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In this study, we present analysis of revisit-timeharacteristics of low Earth orbit (LEO) satelliteonstellations intended

for Earth observation missions. The objective of th work is to evaluate and compare the revisit-tim@erformance of
heterogeneous payloads—including automatic identi cation system (AIS), electro-optic/infra-red (EO/IR), synthetic aperture
radar (SAR), and radio-frequency (RF) sensors—op¢iag over a common region of interest near the Koem Peninsula.

To address this problem, we construct a constellath simulation framework entirely within a MATLAB ewironment,
enabling consistent orbit propagation, payload modkng, access analysis, and revisit-time evaluatio’A common geometric
representation based on conical sensors is adopted to model di erent payload types, while mission-speci ¢ constraints such
as wide-area reception for AIS, incidence-angle-dependent access for SAR, and formation- ight requirements for RF payloads
are incorporated at the access-analysis level. To ensure stable constellation geometry under J2 perturbations, a pilot-satellite-
based orbit initialization strategy is employed, allowing satellites within the same orbit plane to share identical reafizorbital
periods. A geometric interpretation of constellation ground trajectories is introduced to explain revisit-time behavior in terms
of trajectory bands, intra-band spacing, inter-band separation, and Earth-rotation-induced drift. Based on this interpretation,

a 48-satellite constellation distributed across 12 orbit planes at a 500 km circular orbit is identi ed as an e ective con guration
for EO/IR missions, minimizing coverage gaps at mitatitudes. Simulation results demonstrate that AlSevisit-time
performance exhibits saturation beyond moderate costellation sizes due to its wide eld of view, wheras EO/IR, SAR, and
RF payloads show structured revisit-time distributions with quasi-periodic patterns at individual ground points. ese results
indicate that revisit-time characteristics are donmated by the periodic recurrence of favorable grouwhtrajectory alignments
rather than by satellite count alone. The proposeffamework and analysis provide a practical refererecfor constellation
design and revisit-time assessment for regional Earth observation missions.
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1. INTRODUCTION

Since entering the 2020s, the manufacturing and lach
costs of small and microsatellites have decreasedpidly, and
large-scale low Earth orbit (LEO) constellation sysms such
as Starlink, OneWeb, Kuiper, and Planet have begfuil-scale
operational deployment. As a result, research on mm$ion
design and operations based on satellite constelians has
emerged as a core research topic in the space syste eld.

Within this context, satellite constellations haveattracted
significant attention as an effective alternative apable of
achieving short revisit times, high spatial and teipmoral
coverage, and enhanced mission flexibility-capabilities
that are di cult to realize with a single satellite. Accordingly,
extensive research e orts have been devoted to caiedlation
orbit design, deployment configurations, performane
evaluation, and operational e ciency analysis.

In Korea, various studies on satellite constellatits have
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also been conducted in response to these technological and
industrial developments. Early research approachethe
problem of improving the average revisit time for und
targets by repositioning existing on-orbit satellié assets
within limited fuel constraints using genetic algoithm—based
methods (Kim & Bang 2009). Subsequent studies foas
on sun-synchronous orbit (SSO) constellations, defing
operational performance metrics that quantify grourd
station communication efficiency and imaging acquigion
efficiency, and improving these metrics through nurerical
optimization techniques (Kim et al. 2015). In addion, several
studies geometrically modeled the realistic obsertan
constraints of synthetic aperture radar (SAR) paydals and
analyzed access frequency and revisit time distrilions
as a function of Walker-Delta constellation configrations,
thereby identifying constellation architectures suiable for
intelligence, surveillance, and reconnaissance (I9Rnissions
(Kim et al. 2017; Song et al. 2019).

More recently, research has extended beyond single-
sensor-based performance analysis to de ne performace
metrics for evaluating operational e ciency in constellation
systems simultaneously operating heterogeneous payloads,

such as electro-optic (EO) and SAR sensors. New operation-

oriented metrics—including cross-revisit time, ovelapping
observation frequency, and system response time—hav
been proposed (Ko et al. 2025). Furthermore, studie
have defined surveillance and reconnaissance missic
over specific regions, such as the Korean Peninsylas
discontinuous coverage problems and compared Walker
Delta and repeat ground track (RGT) constellationssing
unified performance metrics to analyze their struatral
advantages and limitations for region-specific misens
(Shin et al. 2022; Jeon et al. 2024). While thesadies
have contributed to expanding the theoretical foundtion
of constellation design and performance analysishey
remain limited in that they often focus on specificorbit
configurations or sensor types and typically rely o
separated simulation and data analysis environments.
Meanwhile, many constellation simulation studies
conducted domestically have adopted a dual-analysis
framework in which orbit propagation and access argsis
are performed using Ansys Systems Took Kit (STK)lldwed

by post-processing and data analysis using MATLAB (Kim &

Bang 2009; Kim et al. 2015). However, with the canious
expansion of the MATLAB Satellite Communications
Toolbox and related orbit and sensor modeling capabilities,
the potential to perform integrated constellation abit
configuration, payload modeling, ground observation
site definition, and revisit time analysis within asingle
environment has signi cantly increased (Kim et al. 2025).
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Motivated by these research trends, this research
further distinguishes itself from previous work interms of
payload performance modeling. While many prior stuges
determined ground observation opportunities using lilt-
in STK sensor models or conic sensor-based coverage
representations, this work extends and applies MATAB's
Conical Sensor model to simulate the observation coverage
and mission characteristics of diverse payloads, @uding
automatic identification system (AIS), electro-opte/infra-
red (EO/IR), radio-frequency (RF), and SAR, withia uni ed
framework. is approach enables quantitative comparison
of revisit time distributions under identical orbital
conditions as the payload type varies and additionty
allows discussion of the effectiveness of simultaoeisly
operating multiple payloads onboard a single satellite.

Also, this research introduces a di erentiated metbdology
for constellation revisit time analysis. Whereas jor studies
have primarily evaluated performance using singletatistical
metrics—such as average or maximum revisit time per
regional grid cell provided by STK—this work combias
ground track visualization with revisit time data & analyze
revisit characteristics simultaneously in both tempral and
spatial dimensions. Reuvisit times for individual gsund
observation points are organized over the simulatiotimeline
and interpreted alongside ground track patterns, eabling
multi-faceted analysis of how revisit time distribtions
vary with orbital configuration and ground track stucture.
This approach provides an intuitive analytical bas for
understanding coverage gaps and regional performarc
disparities that are difficult to capture using aveage
performance metrics alone.

