m TNNN !
m x..h.xx.. m N m m — 10-610¢
— 10 o A N I B S
ooz Lo \ oLt ; M69L0 L1 »/m i ¥0¢
7 4 ) 107402
02 v om\m 8cz o
el OON




PCT/US2023/069366

WO 2024/050163

4/64

o_‘m/v 3021

306

30€

1444

MOCl \ MOS1
I l

¢le
80€

081 \

10

86
Y

vLeeL [0-01-G102

309
_
m

Xxx

xlxnx )
Xy
1 *x
!

:'
%
x,
X
X,
%,
%,
x
*
2y
X,

RRRXRURRXXAXRXRK [— O

o

9.¢

— 10-210¢

— 109102

/
092

~—

/>

¢Le

— 10

— 10-G10¢

— L0

L0102

oo
AN
N

\

08¢
X~p0¢C



PCT/US2023/069366

WO 2024/050163

5/64

¥ "Old
447
- vwov
/V 30¢1 306 309 30¢ 0 @MN MOE M09 MO06 MOCL MOSL O.—uN 081 \
_ _ _ L/ _ _ _ _ \ 8
¢6¢ vwm/ %Nmm
NN.VI/b \\ o .88..1;8.\ \\w I ) / 3 iy
NZ8L'L 87 B NS
% 88¢ 09¢ \/ 297 nmw
N ¥9¢ - /
9cy 98z X0



WO 2024/050163 PCT/US2023/069366

6/64
208\ 504
/ o
2014-01 é
o7 584 {252
-
2015-01
” 580 -3?8
20|16—03-07
201601 /) — — 7:53i:14\
820:11003(AMC-9 (GE|.12)<\ 2go =260
L 074
07 E
2017-01
2641

07 —
/A % 15 4 13 12 11 10 9 8\516
508 (
512



PCT/US2023/069366
7/64

WO 2024/050163

9914
097 0 E/v&:%%i 81-10-8102
08} 3024 306 309 308 0 MOS M09 MOG MOZL  MOS 08l
\, _ s
Y
d S0}
& S5
0
NG

ma_:om%_m_ NO

99 9lg 215 808
8 6 0bLLZhELrhSHO T N0z 08 4\
- 11-80-L102 8072402
— 7080-L107 B L $0-80-L102
L 82-20-L402 L 02-20-1402
121071102 L 121071102
L ph-20-L402 L p1-20-1402
L 20-20-L402 L 020-1402
— £2-90-1102 I} &7 b £2-00-2102
L 91-90-/102 L 91-90-/102
08G 4 L 60-90-L107 [ L 60-90-107
L 20-90-L402 L 200072102
L 92-G0-110Z L 92-60-1107
L 61501102 L 61-50-2402
L 21501102 2hS0-L10T
L G0-60-L102 L G0r60-2102
80-p0~L 107 B e . SR 80P0-L402
ot 06¢ ocz }
[ xR} .vom




PCT/US2023/069366

WO 2024/050163

8/64

99¢ 1

086 <

JLN 6E:91:G)

e~

04¢

M0GC8

81-10-8L0¢
MOS'€8

sdiyn abew)

0L Ccevs9l

e NS

.”. H“N_‘NH NO}

8

Em A

NG|

MOG'E8
80t

v

6-0WY) /S1L:028LE

$0-80
19210
—12-0
—¥1-L0
—10-10
0690
£2-90

8¢-¥0-210¢C

\

44




PCT/US2023/069366

WO 2024/050163

99¢

9/64

997 21N SGLZGL
MO0S'Z8 MGL'Z8 MO0'ES MGZ'€8 Mmoseg  8L-LO8LOZ
\ | _ | _ _
v ] 3 .} S5l
- ’ - — S0,
& 9
0z e e
diyo abew — NGI
A~ sd
g 5oL zeryio ~8C8 v\|wom
— 00:90 —_ .._nmmu«wr.?‘wmﬁm._.aﬁwww..q..a H,I;..rll 00-90
— 0000 8,-90 — 0000 81-90
089 — 00'8) 08¢ L 00:8)
— 0021 : — 0071
S IS (5T P11 OAA 8L 0o
.. . ((21-39)6-01Y) 2511202822 .
— 00:00 £}-9) — 00:00 £L-0L
| osL 08¢ — 008
088~ [wa \ - 007l
] -8 — 00:90 S S — 00:90
- L 00:00 . =] MEVLO'E8 — 00:00
91-90-£102 91-90-210Z
[%F71L) .vom




PCT/US2023/069366
10/64

WO 2024/050163

6'9I4

21N 9'8EGL
35011 -8l 108102

- SO
I\, T e N
@N@ . ¢ ..a.-.. e T N P RTETL ARG o 22 ¥ “ _.... ......_ . N U koo

T v B X it o IZ@O

i sdiyp abew) o eeee s —NO
8 6 0L ZLELYLGE

61°96-0081-10-810¢ ) — 00}

\ — 00:90

716 L 00:008-40

— 00-81

e —e

R T R T e e

L oozl
L 00:90
L 00:00 1-10

3162911 — 0061
94-10-8102




PCT/US2023/069366

WO 2024/050163

0t8
¢es

V0l '9Id

% S]0|d SISAeUy

'@E%g EIR (S,

PR 10 UL )3 5 |

818
8¢8

Yy SYNOZYINY 9196
B poe/] UojeuNsag [N

Pl 0 Jeyg 5580 "Rl (1) Je
BRSO 1B U0 TOjg Sy 4o >
98] 0l dely U0 YoPng SSNopY >
el o) dep uo Lopng SN 1]

o) ey uo Lopng ssnap) YT
o dlely Lo Uong 2anop) Y-
<986 0} el Uo UG esnop) UeTs-
198BS 0] Je} Uo Uoyng esnop] 4>
865 o) dBjy Ut UORRT esnop YeT>

~C¢8

{msyoel] 80.n0S M
'\ |00] buiyopg [

N
818

EmB

MO0L

MG'LL

21N 9€v10L
-8l L0-810¢

- - E———————

— SG'|
— S0
— SG°0
— 00

— NS0
— NO'L
— NS'|

L0:0€°L0 02-¢l-210¢C

| '
. BenAE 1L

L2

-’

2 em =

M

— 00:¢)
-1 00:00 Le-¢l
— 00:¢)

v ()0811:9/1.869002

\//wvw,.

