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Routine Observation

Ø We continuously tracking down the rocket upper stages
launched by China. During the last year, 230,150 tracklets
from 212 objects are obtained. (2022.01.01-2023.04.30)
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trackletsorbitnumberR/B
13566LEO31CZ-2C
10173LEO17CZ-2D
287LEO1CZ-2F
15264HEO5CZ-3
18545HEO9CZ-3A
61591HEO30CZ-3B
12861HEO7CZ-3C
2229LEO2CZ-4
11421LEO22CZ-4B
28989LEO41CZ-4C

trackletsorbitnumberR/B
6044HEO3CZ-5
2258LEO4CZ-6
1250LEO2CZ-6A
2427HEO1CZ-7A
1341LEO3CZ-11
497LEO1CZ-11H
429LEO3KZ-1A
582LEO1KZ-11
16383MEO15YZ-1
4674GEO1YZ-2
19339GEO13AKM
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Routine Observation
Ø Approximately 1400 GEO objects and other types of objects are
tracked down utilizing 6 telescope arrays across China

Ø New object correlation pipeline is under test, most of the URTs
are orbit keeping maneuvers, also including new objects and
false detections
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Multi-color Survey
Ø Physical properties are required for object classes identification
and space environment models development, besides the orbits

Ø simultaneous surveys for GEO region in g’r’i’ bands were
performed utilizing the CHanging Event Survey (CHES) system
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During the survey arrays of four telescopes were

adopted, using no filter, g’ filter, r’ filter and i’ filter respec-
tively. These telescopes are deployed with the same obser-
vation schedule, it indicates these telescopes are pointing
to the same sky field at one time. For each field, the expo-

sure time for single image was made as 4 s and the images
were acquired consecutively while the stare mode was
adopted. It makes most GEO objects appear as points
and the background stellar appear as streaks. The field
was switched every two minutes, considering the read out
time of the camera is 3 s, approximately 15 images can
be obtained for each field. It should be noted that the
simultaneous multi-color photometry is mainly focused
on in our research, the brightness variations are not inves-
tigated, considering the relatively low sampling frequency.

The number of surveyed fields each night is shown in
Table 2. For observatories in the northern hemisphere,
the night duration becomes shorter when summer is com-
ing, so the observed fields are decreased from January to
April. It should be noted that due to the band differences,
the images with no filters are more possible to be saturated,
it affects the image acquisition. Furthermore some unex-
pected errors occurred, leading to the slight difference of
the number of fields observed for the four telescopes.

A part of the four images with different filters pointing
to the same sky field is shown in Fig. 3. Due to the various
transmission of filters, the apparent brightness of the same
star is different, the point-like image at the center is the

Fig. 1. A photo of the twelve 280 mm telescopes in YaoAn site.

Fig. 2. The survey schedule for GEO region from YanAn in azimuth coordinate.
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and surface properties of objects, including rotational state,
shape, size and material. For example, utilizing the light
curves which reveal the brightness change of objects, the
rotation period and shape can be investigated
(Yanagisawa and Kurosaki, 2012; Santoni et al., 2013;
Šilha et al., 2018; Zhao et al., 2021).

Because the rotation states and physical properties of
surface material can help to identify object classes and cor-
relate new observations with the existing catalog, the acqui-
sition of these information is crucial. For light curves, they
only provide one-dimensional information referring to the
sequential apparent luminosity variation of objects, the
application and efficiency are limited. Multi-color photom-
etry is another applicable way. Considering the physical
properties of surface materials of various objects exhibit
different characteristics over the photometric wavelengths,
the color indexes indicate specific phenomenon which
relates to the bus types or the manufacturers (Papushev
et al., 2009; Zhao et al., 2016b; Lu et al., 2017).

In previous researches (Cardona et al., 2016; Schmitt,
2020), multi-color photometry is usually performed with
large aperture telescopes having small fields of view in
the visible bands (e.g. Johnson-Cousins BVRI bands)
(Bessell, 1979), and in observations, series of consecutive
exposures in the multiple filters are acquired. Due to the
images are acquired while tracking the specific object, the
number of observed objects is limited. Furthermore, it
has been demonstrated that the magnitude of the observed
objects changes considerably within the time interval
between two consecutive exposures, hence it is difficult to
obtain accurate color information simultaneously in sev-
eral color bands using only one telescope.