Moreover, when applying a J2 perturbation model
during orbit propagation, this research addressese issue
that relative satellite positions in a constellatin gradually
degrade over time if standard Walker-Delta initial orbits are
used without modi cation. To mitigate this e ect, a Walker-
Delta—based initialization strategy is adopted in hich the
initial orbital elements are redefined so that alkatellites
share an identical orbital period. This approach esures
stable maintenance of the constellation geometry en
under J2 perturbations. By minimizing relative pogion
drift caused by orbital dynamics, this initializaton strategy
allows the e ects of payload performance and obseation
geometry on revisit time analysis to be more clearly isolated
and evaluated, distinguishing this work from previas
studies.

Finally, this research proposes an integrated simation
framework that enables consistent execution of cotsllation
orbit con guration, payload modeling, ground obsenation
site setup, and revisit time analysis entirely wiih a single
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MATLAB environment, departing from the conventional

separation between STK-based orbit simulation and
MATLAB-based post-processing. In particular, this gper

leverages the orbit propagation, satellite—groundaess

calculation, and sensor modeling capabilities prowded by

MATLAB Satellite Communications Toolbox, demonstrating
that constellation simulation and performance analgis

can be conducted without reliance on external commercial
simulators. By performing the entire analysis work ow from

orbit design to performance evaluation and post-processing
within a uni ed platform, the proposed framework aims to

improve the consistency and reproducibility of the research
and design process.

2. METHODS

2.1 Satellite Constellation Simulation: Overall Framework

is research proposes an integrated simulation framework
for evaluating the coverage performance and revisit
characteristics of Earth-observation satellite corisllations
equipped with heterogeneous payloads. e overall stucture

Scenario Initialization

+ Configure core elements for satellite scenario generation
« Define simulation start and end times

+ Set data sampling interval for position/velocity

 Apply Earth gravity model (e.g., J2) via orbit propagator

of the proposed framework is illustrated inFig. 1, and the
representative visualization outputs are summarizedh Fig. 2.
As illustrated in Fig. 1, the framework consists dhree
large segments: simulation input configuration, acess-
based simulation execution, and result analysis. Téh
simulation begins with scenario initialization, whee the
simulation time span, state sampling interval, andrbit
propagation model are de ned. Earth’'s oblateness eect is
considered by applying a J2-perturbed orbit propagator.
Ground observation points are then specified using
latitude and longitude coordinates. Satellite con girations
include both payload and orbit definitions. Four sasor
types (AlS, EO/IR, RF, and SAR) are modeled usiret
Conical Sensor function with payload-speci ¢ parameers.
For RF missions, a formation-flying configuration s
considered, in which two deputy satellites are posoned
relative to a chief satellite in the along-track and cross-track
directions. e baseline constellation orbit follows a Walker-
Delta con guration, and initial satellite states ae adjusted
to compensate for relative drift induced by J2 perturbations.
After satellite and ground station con guration, satellite-
to-ground visibility is evaluated using the accesinction.
Payload-specific access opportunities are identifik from

Ground Observation
Points Config.

» Define target observation locations using latitude and longitude

Sim. .

Input Payload

Model four sensor types (AIS, EOIR, RF, SAR) using the Conical Sensor function,
with sensor-specific configurations.

Config. + For RF payloads, design a formation-flying mission with two deputy satellites
positions +100 km along-track and +50 km cross-track from the chief satellite

Satellite

Config. » Baseline constellation orbit Walker-Delta configuration with J2 Propagation
Orbit » Orbit propagation methods includes Two-Body, J2 perturbation and can be
Co:'nf:g High Precise Orbit Propagation(HPOP)

+ In J2 perturbations, relative satellite positions gradually drift over time
» To compensate for this effect, the satellites’ initial position/velocity are adjusted.

Perform Simulation by ‘access’ function

Sim. . .
Output Simulation Result .

» Ground Trajectory and coverage are visualized in 2D ECEF frame and satellite
orbits are visualized in 3D ECI frame.

Payload-specific access is determined from the generated Access Matrix

» The coverage duration and revisit time are computed.

Fig. 1.Overall framework of satellite constellation simtitan.
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Fig. 2.Integrated simulation architecture and visualizatio

the generated access matrix, from which coverage duration

and revisit time metrics are computed.

Fig. 2 illustrates the integrated simulation archécture
and example outputs with representative visualizatin,
including 2D ground coverage maps, 3D orbit visualization,
access tables, and revisit-time statistics.

Table 1 describes the overall input—output structure dhe
proposed simulation framework and identi es the MATLAB
functions used at each stage of the work ow.

The satellite input parameters including orbit elenents,

Table 1.Function of satellite communication toolbox and csponding
I/O structure

Utilized function I/O Structure
satelliteScenario  Input: Scenario initialization (Simulation time)

Satellite Input: Orbit (Altitude, Inclination),
Constellation (no. of SATs/Orbit Planes)
GroundStation Input: Ground observation points configuration
(Ground Points)
ConicalSensor Input: Satellite payload initialization (Conical
Sensor)
FieldOfView Input: Conic Sensor’s Field of View (Customized by

Each Payload)
Access Execution function: Run the simulation
satelliteScenarioViewer Output: Simulation result — 2D/3D visualization
GroundTrack Output: Simulation result — 2D visualization

Accessintervals  Output: Simulation result — contact sequence chart
(revisit time)

SATs, satellites.
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ground observation points, and conical sensor chacieristics
are summarized inTable 2. These parameters are selected
because they directly determine the geometric visility between
satellites and ground targets, which fundamentallgoverns
the access opportunities and revisit-time charactéstics of the
constellation. In particular, orbital altitude andinclination de ne
the global ground trajectory pattern of satellitesivhile the sensor
eld-of-view determines the e ective ground footprint of each
payload.

e utilization of conical sensor models and corresponding
field-of-view inputs for each payload type is expiaed in
Section 2.2. e generation and processing of contatsequence
charts derived from the access function are detaitein
Section 2.3, where payload-speci ¢ post-processingtrategies
are introduced. Finally, the constellation configuation
parameters, such as the number of satellites andemumber
of orbital planes, are described in Sections 3.1 @r8.2 in the
context of geometric ground trajectory analysis angroposed
constellation design.

