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Key Points:
●  A number of multicolor observations of near-Earth asteroids (NEAs) are presented.
●  The taxonomic classification of observed near-Earth asteroids (NEAs) are analyzed.
●  The distribution of NEAs by taxonomy is discussed.
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Abstract: Near-Earth objects are important not only in studying the early formation of the Solar System, but also because they pose a
serious hazard to humanity when they make close approaches to the Earth. Study of their physical properties can provide useful
information on their origin, evolution, and hazard to human beings. However, it remains challenging to investigate small, newly
discovered, near-Earth objects because of our limited observational window. This investigation seeks to determine the visible colors of
near-Earth asteroids (NEAs) , perform an initial taxonomic classification based on visible colors and analyze possible correlations between
the distribution of taxonomic classification and asteroid size or orbital parameters. Observations were performed in the broadband BVRI
Johnson−Cousins photometric system, applied to images from the Yaoan High Precision Telescope and the 1.88 m telescope at the
Kottamia Astronomical Observatory. We present new photometric observations of 84 near-Earth asteroids, and classify 80 of them
taxonomically, based on their photometric colors. We find that nearly half (46.3%) of the objects in our sample can be classified as
S-complex, 26.3% as C-complex, 6% as D-complex, and 15.0% as X-complex; the remaining belong to the A- or V-types. Additionally, we
identify three P-type NEAs in our sample, according to the Tholen scheme. The fractional abundances of the C/X-complex members with
absolute magnitude H ≥ 17.0 were more than twice as large as those with H < 17.0. However, the fractions of C- and S-complex members
with diameters ≤1 km and >1 km are nearly equal, while X-complex members tend to have sub-kilometer diameters. In our sample, the
C/D-complex objects are predominant among those with a Jovian Tisserand parameter of TJ < 3.1. These bodies could have a cometary
origin. C- and S-complex members account for a considerable proportion of the asteroids that are potentially hazardous.
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 1.  Introduction
The  near-Earth  asteroids  (NEAs)  are  a  subgroup  of  asteroids

whose orbits intersect with the Earth’s. Study of NEAs is important

for  both  planetary  science  and  planetary  defense;  it  can  answer

such  interesting  scientific  questions  as  how  our  Solar  system

formed and evolved, including how planets formed and how the

early Earth acquired water and organics. The Chelyabinsk event in

2013 drew widespread attention to what more needs to be done

to  detect  asteroids  of  its  size  (or  larger)  before  they  strike  our

planet.  The  Double  Asteroid  Redirection  Test  (DART)  mission

successfully changed the orbital period of Dimorphos (Thomas et

al.,  2023)  and  demonstrated  the  kinetic-impact  technique  for

nudging  an  asteroid  off  a  predicted  impact  course  with  Earth.

Additionally,  the  discovery  of  objects  like  2016  HO3,  which  has  a

stable orbit  around Earth and is  considered a potential  target for

deep-space  exploration  (Zhang  T  et  al.,  2021),  underscores  the

need  for  accurate  characterization  of  NEAs  for  both  planetary

defense and space exploration purposes.

Classification  of  NEAs  according  to  their  spectra  has  been  an

effective  tool.  In  the case of  NEAs,  characteristics  such as  surface

composition, origin, and evolution appear to be promising classi-

ficatory  variables  that  will  elucidate  their  histories.  Based  on  the
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features  in  ultraviolet  (UV)  to  near  infrared  (NIR)  wavelength
reflectance  spectra,  together  with  albedo  and  photometric  color
indices,  the  most  common  spectral  taxonomies  currently  in  use
are the Tholen (Tholen, 1984), Bus (Bus and Binzel, 2002), and Bus-
DeMeo  (DeMeo  et  al.,  2009)  schemes.  Asteroid  spectra  are  tradi-
tionally divided into three major complexes: C-, S- and X-complex.
The  C-complex  NEAs  have  featureless  spectra  with  flat  or  low
slopes and are of special interest because of their volatile contents
(Nichols,  1993; Reddy et  al.,  2012).  The S-complex NEAs are char-
acterized by spectra with moderate silicate absorption features at
1  and  2  μm,  whose  spectral  properties  are  similar  with  ordinary
chondrites (Vernazza et al., 2008). At the same time, the mismatch
between the distribution of S-type NEAs and ordinary chondrites
has  inspired  discussion  of  the  mechanisms  of  space  weathering
(Vernazza  et  al.,  2009)  and  surface  reconstruction  (Binzel  et  al.,
2010).  The  X-complex  NEAs  can  be  further  classified  into  E/M/P
types based on high/medium/low albedo.