— 00:00 0¢-¢l
— 00:C)
— 00:00 6L-¢l
— 00:C)
— 00:008L-¢)
— 002}

A AN AN




PCT/US2023/069366

WO 2024/050163

98

g0l "old

21N 9¢vioL
MD0L MEZ2 MO'GL MG1L 8l 10-810¢
| | | |
¢ ! ! 55
098 D CohLL - S0
? [y L -- ! NNw * —' \ L aﬁ—f // ] * ! .; .l.lUI! Iwmo
W4 I R W A Wt BRSNS N SRR
ull Vs < w__ o - .. Y k Y ._ ___.._ ,J, : Y ! . v NS0
G [ [8] (] () H v , L NDL
% 5)0]d SIsAeuy ! s — NG|
prunay {31920 R Jyom — 00:C)
261510 UL ) 1613 35444 8 9] - =
TSt T = =1-000012-2b
[ yoel] uojeunss] (W
I3 IR 55elg 030 1 L0:0£:10 02-TH-L10T Vo ' — 00-¢)
S O T Vo !
<J99[o5 01 ek U Uogng esTiay) Ue- e — 00:00 02-¢L
el o) dep uo Lopng SN 1] w©w
< ME@NS%S&E@ BETION Y& ' .
<Jalac o dey Wb oG 2ahap Yo IR S — 0021
et L
pee o ] 00 UORRG SN 9T — 00:006L-CL
o I g v 918 !
B 5} e, . A aaa- — 00:
| goes ude o ety /&. ot e i oo.S
[®soBi] 901n0S M 918 — 00:008L¢)
CWETITET ;N N Lo ._ - 00z,
7E8 LZh-L102




PCT/US2023/069366

WO 2024/050163

J01 Ol

21N 9¢vioL
889 MD0L MEZ2 MO'GL MG1L 8l 10-810¢
1 | | | |
T M - SG'1
098 &&l- ; . el
9g8<x N2 VoA N b S e
0l e e o _://zz \ ¢! \ Wy K — 00
] Sy ome- ' A r W W ‘ K] .
_ £ VRN v v
O [ [8] [\ w . van . L NDL
% 5)0]d SISAeuy B vv8 88 NS
L ) ) S | 00z
EERI) 10 i 0} J6).3 S5l ) ) . Y I .-~
Wy SYNOZVIY 9196E = P4 owwd SrEEpETTT | TR 0000 42T
B el uoneunse] [N w©w
P ) Jeg) 55 "R (] e ' ', ! ' — 00:¢}
RIS O TEq 00 O eanop] U Vo ' __
<98[a o) e U0 10jng e 1T e ! — 00:00 0Z-¢l
el o) dep uo Lopng SN 1] w @ w
<e[pS 01 dey up Lopng Bsno U8 .
<Jalag o] de W UG achop JeTs- Yy ! - ." e —00Z1
%ﬁﬁmz%@ﬁ %ME&VH Vol ! ---l--
oot FpeifegrA ol g L 00:00 612
it pobuit g 918 _ .
] ty . m e - — .
> =) N o ! e B
> 0/10600(¢ ooof .
[msyoe1] 80.n0S @ 918 . — 00:00 81-¢h
s oo Do B, | leen N Lo ._ ._ L o0z
7E8 L1008

EmB




PCT/US2023/069366

WO 2024/050163

aot’

old

21N 9Ey19L
MD0L MEZ2 MO'GL MG1L 8l 10-810¢
| _ | |
T M . - SG'1
2 . T w L — S0}
by v [ ! “ v Vyove f ! .;.llﬂi! — SG°0
wmw ol tom == =" |__:|n| -- --.x.... " L™ ' ' __ .___“._,“.ﬂ/ \ .. .”. ’ _: .n,__\..,\nt\ L 00
ol Ve ST . R RIS — NS0
O = [ 3] (M () H v , L NDL
w  SJ0|d SISAjeuyY ' 968 b L NS
(] ) i S 8c8 L 00z
10 i O} U3 S5l 8l ] e -
7 SYNOZVINY 9195 wec (68 SFEE T 0000022
B el uoneunse] [N
P4 3 5804 A0 ) L0:08:10 02-C-2107 BRINAS 1L o ‘ — 00:¢h
& 1 1 1 i . .
ol g 0 P e (log11°921869002 4 Vot ! L 00:00 0221
el o) dep uo Lopng SN 1]
< Mﬁgmsma:@%@m@deéuﬁvn ' .
<Jalac o dey Wb Iog 2anap Yo IR S — 0021
S b T L
pee o ] 00 UORRG s 9T — 00:006L-CL
R o i b oo 918 !
< o L — 0021
~ 0 J 1 v —TTlooo--
<o o o w oy oo~ 008 N ot _ |
ES)0BI] 90105 @l 918 — 00:008l-¢l
[w 00| Buyowg :: = ] /n. MZI06°EL N ; — 00:C)
AN ARIAN 4




PCT/US2023/069366

WO 2024/050163

15/64

L} Old

J1N §¢€:/¢:00 £0-10-610¢C

698 098 G'G8 0q8 S8 0'v8 G'¢s 0¢s 07¢8
M : N [ R
4 ¢ ™ T SO0y
1 A= 4000
0} Omm\\/ . NOL'O Zmo.o
© B m 8 L W ' —NGL'0
L NOZ'0
| sjoid siskeuy :
. 70000
EIPd| 0083 {00 00'90
9JEax)) 10 PUl{ 0] 18U $S314 =18y (J] Jsjuq R
TSI A TR Ort \ 00€0
B yoel] uoleuRsaqd v J L MHL]L . i
PUT] 0} JojUT SS81d 839y (1] JojUg .AH@Nm 00-00 €0-10
GBS G G2)] U0 Lag oM JE p— .
<PEPES @ Gy UD UoDig ESTOp| o 00’1
<OEES @) 63} UD UGDNG SSTOpy YEr>— / N X :
goepes o) ey o Ujig SSA0T JEp— , ) N 1] e W ' .
<P o) 4] Uo UBNG SSTOf YET>— — ; < y ' 0081
SPeIE 0} (3] Up Ui SSHORI e o ./. A ;
QSIS Q) A UO UG SO o= [ |~ —076 nh ! , :
<Peles ) @3] U WSl SO 1 — —r - 0061
<PE]ES O A3} UD Ul S0 > Lol - g ' '
<OE[ES Ol dEip] UD Loliig) ESRO[Y VETf>— | B e b it ittt L1t ! ! .
<oepes ) A3y o UeinG SSMO YEp— 00:¢l
<oees o) dey) uo Uaig SSTO IET>— ) v
L] SYPEI] 59108 e 056 00:60 ¢0-10-610¢
® [oolbuyoms , |ims
4
708