2.1.1 Merit of Proposed Constellation FrameworkiWMATLAB

The proposed MATLAB-based simulation framework
provides several advantages compared to conventioha
revisit-time analysis approaches commonly performedising
STK. First, MATLAB integrates orbit propagation, aess
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Table 2.Simulation input parameters by each payload

Inputs AIS EO/R SAR RF
Simulation Time Starting Time: Jan.1,2030, Duratiorrdays, Timestep: 5 seconds
Ground Points 54 lattice points around Korea Peninda (33°N-43°N, 119°E-135°E)
Orbit: Altitude 500 km, Circular Orbit
Orbit: Propagator J2 Perturbation
Orbit: Inclination 45° 98° SSO 45° 45°
Payload: FOV 120° 60° Incidence Angle 60°
15°<FOV < 35°
Payload Specific Simple Conic Simple Conic 70° FOV Access— Formation flight of
Characteristics 30° FOV Access 3 SATSs, receiving
simultaneously
Post-Processing Strategy N/A N/A Deduct 30° FOV Contact Consider valid contact only if
from Access chart (Unconstrained) Sequence from 70° FOV Contacts 3 SATs contacts single GS

AIS, automatic identification system; EO/IR, eleatroptic/infra-red; SAR, synthetic aperture radar; R radio-frequency; SSO, sun synchronous orbit; FOiéld-of-view;

SATSs, satellites; GS, ground station.

analysis, and sensor modeling within a single compational
environment. is allows exible implementation of v arious
sensor types (AIS, EO/IR, SAR, RF) without requigiseparate
external modules. Also, multiple heterogeneous senss can
be simulated simultaneously within a unified scenap. The
built-in visualization tools enable users to inspetsatellite
orbits, ground tracks, sensor footprints, and accesntervals
at arbitrary time instants through an interactive mterface.
Moreover, MATLAB provides a cost-e ective and accessible
platform for academic research. Compared to STK, wdh
requires separate licensing for advanced modules, MATLAB
allows universities to perform constellation revigitime
analysis with relatively lower software cost. Finbl, the
proposed framework enables direct post-processingfo
access results using MATLAB’s numerical computing
capabilities. is facilitates customized performance metric
evaluation, statistical analysis of revisit-time ditributions,
and algorithmic extensions for future optimizationbased
constellation design studies.

2.2 Simulation Input Con guration

Table 2 shows the key input parameters used in the
constellation simulation framework. The simulation
duration is set to 7 days, which allows us to obser potential
orbital parameter variations under the J2 perturbabn
propagation model. The orbital altitude is set to &00 km
circular orbit, a commonly adopted con guration for many
LEO satellite constellations. The inclination angldor AlIS,
SAR, and RF payloads is set to 45°, which is suieafor
surveillance over the Korean Peninsula. In contrast, the EO/
IR payload is assumed to operate in a 98° sun-synchronous
orbit to maintain a consistent solar illumination condition
for imaging missions.

The sensor-related parameters, including the conida
sensor model and its corresponding eld-of-view (FQ) or

39

incidence-angle constraints, de ne the e ective obgrvation
footprint of each payload. Since different payloadypes
operate under distinct sensing geometries, these pameters
significantly influence the spatial extent and fregency of
accessible observations. The detailed modeling appach
for each payload type, including how the conical sesor
representation is applied and how the sensor footpnt
is interpreted for AIS, EO/IR, SAR, and RF payloads
described in Section 2.2.1.

e spatial sampling of the observation region is de ned
through a set of ground observation points distribted
across the target region. ese points provide the reference
locations for evaluating coverage performance ancevisit-
time statistics across the region of interest. e ©n guration
and rationale of these ground observation points &
presented in Section 2.2.2.

2.2.1 SAT-Payload: Payload Speci cation

In this research, 4 payloads (AIS, RF, EO/IR, and SAR) are
modeled using a unified geometric framework basedro
conical sensor representations. While a common modiag
structure is adopted for consistency in access anais,
payload-specific FOV definitions and ground footpmt
construction methods are applied to reflect the dignct
sensing characteristics of each payload type.

The AIS payload is primarily a signal reception—-basl
sensor operating in the very high frequency (VHF)and,
rather than an imaging system. Its performance is therefore
governed by the spatial extent over which AIS meggas
transmitted from maritime targets can be successfiy
received. To represent this wide-area reception capability, a
large sensor eld of view of 120 degrees is assumed.

The ground footprint of the AIS payload is construed
by intersecting a wide conical sensor, centered ahlg the
satellite boresight direction, with the Earth’s suiace. This

https://janss.kr
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Fig. 3.Automatic identi cation system (AIS) payload footint modeling using a conical sensor.

intersection results in a large circular footprintas illustrated

in Fig. 3, representing the available AIS data reception area.

All ground observation points located within this éotprint
are considered accessible for AIS reception.

e RF payload is modeled with a moderate eld of view
of 60 degrees, reflecting the directional charactistics of
typical RF antennas and beam patterns. Unlike AIRF
sensing performance is closely tied to antenna dicgivity,
signal-to-noise ratio, and geometric diversity, maing
excessively wide FOV assumptions less representative.

In this study, the RF payload operates in a formaii-
ying con guration consisting of one chief satellite and two
deputy satellites. Each satellite generates its owgonical

[RF]
#2

Deputy
0O

Chief~ %

: e ; FOV: 60 deg

Deputy

Footprint by RF payload

Fig. 4.Radio-frequency (RF) payload footprint with formati ying mission.
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footprint, and the resulting ground coverage is dermined
by the spatial relationship among these overlapping
footprints, as shown inFig. 4. The formation geometry
enables cooperative sensing effects, such as enhat
coverage robustness and improved geometric diversit
Depending on the mission de nition, RF accessibiliy may
be evaluated using either the union or intersectiorof the
individual footprints, allowing the framework to represent
di erent cooperative RF sensing concepts.

e EO/IR payload represents an optical imaging sen®r
whose observation capability is constrained by optial
design limits, achievable ground sampling distanceand
pointing constraints. A eld of view of 60 degrees is selected
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to represent a realistic trade-off between spatialoverage
and imaging performance.

The EO/IR ground footprint is obtained by interseéhg
the conical sensor with the Earth’s surface, defing a
continuous region in which imaging is geometrically
feasible. However, unlike signal reception—based pkads,
EO/IR imaging does not occur continuously across hentire
footprint. Instead, actual image acquisition is pefiormed
at discrete time instances and locations, dependingn
mission tasking and operational constraints. As ilistrated
in Fig. 5, the model therefore distinguishes between the
available imaging footprint and the actual observaonal
points selected within this region. is distinction enables
a more realistic representation of EO/IR mission @cution
while preserving a simple geometric access model.

