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NOAP PLANNER 0.6.5 — FEATURES
OF NEO OBSERVATIONS PLANNING WITH ONE BUTTON

Last year, a package of Python scripts NOAP (NEO Observation Analyzer and Planner) was presented in this journal. It is designed
to plan NEO observations and analyze existing observations automatically. Over the past year, this package has undergone signifi-
cant changes, in particular, the planning pipeline has been updated. The main goal of the update was to simplify and automate the
observation planning process as much as possible, as well as to increase the quality of the object selection for observation. This article
highlights the main changes made to the Planner pipeline and discusses the features of automated planning of NEO observations for
small-aperture telescopes. An algorithm has been developed for the automated processing of data from the NEOCP Minor Planet
Center website, which allows for detecting new objects that require confirmation much faster. Additionally, an adaptive NEO filtering
algorithm has been developed, considering the speed of NEO’s apparent motion and its expected brightness. This makes it possible to
improve the magnitude limit for slower NEOs and to discard objects that cannot be observed with a given telescope due to the “velo-
city — brightness” correlation.

The article also discusses a new feature of automated ephemeris calculation for fast objects, which allows us to avoid the loss of
observations due to the object moving too fast across the telescope’s field of view. Thanks to this approach, the possibility of error
occurring during planning was minimized, and this procedure became available for simultaneous observation planning for several
observatories.

The implementation of new algorithms allowed for a significant increase in the efficiency of observations, especially for objects
with low brightness. The study provides examples of the new planner application for the L 18 station and demonstrates statistical data
confirming the improvement in the accuracy and quality of observations.
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INTRODUCTION

The first version of the NOAP (NEO Observations
Analyzer and Planner) package of Python scripts was
described in detail in [3].

Structurallyy, NOAP consists of two script
pipelines: Planner and Analyzer. The first of them
is intended for planning observations of near-Earth

objects (NEQO) at various observatories, and the
second is for analyzing the received observations
based on the NEODyS-2 database [6]. According to
the results of using NOAP [3], several directions for
its improvement were highlighted.

For Planner pipeline:

e batch calculation of ephemeris and observation
plans for several observatories;
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* change of the algorithm for obtaining data from
the NEOCP [9] webpage for more prompt detection
of the appearance of new objects that require confir-
mation;

e an adaptive algorithm for filtering NEOs that
can be observed with the given telescope, taking into
account both the velocity of their visible movement
and the predicted brightness. This will increase the
limiting magnitude for slower NEOs, increase the
time of NEOs in sight, and reject NEOs that cannot
be observed with the given telescope according to the
“brightness — velocity” ratio;

e the introduction of a graphical user interface;

e integration of the “Planner” pipeline with the
“Analyzer” pipeline for priority calculation.

For the “Analyzer” pipeline:

¢ compatible statistics calculation for several ob-
servatories;

e quality assessment of NEOCP object observa-
tions;

e validation of the observations before they are
sent to the MPC;

* the optimization of additional calculations, es-
pecially those associated with data modification.

In this paper, we will show how exactly the changes
were made to the Planner pipeline alone, bringing it
to version 0.6.5.

1. CHANGES MADE TO THE PLANNER PIPELINE

Unfortunately, only the first and third points of
improvement have been implemented, so far, but we
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Figure 1. Structure of the previous version of the Planner pipe-
line [3]

consider them to be among the most important ones.
Below we will dwell on each of them in detail.

1.1 Batch Calculation. The first versions of the
pipeline required the sequential launch of three of
its scripts (Fig. 1) to obtain the observation plan and
ephemerides. The disadvantages of such a solution are
insignificant when working with one observatory, but
they can become a serious obstacle if it is necessary to
plan observations for several observatories at once.

Therefore, changes were made to the pipeline op-
eration scheme (Fig. 2). Now, all three “calculation”
scripts are launched by an additional control script
main.py, and calculations are performed for all ob-
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Figure 2. Structure of the current Planner pipeline’s version. The ovals show new elements that provide “one-button” planning.

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2025. T. 31. Ne 1 71



0. M. Kozhukhov, M. S. Medina

servatories specified in the objects.txt list. Thus, from
now on, planning observations, even for several ob-
servatories, is done virtually “with one button”.