XELO




PCT/US2023/069366

WO 2024/050163

16/64

¢l

'Ol

01N 2¢:6¢-:00 £0-10-610¢C

68 098 §'¢8 0S8 g8 0'¥8 Ges 0¢8 6'z8 078
. \ [ R
¥ |2 N - S0L0
i m N -2 000 o200
t o A _ —NS0'0
= 0 NOL'0
OEmECm )36 = e
S sjod m_m>_u__< :
00:90
9JEax)) 10 PUl{ 0] 18U $S314 =18y (J] Jsjuq
57 DUIG]7 UL FL 00,70 WIGIOSCAILSG, 00:€0
e rasasolisooyticsi=21 | WY
B 0Bl uoneunseq . i
PUT] 0] JolUg SSelg 925 qf Jolug] 00:00 €0710
0 TN 200056022 38 :
o <€WBNIDT> /£500602C 4 001¢C
o <CWENIPT>  LESOTE0ZT % i/ |
o <CUBNIPI> 88Y0E602Z B8 . STt .
e} CWPNIDZ>  Z8Y0€60¢Z W t < 7 1 0081
3 ™ 1IN
o CWBNIPE> 695006022 W H— = 016 I _ 00'sl
o <CUWBNIDS>  8YE0£607Z 4% X L. 4ii__ 0 |
o <SUBNIDE> | PE0£6077 2% 1 | = .
o b Lot 9 00:¢)
|m Spel] ou._zmmmmommouw am 096 v .
& ool BUIOIS 2 o= 0060 ¢0-10-610¢
XELO




PCT/US2023/069366
17164

WO 2024/050163

€l 'old

21N 6L:€0:60 €0-10-610¢
0586 TA 006G STAVAY 06'/S
MO DE T yidUN9g0 BS-77-aL mN:NF_ 3 %M 7 — Mw w m
10'0=" gg'0=b 08'0=8 e Y S50
\ i ‘ OOO
- - NG0'0
= - o NOL'0
| (09Z17.887)E-SrL » ; ‘ NSL'0
T [009s3| 100 m \\\_\ | wmww
S1E01) 10 DU O] 11U 55814 Iy (] Jolid 1 P )
Pig | W UWagh] P, 00U | 0B ZSEXv6ISE * ~ OO —.N
(%] £-Srl L98CT e» ' \ .
8 el UoReuRseq 151 (W “ 0€:0¢
PUT] 0] JolUg SSelg 925 qf Jolug] /] 00:0¢
FEES A Qo] 0 Uo1g SO T b ' y/ :
s o} 427] o ey O v 0c-61
._o%@@lg%__gg.@@g__m#u : /4 0061
%w%%%%ﬁﬁww “ b A/ .
s oo\ 61052) szzi810z LU s R 0¢:8l
e o ool | O V5 (6-SrL) 092} 7/8¢F Ly ~---1 o9l
9P 0 o U Uegng SSofl £ ' .- / :
<05 0} A2y Uo Ul ESNO[ MET>— ' o 0¢Ll
<oelEG 01 ) 0 UBng esmofy P ' el :
%%m@tz%__gg.aa:ﬁ#u + 00:L1
.lﬂ SYoel] 99In0g B ] " |||||||||||||||| \ |||||||||||| 0£:91 82-21-8102
< |oo] buyang [1=h “/” 39166°/G
XERIO




PCT/US2023/069366
18/64

WO 2024/050163

vl 'Old

21N 26%0:60 €0-10-610¢
0586 TA 0088 ST 0S'.6
MO0 17 yidUN9g0 BS-77-aL %m o %M ._. _ Mw w m
10'0=A gg°0=6 08°0=5 | ) e Y S804
A — - 000
T e > NGO'0
866" .u...f S, e ne NOL'0
T . . - NGL'0
w. 00¢¢
0¢le
9JEax)) 10 PUl{ 0] 18U $S314 =18y (J] Jsjuq N
Pig | W UWagh] P, 00U | 0B ZSEXv6ISE OO —.N
£-Srl 98¢ e \ .
m Yoel uoneunsed (3. (W 0¢:0¢
PUT] 0} JojUT SS81d 839y (1] JojUg /] 00:0¢
FEFS QY02 0 g STETp— )/ :
s o} 427] o ey O 0¢6)
Q%@@lg%éﬁ@@%gﬁvu /4 .
PP 6 o) Uo sy eSO YE b e — 00:6}
%@@Q%%éﬁ@@ﬁfﬁu \\\.---- .
S eI benngg 11 17/ R TN 4
Spera i dep) m i s b || | 61°06:2) 82-21-8102 ——————(€-SL)09Z1 72861 =—==1 008l
9P 0 o U Uegng SSofl £ ' .-~ / .
<05 0} A2y Uo Ul ESNO[ MET>— 0¢Ll
<oelEG 01 ) 0 UBng esmofy P _ Pl :
%%m@tz%__gg.aa:ﬁ#u : 00:L1
-h Syoel] 33Inog ] | L U SR s L\ “l==q=-=--"-"-"" Omm_\ mNuN —.nm _\ON
| |oo] Buiyong me “/” 39166°/S
MXEEO