The SAR payload fundamentally differs from the othe
payloads due to its side-looking imaging geometryral

[EOIR]

/. FOV: 60 deg

Footprint by Conic (Available Capturing Area)

Actual Capturing Points

swath-based observation characteristics. SAR ground
coverage is primarily defined by the incidence ang|,
which is the angle between the radar line of siglend the
local surface normal at the ground target. Operatial SAR
systems typically image targets within a bounded incidence
angle range, corresponding to near-range and far-rege
limits of the radar swath.

To capture this behavior, the SAR footprint is moded
using two conical sensors corresponding to lower ahupper
incidence angle bounds. In this study, incidence agles of 15
degrees and 35 degrees are selected to represerg thear-
range and far-range limits of the SAR swath, respgeely,
which is equivalent 30 degrees and 70 degrees F@\tonical
sensor. e SAR ground footprint is then constructed as the
region between these two conical intersections witlthe
Earth's surface, e ectively forming an elongated sip-shaped
footprint, as shown inFig. 6.

B0

_shenyang

/ Nortn
| KOREA
gryongyang

Seou /
R, souzn NIRRT AT JARAN
\" kdria

Fig. 5.Electro-optic/infra-red (EO/IR) payload footprimh@ actual observational points.

[SAR]

Footprint by Conic #1
Footprint by Conic #2 = -

Fig. 6.Synthetic aperture radar (SAR) payload footprinnstruction.
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Footprint by SAR payload
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is approach approximates a stripmap SAR observation
geometry, where the swath width is determined by #
incidence angle range, and the along-track extentfdhe
footprint emerges naturally through satellite motia over
time. By explicitly incorporating incidence angle onstraints,
the model captures the essential geometric charadatstics
of SAR observations while remaining compatible wittthe
uni ed conical sensor-based access analysis framework.

2.2.2 Ground Station: Ground Observation Points

Ground observation points are defined to evaluate
satellite coverage and revisit performance over rémns of
interest. Each observation point is specified bystlatitude
and longitude coordinates and represents a fixed tget
location for access analysis.

As shown inFig. 7, a total set of ground observation points
is distributed over the Korean Peninsula and surrauding
maritime regions, including the Yellow Sea, East Qa
Sea, and East Sea. Also, as shownTiable 3. The points
are arranged on a structured latitude—longitude gd to
ensure spatially uniform coverage and to enable syshatic
comparison of revisit time and coverage duration aoss
di erent locations.

The use of a 2° grid spacing represents a delibeeat
balance between spatial resolution and computationk
tractability. While excessively dense grids may leato
redundant sampling and unnecessary computational
overhead, overly coarse grids may fail to captureatial
variations in revisit characteristics across the ggon. The
selected spacing ensures spatially uniform samplingf the
entire observation region while maintaining a managable
number of observation points for large-scale constition

UG SRas T T —
? e
) 47 o8 49 50 o51 2 53 o54
i
42°N - g Shenyang -
Piin Apaan
037 38 39 043 044 45
o 8 4 » Hamhung i
AN T rudahad 7 o
o
franiin
Py
28 29 30 0319”7V 33 034 35 36
#
38N / . .
s Sonena
) Wonju
han 200 *10., 020 21 o2 023 024 25 26 027
falan Om
36N o Do
Gwans Busan
w e10 11 .12 .13 *14 *15 *16 .17 *18 eaka
Hiroshima s
34N Fukuoka ]
S o
o1 2 o3 o o5 o6 o7 o8 [T
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(50 mi Naning " OoenSeettapcenvetcs, T, G, FAO, NOAA USGS|
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A4z

Fig. 7.Ground observation points con guration.
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Table 3.Ground observation points Latitude (°N)/ LongitudeE)
No. Lat. Lon. No. Lat. Lon. No. Lat. Lon

1 33 119 19 37 119 37 41 119
2 33 121 20 37 121 38 41 121
3 33 123 21 37 123 39 41 123
4 33 125 22 37 125 40 41 125
5 33 127 23 37 127 41 41 127
6 33 129 24 37 129 42 41 129
7 33 131 25 37 131 43 41 131
8 33 133 26 37 133 44 41 133
9 33 135 27 37 135 45 41 135
10 35 119 28 37 119 46 43 119
11 35 121 29 39 121 47 43 121
12 35 123 30 39 123 48 43 123
13 35 125 31 39 125 49 43 125
14 35 127 32 39 127 50 43 127
15 35 129 33 39 129 51 43 129
16 35 131 34 39 131 52 43 131
17 35 133 35 39 133 53 43 133
18 35 135 36 39 135 54 43 135
simulations.

Beyond evaluating revisit time at individual locatbns,
the primary objective of this grid-based configurabn is
to assess region-level revisit performance. By digiuting
observation points uniformly over both the Korean
Peninsula and its surrounding seas, the proposed &
enables the measurement of how long it takes for a satellite
constellation to re-observe all areas within the g@on. In
particular, the distribution of revisit times across all ground
points provides insight into spatial coverage constency,
while the maximum revisit time among all points represents
the worst-case time required to re-cover the entire region.

2.2.3 SAT-Orbit: Orbit Design in J2-Perturbed Emrinent

In low Earth orbit environments, the Earth’s oblataess
effect, represented by the J2 perturbation, inducesecular
variations in orbital elements such as the right agnsion
of the ascending node and the argument of perigeeese
perturbations result in gradual changes in the efidive
orbital period and relative phasing among satellite, which
can signi cantly degrade the intended geometric stucture
of a constellation when classical idealized deployent
methods are applied.

The conventional Walker—Delta constellation design
assumes idealized Keplerian motion and assigns sdites
using uniform phase spacing based on prescribed oital
elements. While this approach ensures uniform distribution
in a two-body environment, it does not guarantee ientical
realized orbital periods under J2-perturbed dynamis. As
a result, satellites initialized using classical Wieer—Delta
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parameters experience differential along-track drifover

time, leading to the loss of uniform spacing and taporal

synchronization. This behavior is illustrated inFig. 8,

where satellites deployed using the standard Walker
Delta function exhibit noticeable phase divergencevhen

propagated under J2 perturbations.

To address this limitation, this study proposes aijot-
satellite-based initial deployment algorithm that eplicitly
accounts for J2-perturbed orbital dynamics. The ovall
procedure is summarized inFig. 9.

For each orbital plane, a pilot satellite is rstnitialized using
conventional Walker—Delta plane spacing, particuldy uniform
right ascension of ascending node (RAAN) separaticscross
planes. The pilot satellite is then numerically prpagated for
one full orbital period using the selected orbit pppagator,
ensuring that realistic perturbation e ects are capured.

After propagation, the elapsed-time history of theilot
satellite is used as a reference trajectory. Themaining
satellites within the same orbital plane are genetad by
extracting orbital states or orbital elements at evenly spaced
time fractions of the pilot satellite’s propagated trajectory.

