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Introduction: Near-Earth Asteroids (NEAs)
are a class of minor planets in our Solar Sys-
tem that have escaped from the main asteroid belt
due to resonance interactions with major planets
like Jupiter [1, 2]. NEAs represent both a scien-
tific opportunity to understand the building blocks
used in our Solar system and a potential haz-
ard to our planet. Although significant resources
have been devoted to the discovery of these ob-
jects, resulting in more than 38,000 known NEAs
as of March 2025, characterisation efforts still lag
behind. This characterisation gap is particularly
significant for small NEAs (<100 m in diameter),
which remain poorly understood despite their po-
tential to cause significant regional damage upon
impact, as demonstrated by the 2013 Chelyabinsk
event [3].

Characterising newly discovered small NEAs is
difficult due to their extremely short observational
window, as they typically brighten dramatically
during close Earth approaches but quickly fade
beyond the reach of moderate-sized telescopes
within days or even hours. This creates the need
for a rapid-response follow-up systems that can ob-
tain observational data while these objects remain
observable.

To address this, a fully-automated NEA follow-
up program was developed using the robotic ca-
pabilities of the South African Astronomical Obser-
vatory’s (SAAO’s) 1-meter Lesedi telescope. This
facility’s location in the southern hemisphere pro-
vides crucial coverage for objects often missed by
northern observatories, while its automated oper-
ation enables immediate response to discoveries
without human intervention. This paper describes
our methodology, presents results from approx-
imately 230 NEA observations conducted since
February 2023, and analyses the taxonomic dis-
tribution of small NEAs based on multi-filter pho-
tometric data. By focusing specifically on rapid-
response observations of newly discovered ob-
jects, this work provides insights into a population
size that has been under-represented in NEA char-
acterization studies.

Methods and Instrumentation: The rapid-
response capabilities used in this study are

enabled by the 1-meter Lesedi telescope at the
SAAO, equipped with the Mookodi instrument [4].
This instrument provides both multi-filter photom-
etry and low-resolution spectroscopy capabilities,
though this study focuses exclusively on photo-
metric data. The telescope’s fully robotic operation
presents significant advantages over conventional
follow-up strategies that often require human
intervention, resulting in crucial time delays.

The automated monitoring system employs cus-
tom Python scripts that continuously parse NASA
JPL’s Scout1 service for new NEA candidates.
When candidates meeting the observation crite-
ria are identified (V-magnitude <19, altitude >30◦),
the system autonomously generates and submits
observation requests to the telescope’s queue sys-
tem. The V-magnitude limit is adjusted depending
on lunar illumination. This approach addresses a
significant gap in rapid response capabilities, en-
abling observations often within hours of discovery
which is critical for small NEAs that quickly become
too faint for characterisation.

Observations typically consist of multiple g, r,
and i filter exposures interspaced with unfiltered
images. Data reduction follows standard proce-
dures using the Lesedi reduction pipeline, which
performs bias subtraction and flat-fielding. Cali-
brated magnitudes for the NEAs are extracted from
the frames using the PHOTOMETRYPIPELINE
(PP): An Automated Pipeline for Calibrated
Photometry [5].

To classify these asteroids, photometric mea-
surements were obtained using g, r, and i fil-
ters and processed through the PHOTOMETRYP-
IPELINE, creating a dataset for generating colour-
colour plots (r− i vs. g− r). These plots were then
used to infer taxonomic types. These are then su-
perimposed on a decision boundary generated by
a machine learning algorithm [6], which uses the
Bus-DeMeo Classification Scheme [7], to separate
asteroids into their different types. For this project
we considered the S, C, X, V, D, and Q type as-
teroids. Taxonomic classifications are valuable not
only for understanding the origins of NEAs within
the Solar System but also for providing critical in-
formation relevant to planetary defense strategies,

1https://cneos.jpl.nasa.gov/scout/#/
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particularly when assessing potential asteroid im-
pact scenarios.