PCT/US2023/069366
19/64

WO 2024/050163

Gl "ol

JLN 61:11:G0 €0-10-6102

G/1'8G 0685 GZ'8¢ 00'8G TR
] )
m — g
p%.av_wm Xid uniggo L09L:LL mm@mmv_w_%m __ -4k “// uh . - Mo——uw
40"0=A gg"0=b 08'0=S N ] o ) _
_ = T I p SS00
v.6 0/6 M\ —=Ts L 00
: N = NGO'0
¢l6 _ ‘. - -1 = - NOL'0
. ‘ \ N\ .. p 7
B (092):7/887)E-SrL L _ N ' 2 NSL'0
= 00:90
UEIdd| [0ods3 %ao
9JEax)) 10 PUl{ 0] 18U $S314 =18y (J] Jsjuq Oomo
27T WG UG 7,0 000, | DR ILSCHFeLeT
) £-STL 19857 = .
B yoeil uoneunsed (3L M 000
PUT] 0] JolUg SSelg 925 qf Jolug] )
%an@%. o TG Soof JE p— — 00'c0
<o 0} 6] up uohic GO IEp— -
Q%@@.E%:gg-@mﬂh%gﬂ .
%@@@@tg%iiéez%@n 00:¢0
%@@Q%%éﬁ@@%ﬁfﬁ. =
<PEES & A3l Uo UTiG) SSRO[ YErp>— ,
e B oy [ 0040
%%m@%g%gé%@n GG:€G€C 92-¢1-810¢ .
<SIBE al 33y O LA SO Ve To— 00:00 627}
<S5efe 08 1 UD UB oMy T —
g@ﬂ@'ﬁe@:@gﬂ%ﬁﬂﬂ
[E—sypei somog | = 00:€Z 82-¢1-8102
| |00} Buiyag \ m= -
708
MXEEO




PCT/US2023/069366
20/64

WO 2024/050163

91 'Old

JLN 61:11:G0 €0-10-6102

G186 068G GZ'8¢ 00'8S 6/'18
| _
A0 UMG /T yid N w ~ mmr O
T Xdwxog0 RS- ¥7-9L mm@mm_v_we%m __ - 4 S f// _ o - WOFO
40"0=A gg"0=b 08'0=S N ] o ) _
_ N - T ; S600
0.6 PR SN Y 17 -~ 000
| N\ - -~ - P 5
. T T B —— —~ NG00
_ f— .. = NOK 0
1 N . £ NSL'0
. q — 00:90
USINd| [00ds3 %oo
9JEax)) 10 PUl{ 0] 18U $S314 =18y (J] Jsjuq Oomo
P2g | W UWagh ] P, 00U | 0B ZSEXVRISE
o £-Srl L98CT e» i
B yoeil uoneunsed (3L 000
PUT] 0} JojUT SS81d 839y (1] JojUg )
%an@%. o Lo Sy B e — 00€0
<o 0} 6] up uohic GO IEp— -
Ao%@@lg%__gﬁ@gmg__m#u .
%@@@@tg%iiéez%@n 00-¢0
%@@Q%%éﬁ@@%ﬁfﬁ. =
<PEES & A3l Uo UTiG) SSRO[ YErp>— ,
eyt mos soompe | |—— 0010
%%m@%g%gé%@n GG:€G€C 92-¢1-810¢ .
<40EES @ G2} UO UGHRG SO YT >— 00:00 62-Z}
<€ 0 o) U0 LA SSMOL HE—
eF o de] U Ui SO e .
[ opeifsomnos ) = 00:€Z 82-¢1-8102
| ool Buyomg \ [m= -
708
MXEEO




PCT/US2023/069366

WO 2024/050163

21/64

JARDIE

01N §0:0€:00 €0-10-610¢C
698 098 Gag 0S8 G'v8 08 Ges 0¢s 68 0¢8

- yl v i _ ] T \\\u .. J S0Z'0 .
ﬂ\ €l = 40 ’ { ”~ ““ Iy s SOL'0 510
L . Ay ! -
14 ¢l W PNy e ——550°0
—‘—‘ v v - — /\ ’ “ ’ g e M OO O .
. HRTEA ~ T LTt ' 1 NG00
0} PR I I W “al L NoLo
iy ?, 4 Vi [} ’, .
© B m 8 L W I.ﬂ!h. " /./ A A v zON.ozmro
S  sjoid m_m>_m=< L I o AN B .
Ue] d .
L] o] ot e 0090
9)Ea1] 10 PUIS 0] 18U SS3l4 =18y (J] Jsjuq
ST WIS OEp) P DM, 0 WIG 9SEAOZAGE 00:£0
=] £252-SONS0OD LIBET00 MON
H )joeJL uoneunsaqg i X )
PUT] O} JoIUT SSold 938y (Il JoW 00-:00 €0-10
o) TN Z0G066022 A :
o <CUBNIPI> L£50£602 ¥ 00°1¢
o <SUWBEN PS>  LES0E602C R ‘4l 1
o <SUBNIDE>  98r00602Z W8 R o -mrozdz----t : .
o <€UBNIDI> Z8r08602C %) r < 7 T 0081
g =miz e nlllbpog A N Y
P> " - .
o <CWENIP> 695066022 ¥l i \Jr;l - I | +H— 000Gl
o <CWBNIDE>  8YE00BOTT R /\ 41 I !
o <CUBNIPS> | ¥E0£602Z 4 1ol . D L S R i -- .
o asaz.lw LTE0602T 4 00:¢l
8 S Om._ ou._JNONmowmomwg
[E___Sipell soros | 00:60 20-10-61.02
| |oo) Buyag jm=