Fig. 10 describes the difference between conventional
Walker-Delta deployment and proposed pilot satelli¢
propagation method. 8 Satellites are deployed inrgjle orbit.
e gure indicates that every orbital parameter which were
constant in Walker-Delta has certain perturbationn Pilot-
based Algorithm.

This approach guarantees uniform along-track spacim
while enforcing identical realized orbital periodsfor all
satellites within the plane, since all satellitesra constructed
from a single numerically propagated trajectory.

By deriving satellite placements directly from propagated
orbits rather than from idealized orbital elements,the
proposed method preserves constellation geometry wder

Walker-Delta Allocation with 45° Inclination Angle

Isat2 - satll: AQ = 45° Isat3 - satll: AO = 90" Isat4 - satll: A = 135

o[5S - satll: A0 = 180°

1

Algoroithm for Initial Deployment of Satellite Constellation
1. Initial Input
— Orbit Parameter : Satellite Altitude (Semi — Major Axis a), Incincation Angle(i)
— Constellation Parameter : Number of Satellites , Number of Orbit Planes
2. Generate orbit elements of pilot satellite for each orbit plane
— k orbit planes — k pilot satellites
— true anomaly() = 0, eccentricity(e) = 0, Arguemt of Perigee(w) = 0
— Generate Right Ascension of Ascending Node (RAAN) by dividing 27 by k

1

= SATpitor1 : Q = %27’, SATpilor2 : Q = %27[, ooy SATpiok: Q= k—; 2

3. Propagate single orbit for each pilot satellite
4. Extract orbit elements of other satellites by dividing orbit period
. . . . af,nm
— Orbit period of pilot satellite : Tyior = 277 4/ ——
u
— n satellites in single plane
— Generate orbit elements for each Satelliteusing elapsed time of pilot satellite

= SATy: 1= LTy, SATs : 1 = 2 Tpon ... SAT, : 1 = 2L
n n n

Thpilot

Fig. 9.Proposed algorithm for initial deployment of satét constellation.

J2 perturbations. As demonstrated in Fig. 8, satihs
deployed using the pilot-satellite-based approach mintain
stable relative phasing and consistent orbital peoids, in
contrast to the classical Walker—Delta deployment.

Consequently, the proposed orbit design method
provides a more realistic and robust initializationstrategy for
constellation simulations in perturbed environments is is
particularly important for coverage and revisit-tine analyses,
where long-term temporal consistency and relative atellite
spacing directly a ect mission performance metrics.

2.3 Simulation Output: Contact Sequence Chart from Access
Function

e contact sequence charts are generated from the acess
analysis results and provide a time-ordered represgation of
satellite—ground visibility for each payload typeese charts

Single-SAT Propagation with 45° Inclination Angle

Isa3 - satll: A9 = 90° Isat4 - satll: AQ = 135

Isat5 - satll: A9 = 180"

a2 - satll: A0 =45

135.15

Isat6 - satll: AQ = 225" Isat7 - satll: A = 270" Isat8 - satll: A = 315"

150,/ 150 150

1000\ / wof ||| [ 100

50 50 50
Jan  Feb  Mar  Apr e ;ﬂsr ;&pr Jan  Feb Mar  Apr
2030 2030 2030

150 150 M\ 150

100 [ oo || / 100

50 s0f| 50

0 s ; I

Jan  Feb Mar  Apr Jan  Feb Mar  Apr Jan  Feb Mar  Apr Apr Jan  Feb Mar  Apr Jan  Feb Mar  Apr
2030 2030 2030 2030 2030 2030

Isat6 - satll: A = 225° Isat8 - satll: A@ = 315"

4.36 - -
Jan  Feb Mar  Apr
2030

Jan  Feb Mar  Apr
2030

Fig. 8.0rbit propagation in J2 for Walker-Delta functioma pilot satellite propagation method.
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Initial Depolyment Using Walker — Delta Function (8 SATs in single orbit)

Semi-Major Axis (km) Eccentricity Inclination (deg) RAAN (deg) AOP (deg) True Anomaly (deg)
6878 0 45 0 0 0
6878 0 45 0 0 45
6878 [} 45 [} [} 90
6878 0 45 0 0 135
6878 0 45 0 0 180
6878 0 45 0 0 225
6878 0 45 0 0 270
6878 0 45 0 0 315

Initial Depolyment Using the Algorithm (8 SATs in single orbit)

Semi-Major Axis (km) Eccentricity Inclination (deg) RAAN (deg) AOP (deg) True Anomaly (deg) AOP + TA (deg)

6878 0 45 0 ] 0 ]
6873.2 0.00094439 44,98 359.98 154.57 250.45 45.018
6868.4 0.00095808 44,96 359.91 194.2 255.92 90.113
6873.3 0.0011064 44.98 359.84 157.96 337.31 135.27

6878 0.0018681 45 359.82 180.54 359.9 180.44
6873.1 0.0010793 44.979 359.81 202.14 23.47 225.61
6868.4 0.00096975 44.959 359.73 166.62 104.15 270.77
6873.4 0.00093341 44.98 359.66 207.67 108.2 315.86

Fig. 10.Di erence of orbit parameters between Walker-Deltieployment and pilot-based deployment.

serve as the basis for subsequent coverage and sdhlkng
analyses.

AIS contact sequence chart is shown ihable 4. Each row
in the table represents a single access event betmea satellite
and a ground observation point. The table consistsf five
columns: Source, Target, StartTime, EndTime, and [Eation.

Here, Source denotes the ground observation point,
Target represents the satellite or payload identér, and
StartTime and EndTime indicate the beginning and e
of the access interval, respectively. The Duratiocolumn
speci es the total contact time for each event.

The EO/IR contact sequence chart, shown ifable 5,
contains all geometrically feasible observation opprtunities
derived from the access analysis. As discussed piaysly,
no satellite-level operational constraints—such aminimum

imaging interval or task prioritization—are imposedat this
stage. Consequently, the chart represents the congike
set of potential EO/IR capture events allowed by gmetry
alone.

In practice, EO/IR missions require additional scheuling
constraints, including minimum time gaps between
consecutive imaging operations and onboard resource
limitations. Therefore, a subsequent selection praess is
required to extract a feasible observation schedulffom
this contact sequence chart by applying mission-spxfic
constraints.