The diverse taxonomic types in  near-Earth population match the
diversity  of  the  main-belt,  with  all  main-belt  taxonomic  classes
represented (Binzel et al., 2019), but the abundance of A-type and
D-type is higher among small NEAs (Perna et al.,  2018). The taxo-
nomic  spectral  distribution  is  strongly  associated  with  orbital
parameters  such  as  perihelion  distance;  Q-type  NEAs  typically
have  lower  perihelion  distance  and  larger  size,  which  may  be
related  to  surface  renewal  due  to  thermal  fatigue  (Binzel  et  al.,
2019, Popescu et al.,  2019). NEAs of different spectral types show
significant  differences  in  composition  and  space  weathering
effects.  C-complex  and  D-type  NEAs  with  low  albedos  show
limited space weathering, while S-complex and A-type NEAs with
medium and high albedos show strong space weathering effects
(Perna  et  al.,  2018).  The  taxonomic  distribution  of  potentially
hazardous asteroids (PHAs) is similar to that of overall NEA popu-
lation, with Q/S-types and V-types dominating (Binzel et al., 2019,
Popescu et al., 2019).

Although spectroscopic surveys allow for more accurate classifica-
tion  of  NEAs,  photometric  surveys  have  the  advantage  of  lower
observation requirements,  higher  observation efficiency,  and the
ability  to  observe  fainter  objects.  Over  recent  decades,  several
photometric  surveys  have  been  conducted  and  the  taxonomic
distribution of NEAs has been subjected to more detailed analysis.
Ye QZ (2011) and Lin CH et al. (2018) both found that the fraction
of  C-cluster  NEAs  (including  those  in  the  C- and  X-complexes)  is
larger  within  smaller  NEAs  (those  with  absolute  magnitude H >
17.0). However, considering the average albedos of each complex,
the C-complex NEAs seem to be slightly underrepresented below
diameter <400 m (Ieva et al.,  2020).  Therefore,  the distribution of
C-complex  NEAs  according  to  size  deserves  more  study  because
of their low albedo and likely observational bias.

The taxonomic distribution of  NEAs according to orbital  parame-
ters  is  always  linked  with  their  source  region. Ieva  et  al.  (2020)
confirmed  that  the  S-complex  NEAs  show  a  lower  median  value
for semi-major axis, a, and perihelion, q, when compared to those
in  the  C-complex.  It  has  also  been  found  that  NEAs  with  low-
Jovian  Tisserand  parameter  (TJ <  3)  are  dominated  by  carbona-
ceous  objects,  which  could  be  extinct  or  dormant  comets
(Hromakina  et  al.,  2021).  Additionally,  thanks  to  the  several  sky

surveys—for  example,  the  Sloan  Digital  Sky  Survey  (SDSS),  it  is
possible  to  classify  a  large  number  of  asteroids  (e.g. Szabó et  al.,
2004; Hasselmann  et  al.,  2015; Sergeyev  and  Carry,  2021; Roh  et
al.,  2022).  Although  significant  progress  has  been  made  in  taxo-
nomic classification of NEAs, the number that have been classified
still  accounts  for  less  than  10%  of  the  total  observed  population
(Popescu et al., 2019). Moreover, due to their low brightness, sub-
kilometer  NEAs  have  been  relatively  neglected  and  urgently
require more attention.

In  this  paper,  we  present  photometric  color  indices  and  a  taxo-
nomic classification of a sample of 80 objects. Below, in Section 2
we describe our observational strategy and data reduction proce-
dures; in Section 3 we present our taxonomic classification of the
observed  objects  by  spectral  characteristics,  and  our  statistical
analysis  of  the  results;  in  Section  4,  we  discuss  the  results;  in
Section 5 we present our conclusions.

 2.  Observations and Data Reduction
The data presented in this work were collected between October
2023  and  October  2024  at  the  Purple  Mountain  Observatory
Yaoan  High  Precision  Telescope  (YAHPT,  IAU  code  O49)  in  China
and the Kottamia Astronomical Observatory 1.88 m telescope (IAU
code 088) in Egypt.

The CCD camera installed on YAHPT is a PI CCD camera which has
a field of view (FOV) of 11.8′ × 11.8′ and an effective pixel scale of
0.347′′/pxl;  the  recording  device  on  the  1.88  m  telescope  is  a
Kottamia  Faint  Imaging  Spectro-Polarimeter  (KFISP)  with  FOV  of
8′ × 8′ and a pixel scale of 0.25′′/pxl (Azzam et al., 2022). The filters
used  at  both  telescope  locations  are  Johnson  broad-band  BVRI
filters with central wavelengths at 440, 550, 710 and 790 nm.

