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ABSTRACT

A re-entry event was captured on October 24th 22:01 HST (25th of October 08:01:37 UTC) by the AMOS systems
on the Haleakalā and Maunakea Observatories in Hawaii. Reentering rocked body CZ-3B R/B (2008-055B), used to
launch VENESAT-1 in 2008, was visible as rapidly moving group of meteor-like light sources leaving trails crossing
the entire night sky. The event was recorded by two AMOS all-sky video systems and a high-resolution spectral
camera, that captured a faint emission spectrum of the ablating rocket parts.

AMOS, the All-sky Meteor Orbit System, is a system dedicated to automatic detection and orbit determination of
meteors. The system has been developed and is operated by the Faculty of Mathematics, Physics and Informatics,
Comenius University in Bratislava, Slovakia (FMPI CU). AMOS system consists of two different components, the
AMOS-Cam and AMOS-Spec. AMOS-Cam is designed for meteor detection and observation, but could be used for
meteorological, geophysical, aviation or satellite observations. Two AMOS cameras are installed in Canary Islands,
two in Chile and two in Hawaii. Five systems are operating in Slovakia. The network is about to be expanded by
adding stations in central and eastern Slovakia and in south Africa and Australia.

The disintegrated CZ-3B object was the third stage of the Long March 3B rocket. It had a cylindrical shape with the
base of 3 m in diameter, height of 12.4 m and dry mass of 2.8 metric tons. Reentries of such massive objects are
quite common, with roughly 3-4 objects in average entering the atmosphere each month. These events are usually
accompanied with the explosion of the parent body which leads to fragments traveling at similar trajectories on the
sky. Observations from two different locations allow estimation of the atmospheric trajectories of individual fragments
with accuracy of few tens of meters.

We present a detailed investigation of 50 second re-entry event captured by two AMOS cameras installed in Hawaii.
The exact time of possible disintegration of the parent body, as well preliminary results of the analysis of the selected
fragments, their photometry and trajectory, are discussed.

1. INTRODUCTION

1.1 Re-entry events

Re-entry represent events of an artificial object disintegrating in the atmosphere due to the aerodynamic drag. This
usually occurs below 100 km above the Earth’s surface. Physical process during re-entry is similar to meteor or fireball
(meteor with an apparent magnitude brighter than -4m) phenomena created by natural objects and is accompanied by
high illumination due to object’s surface ablation. Usually, strong aerodynamic and thermal stress over/larger the
material tensile strength leads to object’s fragmentation. Once the cloud of fragments is created its particles, similar
to the parent body, are interacting with the air molecules which causes the aforementioned ablation. Each fragment
decelerates and eventually can either evaporate or survive and impact the ground (surface, water). The survivability
and the whole fragmentation process are strongly linked to the initial conditions of the parent body which is defined by
its physical composition (size, mass, materials), initial velocity, point of entry, and attitude state. Additionally, local
atmospheric conditions also play a strong role, they particularly affect the impact location of the survived fragments.

The atmosphere can be re-entered by any artificial object, usually on geocentric orbit but in rare cases also on helio-
centric orbit [1], when it altitude is low enough to cause its deceleration and ultimate fall into the Earth’s atmosphere.
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Fig. 1: AMOS system (AMOS-Cam in the middle and AMOS-Spec in the lower left corner of the picture) at the
Maunakea Observatory in Hawaii.

These can be a spacecraft, spared upper stages, cargo ships, space stations, a debris object, etc. Re-entries are regularly
predicted by different services such as Space-Track [2], ESA’s re-entry predictions [3] or Aerospace re-entries [4]. In
general, two types of re-entries are distinguished: controlled and uncontrolled, where the controllability depends on
the mission character/objective and object’s technical capabilities. For example, while spacecraft and occasionally
upper stages are equipped with end-of-mission (EOM) technology in case of debris objects and in case of contingency
there is a zero controllability of the object. According to [4] there are about 70-80 re-entries/year for larger compact
objects (upper stages and spacecraft).