XELO




PCT/US2023/069366

WO 2024/050163

22/64

8l

'Ol

01N 2¢:6¢-:00 £0-10-610¢C

G'98 098 G'¢8 0¢s S8 078 Ges 0¢s ¢'zs 0728
vl C ' 3 S0¢0 S50
¥ ] L 9 I " b
7 €l AN N\ . » + 4 S0L0 r.
it 4 N\ 1 SPEPE S
1 N e = 000
¥ ¢ T - NS00
0l AV DT NOL'0
OEmMEU® B~ i - e L
< sjod m_m>_m=< ! ! '
_ __ Elnd _ooamm_ 0090
9)Ea1] 10 PUIS 0] 18U SS3l4 =18y (J] Jsjuq \
P57 DSy UWFEy | PT,8 00,7 0 WISLBSCAOLEET 00€0
® scbesonsoo asreo f|f 1 \
= yoeJL uoneunsaqg i : ’
PUT] 0] JolUg SSelg 925 qf Jolug] 00-00 €0-10
o) TENIE 20500602 3% :
o SUWENIDI> /C508602C A% 00:Le
o CUBNIPZ>  1ES0F600T ¥R / '
o <CUBNIPZ> 98v0C6027 B8 o .
e} <€UWBNIPS>  Z870860CC W T 00'gl
- 3 o -
8 Smlibe sotocenss walF —4 A _ 00'G1
o <CUWENIPZ> SYE0E60CT A4 1. | |
o <SWBNIDZ> | pE0C602T 448 | .
o asaz.lw 176086027 9% 00-¢l
0 225006077 A
I SYoe.] 53Imog L] 00:60 ¢0-10-6102
| |oo) Buyag jm=
MXEEO




PCT/US2023/069366

WO 2024/050163

23/64

6l 'Ol
OLN 20:7€:00 07106102
598 098 GS8 0S8 S¥8 O  G€8  0€8  G78 078
o - _— S020
m\ ! ] e SO0
“ £ Lyl '
* rr v v ﬁl M .n—\ t OOO
_ . —NS0'0
0 M) ‘ T NOVO
O EmE © BN R A e Ead VS
< sjo[d siskeuy Q08 TR B ' ' '
00'90
oN 00:€0
1y 00:00 €010
80 00142
kﬂ < » Ap-czzdz----2 ! -
I o 2 » ) 7 ! 00
A ;g Bewn o |} Ih | :
B | A A . A I ! 001
7 002
Bew (¢652-SOWS00) £605:298¢7 [ .
S £657°SONS00 29887 || 962 T 3L1€6°E8 0060 20-1.0°61.0¢
I [ [
o e
X0




PCT/US2023/069366

WO 2024/050163

24/64

0¢ 'old
OLN 25:08:00 €0-10-640Z
G938 098 GS8 0S8 S¥8  O¥8  GE8  0€8  G78 0TS
- ﬂ : C - 5 —— S0Z0 So10
N\ h N W P P PR _
m\ ! N\ N -l INETA B
i — \ A e 000
i : R\ - S GG - NED'D
0 AV kNl h o NOL'0
O EmE © BN ~J e
< sjo[d siskeuy Q08 T ' ST '
7 00'90
/ 00°€0
2§ 00°00 €040
-80¢ N \ 0012
S 1
g« il‘-i 11 [ 7 .\ ~ ~. 1 oow_‘
. _”m\l —H — - I | 00:S)
.- ol SR, | N A{1._ I .
o = v 00'zh
gl =0 99501€) Y 0561 . .
S £65-SONS00 9857 || 0060 c0rlo6l0e
[ | | | |
05 6z 0 ST 0%
X0




PCT/US2023/069366

WO 2024/050163

25/64

¢ "Old

OLN 60:2¢€) L1-G0-610¢

ove € OpOl  0ee 373 0z¢ Gle

SO0
SG0

il S
h 14 N sy .
LA

B sJ0|d SISAjeuy

_ ﬁg@___ia_&_ 00ds3 g ao

9[eal)) 10 pUl] O} J8jl] ss8lg ekl (][ Bjig
<PEE 0} Sy U Loing] Ssno W —
YJBI] Uoneunsaqg
pul i ]
RIES G G U Loging SO o — [N, | Zr0l
r - /
71

00:00 81-60
00°¢l

00:00 £1-60
00:¢l

00:00 91-60
00:¢l

00°00 61-50
00:¢l

0000 ¥1-60-610¢

<E[ES @) ] LD LapE SSRO Ue—
<PB[PS O G WD TG SEMOR] e >—
OB O G WD UG G0N W T>—
<E[ES O G WD g MO e T>—
<98[e5 @) d8 W wanng esmof = | | . | Lp
<e[e @GR UD UGG SRR 1T T>— < ¥
<PE[EQ @) G| UD UGG SCHO W>— S—_
<PEIRS @) Y U UAING SSNO] W >—
<Pe[ag @) GEN] Uo UGIRG ESH0 PET>—
<OE[EG @) dElN] U6 UGG BEI0H DET>— e ol

@) 2] UD Lo SRIOR W= | L~ b- - - - - y ™ |
E[oS @) Ca[F] UD LI CEMO HEr— — =5
S0E[Pg @) G UD KNG SEMOR e >—

0 S/ o 0}1-LYSN 65592
[] * SYOEI] 93IN0% 3 1\ . | L | ; 1 n_
B4 |00f\buyoyg femh == =1 e =y P Loeg - o e b= - =

\ / / ,
M#S 028 08 32
XEMO

i

i




PCT/US2023/069366

¢¢ 'Ol

OLN LE92:E) L1-G0-610¢

SO0

SG0

00

26/64

0 _UNL8/56 X5/,

Fou
356 [VSTIINI 81 8EY

<R[S G T UD UOg SEnoR I —
<E[ES @) G U LapE SSRO] We—
<PERS O CER LD U1EiAg SRR TET>—
<RelEIg @) g U UGG CEno WeT>—
<R[S @) ] U UaInG ESOR W >—
<Eleg @) GEf] Ub UG RO P j>—
<e[e G R WD UGG SRR 1T T>—

<PE(Eg ) G UD UGG o) 1p—
<PEIRS @ Y U UaIng SSNOR] W >—
<06E[ES @ GBI UD Ueing ESHOR I>—
<98BS @ GBl] UD Uahg SEROR IST>—
B[RS @) G UD Uing ESMOR T T>—
<E[eS @) G UD UaDE SENO Werp>—
O[3 @) G UD KNG SEMOR ET>—

@ S/Uy'6l @ 0}1-LYSN 65592
B A SYOBI] 99In0g u.:w./
I

®4 |00l bulyang

NS0
— NO'L

00:¢)

00:00 81-60

G017

00°¢l

= 00:00 £}-G0

00:¢l

00:00 91-60

»1— 00:C)

——1— 00:00 G1-60

00:¢l

0000 ¥1-60-610¢

f
9v01 N

WO 2024/050163

08
8] )