For KFISP, we adopted the star-focusing observational mode. Our
observational  strategy  for  YAHPT,  however,  was  to  adopt  the
moving  object  tracking  observational  mode,  which  allows  for
longer  exposure  times  to  observe  faint  objects.  Also,  to  detect
targets  moving  fast  and  star  trails  longer  than  10′′,  we  added
observations of  stars  with similar  air  mass,  which is  a  measure of
the amount of air along the line of sight when observing a star or
other celestial source from below Earth's atmosphere, in order to
obtain accurate photometry of reference stars.

We  selected  the  targets  using  the  Observation  Planning  Tool
available  from  the  ESA’s  Near-Earth  Object  Coordination  Centre
(https://neo.ssa.esa.int/neo-toolkit)  and  the  NEA  Observation
Planning  Aid  at  the  IAU’s  Minor  Planet  Center  (https://www.
minorplanetcenter.net/cgi-bin/neaobs.cgi).  For  YAHPT,  we
selected  NEAs  with  visible  magnitude  brighter  than  19.0  mag,
while for KFISP we selected NEAs with visible magnitude brighter
than 18.5 mag and proper motion lower than 3′′/min. All observa-
tions  were  conducted  with  the  color  sequence  as  BVBVRVRIRI  in
order  to  reduce  the  color  error  caused  by  an  NEA’s  rotation.  We
adjusted the exposure time to obtain a signal-to-noise ratio of at
least 30 in VRI filters and at least 10 in the B filter. The photometric
error in VRI filters is less than 0.1 mag and in B filter less than 0.15
mag. The observational log can be found in Table S1.

Images  were  reduced  following  the  standard  procedure:  bias
subtraction  and  flat  field  correction;  background  reduction  and
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source  extraction  using  python  package  SEP  (Barbary,  2016);
measurement  of  instrumental  magnitude  via  Kron  aperture
photometry  (Kron,  1980);  World  Coordinate  Systems  information
application  with  the  code  from  astrometry.net  (Lang  D  et  al.,
2010);  target  position  from  Astroquery.MPC  (Ginsburg  et  al.,
2019).  Absolute  calibration was  carried out  using field  stars  from
the Pan-STARRS catalog because it  provides the Kron magnitude
used in this work. As the magnitudes in the Pan-STARRS1 catalog
are provided in the Sloan photometric system, we used the trans-
formation to the Johnson-Cousins system from Tonry et al. (2012).
Besides, the reference stars we chose not only had better S/N than
targets,  but  also  had  Sun-like  colors  (i.e.,  B-V,  V-R  and  R-I  colors
within 0.1 mag of the Sun). Finally, we derived the reduced magni-
tude of the target from each observation. The median S/N values
of  the B-band observations from YAHPT and KFISP are 18.65 and
25.05,  while the median full  width at half  maximum are 8.42 and
6.97 pixels, respectively.

The color indices and their errors are computed according to the
color  sequence.  Taking  the  color  index  B-V  for  example,  we
compute the mean value of reduced magnitude from the two B-
band observation and obtain the B-V for the first time by subtract-
ing  the  first  V-band  magnitude  from  the  mean  value  of  B-band
photometry.  Similarity,  we obtain the B-V for the second time by
subtracting  the  mean  value  of  the  first  two  V-band  magnitude
from  the  second  B-band  magnitude.  Then,  the  final  B-V  is  the
mean  value  of  these  two  B-Vs.  The  error  is  computed  following
standard error propagation. All the color indices used for our taxo-
nomic classification are listed in Table S1.

 3.  Results and Data Analysis
In  total,  we  reduced  photometric  measurements  and  computed
color  indices  for  a  total  sample  of  84  individual  NEAs.  The  taxo-
nomic classification method is described as follows.

 3.1  Taxonomic Classification
We  classified  the  asteroids  in  our  sample  by  calculating  the
distances  between  the  reflectance  transferred  from  color  indices
and the mean spectra of each type from DeMeo et al.  (2009).  We
defined the distance between two spectral curves as Equation (1):

dij =

√√√√√√√⎷ 1
N
∑N

k=1

(xik − xjk)2

σ2
ik + σ2

jk

, (1)

xik σik xjk σjkwhere N is the number of data point, , ,  and  are respec-
tively  the  reflectance values  and their  standard deviations  of  the
spectra i and j at the kth data point.