Large objects entering the atmosphere can be a direct threat to the surface population. For majority of cases, except
manned and sample return missions, it is desirable either that the object demise in the atmosphere and the fragments do
not reach the ground or the object will re-enter above low populated area like South Pacific. European Space Agency
(ESA) is maintaining space debris mitigation guideline [5] applicable for all ESA-missions. According to these guide-
lines, each spacecraft/upper stage to re-enter the atmosphere within given mission shall be simulated by ESA-approved
tool such as DRAMA [6] [7]. DRAMA (Debris Risk Assessment and Mitigation Analysis) software consists of two
modules, Spacecraft Entry Survival Analysis Module (SESAM), spacecraft Entry Risk Analysis Module (SERAM).
NASA also develops and maintains its own re-entry modeling tools Debris Assessment Software (DAS) and Object
Reentry Survival Analysis Tool (ORSAT) [8]. To validate the re-entry models and tools such as DRAMA and DAS,
real observations need to be acquired. Several airborne campaigns have been performed over the years, when they fo-
cused on observations of re-entering cargo ships like ESA’s Automated Transfer Vehicle (ATV) and Cygnus [9] [10].
Other option to acquire validation data for the re-entry tools are recordings/photographs from all-sky meteor cameras.
All-sky Meteor Orbit System (AMOS) developed and operated by Comenius University (FMPI) is an example of a
global meteor network (see next section).

1.2 AMOS network

The re-entry event was captured by two All-sky Meteor Orbit Systems (AMOS) located at the Haleakalā and Maunakea
Observatories in Hawaii. The All-sky Meteor Orbit System (AMOS) network is a network of image intensified all-sky
video systems and spectral cameras developed and operated by the Comenius University in Bratislava [11, 12]. The
AMOS network was designed for meteor and fireball observations, but can also be used for other meteorological, geo-
physical, aviation or satellite/space debris observations. Currently, AMOS network operates on a global scale with the
total of 11 standard and 5 spectral systems (called AMOS-Spec) installed in Slovakia, Canary Islands (in cooperation
with the Instituto de Astrofı́sica de Canarias), Chile (in cooperation with the SpaceObs and Paniri Caur Observatories)
and in Hawaii (in cooperation with the Institute for Astronomy at the University of Hawaii and Submillimeter Array
Harvard CfA). Figure 1 shows the AMOS system at the Maunakea Observatory.

The standard AMOS system (called AMOS-Cam) consists of four major components: a fish-eye lens Sigma 2.8/15mm,
an image intensifier Mullard XX1332, a projection lens Opticon 1.4/19 mm, and a digital video cameras Imaging
Source DMK 23U274 and DMK 41AU02, respectively. The resulting field of view (FOV) of AMOS is 180◦x140◦

with an image resolution 1600x1200 (20 fps), which translates to 6.8 arcmin/pixel. Limiting magnitude for stars
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is around +5 mag for a single frame. The detection efficiency is lower for moving objects due to the trailing loss,
approximately +4 mag at typical meteor rate of motion.

In addition to the standard AMOS systems used for trajectory and orbit determination, the network includes 5 spectral
systems. The original system, called AMOS-Spec, is located at the AGO Observatory in Modra, Slovakia and operates
since 2013. It has a 100◦ circular FOV with a resolution of 1600x1200 pixels and a frame rate of 12/s, yielding a
dispersion of 1.3 nm/px (R ≈ 165). The other four spectral systems installed at stations in Canary Islands, Chile
and Hawaii (named AMOS-Spec-HR) have smaller FOV of 60◦x45◦ and a resolution of 2048x1536 px resulting in a
dispersion of 0.5 nm/px (R ≈ 500). More details about the AMOS spectral work can be found in [13, 14].

Observations are performed every clear night, even in partly cloudy skies and during all Moon phases. Typically, a
single AMOS station detects 20 000 meteors per year while a pair of stations is able to detect 5000-8000 common
meteors and derive their heliocentric orbits. For the processing and analysis of AMOS observations, we use our
own developed software for detection and positioning, astrometry, photometry, trajectory and orbit determination, and
spectral reduction and fitting.

For the processing of the re-entry event of CZ-3B R/B, we applied some of our existing software designed for meteor
analyses. For the detection and positioning of the re-entry fragments, we used software called AMOS, developed in co-
operation with the KVANT company. The astrometry, photometry, trajectory and geocentric parameter determination
was performed using the Meteor Trajectory (MT) software. The older versions of MT were described in [15, 16].