Results: Since the project’s initiation in Febru-
ary 2023, we have successfully observed a total
of 230 NEAs, including 15 Potentially Hazardous
Asteroids (PHAs). Analysis of this dataset reveals
several patterns in the taxonomic distribution of
small NEAs. The median absolute magnitude (H)
of our observed sample was 24.9, corresponding
to a diameter of 35 m - 86 m (depending on an as-
sumed albedo of between 0.05 to 0.30). The abso-
lute magnitude values for all observed NEAs were
obtained from NASA’s JPL Horizons System2. As-
trometry for these observations was submitted to
the Minor Planet Centre (MPC)3, which assisted in
orbit refinement. Figure 1 shows the number of
asteroids followed up on versus the time in days,
and it shows that 61% of these observations oc-
curred within one day of discovery. This time was
calculated as the interval between the discoverer’s
last observation and the first follow-up conducted
by the Lesedi telescope. A faster response time
is possible; however, it is limited by the timing of
submissions by the discoverer to the MPC. Even
with this limitation, some targets were observed in
significantly less time; approximately 10% were ob-
served within three hours of discovery, with aster-
oid 2023 QN7 being the fastest at 57.4 minutes.

These rapid observations were possible primarily
because the NEAs were discovered by observato-
ries geographically close to the Lesedi telescope,
such as ATLAS-STH (M22), which shares the
South African Astronomical Observatory (SAAO)
site, and the Moonbase South Observatory (L87)
at Hakos, Namibia, which is located at a rela-
tively similar longitude and latitude to Lesedi. An-
other contributing factor is that humans oversee-
ing these discoveries often monitor them in semi-
real time and promptly submit observation data to
the MPC. For example, ATLAS benefits from its
global network and time zone advantages: when
ATLAS-STH observes at night, it is daytime in
Hawaii, allowing operators to monitor and respond
to ATLAS-STH discoveries during their Hawaii of-
fice hours. The small NEA population was identi-
fied as the primary focus for observation to deter-
mine whether its taxonomic distribution aligns with
previously published findings for larger NEAs. As
shown in Figure 2, the majority of the asteroids fol-
lowed up (75%) had diameters of less than 100 m,

2https://ssd.jpl.nasa.gov/horizons/app.html#
/

3http://www.minorplanetcenter.net/iau/mpc.
html

Figure 1: Shows histogram of the distribution of
follow-up observation times for asteroids, measured
in days after their initial discovery. The x-axis rep-
resents the time to follow up, which is the differ-
ence between the last observation of the discov-
erer and the first follow-up observation of the Lesedi
telescope versus the number of asteroids observed.
Approximately 10% of the observations were done
within the first 3 hours, with the most being done
between 12 and 15 hours at 20%.

which demonstrates that the project successfully
achieved its goal of probing the small NEA popula-
tion. The absolute magnitude (H-mag) values were
used to estimate the possible diameters of these
objects using the Asteroid Size Estimator4. This
tool calculates an asteroid’s size based on its ab-
solute magnitude (H) and an assumed geometric
albedo (a). For this project, diameters were esti-
mated by averaging size values generated using
albedos of 0.05 and 0.30. This approach was se-
lected because these values represent the lower
and higher limit albedos of a typical very dark C-
type and very bright S-type asteroid, which are the
most abundant asteroid classes. The assumed
albedo is typically assumed based on the spec-
tral class of the asteroid, which corresponds to
its composition—e.g., S-type asteroid albedos can
range between approximately 0.17 and 0.22 ([8]).