First,  we  calculated  the  pairwise  distances  between  the  mean
spectra  of  each  type.  Since  the  distribution  of  these  distances
exhibits a long tail,  we set the median value instead of the mean
value of  them as  the threshold for  the taxonimic  classification of
NEAs,  which  can  mitigate  the  influence  of  extreme  values  and
constrain  the  classification  more  strictly.  Then,  starting  from  the
B-V,  V-R,  and  R-I  color  indices,  we  normalized  to  unity  the
reflectance at the V filter, and re-scaled the B, R, and I reflectance
using Equation (2):

Rλ = 10
−0.4[(Mλ−V)−(Mλ−V)sun], (2)

Mλ − V (Mλ − V)sun

λ
where  and  are the colors for the object and the
Sun  at  wavelength ,  respectively.  Since  we  could  obtain
reflectance only at specific wavelengths, and the mean spectra of
each  type,  spanning  wavelengths  from  0.45  to  2.45  μm,  was
sampled at intervals of 0.05 μm, we interpolated the mean spectra
and resampled it at 0.01 μm intervals from 0.45 to 0.80 μm. After-
wards, we extrapolated the resampled mean spectra to 0.44 μm.

Following that,  we calculated the distances between every set of
reflectance data points obtained from color indices and the mean
spectra  of  each  class.  Finally,  for  each  set  of  reflectance  data
points,  we  found  the  corresponding  type  that  has  the  minimum
distance. If the minimum distance was less than the threshold we
set  earlier,  we  regarded  the  corresponding  type  as  the  target’s
taxonomy type. In contrast,  if  the minimum distance was greater
than  the  threshold,  we  considered  that  the  target’s  taxonomy
type  could  be  confirmed  through  our  observational  results  and
recorded the target as U-type. The results of this taxonomic classi-
fication of each observation record are listed in Table S1.

Although we recognize that our color indices cannot provide high-
resolution data comparable to spectroscopic observations and are
also restricted to the optical wavelength range, our goal is to facil-
itate  a  more  robust  statistical  analysis  by  considering  four  major
groups  and  several  end  members  (DeMeo  et  al.,  2009):  the
C-complex (including B-,  C-,  Cb-,  Cgh-,  and Ch- type objects),  the
D-complex  (including  D- and  T-type  objects),  the  S-complex
(including K-,  L-,  Q-,  S-,  Sa-,  Sq-,  Sr-,  and Sv-type objects)  and the
X-complex (including X, Xc-, Xe-. and Xk-type objects) and the end
members  (including  A- and  V-type  objects).  The  Cg-,  O-,  R- and
Xn-types are excluded from our classification because their mean
spectra are provided without errorbar.

In Table S2, after excluding those classified as U-type, we provide
the taxonomic classification for 80 NEAs: 37 asteroids are classified
as  belonging  to  the  S-complex,  21  to  the  C-complex,  12  to  the
X-complex,  and  5  to  the  D-complex,  plus  one  A-type  and  four
V-type. Normalized reflectance and mean spectra for each asteroid
complex  are  presented  in Figure  1.  Specially,  for  those  objects
with  multiple  observations  and  different  taxonomic  classifica-
tions, we chose the result with less error and distance to the mean
spectra of their spectral types.

Thirty-five  objects  in  our  sample  had  been  classified  previously;
our  work  classifies  31  of  these  objects  into  the  same  taxonomy
complex  as  they  had  been  in  the  literature.  Objects  (3838)  and
(448818)  had  been  classified  as  C-type  and  V-type,  respectively,
through  multi-filter  photometry  in  SDSS  (Sergeyev  and  Carry,
2021),  but  are  categorized  here  as  S-complex  and  D-complex.
Similarly,  (11398)  and  (174050)  were  both  classified  as  Sr-type  in
MITHNEOS (DeMeo et al., 2014; Marsset et al., 2022), yet are identi-
fied as D-complex and X-complex, respectively, in our analysis.

In Figure  2,  we  show  the  B-R  versus  V-I  color−color  diagram  for
objects  classified  in Table  S2.  The  diagram  clearly  shows  distinct
regions  occupied  primarily  by  members  of  different  taxonomic
complexes,  confirming  the  reliability  of  our  classification.  A
general  agreement  for  C-,  D-,  S-,  and  X-complex  is  evident.  In
Table  1,  we  present  median  B-R  and  V-I  colors  (along  with  their
corresponding  1σ deviations)  for  the  objects  in  our  sample  that
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we  assign  to  the  C-,  S-,  and  X-complexes,  together  with  the