The determination of the re-entry fragment trajectories is based on the standard plane intersection method combining
observations from multiple locations with sufficient paralactic angle, as regularly used in meteor astronomy [17]. The
astrometry was performed using the modified all-sky reduction method typically used for meteors [18]. Note that since
the photometric calibration methods designed for meteors were here applied to construct light curves of the re-entry
fragments, the brightness is displayed in absolute magnitudes in the meteoric definition, i.e. an apparent magnitude
corrected for atmospheric extinction, refraction and shifted to the zentih and 100 km in altitude.

2. RE-ENTRY EVENT OF CZ-3B

2.1 Event description and collected data

The rocket body CZ-3B R/B re-entered the Earth’s atmosphere on October 24th, 22:01 HST (October 25th, 08:01:37
UTC), and its re-entry was captured by AMOS systems installed on the Hawaiian Islands. The event was detected and
subsequently recorded by two all-sky video systems and one high-resolution spectral camera.

All of these systems provided the recordings with varying lengths. All-sky video systems (AMOS-Cam) installed on
Haleakalā (AMOS-HK) and Maunakea (AMOS-MK) Observatories recorded circa 50-second recordings (51-second
and 56-second recordings respectively). Compilation of both recordings can be seen in Fig. 2. The recording provided
by AMOS-Spec is shorter due to the smaller field-of-view and lasts approximately 29 seconds. Both all-sky video sys-
tems recorded a significant portion of the whole re-entry event. These recordings show the dense cluster of fragments
at the beginning of the event gradually transforming: the cloud disperses, and many of the fragments drift away from
the central part of the cloud. These rapidly moving fragments closely resemble meteors, and they are followed by
characteristic luminous trails. Compared to the all-sky video system, the start of the recording provided by the AMOS
spectral system tarted 15 s later compared to AMOS system. This system not only captured a part of the re-entry event
itself but was also able to capture the emission spectrum of fragments undergoing ablation.

In addition to these, the AMOS-Cam situated on Haleakalā Observatory was able to detect a brief flash of light that
was recorded a minute before the re-entry event itself took place. This flash was most probably related to the explosion
of the parent body that often accompanies similar events and it was recorded on October 24th, 22:00:36 HST (October
25th, 08:00:36 UTC). The recording showing this flash is relatively short, lasting only 2 seconds.

2.2 Object identification

Identification of the source which caused the observed event has been conducted by using re-entry predictions reports
provided by [2]. There have been twelve objects predicted to re-enter during the date of event of 20th of October 2020,
including large Chinese upper stage CZ-3B R/B, American Starlink satellites and few debris objects. According to
[2], upper stage CZ-3B R/B with international ID 2008-055B (NORAD no. 33415) was supposed to re-enter at the
coordinates of 19.6N and 161.4W, which is about 550 km to the West from Island of Hawai’i. Ground track layout can
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Fig. 2: AMOS cameras recordings of the re-entry event compiled into single image. (a) AMOS-HK; (b) AMOS-MK.
The red arrow highlights the explosion of the rocket captured by the AMOS-HK approximately one minute before the
re-entry observation.

be seen in the Fig. 3. Object was reaching its culmination point and was in the Earth’s shadow when it was passing
above the Hawaiian Islands.

Fig. 3: Calculated ground-track trajectory for object 2008-055B for date of re-entry by using TLE from [2] and by
using tool SatEph [19].

Additionally, we used the most recent Two-Line Element (TLE) [20] of CZ-3B (to reference epoch 2020-10-25
05:11:43.59 UTC) to calculate the ephemeris of the object above AMOS-HK and AMOS-MK observatories dur-
ing the time of re-entry. We used internal tool SatEph [19] to calculate the topocentric horizontal coordinates and to
generate the plots shown in Fig. 4. Fig. 4 (left) shows the track of the object from perspective of AMOS-HK camera,
where the object was passing close to zenith. Fig. 4 (right) shows the track from AMOS-MK perspective, where the
object appeared far North. Similar geometries could be seen in real images acquired by both cameras as shown in
Fig. 2.

It can be concluded with great confidence that the object observed with AMOS-HK and AMOS-MK cameras has
been Chinese upper stage CZ-3B R/B (2008-055B). Upper stage was launched from Xichang in China in 2008 and
its objective was to place satellite VENESAT-1 on geosynchronous orbit (GEO). CZ-3B upper stages have cylindrical
shape with the base diameter of 3 m, height of 12.4 m and dry mass of 2.8 metric tons and are part of Long March
3-stage 3B/E rocket.
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Fig. 4: Calculated topocentric horizontal coordinates for object 2008-055B for two different sites by using TLE from
[2] and by using tool SatEph [19]. (a) Haleakalā Observatory; (b) Maunakea Observatory.