PCT/US2023/069366

WO 2024/050163

27164

€¢ 'Old

OLN €0:9¢:%) L1-G0-610¢

GIE
————1- S0}

ove Gee

N - L]
N & 1]
v::.%.."__.“ ~

P

[ TRIWWLEL S SG0
00
W w4 o ._ NS0
:..,_\.\._\:.Mw___:f@pﬂw. . FN |
8 s)0|d sisAjeuy T 2 | o

A _ 002
8001 050} <N\mm 00:00 81-60

= —r T + — 002}

//// a— ._M_«_. L __&o_v 2 Bl Tl N EE LEEE SR B PN
. : — + — 1002

N@OF/\O@OF T ! ..\. |h.. -I\.\All ‘ ..I.I“”__I“ _|.|~.|Il||||||—_||||. |_|.|"\h__| Il_|l\|.\‘_ OOOO Q—\nmo

wmo_\/ g ' LR BT - > 0och

~7

\ 9G0 Mt bl == ¢ 4= —1 00:00 6160
Y e
-7 A EEAUR . 7 T — < ; 1 00:¢l
WHZ6E 18I0 U ’ C - . s A-0G01)n 3 J
S0y 366-IVSTILNI 2107y Im mEo  —.. 1 - - O A SR el | PP Gl 00:00 ¥1-S0-610¢

$50) A\




PCT/US2023/069366

WO 2024/050163

28/64

OLN 92-¢€E) L1-G0-610¢

M- 00

SWLY 6L -A-Eleq U
WYZBE SI0 U
de JE1YSTIIN 8187 en

— S0l
— SG0

— NS0
— NO'L
— 00:C)
— 00:90
— 00:8) 81-60
— 00:81

— 00-¢l
— 00:90
— 00:00 £1-90
— 00:81
— 00:Cl
— 00:90
— 00:00 91-G0

\»
750l \

00:8} S1-60-610¢




PCT/US2023/069366
29/64

WO 2024/050163

G¢ 'Old

LN 61-¥S:EL L1-G0-610¢

0¥0l ove gee  oQ) Oce Gze 0ze GlE
\

ERG T - 501
: : 1 S50
00
NS0
B sjoigsishleuy | NO'}
v0L N 008}

8001 <q030] 00:Cl

2z 00008150
0804 CLOL~C AL A 00’8l

MON
_ 00 e e e L s
0901 ~ L B3 TR BTTENEE SEPANE AT AN I SV Ep o g
\\og_‘ o “ . 0<01 .

o0 M
8901 N e : el T | 00:90

PR A e ekl AN TR S B R .
N e | e 00:00 960
SIS 1 e T - s07L oo
ﬂﬂvm@m.b\m._m;_gwﬂy jm=o B Y0+ 00:20 51-60-6102

f
ySol N g0l
I




PCT/US2023/069366

WO 2024/050163

30/64

9¢ 9Old
21N 61:90:%| L1-60-610¢
TALY) 0009 G.6G 0569
.. = S0L'0
. e —{- 500
080,
=1 000
NS00
: NOL'0
W 00:00 €2-¢0
s #*
- \
55 U owieus | pG0l z m 00-¢l
oswgy 1= S;._OMIQD._ 8G01 w1 _
: ¢ - = - — 1 W 00:00 ¢¢-20
. s
.s%a@%s E@__g:.@%g 3. ( 00cl
e )

Q||| SeF o o o e sopyoer - Vi AN 00:00 +2-20
<EES @ d3Y)] UD UG SO Y B — N P 8801 0¢¢
%@@@ggggé%ﬁu £ /v
<OE0) ] UD UG SO YET>— 00l
PSS @ A3y Up UTIG SO PE'P>— 9 0601
%%m@g%fig%gﬁvn {

%%m@!éa@g%gu Vi 00:00 0Z-20
<FEF 0 43710 UG ST — ﬁfﬁfwov
%@gégé@:sﬂu
a4 Y BuiyolS = T ¥0¢
028 »fvow
MXELDO




PCT/US2023/069366

WO 2024/050163

31/64

L¢ Old

cﬁo_‘

om_o |

vee
/

0501

0G6eE G¢ee 00€Ee /m.mmm 0Gce ¢Gd¢

¢ _/,o.omm \ GLLE

J1N €5:61-¥1 £1-50-610¢C

= S S

_./
' N '
] us_ / N

—1 S0

-1 =T
[N
LAY
_._:.;
ity

SG0

1 00

NGO
- - N0

00:90

00:€0

00:00 81-60

cc6

00-1Lc

0081

0061

0.0}

00:¢l

S/ 1yl ‘A-B)B UN

05041

302 1T 00'90

00:60

upZge 810 Ul _
w\wmﬁs_%_ 9187y m s
8401
3 )

i vy

00-€0 £1-50-610¢




PCT/US2023/069366

WO 2024/050163

32/64

8¢ 'Old

J1N 8¢:9L:¥L 21-G0-610C
G'LEE 0'LEE S0SE D'0EE G'6ZE 0'62€ S92 0'8ZE §'LZE 0'LZE G926 092 GSTE 0'SZE SHee
o .. ool & | \. YA mo_r
WW = ./ _._ - / ,\ﬁ .. .ﬁ“_« o - ¥z - »—- SG0
— - RS ETT. Mg, ] —+ 00
wow|lw .:1 :,a., T - M : !ﬂnﬂ | I/ . \~ [, \ .,H NS0
PO oS A =
& ¥ 1280 050} el woy
% 008}
V01 3001 s
N 0%} T
N 0801 0904 K_ MMMM
0101 et // - 00:¢0
N M ] oo | 022- |
wmm: ] Bt 8_.8 8150
S =~ -w/w( ul 9501 b _‘A ONOF/ oo“vm
1 igzi g Ui ~ ¢L0} 02 08
i JGEIESOIU| 8107) mm e | ; 00:S} 21-60-610Z
/00l