For the RF payload, the contact sequence chart foses
on cooperative reception events involving multiplesatellites.
As illustrated in Table 6, only access intervals during
which a single ground observation point is simultaaously

Table 4 Automatic identi cation system (AIS) Payload Conte®equence Chart (12 Satellites, 6 Orbit Plane%]d&ination)

Source Target StartTime EndTime Duration
Ground_Point_1 AIS_WD_7 01-Jan-2030 00:11:10 01-Jan-2030 00:16:05 295
Ground_Point_10 AIS_WD_7 01-Jan-2030 00:11:30 01-Jan-2030 00:16:25 295
Ground_Point_2 AIS_WD_7 01-Jan-2030 00:11:40 01-Jan-2030 00:16:30 290
Ground_Point_11 AIS_WD_7 01-Jan-2030 00:11:50 01-Jan-2030 00:16:50 300
Ground_Point_19 AIS_WD_7 01-Jan-2030 00:11:50 01-Jan-2030 00:16:40 290
Ground_Point_3 AIS_WD_7 01-Jan-2030 00:12:05 01-Jan-2030 00:16:50 285
Ground_Point_20 AIS_WD_7 01-Jan-2030 00:12:10 01-Jan-2030 00:16:05 295
Ground_Point_12 AIS_WD_7 01-Jan-2030 00:12:15 01-Jan-2030 00:16:10 295

https://doi.org/10.5140/JASS.2026.43.2.35
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Table 5 Electro-optic/infra-red (EO/IR) Payload Contact Geagce Chart (40 Satellites, 8 Orbit Planes, 98hkton)

Source Target StartTime EndTime Duration
Ground_Point_15 EOIR_WD_8 01-Jan-2030 00:00:00 01-Jan-2030 00:00:55 55
Ground_Point_16 EOIR_WD_8 01-Jan-2030 00:00:00 01-Jan-2030 00:00:55 55
Ground_Point_17 EOIR_WD_8 01-Jan-2030 00:00:00 01-Jan-2030 00:00:30 30
Ground_Point_24 EOIR_WD_8 01-Jan-2030 00:00:00 01-Jan-2030 00:00:25 25
Ground_Point_25 EOIR_WD_8 01-Jan-2030 00:00:00 01-Jan-2030 00:00:25 25
Ground_Point_26 EOIR_WD_8 01-Jan-2030 00:00:00 01-Jan-2030 00:01:01 5
Ground_Point_7 EOIR_WD_8 01-Jan-2030 00:00:10 01-Jan-2030 00:01:20 70
Ground_Point_6 EOIR_WD_8 01-Jan-2030 00:00:15 01-Jan-2030 00:01:30 75

Table 6.Radio-frequency (RF) payload contact sequence cliédtSatellites, 8 Orbit Planes, 45° Inclination)

Source

StartTime

EndTime

Ground_Point_53
Ground_Point_54
Ground_Point_46
Ground_Point_47
Ground_Point_48
Ground_Point_49
Ground_Point_50
Ground_Point_51

01-Jan-2030 00:00:00
01-Jan-2030 00:00:20
01-Jan-2030 00:09:20
01-Jan-2030 00:09:45
01-Jan-2030 00:10:15
01-Jan-2030 00:10:40
01-Jan-2030 00:11:05
01-Jan-2030 00:11:30

01-Jan-2030 00:00:20
01-Jan-2030 00:00:45
01-Jan-2030 00:10:05
01-Jan-2030 00:10:25
01-Jan-2030 00:10:50
01-Jan-2030 00:11:10
01-Jan-2030 00:11:35
01-Jan-2030 00:11:55

Duration TargetList
20 RF_WD_19, RF_deputy_19, RF_deputy 19
25 RF_WD_19, RF_deputy_19, RF_deputy_19
45 RF_WD_18, RF_deputy_18, RF_deputy 18
40 RF_WD_18, RF_deputy_18, RF_deputy_18
35 RF_WD_18, RF_deputy_18, RF_deputy_18
30 RF_WD_18, RF_deputy_18, RF_deputy_18
30 RF_WD_18, RF_deputy 18, RF_deputy_18
25 RF_WD_18, RF_deputy_18, RF_deputy_18

observed by three or more satellites are consideredilid.

is condition re ects the requirement that signals must be

SAR1_FOV_30_deg_40_SATs_5_Orbit_Planes_45_inc

Source

Target

StartTime

EndTime

Duration

received concurrently by the chief satellite and aeast two
deputy satellites.

To generate this chart, contact sequences for théief
satellite and both deputy satellites are first comyted
independently. ese individual contact intervals ar e then
merged at the ground observation point level, and only time
intervals where three or more overlapping contacts exist are
extracted. e resulting chart therefore highlights RF contact
events that satisfy the cooperative sensing requiment
imposed by the formation- ying con guration.

The SAR contact sequence chart, shown Fig. 11, is
constructed by combining two incidence-angle-based
access results. As described earlier, SAR1 corresfe to
contacts obtained using a smaller eld of view (nearange
incidence angles), while SAR2 represents contacterived
from a larger eld of view (far-range incidence angles).

To form the final SAR contact sequence, SAR1 contac
intervals are removed from the SAR2 contact set. iBh
operation yields a contact chart that represents the e ective
SAR swath corresponding to the desired incidence gle
range, while excluding regions associated with neaange
observations. The resulting contact sequence thereffe
captures the strip-shaped SAR coverage consistent with the
payload’s side-looking imaging characteristics.

45

Ground_Point_53

SAR1_WD_22 | 01-Jan-2030 01:01:45

01-Jan-2030 01:02:00

15

Ground_Point_54

SAR1_WD_22 | 01-Jan-2030 01:02:05

01-Jan-2030 01:02:30

25

SAR2_FOV_70_deg_40_SATs_5_Orbit_Planes_45_inc

Source

Target

StartTime

EndTime

Duration

Ground_Point_52

SAR2_WD_22 | 01-Jan-2030 01:00:45

01-Jan-2030 01:02:15

90

Ground_Point_53

SAR2_WD_22 | 01-Jan-2030 01:01:05

01-Jan-2030 01:02:40

95

Ground_Point_54

SAR2_WD_22 | 01-Jan-2030 01:01:25

01-Jan-2030 01:03:05

100

Ground_Point_44

SAR2_WD_22 | 01-Jan-2030 01:01:40

01-Jan-2030 01:02:15

35

Ground_Point_45

SAR2_WD_22 | 01-Jan-2030 01:01:55

01-Jan-2030 01:02:50

55

|

SAR_40_SATs_5_Orbit_Planes_45_inc

Source

Target

StartTime

EndTime

Duration

Ground_Point_52

SAR2_WD_22 | 01-Jan-2030 01:00:45

01-Jan-2030 01:02:15

20

Ground_Point_44

SAR2_WD_22 | 01-Jan-2030 01:01:40

01-Jan-2030 01:02:15

35

Ground_Point_45

SAR2_WD_22 | 01-Jan-2030 01:01:55

01-Jan-2030 01:02:50

55

Fig. 11.Synthetic aperture radar (SAR) payloads contactisstre chart

generation process.