3. DATA REDUCTION

In summary, as a result of Hawaiian AMOS systems’ observations, there are four recordings of CZ-3B R/B re-entry
left to analysis: two recordings from all-sky video systems showing the substantial part of the event captured from two
different locations, one recording from the spectral system, and one brief recording most likely showing the parent
body explosion.

So far, the closest attention has been paid to the analysis of recordings provided by all-sky AMOS systems. These
recordings serve as an input to the software that was primarily developed for the study of meteors and is now used for
the analysis of the re-entry of CZ-3B R/B.

3.1 Fragment association and the estimation of trajectories

The most appropriate way to obtain relevant results with available procedures is to look closely at the individual
fragments produced during the explosion and the following re-entry event. Hence, the critical aspect of our work is
the identification of fragments, their association between two AMOS-Cam recordings, and finally, the determination
of their trajectories, astrometry and photometry. Since the primary objective of the AMOS network is the study
of meteors, the crucial element of the fragment analysis has been finding the most appropriate approach to use the
available software usually used for other purposes.

On both circa 50-second long recordings from Hawaiian AMOS all-sky systems, it was possible to detect several
fragments which could be tracked for the whole duration of the recording. Positions of some of these fragments within
the cloud were quite distinct - they were located either on the front or at the rear of the cloud, and some of them were
located significantly further from the densest part of the cloud than the others. These idiosyncratic features were then
used to identify and associate four fragments labeled as 01, 02, 03, and 04 (Fig. 5).

The analysis of any event detected by AMOS all-sky systems begins with the employment of the available software
and is performed in two steps. Firstly, the AMOS software is used to detect and track the object of interest and the
reference stars in the field of view. The result of this procedure is the output showing the rectangular coordinates x and
y of the detected object as well as its intensity for each frame of the recording. Files containing this information are
then used in the second step of the analysis. The reduction of acquired data and subsequently the object’s trajectory is
obtained via already mentioned Meteor Trajectory (MT) software.

As already stated, the approach to the association of fragments between two recordings was primarily based on their
distinctive positions among the cloud. For that reason, it was necessary to find a way to evaluate this criterion according
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Fig. 5: The distribution of four associated fragments among the cloud captured approximately 20 seconds after the
start of both recordings from AMOS all-sky video systems. (a) Haleakalā Observatory; (b) Maunakea Observatory.

to which all four fragment associations were made. The work with the Meteor Trajectory (MT) software turned out to
be the most suitable means to test the relevance of this approach. In addition to being an integral part in determining
the trajectory, astrometry, and photometry of the fragments, it was furthermore able to detect whether the association
of two of them was correct. Whenever MT tried to associate fragments that indisputably did not represent the same
fragment in both recordings, the software was (without exception) unable to complete its task. This fact provides
sufficient confidence that the association of the four previously mentioned fragments was done properly.

4. PRELIMINARY RESULTS

4.1 Dynamical properties of associated fragments
With considerable certainty concerning the associations of fragments 01, 02, 03, and 04 between all-sky video systems’
recordings, it is now possible to present preliminary results provided by AMOS and Meteor Trajectory (MT) software.
In the analysis of these fragments, the attention has been hitherto focused mainly on several dynamical properties
generally characteristic of meteors, but in the case of a re-entry, also of fragments produced during the event. Before
these properties are introduced, it is necessary to express a note on the usage of AMOS software.

As briefly discussed in the previous section, AMOS software has been used to track the positions of fragments frame
by frame. Although this software can perform its task automatically and track many objects (meteors or fragments)
simultaneously, a more individual approach has been selected when tracking fragments 01 - 04. One of the features
included in AMOS software enables its users to outline the area where the tracking is omitted. For various reasons
(e.g., the presence of an obstacle in the cloud’s trajectory on the recording from AMOS-MK (Fig. 5), the overall
clarity of the obtained outputs, and most importantly, the proximity of fragments during the first 10-15 seconds of both
recordings), fragments 01 - 04 were tracked individually using this masking function.