1.2. Adaptive Algorithm for Filtering NEOs. The
algorithm for selecting NEO for observation is as in
[3], regardless of the influence of NEQ’s apparent
motion speed on the ability of their observation. This
influence is determined by the fact that the greater
the speed of a NEO, the less “effective” its exposure
is. Here, effective exposure is the maximum exposure
value at which photons from the observed NEO fall
on the same pixel of the optical sensor camera. It
depends on the image scale and the velocity of the
NEO’s apparent motion. The calculation of effective
exposure is shown in [3] as the calculation of expo-
sure for observations. Thus, the fainter and faster the
NEO is, the higher the probability that in sidereal
tracking observing mode, during the effective expo-
sure, the pixel will receive such a small amount of
light from a given object that this may not occur when
using the “shift-and-stack” technique (or “synthetic
tracking”), see the example, [1, 7, 10—12]. In addi-
tion, faint and fast NEO may also require a number
of frames that can’t be obtained while the NEO is in
the field of view of the observing telescope.

Thus, it can be stated that the limiting magnitude
for a relatively slow NEO is significantly lower than
for a fast one. An increase in the limiting magnitude
will lead to the fact that a great number of faint ob-
jects that cannot be observed due to their high speed
will be included in the NEO list for observation. So,
there was a need for a highly advanced algorithm to
assign NEOs that will be planned for observations.
This algorithm has to reject objects considering the
mutual influence of their apparent brightness and ap-
parent motion speed on their visibility.

In order to balance the mutual influence of NEO
speed and brightness on the ability of their observa-
tion, it is necessary to go to NEO filtering for approx-
imate values of the “signal-to-noise” ratio (SNR) of
their images that the given telescope can form during
the effective exposure time.

To calculate SNR, we use the so-called “CCD
Equation” [5]:

SNR = S , (1)
\/S+”p,~x (Nyy + N +N?)
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where §= f(my,t,,,.tel) — signal from the NEO of
interest, n, — the number of pixels that the NEO
image takes up, N, = f(m,t, .tel) — noise from
the sky background, N, , = f (texp,cam) — camera’s
dark current noise, N f = f(cam)— camera’s readout
noise, my,, — NEO’s magnitude, ¢, — effective ex-
posure calculated by [3], fel — telescope parameters
(aperture size, obstruction, number of optical surfac-
es, scale), m, — sky background level considering the
influence of the atmosphere and the Moon, cam —
camera parameters (dark current level, temperature,
readout noise level, ADC bit depth, pixel full well).

The obtained SNR value is compared with the
threshold, and if it appears to be less than the thresh-
old, the NEO is removed from observations. More
detailed information on the calculation of each com-
ponent can be found in [5, 8]. The influence of the
atmosphere and the Moon on the sky background
level was determined according to [4].

1.3. A New Alternative to Calculate the Required
Number of Frames. Since there is an estimation of the
SNR predicted value of the NEO image in one frame
(1), it is possible to calculate the number of frames
that need to be obtained N :

frames

2
SNR
N =N . obx_est] , 2
frames obs _est ( SNR ( )

Where N, ., — minimum number of observations
planned to obtain (usually 3or4), SNR, ., — need-
ed SNR of NEO image for one observation.

1.4. «Adaptive» Ephemeris for the Observations of
Fast NEOs. By default, the ephemeris is calculated so
that the predicted position of the observed NEO is
in the center of the frame. There is nothing special
about this if the object is slow or the telescope field
of view is large enough. But there exists a possibil-
ity when the field of view is relatively small, and the
NEO has such a speed that will allow it to pass half
of the field of view that remains to be covered faster
than the camera takes a given number of frames. In
this case, the shooting may turn out to be incon-
clusive because the number of frames in which the
NEO is in the field of view may not be sufficient to
obtain at least three required observations using the
“shift-and-stack” technique. In order to consider
such cases, it is suggested to calculate the “adaptive”
ephemerides as follows.
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1. For each line of the ephemeris, the path L
that the given NEO will pass during the shooting is
determined:

L= (5K, 160) Ly N
where Sk, . — NEO’s apparent motion speed,
arcsec/min; N, — the total number of frames
need to be shoot.

2. The obtained value is compared with the mini-
mum size of the field of view along one of the coordi-
nates min (Lg,, Lp,.)-

2.1 If L <0.4'min (Lg,, Lp,.), then nothing hap-
pens.

22 1f 0.4'min (Lg, Lp,) < L <0.8min (Lg,
L,,.), then the telescope aiming point is shifted for
0.5L forward along the trajectory of NEO’s motion.

2.31f0.8- min (Lgy, Lp,)<L,then N, . isre-
ducedby l and N are recalculated according to
expression (2). After the reduction, L is calculated
again. If condition 2.3 continues to be fulfilled, then
the reduction of N, ., is repeated until the value
reaches 3. If condition 2.3 continues to be satisfied,
then this row is removed from the ephemerides’ list.