PCT/US2023/069366

WO 2024/050163

33/64

6¢ "Old

vee

_ 01N 65:60:71 L1-60-6102
0L'09 G009 0009 G665 0669 G869 0865 GL'6G\0.L6S

SoL'0
ol 880/~ |
et g€l > S60°0
L "I M Y] = 000
808 NG00
[©] = [ [¢] [V] ¢lé
a sjoid siskjeuy — NOL'0
%%_ _E%E 00ds3| [ c0 00:90
P W7 Uggy B0, YN/ 00-00 +e7e0
096 9aWOE UWGEY um gqaung ﬁsv%zgtmm

@ sWgy'L B (dWATDIHONMT 85207 1M P .
H YoelL uopeunsaq '/ [ J L ) > WA 00'81
00¢l

-8 ™ 0601
A 02z 00:90
- //WI 00:00 0220

~—losor |

filn 00'81
=== — 00:C) 61-¢0-610¢
]
S




PCT/US2023/069366

WO 2024/050163

34/64

0€ 'Ol4

Aiejaudoud suonnjog anhjeuyoxg

G191

0691

Gcol

LN 71-45:0¢ 8(-20-610¢

T T
XA AL P
N

860

XELO

101/ T P N I A mew o
/0201 A s T INFOUOEEE ] L e
a L N I I
i 0801 ! \V ~ 0801 JK\ 00:00 62-90
/N\QS § — m\\in.u.w\A\%SV/A. 0
< . — — — . S 00°00 8290
L ek waon  gmg T AT~ =] e YO0C 002} 290610
R—¥00)




PCT/US2023/069366

35/64

1€ 'Old

01N ¢5°85:0¢ 80-L0-610C

0041 G191 099l G'col 0091 G'/Gl

~

— NG'0

00l
00:00 €0-20
00l
00:00 ¢0-20
00l
00:00 10-20
— 00-¢)
00:00 0€-90

S/ BY9G A-BYl80 U — 00:¢l
e 00:00 62-90-61.0¢

WO 2024/050163




PCT/US2023/069366

WO 2024/050163

36/64

skep ze'Z 190y 1O

WQP :AUIELS2UN UONISOd
Aep/,92°0 918y WA

L20°0 -UoneUIou|
(wygc-030)wy 8h/Ge eebuad

(w9-039)w 08,5¢ :eebody
do J8sn sdepox3 :821n0S
oJul 1610

>mu\mmv 82°0 01 69°0 WO} pasealdsp sley JI(J
WHBE-0FD 0} WAYG-0FT Wl paseaioul sablisd
WYg-Q3 S 0} WY | G-0F9) Wody paseasdu| sabody
SW/gZ A -BYeQ
w /z ‘Auieusoun elels
ZPePEL'66:60181-80-610 :oWi]
Jodau siy) 210}oq SABp ¢ JBANBUEB Z OJl||o}eS
Z ONPES|
YIANINYI
Yodey jods
Z111°G1'871Z102-80-6107
Y shep ze°z 1By 1qI0
wQy AleUssUN uolisod
Aep;,82°0 ‘81ey Y
+20°0 “UoRUIdU
(wxge-03D)wy gr.Ge ovblied
(wxg-039)w 08¢ :@8bady
4o Jesn sdepox3 :e2uneg
OojJul 1410

anAleuyox3

Aep/bap z0'0 01 ¥()'0 WOJ) paseatosp Uoneuljoull

AJBJ3LIPOId Suonn|og onAjeuyox3

¢€ 'Old

apnjbuo

Gcrl

0chl

Gyl

0Lyl

G0l

J1N €€:8Y:LZ 02-80-610

P6L 1

0841

09}

abejurApE BLNYDI| JE[0S DUOLIS B 7 °§ JeANSUEW 0} JOLd
abejueape Bunybi| Jejos e pey ¢ 1ebie]
L)/ € 0 WSS WOy 8IUEISIP WNWIUIW poseaIoop JeANSUB
Nmmhvm“mm“mogf 0-610¢ 1e WZY6 + W L¢ SOUBISID WL
Yodar sy a1njaq sInoy ot ¢ 196181 Upw Udltounfuod Z sljsies
S/ g]'|, O} S/ §0°E Wl uing paunbe. paseasssp Jeanauepy
Aywixold Joy papasu s g 17| Jo uing
¢ 19Ble] LM UoNRUIDUI PBLDIBW JANSUEIY Z Sli[|e1eS
Bap 70°0 03 400 Woy peseasosp uoneulou|
Aep/Bap gz'0 0} 69°( WO paseaIdap sjey JuQ
wygE-0FD 0} WA9G-03S) Wouy pesesioul eablied
WH9-0FD 01 | G-0FS woJj paseasoul sabody
SAWLQT ‘A-BYRQ
w /7 :Aluepsoun Qﬁm

Zyey'€1:€5:90181-80-610C oWl
yodal siy) 210}8q SARD ¢ J8ANaURJ Z 8llj8leg

¢ Jebie] ¢ dl|[PIES

<< ALINIXONd

A Hodey Jodg
ONAEUYOXT ZLLLG)'8Y:LZ102-80°610Z

[ 191

/

[00] buiyous

0811

XELO

sdey 0x3

s¢'¢

=
Lo

“apmneq

00:cL
00:90
000061
00:8L
00-¢L
00:90
00:00 8
0081
00-el




PCT/US2023/069366

WO 2024/050163

37/64

€€ 'Old

gy UEyB50N UoNso Aejalipoid suofinjog apfjeuyox3  apnjbuo -
o msmow Ry . . . : : . - 010 £5:85'12 02-80-61.07
{wxQe- Om_owEv_ wvmmmowmm:mn_ mN mw MN mw OO_mm MN .V@ Om .V@ mN .V@ OO .w@ mN m”©

RN T
0 om:_ 140

S60°0

abejueape Buyubl Jejos Buons e pey eAey pnam z 1e| J8AnaUELL 0} Jolld
abejueape BunyBi| Jejog e ey [IM | ‘[81eG

WYOS O} WHGRY WOJ) BOUEISIP WRWIUIL Pasealdap JaAnauejy
ZL9°0°55:11:91112-80-6102 18 WHD'G) + WHOG BIUEISIP Wnwiully
podas siu Joye sinoy g, ul z1aB1e] um uarounfuos | ayeles
/U BG'G O S/W ||'E WOl wing paynbal pasesiou] lsAnauep
Anwixoud Joy pepasu sjw 6G'S Jo Ling