3. SIMULATION SETUP

3.1 Constellation Ground Trajectory and Coverage Fatprint

Analysis

LEO satellite constellations generate characteristiground
trajectories due to the combined effects of orbitamotion
and Earth rotation. Understanding the geometric strcture
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of these ground trajectories and their associatedogerage
footprints is essential for analyzing revisit perfonance and
designing an e cient constellation con guration.

Fig. 12 illustrates the ground trajectories of LEO
constellations for two representative cases: a neapolar
inclination (98°) with an EO/IR payload and a mid-
inclination orbit (45°) with a SAR payload. In botltases,
the constellation consists of 16 satellites deployed in 4 orbit
planes, with 4 satellites per plane. The yellow cues in
the figure represent the ground trajectory tracedpeach
satellite over one orbital period.

As shown in Fig. 12, satellites within the same orbit plane
generate a set of closely spaced, nearly parallelognd
trajectories, forming a trajectory band. Multiple such bands
appear globally, each corresponding to a differenrbit
plane. The spacing between adjacent trajectories thin
a single band is determined by the number of satélés
deployed in that orbit plane, while the spacing beteen
neighboring bands is governed by the number of orbi
planes in the constellation.

Due to Earth rotation, these trajectory bands tranate
westward at an approximately constant angular speed. As a
result, a xed ground point experiences alternating periods
of observation opportunities and observation gapswhen
a trajectory band passes over a given ground locati and
the satellite FOV is su ciently wide, the ground pant may
experience very short revisit times between success
satellite passes. Conversely, when the ground poities
between neighboring trajectory bands, a relativelyong
observation gap may occur until the next band arrives.

is qualitative behavior highlights that revisit pe rformance
is not solely determined by the total number of satlites,

iy
!
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but rather by the geometric arrangement of satell@s in
orbit planes and the resulting spatial distributionof ground
trajectories. Therefore, to quantitatively evaluateevisit
characteristics and to design proposed constellatig it is
necessary to extract meaningful geometric parameterfrom
the ground trajectory structure.

Fig. 13 summarizes the key geometric structure undefhg
the ground trajectory patterns observed in Fig. 12/hen
multiple satellites are deployed in the same orbplane, each
satellite generates a nearly parallel ground trajéary, and
the collection of these trajectories forms a trajeory band.
The internal spacing of trajectories within a sing band is
primarily determined by the number of satellites asigned to
that orbit plane.

As Earth rotates beneath the satellite orbits, each
trajectory band shifts westward at a nearly constamate.
Over one orbital period, this shift defines the logitudinal
displacement of the entire band. Meanwhile, neighbdng
orbit planes generate adjacent trajectory bands, wdse

[t = tgar]
GAP

[Analysis of constellation ground trajecoty]

GAP [label]

Orbit #1

Orbit #2

K\ k = number of orbit planes
\>_\ n = number of satellites per orbit plane
Y A\ @
\ \ T = satellite orbit period = 27 1/ —
al . line : Ground Trajectory during [z, + T
: e ’ ] [Distances]
(=t tT) | L1, 360
A\ X n’ 24hr
\\ \ \\ H \ 360°
A\ ) b= ane T

y e
\\ \ \*% '\\ \ o 360°
VA \ i\ k

Fig. 13.Key parameters for analyzing the constellation gralifootprint.

hstar Geographics, and the GIS

Jan 12030 18:00:00 UTC 1an2 2030 0)

Jan 12030 Of 00:00 UTC

Jan 12030 12:00:00 UTC
|

Fig. 12.Constellation ground trajectory for 16 Satellite$,orbit planes. EO/IR Payload, 98 deg inclinatileft), SAR payload, 45 deg inclination (right). EQ/

electro-optic/infra-red; SAR, synthetic aperturedea.
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separation is governed by the total number of orbjplanes in
the constellation.

From a geometric perspective, three distances fully
characterize the ground trajectory structure:

a: the spacing between adjacent trajectories within th
same band

b: the longitudinal shift of a band over one orbital period

c:the angular separation between neighboring orbit
planes

The relative magnitudes of these distances determén
whether coverage gaps exist between trajectory basd
If the spacing between neighboring bands is largehan
the effective width covered by the trajectories andhe
sensor footprint, ground points located between bads
will experience observation gaps. Conversely, whethe
longitudinal spacing between bands closely matchethe
combined width of the trajectory band and its westard
shift, the ground trajectory pattern becomes quasi-periodic,
and coverage gaps are minimized.

This geometric interpretation provides a direct and
intuitive link between constellation design paramegrs, i.e.,
the number of orbit planes and the number of satellites per
plane, and the resulting revisit-time characteristis observed
at the ground level.

3.2 Proposed Constellation Con guration of 500 km Circular
Orbit for Electro-Optic/Infra-Red Payload

Based on the geometric interpretation introduced in
Section 3.2, proposed constellation configurationan be
derived from the payload FOV, orbital altitude, andhe
latitude of the ground observation region. e objective is to
minimize the maximum revisit time by eliminating coverage
gaps both within and between ground trajectory bands.

Fig. 14 shows the proposed EO/IR constellation operati
in a 500 km circular LEO, consisting of 48 satedi distributed
across 12 orbit planes, with four satellites per ghe. For this
altitude, the ground trajectory pattern exhibits dongitudinal
shift of approximately 23.6 degrees over one orbitperiod.
With four satellites in the same orbit plane, thepacing
between adjacent ground trajectories within a singl band is
approximately 5.9 degrees in longitude.

At a representative ground observation latitude o087
degrees, 1 degree of longitude corresponds to appimately
88.7 km. Therefore, the intra-band spacing between
neighboring ground trajectories translates to abou623
km on the Earth’s surface. For an EO/IR payload wita
60-degree FOV, the resulting ground footprint dianmter at

47

[t = tsan]

A
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[EOIR Constellation Configuration]
500km, 48 SATs, 12 Orbit planes
k=12,n=4

_ [(6378 + 500)° _
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Fig. 14.Proposed constellation configuration for 500 km lofarth orbit
(LEO) eld-of-view (FOV) 60 deg payload.

a

=30° ~ a + b : Periodicity

for FOV 60° EOIR Payload,
Diameter of ground coverage d
d ~2x 500 tan(30°) = 577.35km
a=5.9°x 88.7km/° = 523.33km
— d > a : No blank between footprint

500 km altitude is approximately 577 km, which isatger
than the spacing between adjacent trajectories. is ensures
continuous coverage within each trajectory band witout
intra-band gaps.