1.5. Changes in the File Configuration. Due to the
modifications made to the program, the configuration
file has also been changed. Previously, it was a simple
text file with separate subsections, but now it is a file in
.xIsx format, consisting of three separate sheets.

The Stations sheet stores all the data on observato-
ries for which observations can be planned, includ-
ing the telescope’s specifications required for the al-
gorithm operation described in subsections 1.2—1.4.
The obs sheet contains the constants required for the
pipeline operation, including the ability to switch to
manual mode for determining the interval to calculate
the ephemeris. The system sheet contains the paths re-
quired for the correct operation of the pipeline.

2. RESULTS

First of all, we should mention increasing the pipe-
line’s usability. This concerns the “one-button plan-
ning” approach itself. Now, with a correctly formed
configuration file and no failures in the pipeline, the
possibility of incorrect planning of observations due
to the operator’s fault is practically excluded, more-
over, for any reasonable number of facilities (for the
time being, the pipeline is successfully coping with
the automatic planning of observations for five facili-
ties at once: three real facilities with MPC codes L18,
L99, M32 included in the National Space Facilities
Control and Test Center of State Space Agency of
Ukraine and two “experimental/virtual” facilities
created for tests).

Secondly, there is an effect of reducing the depen-
dence of the obtained observations’ accuracy on the

Table 1. Statistics of NEO observed by L18. The initial data from the NEODyS-2 site
were obtained and processed with the Analyzer pipeline from the NOAP

Observations o LI8 St
(2019 — 2021) (2022 — Apr-2023) (May-2023 — Jun- 2024)

Observations 5669 1703 1007
Sessions 939 398 304
Obs./Ses. ratio 6.04 4.3 3.31
Objects 505 254 191
Nights 235 88 108
Mean AM_calc* 17.41" 17.55" 17.93"
Median AM_calc 17.61" 17.85" 18.26
Percentile by level 0.9 for AM_calc 18.59" 18.60" 19.06"
Mean V_HOR**_ arcsec/min 17.45 16.94 16.84
Median V_HOR, arcsec/min 8.18 8.36 10.29
Percentile by level 0.9 for V_HOR,
arcsec/min 39.90 38.27 35.12

* — calculated apparent magnitude of observed NEOs; ** — velocity of apparent NEO’s motion according to NASA Jet Propul-

sion Laboratory ephemerides [2].
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Figure 3. Dependence of the observation accuracy for the L18 facility in 2023—2024 on the apparent brightness of the observed
NEOs: a — RA, Dec; b — along (dL) and cross (dN) track. The raw data from the NEODys-2 website were obtained and pro-

cessed by the Analyzer pipeline from NOAP

apparent magnitude of the observed NEOs. Fig. 3
shows the dependence of the accuracy of observa-
tions on the apparent magnitude for the L18 facility
in 2023—2024. The dots show the average error val-
ues for each session (the set of observations for one
NEO per night) with error limits at the level of one
root mean square.

For the majority of objects, there is a noticeable
absence of a significant correlation between the
brightness and the accuracy of positional observa-
tions. This is explained by the fact that the SNR for
these observations, due to the use of the “shift-and-
stack” technique and the peculiarities of the observa-
tion planning algorithms, remains almost at the same
level.

74

The changes introduced had an even greater effect
on the qualitative set of the observed NEOs. Table 1
shows the main statistics for the L18 facility, where
the new observation planning algorithms were tested.
The first column shows the statistics of observations
before the introduction of automatic planning, the
second — with the use of automatic planning, and
the third — with the use of automatic planning and
the new algorithms for selecting observed NEOs. It is
clearly seen that a significant decrease in the bright-
ness of the observed objects (highlighted in bold)
leads to a decrease in the number of observed NEOs
per night and the number of observations per session.
The effect of brightness weakening itself is associated
with the introduction of new planning algorithms al-
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lowing a more correct selection of visible NEOs with
low brightness and also with the fact that such objects
usually have a higher priority.

CONCLUSION AND PLANS FOR THE FUTURE

The ability to plan NEO observations for several ob-
servatories (facilities) at once has significantly in-
creased the speed of this process without reducing its
quality. A new algorithm for selecting NEOs for ob-
servation has made it possible to increase the limiting
magnitude of observed objects significantly.