DeMeo colors  computed by Ieva  et  al.  (2018).  Also,  for  A- and V-

type objects, we obtained the BR slope for each object: (414903) is

classified  as  A-type  with  BR  slope  20  ±  3.9%/100  nm,  which  is

lower  than  the  mean  BR  slope  25.1  ±  3.5%/100  nm  of  A-type

objects in SMASS; the BR slope of V-type objects (137924, 163696,

439437 and 2024 CS6) in our sample are 21 ± 2.4%/100 nm, 13 ±

1.8%/100 nm, 12 ± 0.7%/100 nm and 12 ± 0.7%/100 nm, respec-

tively, compared to the mean BR slope of V-type objects obtained

by Ieva et al. (2016), 12.12 ± 6.4%/100 nm, which is consistent with

three of our results.

 3.2  Statistical Analysis
Since  the  numbers  of  A-,  D- and  V-types  are  relatively  small,  the

following statistical analysis will focus on the C-, S- and X-complex

asteroids.

The  distribution  of  asteroids  by  taxonomic  complexes  presented

in Figure 3. In order to look for possible differences in the distribu-

tion of the taxonomic complexes, we divided our sample into two

nearly equal bins considering objects with the absolute magnitude

H ≤ 17.0 and those with H > 17.0. The NEAs with H ≤ 17 appear to

have a significantly higher proportion of S-complex objects. As for

C- and X-complex objects, their abundances are higher among in

smaller objects (H > 17). In detail, the C/X-complex abundance of

large  NEAs  with H ≤ 17  is  0.20,  while  the  abundance  of  smaller

ones (with H > 17) is 0.48.

The size of asteroid can be computed by absolute magnitude and

albedo, following Equation (3) in Harris and Harris (1997):

diamater = 10
−H/5

1329/√pv, (3)

pv diamaterwhere  is  albedo;  in  km.  However,  albedo  values  are

available for only about one-third of NEAs in our sample through

infrared  observations  and  thermal  models  (e.g. Mainzer  et  al.,
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Figure 1.   Normalized reflectance spectra of C- (a), D- (b), S- (c) and X-complex (d) NEAs in our sample.
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Figure 2.   B-R v.s. the V-I color indices for the example.

 

Table 1.   B-R and V-I color ranges found in our sample, using the
DeMeo sample spectra.

(B-R)* (B-R)DeMeo (V-I)* (V-I)DeMeo

C 1.06 ± 0.09 1.09+0.11
−0.09 0.66 ± 0.09 0.69+0.04

−0.10

S 1.34 ± 0.06 1.29+0.14
−0.11 0.79 ± 0.09 0.82+0.10

−0.14

X 1.17 ± 0.07 1.13+0.12
−0.07 0.77 ± 0.04 0.78+0.06

−0.04
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2011).  Therefore,  to  obtain  the  size  of  each  observed  NEA,  if  its

actual  albedo  was  not  available,  we  used  the average albedo  of

other  members  of  its  taxonomic  complex. Thomas  et  al.  (2011)

gave the average albedo by taxonomic complex in the NEA popu-

lation: 0.13 for C-complex, 0.02 for D-complex, 0.26 for S-complex,

0.42 for V-type and 0.31 for X-complex. Figure 3 shows the distri-

bution of the taxonomic complexes in our sample between diam-

eters  ≥ 1  km and < 1  km,  where  diameter  =  1  km roughly  corre-

sponds to H = 17, assuming an albedo of 0.26. We notice that the

C- and S-complexes maintain a roughly constant fraction, fluctuat-

ing around the fraction of the whole sample, while the fraction of

X-complex decreases steeply in the range of diameter ≥ 1 km.

As shown in Figure 3, the distributions of taxonomic complexes in

our  sample  with  respect  to  absolute  magnitude  and  diameter

exhibit  significant  discrepancies.  These  discrepancies  are  likely

attributable  to  the  varying  albedos  of  asteroids  belonging  to

different  taxonomic  classes.  Specifically,  C-complex  asteroids,

which possess lower albedos, appear fainter compared to asteroids

of  the  same  size  from  higher-albedo  taxonomic  classes,  thereby

shifting them into bins corresponding to higher absolute magni-

tudes. Additionally, the observational magnitude limit also implies

that  S-complex  objects  are  easier  to  detect  than  C-complex

objects of the same size.

In  order  to  investigate  the  relationship  between  NEA’s  surface

physical  characteristics  and dynamic properties,  we analyzed the

taxonomic  distribution  in  our  sample  according  to  their  orbital
parameters: semi-major axis a,  eccentricity e,  inclination i,  perihe-
lion q,  aphelion Q,  minimum  orbit  intersection  distance  (MOID)
and  Jovian  Tisserand  parameter TJ.  The  median  values  and  the
median  absolute  deviations  (MADs)  of  orbital  elements  for  C-,
S- and X-complex members are shown in Table 2. The X-complex
objects have the highest median values for a, q and Q.