Due to these circumstances, it was impossible to track a particular fragment from the very beginning of each recording.
Moreover, AMOS-HK started recording with a two-second delay compared to the Maunakea’s system. To characterize
these discrepancies, it was necessary to introduce the parameter t0, which represents the exact time (UTC) from which
a particular fragment has been tracked on a recording, i.e., from which the light trail has been followed frame by frame
by AMOS software. The values of t0 obtained from AMOS-HK recordings generally differ from t0 acquired from
AMOS-MK recordings. (Table 1).

The output of AMOS software is subsequently used as the input into the Meteor Trajectory (MT) software, and MT
finally determines the dynamical properties of fragments that are of interest when analyzing a re-entry event. One
of such parameters is the altitude of a fragment and its variation over the course of the event (Fig. 6). MT provides
its estimation throughout the tracked portion of the fragment’s trajectory: from the beginning of the tracking (initial
altitude) to its end (final altitude).

Another significant dynamical parameter characteristic for the re-entering fragments is the velocity. As with the
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Fig. 6: The variation of altitude with time for fragments 02 and 04.

altitude, MT can calculate the velocity at the beginning of the fragment’s trajectory tracked by AMOS software (entry
speed) and in its end (final speed).

The last of the parameters which are introduced in this section is generally related exclusively to meteors, but it may be
convenient to acknowledge its usefulness when analyzing re-entry events as well. The apparent trajectories of meteors
belonging to a particular meteor shower seem to emanate from radiant and (being focused primarily on meteors)
estimating its position is one of the many features provided by MT software. Analogous to meteors, the trajectories of
re-entry fragments may converge into the point in the sky where the explosion of CZ-3B R/B occurred. These findings
may provide additional data on the events before the re-entry and on the re-entry event itself.

The values of all the above-mentioned parameters (altitude, speed, and radiant position) for fragments 01 - 04 are
presented in Table 1.

Table 1: The trajectory properties of associated fragments 01 - 04. Note that the initial and final altitude should not
be understood literally: here, the initial altitude is related to the earlier of the two parameters t0 and the final altitude
is associated with the time at which the tracking of a fragment by AMOS software was stopped. The same applies
for the entry and final speed. Standard deviations (SD) listed in the table serve as a conservative upper estimate of the
uncertainty of presented parameters.

t0 (UTC) altitude [km] speed [km/s] radiant [deg]

Fragment HK MK initial
SD

final
SD

entry
SD

final
SD

α

SD
δ

SD

01 08:01:47.7 08:01:59.0
87.09
0.22

78.06
0.28

6.33
0.40

6.20
0.39

275.84
0.46

-11.86
0.41

02 08:01:40.3 08:01:53.7
90.29
0.27

83.63
0.20

6.69
0.12

6.61
0.11

274.31
0.46

-10.82
0.26

03 08:01:41.3 08:01:50.4
91.45
0.28

83.76
0.28

7.14
0.12

6.34
0.08

274.40
0.32

-10.37
0.24

04 08:01:42.0 08:01:48.0
89.66
0.24

84.30
0.28

7.57
0.03

7.57
0.09

274.35
0.33

-10.93
0.15

4.2 Photometry and light curves of fragments

The recordings from AMOS-HK and AMOS-MK provide two unique views on the CZ-3B R/B re-entry event. Fig.
5 shows the differences in the shape and the arrangement of the same cloud captured from separate locations. Even
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though the cloud recorded by AMOS-MK tends to remain in a rather tight formation throughout the event, on both
recordings, it is still evident that the behaviour of particular fragments during the re-entry was distinctly diverse. This
diversity is not exclusively related to their dynamical characteristics (e.g., their apparent movement among the cloud),
but it is also associated with their brightness and its change over the course of the event.

Fig. 7: The variations in brightness of fragment 02 demonstrated over the course of 6 frames (0.30 seconds) captured
by AMOS-MK.

Many of the fragments follow their trajectories without a considerable shift in their brightness. Some, however, flicker
in the course of the whole event, and this applies to recordings from both locations. These changes in fragments’
brightness are easily noticeable on both recordings without any further analysis (Fig. 7).

The light curves of re-entry fragments contain an extensive amount of data on the fundamental features of the re-entry
event, the parent body, and the fragments themselves. On that account, when analyzing such an event, their acquisition
is particularly important. Light curves of the fragments of CZ-3B R/B have been obtained by the employment of MT
software (Fig. 8). Although MT processes the relevant re-entry data as it would process the observation of a meteor
(see section 1.2), the acquired light curves carry essential information about the fragments’ physical properties, and
after necessary adjustments, their future analysis will no doubt yield additional data on CZ-3B R/B re-entry event.