The CHanging Event Survey (CHES) system is an opti-
cal telescope array dedicated for high-Earth orbital space
object survey and catalog (Zhang and Zhao, 2021). CHES
locates at YaoAn site of Purple Mountain Observatory,
and was first put into operation in 2018. The CHES system
consists of twelve small aperture telescopes having wide
field of view, and another two larger aperture telescopes.
Utilizing CHES it is possible to perform the photometry
of multi-color bands simultaneously, we just need to
employ different filters on several telescopes and make
the exposure while these telescopes are pointing to the same
sky field. Furthermore, as the field of view of single tele-
scope can reach approximately 50 square degrees, it is more
efficient to perform a survey for specific regions instead of
tracking single object.

In this paper, a simultaneous multi-color survey for
GEO region was performed with the CHES system, based
on the large amounts of multi-color photometric measure-
ments, the distribution of color indexes for different object
classes is investigated, the clustering and the relation
between object launch age and color are analyzed. In Sec-
tion 2 the details of CHES and the observation are intro-
duced, the reduction and preliminary results are
described in Section 3. The investigations of multi-color

photometry are discussed in Section 4. In Section 5 conclu-
sions are given.

2. Facility and observations

2.1. The CHES system

The CHES locates in the southeast of China
ð101:2E; 25:5N ; 2000mÞ. The whole system includes twelve
refraction telescopes with 280 mm aperture and two reflec-
tion telescopes with 800 mm aperture. The detail informa-
tion of these two type telescopes is shown in Table 1.

For the CHES system, the twelve wide field of view tele-

scopes cover approximately 600deg2sky area, it is valid to
perform survey efficiently with this array. While the other
two larger aperture telescopes provide possibilities for fol-
low up and faint object confirmation.

All telescopes of CHES share one time-server to record
the start and end of exposure, with a timing accuracy better
than 1 ns. In our multi-color survey only the telescopes
with small aperture were adopted, as more than two tele-
scopes are required to acquire the images with g’r’i’ filters
simultaneously. All these telescopes are deployed with
FLI ProLine 9000 camera, including typical Sloan g’r’i’ fil-
ters (York et al., 2000). Considering the extremely wide
field of view, up to 25 objects can be observed simultane-
ously in one field. The photo of the twelve wide field of
view telescopes is shown in Fig. 1.

2.2. Observations

In 2021 the survey was performed in six nights, includ-
ing 13th and 14th January, 17th and 18th March, 10th
and 11th April, to eliminate the influences of the moon.
During surveys the sky area is divided into several fields,
each field is set as 6# $ 6# size, which is smaller than the
field of view of the telescope, considering the influences
of vignetting at the edge of image reduce image quality
and source measurement accuracy.

The survey schedule for the GEO region is shown in
Fig. 2. Each green square represents a divided field to be
observed. According to the dynamical features of GEO
objects, the survey region is constrained between %15#

inclination. During each night, these fields are observed
sequentially.

Table 1
Information of telescopes of CHES.

Parameter Type 1 Type2

Aperture 280 mm 800 mm
Lens Type Refraction Reflection

Field of view 7# $ 7# 2# $ 2#

Size of frame 3056$ 3056 4108$ 4096
F-Ratio 1:07 2:26

Pixel scale 8.25” 1.75”
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Multi-color Survey
Ø Survey is performed only at photometric nights
Ø Color data of 1697 objects is obtained, color index distribution,
clustering and evolution with launch age are investigated
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same GEO candidate and its brightness varies in multi-
bands.

3. Reduction and catalog

After the large amounts of raw images are obtained, our
dedicated pipeline is used to perform object detection and
astrometry (Sun et al., 2019). In detail, at first the TopHat
transformation is performed and the global threshold is
adopted in segmentation, and the sources are extracted,
then the modified moment approach is adopted to measure
their centroids (Stone, 1989), and the astrometry is per-
formed, at last based on the equatorial coordinates back-
ground stars are eliminated regarding their movements in
consecutive frames, and GEO object candidates are
detected. Due to the application of filters, the images with
no filter are with higher signal noise ratio (SNR), hence the
object extraction and astrometry are performed on these
images at first. The equatorial positions of object candi-
dates are obtained with Tycho-2 catalog (Høg et al.,
2000). After orbit correlation with NORAD database

(Yu et al., 2021), the NORAD number and name of objects
for all tracklets are obtained.

As the four telescopes are deployed with the same obser-
vation schedule, theoretically the tracklets detected for
these telescopes should be the same. Considering the point-
ing and tracking errors of the telescopes, the positions of
one object on four frames are slightly different. With
astrometry solution, the rotation and shift between the
frames of the same field on different bands are derived, then
taking the centroids on the frame with no filter as apriori
information, the theoretical positions of the object on
g’r’i’ band frames are calculated. The modified moment
approach is adopted to estimate the flux of objects on
g’r’i’ band, although some other methods like PSF fitting
may achieve higher precision (Sun et al., 2021), considering
not all object images are shown as points and some of them
are elongated, the modified moment is more robust and
reliable.