In Figure  4,  we  show  the  distribution  of  each  complex  in  our
sample among three different orbital types. The bar chart demon-
strates  a  clear  dominance  of  the  S-complex  in  the  Apollo  and
Amor groups and indicates  that  the X-complex exhibits  a  prefer-
ence  towards  the  Amor  group,  which  is  distinct  from  C- and
S-complexes.

The  Jovian  Tisserand  parameter TJ is  a  parameter  designed  to
distinguish asteroids dynamically  from comets (e.g. Kresák,  1972;
Kosai, 1992). According to the Tancredi (2014) criterion, NEAs with
TJ <  3.1  are  considered as  NEAs  on cometary  orbits  (or  NEACOs).
Among the eleven NEACOs in our sample, there are seven primitive
C/D-complex, two S-complex and two X-complex members.

Figure 5 shows the value of the Earth’s MOID versus diameter. The
vertical line at MOID = 0.05 au and the horizontal line at diameter
= 140 m separate PHAs from the rest of the NEAs. It is interesting
that  there  are  no  observed  objects  with  small  sizes  (diameter
<140 m) and large MOIDs (>0.05 au), a result that may be a mani-
festation  of  observation  bias.  All  D-complex  members  have
moderate  MOIDs  and  small  absolute  magnitudes,  which  may  be
the  result  of  a  combination  of  their  source  region  and  low  albe-
dos.  Among the  13  PHAs we classified,  there  are  five  C-complex,
five  S-complex,  two  X-complex  and  one  V-type  objects,  which
may require  different  planetary  defense options because of  their
different material properties.

 4.  Discussion
Several  factors  may  introduce  errors  that  could  affect  our  taxo-
nomic  classification.  Although  we  have  adopted  an  optimized
color  sequence in our observations,  measurement errors  of  color
indices due to the NEAs’ light curve still exist. The phase reddening
effect  of  asteroid spectra  can also affect  the classification,  but  its
impact in the visible wavelength range is relatively small (Perna et
al.,  2018).  At  the  same  time,  due  to  the  significant  differences  in
the  reddening  coefficients  of  different  asteroids,  it  is  difficult  for
us  to  normalize  the  observational  results  to  zero  phase  angle.
Overall,  these  errors  may  affect  the  accuracy  of  our  classification
of  these  NEAs.  But  considering  that  our  purpose  is  to  study  the
distribution  of  these  objects  by  their  taxonomic  complex,  the
errors for individual objects can be neglected.

A number of surveys have been conducted to study the taxonomic
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Figure 3.   Distribution of the taxonomic complexes observed in our
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diameters.

 

Table 2.   Median orbital parameters (semi-major axis, eccentricity, inclination, perihelion, aphelion, and minimum orbital intersection distance)
for the three major complexes considered in our analysis.

a (au) e i (°) q (au) Q (au) MOID (au) TJ

C 1.54(0.56) 0.47(0.13) 10.6(6.5) 0.81(0.20) 2.11(0.83) 0.05(0.04) 6.2(2.5)

S 1.59(0.51) 0.48(0.09) 13.5(6.4) 0.91(0.20) 2.46(0.85) 0.10(0.07) 5.9(1.4)

X 1.93(0.49) 0.44(0.13) 10.1(6.0) 1.07(0.08) 2.77(1.16) 0.14(0.10) 5.2(1.9)
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classification  of  NEAs  in  the  recent  years  (e.g. Ieva  et  al.,  2018,

2020; Lin  CH  et  al.,  2018; Hromakina  et  al.,  2021).  We  compared

the  taxonomic  distribution  of  the  observed  NEAs  in  our  sample

with  those  previous  classifications.  Since  different  studies  may

adopt  different  taxonomy,  and  the  spectroscopic  surveys  can

always  classify  the  observed  targets  into  subclasses,  we  re-

counted  their  results  following  the  taxonomy  adopted  in  this

work.  As shown in Table 3,  the percentage of C-complex NEAs in

our work is close to the value (of about 22.6%) reported by Erasmus

et  al.  (2017).  However,  this  value  is  higher  than  the  percentage

(about 11%) found by Devogèle et al. (2019), and Hromakina et al.