L20°0 SI 80uaIaIp Z Je] Seudlew Aliesu uolleulou] | sllisies
fepyBep 7§'0 O} £0"0 W0 pesesioul sjey JuQ
WY96-0I9) 0} WY |-0FD WOl pasessoap aabliad
WZE-03S) 03 WHg+QT D Wolj pasessdsp sefody
S/WREE ‘A -BlIed

w9z Aitepeou(| ejelg
Z068°GZ-1v-¢110Z-80-6L 0 -sWi|

podau SI} 8108 SINOY G JeAnaUR | Bljjeke:

Ovh)
061L 12

~ ]

w:+/8 ﬁw\o_‘_‘

[ACHIE [ENETE
onAjeuyox3 AYL 130 MO NOILONNINOD)
L yoday -odg
Z9V8C)-2r12L02-80-610¢

shep 710 9By 1qI0

B0l LOITISOY

Target
' Satellit

I
226

L |- ]

(WY6-030)u} 0695E mom_sn_ - - - - - .
(ungg-039)u y6,5¢ :0aBody \ 00:81

. Satellit

.

Q0 Jesn sdayox3 ‘saunog
o] 1q0

3BRIUBADE BUNUDY J2[0S BUCLS & | JBL JOANBUBW O] J0lig

aBeyueape BuyBy Jzjog Bucys e pey | ‘jajes
UNgP 01 LYQQ LU0 SOUBISID WNLWUIL pAsEIoap JOANSUEK
78111221 LLL0Z-806102 18 WG .2 + Lbigy 1p OO @O

0611 00:cL

O
O
M~
—
=
[}
#

sy siy1 a10jaq sinoy v | 1561e] yys Uorounfuc | sieies
S/ (7' 0} S/W O} 'Z Wl ung pauinbal paseaouaAnaueyy \ Qom F —\ . NON —\ —\ .\

Auwixoud Joj pepesu syw Og n o ung|

L2001 ouatayp | 3e01e_ payciEw Apeau uoge — = OO OO w
Kep/Bap gZ'0 01 £ ) DI PaseaIul m:mw_ g - o | e— - O.V F _‘
ungg-n3o) O} LW L-O39 WL posensop sabiod - -——_ = - .
WZE-0TO 0} UNG+OFO Loy paseaiap aaBody 00:8l

o ST e eoGLL—"

2068'G2L¥-1 102-60-610¢ -alll. OO N —\

Lodal 514} 910} SINDY @ J9ATBURIY | BYjares
Ljble]  <<< | sllieleg /\Qw L ¥0¢
AvL 7130 moTINOLLONNrNOD| MOIELD
Hodey Jodg

onAfeuyox3 7718212y 1210z 80610z~ 0€Ll wQNS_ 0x3

X

QL0




WO 2024/050163 PCT/US2023/069366

38/64
1252\4

Spot Report

PROXIMITY 1206~

Satellite A >>>  Satellite B 2019-08-20T22:17:40.812Z
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Sat. A Maneuver 45 hours before this report

Time: 2019-08-19701:11:32:754Z
State Uncertainty: 52 m

Delta-V: 2.66 m/s
Perigee decreased from GEO+316km to GEO+289km

Drift Rate decreased from 4.07 to 3.88 deg / day

Sat. A inclination matches Satellite B
Burn of 0.66 m/s needed for proximity

Maneuver decreased required burn from 2.00 m/s to 0.66 m/s
Sat. A conjunction wit Sat. B in 34 hours after this report

Minimum distance Okm + 5.2km at 2019-08-22T08:24.42.472Z

Maneuver decreased minimum distance from 16km to Okm
Sat. A will have a slight solar lighting advantage

Prior to maneuver Sat. B would have had a slight solar lighting

advantage

1208

FIG. 34
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PROXIMITY 1206~
Satellite C >>>  Satellite D 2019-08-15T21:42:08.900Z
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Sat. ¢ Maneuver 1208
Time: 2018-08-12T17.24.02:6737

Delta-V: 1.58 m/s
Apogee increased from GEO-28km to GEO-10km

Perigee decreased from GEO-42km to GEO-55km

Sat. C matched inclination with Satellite D
Delta-V of 1.82 m/s needed to enter proximity operations
Sat, ¢ upcoming conjunction with Satellite
Minimum distance 16km + 1.2km at 2019-08-14T715:31:32.308Z

Sat, C has a solar lighting advantage

FIG. 35
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1504~

|dentify a first space object and a first object alert associated with a change
in one or more movement parameters of the first space object

1508~ !

Generate data configured to display a first display region and a first object
alert indicator within the first display region

1512~ 4

(Generate data configured to display, within a second display region, a listing
of a plurality of alerts comprising the first object alert

1516~

Receive a user selection of an alert from the plurality of alerts configured
to be displayed in the second display region

1520~

Automatically generate updated data configured to display an updated
first display region
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1654~
Receive a plurality of movement parameters associated with one or more
space objects
1658~
Receive user input comprising a first threshold
1662~ 4

Determine that first one or more movement parameters associated with the
first space object satisfies the first alert threshold

1666~ v
Generate a first object alert associated with the first space object

1670~ v

Receive user selection configured to generate a curated data object
comprising the first object alert and a destination parameter associated
with the first recipient electronic device

1674~ !

Transmit the curated data object to a first recipient electronic device and
not to a second recipient electronic device based on the destination
parameter of the curated data object
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Determine that one or more movement parameters associated with a first
space object satisfies an alert threshold

1708~ v
Generate and store in an uncurated alert database an uncurated alert data
object
1712~ s
Receive user selection of an alert-publish selector
1716~ v

Generate and store in the curated alert database a curated alert data object
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1750~
1754~
Receive a first alert criteria
1758~
Receive a second alert criteria
1762~ !

Determine, based on at least one of the first or second alert criteria, a
first space object of the one or more space objects

1766~ v

Determine that first one or more movement parameters associated
with the first space object satisfies the first alert criteria but not the
second alert criteria

1770~ v
Generate a first object alert associated with the first space object
1774~ \

Transmit the first object alert to a first remote electronic device but not
to a second remote electronic device
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