Further work should be focused on the following:
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HauionanbHuUit LIEHTp yrpaBlliHHS Ta BUITPOOYBaHb KOCMiIUHUX 3aC00iB
ByJs. KHs3iB Octpo3sbkux 8, Kuis, Ykpaina, 01010

NOAP PLANNER 0.6.5 — OCOBJIMBOCTI INTAHYBAHH CITOCTEPEXXEHDb
HABKOJIO3BEMHUMX OB’€KTIB OJHIE KHOITKOIO

MuHynoro poky y gaHoMmy XXypHali Oyio npeactasieHo naket Python-ckpuntiB NOAP (NEO Observation Analyzer and
Planner), npu3HaueHuii 1J1s1 aBTOMaTU30BaHOTO TJIAHYBAHHSI Ta aHaJIi3y criocTepexkeHb HaBKo103eMHUX 00’ekTiB (NEO). 3a
OCTaHHiH piK 11e#l makeT 3a3HaB iCTOTHUX 3MiH, 30KpeMa 0yJI0 OHOBJIEHO KOHBEED MIaHyBaHHSI. OCHOBHOIO METOIO OHOBJIEH-
HsT OyJIO MaKCUMaJIbHE CIIPOIICHHS Ta aBTOMATH3alIisl TTPOIIeCy TUTaHYBaHHS CTIOCTEPEXEHbB, a TAKOXK MiIBUIIICHHS TOYHOCTI
BUOOpPY 00’ €KTIB JJIsSI CIIOCTEPEXEHHSI. Y aHiil CTaTTi BUCBIT/IIOIOTHCS FOJIOBHI 3MiHM, BHECEHI B KOHBeep Planner, i o06roso-
PIOIOTHCSI OCOOJIMBOCTI ABTOMATU30BaHOTIO IJIaHyBaHHS crioctepeskeHb NEO /11s1 TeJIeCKOITiB 3 HEBEJIMKOIO arepTypolo.

Byno po3pobiaeHo airopuT™ Jjisi aBTOMaTU30BaHO1 00pOOKHU TaHUX 3 BeO-cTopiHKM caitTy LleHTpy Manux riaHetr NEOCP,
1110 T03BOJISIE BUSIBJISITU HOBi 00’€KTH, 5IKi MOTPEOYIOTh MiATBEPIXKEHHS, 3HAUHO 1iBualie. KpiM Toro, 0yjio cTBOpeHO anamn-
tuBHUM anroput™ binsrpauii NEO 3 ypaxyBaHHSM IIBUIKOCTI IXHBOTO BUAMMOTO PyXy Ta repeadadyBaHoi sickpaBocTi. Lle
A€ MOXJIMBICTh IMOKPAIIUTU MEXY 3ipKOBOI BeIMUMHU 1151 Oibi TToBiIbHMX NEO Ta BimxwissTy 00’€KTH, AKi He MOXKHa
CIOCTEpiraT Ha JaHOMY TEJIECKOITi Uepe3 CITiBBiIHOIIEHHS «IIBUIKICTh — SICKPaBiCTh».

Y cTaTTi TaKOX 00roBOPIOETHCS HOBA (PYHKILisI aBTOMAaTU30BaHOIO PO3paxyHKy edeMepu s IBUAKUX 00 €KTIB, 1110 10-
3BOJISIE YHUKATU BTPATH CITOCTEPEXXeHb Yepe3 3aHaaTO IIBUAKUI pyX 00’€KTa Yepe3 MmoJie 30py Tejleckona. 3aBasKu TaKOMY
MiIX0My, MOXKJIMBICTb TTOMMJIKM TTifl Yac ryiaHyBaHHs OyJjia MiHiMi30BaHa, a cama Ipolielypa cTaja JJOCTYITHOIO JJIs OHOYaC-
HOTO IIJIaHyBaHHS CITOCTepEXKeHb IS KiJTbKOX 00cepBaTopiii.

BripoBakeHHS HOBUX aJITOPUTMIB JO3BOJIMIIO 3HAUHO IMiABUIIUTHA €(PEKTUBHICTh CITOCTEPEKEHb, OCOOIUBO I 00 €KTIB
i3 HU3bKOIO SICKPaBicTIO. Y JOCTiIKeHHI HaBeAeHI MPUKIIaIM 3aCTOCYBaHHSI HOBOTO IJIaHyBaJIbHUKA i ctaHLii L18 ta rpo-
JIEMOHCTPOBAHO CTATUCTUYHI JaHi, 1110 MiATBEPIKYIOTh 3pOCTaAHHSI TOUHOCTI Ta SIKOCTi CIIOCTEPEXKEHb.

Karouoei caosa: HaBKO103eMHi 00’ €KTU, ONTUYHI CIIOCTEPEXKEHHSI.
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