(2021).  The  percentage  of  S-complex  NEAs  varies  from  about

43.1%  (Hromakina  et  al.,  2021)  to  67.7%  (Lin  CH  et  al.,  2018;

Popescu et al., 2019). The X-complex members represent 15.0% in

our sample, which is close to the percentage reported by Perna et

al.  (2018) and Lin  CH  et  al.  (2018) but  lower  than  the  value  in

Hromakina et al. (2021). Such variation across the surveys may be

caused  by  the  different  physical  and  orbital  parameters  of  the

observed  targets,  which  is  a  result  of  the  observational  bias

towards brighter objects.

Albedo  values  are  available  for  29  objects  in  our  sample  (e.g.

Mainzer  et  al.,  2011)  and  we  used  them  to  obtain  additional

confirmation  of  our  classification.  All  three  X-complex  objects

have  low  albedos  that  correspond  to  primitive  P-type  objects,

following the Tholen taxonomy (Tholen, 1984).

Rabinowitz  (1998) noted  that  reflectance  colors  of  NEAs  depend

on their sizes and orbits. From the perspective of H, among bright

asteroids  (H <  17),  the  ratio  of  S-complex/C-complex  is  approxi-

mately  6:1,  which aligns  with  findings  from most  literature  listed

in Table 3. However, for fainter asteroids (H > 17), the ratio nS:nC is

about  3:4,  showing  a  significant  surplus  of  C-complex  asteroids.

Nevertheless, Luu and Jewitt (1989) proposed through simulations

that observational selection effects caused an overrepresentation

of  S-complex  asteroids.  After  bias  correction,  the  ratio nS:nC was

adjusted to the range of 0.8–1.9, consistent with the results of this

study.  Notably,  when  grouped  by  size,  the  ratios  of  S-complex/

C-complex  for  diameters  >  1  km  and  <  1  km  asteroids  (1.85  and

1.72, respectively) align well with the bias-corrected predictions of

Luu  and  Jewitt  (1989).  Additionally,  results  in Figure  2 suggest

that analyzing ratios of S-complex/C-complex based on diameter

may  hold  greater  statistical  significance  compared  to  analyses

based  on  absolute  magnitude.  According  to Binzel  et  al.  (2019),

based  on  a  sample  of  more  than  1000  NEOs,  the  distribution  of

taxonomic  complexes  remains  stable  in  the  1−5  km  size  range.

However, Hromakina et  al.  (2021) and Ieva et  al.  (2020) both find

that  there  is  a  lower  contribution of  carbonaceous  bodies  below

diameter < ∼500 m, which could be due to observational bias.

DeMeo  and  Binzel  (2008) and Simion  et  al.  (2021) showed  that

most  NEACOs  have  spectra  properties  similar  to  those  of

cometary  nuclei,  which  indicates  their  possible  cometary  origin.

As  already  mentioned,  our  sample  has  two  objects  with TJ <  2.8

and both have low albedo values that are consistent with inactive

comets.
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Table 3.   The taxonomic distribution of different NEA samples observed by different methods.

Method NEA sample size C-complex(%) S-complex(%) X-complex(%)

This work Photometry 80 26.3 46.3 15.0

Erasmus et al. (2017) Photometry 31 22.6 67.7 3.2

Perna et al. (2018) Spectroscopy 147 9.6 65.3 17.8

Lin CH et al. (2018) Photometry 92 6.5 63 13

Devogèle et al. (2019) Spectroscopy 210 11.0 58.6 23.8

Popescu et al. (2019) Spectroscopy 76 19.7 56.6 9.2

Ieva et al. (2018, 2020) Photometry 1081 13 64 9

Hromakina et al. (2021) Photometry 51 11.8 43.1 19.6
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We explored potential connections between these NEAs with low
TJ and small solar system bodies (SSSBs) in the outer solar system
from  two  perspectives:  color  indices  and  source  regions.  First,
from  the  color  perspective, Jewitt  et  al.  (2015) compiled  color
indices  of  various  SSSBs  in  the  outer  solar  system.  We compared
the average color indices of SSSBs with 2 < TJ < 3 with our results
and found that,  within  error  margins,  the colors  of  NEA (385268)
are  consistent  with  those  of  active  Jupiter-family  comets.  Addi-
tionally,  NEAs (417264) and 2012 FN62 exhibit  colors that match,
within  uncertainties,  those  of  defunct  Short-period  Nuclei.  From
the perspective of  source regions,  NEAs (385268)  and 2012 FN62
have  probabilities  of  94%  and  97%,  respectively,  of  originating
from  Jupiter’s  2:1  mean-motion  resonance  zone  through  the
NEOMOD  Simulator  (Nesvorný  et  al.,  2024). Hsieh  et  al.  (2020)
conducted  numerical  simulations  of  the  dynamical  evolution  of
Themis  family  asteroids  in  the main belt.  They found that  orbital
eccentricities  and  inclinations  of  asteroids  are  excited  under  the
influence  of  Jupiter’s  2:1  mean-motion  resonance,  causing  their
orbits  to  gradually  approach  and  cross  those  of  major  planets
(particularly  terrestrial  planets,  Jupiter,  and  Saturn).  During  close
encounters  with  these  planets,  their TJ values  may  decrease  to  a
range similar to that of Jupiter-family comets (2 < TJ < 3). Combin-
ing the results of color properties and source region analyses, we
propose that NEA (385268) is likely to have originated as a Jupiter
family comet, probably supplied by the Themis family through the
Jupiter 2:1 mean-motion resonance.