Discussion: One of the primary aims of this
study was to conduct rapid follow-up observations
of Near-Earth Asteroids (NEAs) and investigate
the small NEA population. Figure 1 illustrates the
number of successful follow-up observations con-
ducted over different time intervals. The data re-
veal that approximately 61% of follow-up obser-
vations were completed within one day, with 10%
achieved in less than three hours. The majority

4https://cneos.jpl.nasa.gov/tools/ast_size_
est.html
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Figure 2: Histogram showing the distribution of es-
timated average diameters (in meters) for Near-Earth
Asteroids (NEAs) observed in this study with as-
sumed albedo values of 0.05 and 0.30 to get an aver-
age size. A majority of the observed NEAs are small,
with sizes concentrated below 100 metres. This dis-
tribution shows the prevalence of smaller NEAs in
the sample and supports the project’s aim of prob-
ing the small NEA population (<300 m).

of these observations occurred within a day of dis-
covery. Although a faster response time is theoreti-
cally possible, it is constrained by the time required
to report discoveries to the Minor Planet Centre
(MPC).

In summary, these results demonstrate the ca-
pability of the Lesedi telescope to perform rapid
follow-up observations, including same-night ob-
servations in some cases. The telescope’s abil-
ity to observe smaller NEAs is evident, with the
smallest asteroid followed up being 2023 SL5,
which has an estimated absolute magnitude of
28.7 and a diameter between 4 m and 11 m, de-
pending on its assumed albedo of 0.05 and 0.30.
This shows Lesedi’s capability and the observing
strategy used for this project in targeting and suc-
cessfully observing very small asteroids. While
our results regarding the taxonomic distribution of
small NEAs reveal important patterns, several lim-
itations should be acknowledged. The bias toward
higher albedo objects in discovery surveys likely in-
fluences our sample composition, potentially lead-
ing to an overrepresentation of S-type and C-type
asteroids.

The evidence presented here raises important
questions about the validity of current models de-
scribing the delivery mechanisms of small NEAs
from their source regions. The high proportion
of S-types in our sample supports the hypothe-

sis that many small NEAs originate from the in-
ner main belt through Yarkovsky-driven orbital evo-
lution rather than representing fragments of large
MBAs across all belt regions as suggested by
some dynamic models. A critical analysis of our
colour data suggests that the g-r vs r-i color space
provides effective discriminatory power between
major taxonomic complexes but shows limitations
in distinguishing between specific subtypes. This
finding aligns with [9], though our machine learn-
ing approach to classification boundaries shows
improved accuracy for objects with intermediate
spectral properties. The automated nature of our
follow-up system demonstrates significant benefits
over traditional approaches.

Conclusion: This study has shown that au-
tomated rapid-response systems significantly en-
hance our ability to characterize the small NEA
population, addressing a critical gap in NEA re-
search where characterization has lagged sub-
stantially behind discovery. The preliminary taxo-
nomic distribution revealed through our multi-filter
photometry suggests a more similar compositional
structure to the larger population size however this
work found more X-type asteroids.

The implications of these findings extend beyond
compositional studies to impact hazard assess-
ment. Our observation that X-type asteroids may
be overrepresented among NEAs and potentially
among PHAs, warrants further investigation, par-
ticularly considering the varying physical proper-
ties associated with these objects that could affect
potential impact mitigation strategies. We are re-
fining the taxonomic classification of our observed
sample of small NEAs and plan to publish the re-
sults in the near future (Ngwane et al., in prep).
Preliminary results indicate that the taxonomic dis-
tribution is broadly similar to that of the larger-sized
population reported in the literature, with notable
differences in the X-type frequency.

This project contributes to the broader under-
standing of NEA taxonomy, particularly in highlight-
ing the significant presence of X-types and a sub-
stantial fraction of stony-type asteroids. Our future
plans include expanding the program to use larger
telescopes, such as the SAAO’s 74-inch telescope
and the South African Large Telescope (SALT), to
observe fainter discoveries. Additionally, we aim
to improve the efficiency of follow-up observations
by refining the triggering criteria and automating
the data reduction process. This automation would
include submitting astrometry to the MPC without
human interaction, potentially using tools such as
Automated Streak Detection for Astronomical Im-



IAA-PDC-25-05-20
9th IAA Planetary Defense Conference – PDC 2025

5–9 May 2025, Stellenbosch, Cape Town, South Africa 4

ages (ASTRiDE; [10]) to detect asteroid streaks in
our observations.
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