5. CONCLUSIONS

In our work we present our analysis of the re-entry event of an upper stage CZ-3B (2008-055B) which was recorded
by two all-sky meteor cameras AMOS installed at two different locations in Hawaii. It was the first time that AMOS
detected such event. Our focus was on associating specific fragments between two recordings in order to estimate their
trajectories. Consequently, this led to estimation of fragments’ velocity during re-entry, its deceleration and propaga-
tion of initial and end velocities. Extracted photometric data of each fragment added information on its physical and
dynamical properties.

Comparing to typical meteor observations, re-entry recordings contain relatively large and heterogeneous clouds of
fragments on which it is difficult to associate specific objects between two recordings. We dynamically associated
four selected fragments, for which we were able to extract relevant properties usually used in meteor analysis, such as
trajectory and light curve. It has been estimated that selected fragments were traveling during observations descending
from 91.5 km down to 78.1 km altitude with entry velocities ranging from 6.3 km/s to 7.6 km/s.

Our work and analysis will continue with focus on associating more fragments between two recordings in order to
extract their properties. The data should allow a better description of a major break-up event of the parent body by
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Fig. 8: The light curves of fragments 02 and 04 obtained by MT. Both plots display the absolute magnitude (by
meteoric definition) and its change with time recorded by AMOS-MK.

estimating the time of the event, its location and total released energy. Additionally, we will focus on the estimation
of the ablation coefficients of the fragments to estimate their physical properties and survivability, which is directly
linked to the threat estimation to the ground population.

ACKNOWLEDGMENTS

This work has been supported by ESA project under the 3rd call of Plan for European Cooperating States in Slovakia
with Contract no. 4000126272/18/NL/SC, the Slovak Grant Agency for Science grant by the Slovak Research and
Development Agency grant No. APVV-16-0148.

6. REFERENCES

[1] Alberto Buzzoni, Giuseppe Altavilla, Siwei Fan, Carolin Frueh, Italo Foppiani, Marco Micheli, Jaime Nomen,
and Noelia Sánchez-Ortiz. Physical characterization of the deep-space debris wt1190f: A testbed for advanced
ssa techniques. Advances in Space Research, 63(1):371–393, 2019.

[2] Space Surveillance Network. space-track.org. 2021.
[3] European Space Agency. ESA re-entry predictions, https://reentry.esoc.esa.int. 2021.
[4] Aerospace Corporation. Aerospace reentries, https://aerospace.org/reentries. 2021.
[5] European Space Agency. ESA space debris mitigation compliance verification guidelines. 2015.
[6] Ronny Kanzler, Tobias Lips, Bent Fritsche, Irene Pontijas Fuentes, Davide Bonetti, Federico Letterio, Gonzalo

Vicario De Miguel, Gonzalo Blanco Arnao, Pedro Palomz, Cristina Parigini, Christoph Garms, Anatoli Miller,
Karl Dietrich Bunte, Christopher Kebschull, and Stijn Lemmens. Upgrade of drama’s spacecraft entry survival
analysis codes. Proceedings of the 7th European Conference on Space Debris, 2017.

[7] Vitali Braun, Quirin Funke, Stijn Lemmens, and Silvia Sanvido. Drama 3.0 - upgrade of ESA’s debris risk
assessment and mitigation analysis tool suite. Journal of Space Safety Engineering, 7(3):206–212, 2020. Space
Debris: The State of Art.

[8] Tobias Lips and Bent Fritsche. A comparison of commonly used re-entry analysis tools. Acta Astronautica,
57(2):312–323, 2005. Infinite Possibilities Global Realities, Selected Proceedings of the 55th International As-
tronautical Federation Congress, Vancouver, Canada, 4-8 October 2004.

Copyright © 2021 Advanced Maui Optical and Space Surveillance Technologies Conference (AMOS) – www.amostech.com 



[9] Stefan Loehle, Fabian Zander, Stijn Lemmens, and Holger Krag. Airborne observations of re-entry break-up:
results and prospects. Proceedings of the 7th European Conference on Space Debris, 2017.

[10] NASA Ames Research Center. NASA ames research center, atv-1. 2021.
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