NEAs with MOID values ≤ 0.05 au and diameter D ≤ 140 m are clas-
sified as PHAs. These objects pass by the Earth so closely and are
generally  large  enough  that  they  have  potential  to  cause  an
impact of regional-scale consequence. Among the PHAs analyzed
by Ieva  et  al.  (2020),  the  overall  majority  of  them  belong  to  the
S-complex,  while  in  our  sample,  the  C- and  S-complex  share  the
same  proportion.  If  there  are  more  C-complex  objects  among
PHAs than expected, planetary defense could be more challenging
than  previously  thought,  because  the  effect  of  orbit  deflection
using kinetic impact for porous objects is  relatively low (Perna et
al.,  2013),  and  C-complex  objects  tend  to  be  more  porous  than
S-complex objects.

 5.  Conclusions
During  the  one-year  multicolor  photometric  survey  of  NEAs,  we
obtained B-V-R-I color indices for 84 NEAs. Then we compared the
color  indices  with  reflectance  sample  spectra  of  each  type  from
DeMeo et al.  (2009) and derived a taxonomic classification for 80
NEAs. The overall majority in our sample belong to the S-complex
(37  objects),  while  the  C-,  D- and  X-complexes  account  for  21,  5,
and  12  objects,  respectively.  The  B-R  versus  V-I  color  diagram
shows  that  the  defined  taxonomic  complexes  occupy  different
regions, and proves the reliability of our taxonomy.

The analysis of the size distribution among taxonomic complexes
shows  that  C/X-complex  asteroids  are  overrepresented  among
smaller  objects  (H >  17.0),  with their  fractional  abundance nearly
doubled  compared  to  larger  NEAs  (H ≤ 17.0).  This  aligns  with
previous  studies,  suggesting  observational  biases  favoring
brighter,  higher-albedo  S-complex  asteroids  in  smaller  size
ranges.  After  applying  albedo-based  diameter  corrections,  the

ratios of S-complex/C-complex for diameters >1 km (1.85) and <1
km (1.72) closely match the bias-corrected predictions of Luu and
Jewitt (1989), implying that our observational strategy may inher-
ently mitigate size-dependent biases.

The analysis of the orbital parameters of objects in our sample (a,
q, Q,  MOID, TJ)  confirms that  primitive C/D-complex NEAs have a
dominant  role  in  NEACOs,  suggesting  possible  cometary  origin.
Notably, NEA (385268) exhibits spectral and dynamical properties
consistent  with  Jupiter-family  comets,  likely  originating  from  the
Themis  family  via  the  2:1  mean-motion  resonance.  X-complex
asteroids  show  a  preference  for  Amor-type  orbits,  while
S-complex  members  are  prevalent  in  both  Apollo  and  Amor
groups.

Among  13  potentially  hazardous  asteroids  (PHAs)  in  our  sample,
C- and S-complexes are equally  represented (5 each),  suggesting
that C-complex members may constitute a larger fraction of PHAs
than  previously  thought.  This  raises  concerns  for  planetary
defense,  as  the  porous  structures  of  C-complex  asteroids  may
reduce  the  effectiveness  of  kinetic  impact  deflection  strategies
(e.g., Stickle et al., 2022).

Future  studies  should  expand  taxonomic  classification  of  NEAs
and focus more on the primitive ones. We need to observe fainter
bodies  in  order  to  improve  our  understanding  of  sub-kilometer
NEAs.  Future multi-color  observations should broaden the wave-
length range covered by filters, for instance, by incorporating the
infrared z-band. This expansion will enhance classification accuracy
and  enable  the  acquisition  of  mineralogical  information  via  the
1-micrometer silicate absorption band.
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