The reduction and catalog results are shown in Table 3,
including tracklets and objects correlated with no filter,
and the tracklets and correlated objects with g’r’i’ photo-
metric results. As images with filters exhibit lower SNR,
the tracklets and objects with all band photometric result
are less than the ones extracted without filter.

For the images on g’r’i’ bands, the bias and flat are cal-
ibrated at first, then the ATLAS All-Sky Stellar Reference
Catalog (ATLAS-REFCAT2) is adopted to perform pho-
tometry (Tonry et al., 2018). ATLAS-REFCAT2 includes
approximately one billion stars down to 19 magnitude,
and it is valid and reliable for multi-band photometry. In
reduction first the background stars are cross-matched with

Table 2
The number of surveyed fields.

Date No filter g’ r’ i’

20210113 357 357 356 357
20210114 356 356 359 359
20210317 324 326 328 328
20210318 325 325 325 326
20210410 307 307 307 307
20210411 280 302 302 302

Fig. 3. A part of the images with different filters for the same sky field. Top left: No filter. Top right: g’. Bottom left: r’. Bottom right: i’.
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investigations indicate that multi-band photometry can
provide references for space object identification, and it is
useful in object classification.

5. Conclusions and future work

In this paper, simultaneous multi-color surveys for GEO
region are performed with the CHES system. After reduc-
tion 13887 tracklets with g’r’i’ photometric measurements
from 1697 objects are obtained. Based on the large
amounts of multi-color data, the distribution of various

classes in the color-color diagram is analyzed. The results
indicate that different object classes show various cluster
behaviors in the color-color diagram, and useful informa-
tion can be provided in identifying object class. There is
no consistent relation between satellite color and launch
age regarding reddening just based upon our data. Due
to the fact that the color of object is attributed to the type
of materials, manufacturer and geometric shape, without
other information, the exploration of the connection
between color and age is limited. Further investigations
of COSMOS show that the series of satellites cause

Table 7
The detail information of the clusters for SL and BREEZE-M rocket body according to the launch year.

Object Launch year Number of objects Number of points Center(g’-r’) Center(g’-i’) a b

SL 1974–1979 14 129 0.40 0.84 0.49 0.16
SL 1981–1984 30 237 0.51 0.94 0.41 0.16
SL 1989–1990 14 136 0.56 1.00 0.35 0.12
SL 1991–1994 23 189 0.53 1.05 0.42 0.14
SL 2001–2004 12 131 0.61 1.14 0.29 0.11
SL 2005–2013 18 119 0.65 1.15 0.29 0.09

BREEZE-M 2002–2004 7 32 0.70 1.21 0.28 0.16
BREEZE-M 2005–2009 19 90 0.72 1.26 0.25 0.07
BREEZE-M 2010–2014 29 156 0.73 1.30 0.34 0.10
BREEZE-M 2015–2019 13 58 0.60 1.10 0.36 0.15

Fig. 12. Distribution of points in the g’-i’ vs g’-r’ diagram for several satellite classes. Symbols with different colors indicate objects launched between
specific years. Left top: RADUGA. Right top: INTELSAT. Left bottom: COSMOS. Right bottom: EXPRESS.
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Space Events
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Ø 2022/05/09 two faint debris.
Possibly related to the SL-12
R/B breakup event on April 15,
2022

Ø Lunar impact on 2022/03/04

Ø DART MISSION on 2022/09/26
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Photometry Simulation
Ø Research of photometric
consistency calibration of space
debris based on numerical
simulation and laboratory
simulation

Ø 1:9 CZ-4C upper stage model
– Laboratory simulation with solar
simulator

– Numerical simulation using Povray
with different environment condition

– VR scans of real model from Vray
Ø To improve the numerical
simulation performance of
telescope observation directly
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New 800mm Space Debris Telescope

Ø 800mm f/7 telescope for high
precision and multi-purpose
optical measurements of
space debris

Ø Low resolution spectrometer,
triple channel simultaneous
photometer, laser ranging
system with independent
transmitter
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Future works

ØKeep on the routine observation
ØKeep using meter class telescopes and optical
arrays for debris survey on higher orbits

ØTest new telescope and participate future AIs
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Thank you for your attention!!

10
WG1, IADC 41st, June.12-15, 
2023 Darmstadt, Germany

RY. Sun(CNSA)