The selection of 12 orbit planes is motivated by &
spacing between neighboring trajectory bands. With
this configuration, the longitudinal separation betveen
adjacent orbit planes is 30 degrees, which closetyatches
the combined effect of the trajectory band width ad its
westward shift over one orbital period (i.e., theandition
¢ a + b). As a result, neighboring trajectory badfs
align without leaving uncovered regions between thma,
e ectively eliminating inter-band coverage gaps.

By simultaneously satisfying the conditions that th sensor
footprint exceeds the intra-band trajectory spacingnd that
adjacent trajectory bands connect without gaps, thproposed
48-satellite, 12-plane constellation achieves a neaontinuous
ground coverage pattern. This geometric alignmenticectly
leads to a reduction in the maximum revisit time athe target
latitude and explains the rationale behind selectig this
constellation con guration for the EO/IR mission.

Fig. 15 extends the analysis to constellations with 12
orbit planes for both high-inclination (98°) EO/IRmissions
and mid-inclination (45°) SAR missions. In both cass, the
ground trajectory patterns exhibit the desired bandike
structure predicted by the geometric analysis, coirining
the generality of the proposed framework.

While the EO/IR case prioritizes minimizing revisittime
at specific ground locations, SAR and RF payloadften
emphasize different performance metrics, such as gpal
coverage uniformity or revisit distribution over bpader
regions. Therefore, the same constellation geometrgan
produce distinct revisit-time histories depending @ orbit
inclination and payload characteristics. This motiates a
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Fig. 15.Constellation ground trajectory for 48 satellitet2 orbit planes. EO/IR Payload, 98 deg Inclinafieft), SAR Payload, 45 deg inclination (right)/IRO
electro-optic/infra-red; SAR, synthetic aperturedea.

comparative analysis of revisit-time distributionsacross
payload types, which is addressed in the subsequent
sections.

3.3 Simulation Setup Parameter

Table 7 summarizes the overall simulation setup adopted
in this study to evaluate revisit-time characterists across
di erent payload types.

e AlS payload was con gured di erently from the ot her
payload types due to its inherently wide field-of+ew and
broad-area monitoring objective. With an effectivdFOV of
120°, AIS coverage is less sensitive to ne orbigpe spacing,
as a single satellite pass can cover a large grous@ath.
Therefore, AIS simulations focused on relatively spse
constellations consisting of 10 to 16 satellitesistributed with
two satellites per orbit plane. In contrast, EO/IRSAR, and
RF payloads were simulated using a common constetian
con guration of 48 satellites deployed across 12 bit planes
with four satellites per plane. is con guration wa s selected
based on the geometric analysis presented in Sect@,
which showed that this arrangement minimizes coverge

Table 7.Simulation setup parameter

gaps between neighboring ground trajectory bands wile
maintaining continuous coverage within each band.

4. SIMULATION RESULTS

4.1 Automatic Identi cation System Payload Revisit Time
Distribution

Fig. 16 shows the revisit-time distribution for AIS pdoads
with increasing constellation sizes at 45° inclinan. As
the number of satellites and orbit planes increasesom 10
satellites (5 planes) to 12 satellites (6 planes),noticeable
reduction in maximum revisit time is observed across most
ground observation points.

However, beyond the 12-satellite, 6-plane configuten,
further increases in the number of satellites yieldiminishing
improvements in maximum revisit time. The mean re\git
time becomes relatively uniform, and the upper boud
of revisit intervals no longer decreases significdly. This
behavior indicates a saturation effect, where thergund
trajectory bands already sufficiently overlap duea Earth

Parameter AIS

EO/IR

SAR RF

Time

Starting Time: Jan.1, 2030, Duration: 7 days, Tins: 5 seconds

Ground points

54 lattice points around Korea Peninda (33°N-43°N, 119°E-135°E)

Orbit, altitude

500 km, Circular Orbit

Inclination angle 45° 98° 45° 45°
Payload FOV 120° 30° < FOV < 70° 60°
Specific mission Simple Conic Simple Conic 70° FOV Aess — Formation Flight,

30° FOV Access 3 SATs receiving simultaneously
Constellation configuration {10, 12, 14, 16} SATs 48 SATs
2 SATs/plane 12 Orbit Planes
4 SATs/plane

AIS, automatic identification system; EO/IR, eleatroptic/infra-red; SAR, synthetic aperture radar; R radio-frequency; FOV, field-of-view; SATSs, salieds.
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Fig. 16.Automatic identi cation system (AIS) payload revigime distribution.

rotation and wide AIS FOV, and additional satellite do not mean revisit times across all ground observation pits,

fundamentally alter the ground coverage geometry. with bounded minimum and maximum values, indicating
uniform coverage performance over the region of ietrest.

4.2 Electro-Optic/Infra-Red Payload Revisit Time Dstribution The combined histogram reveals that revisit timeslaster
around several discrete intervals rather than fornmg a

Fig. 17 presents the revisit-time distribution for theEO/ continuous distribution.
IR payload using the 48-satellite, 12-plane constation at is behavior becomes more evident in the single-point
98° inclination. e distribution shows relatively ¢ onsistent revisit-time history shown in Fig. 18. For a fixed ground

EOIR 48 SATS 12 Planes 98 inc 7 days
Combined Histogram

EOIR 48 SATS 12 Planes 98 inc 7 days 2D 3000 — T T T
T T T T & T 2500 -

~14r §
[4
312- S . 2000
£ 5

1F c
g *. * L * & % * FFk é 1500 -
i: 08 ' T T FFFF 7
b 1000 -
S 06+ §
Q
C 94l LI | 500 -

0.2 : . i . i
0 10 20 30 40 50 20 30 40 50 60 70 80 90
Ground Observation Point Index revisit period (min)

I ¥ Min, Max, Mean Revisit Time Datal

Fig. 17 Electro-optic/infra-red (EO/IR) payload revisit ndistribution.
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Fig. 18.Electro-optic/infra-red (EO/IR) payload revisit érhistory.

location, revisit times repeat in a structured, quasi-periodic.
is periodicity arises from the regular passage of trajectory
bands over the ground point, as discussed in Sectid3.1.
When a trajectory band passes directly over the laton,
short revisit intervals occur due to successive gdtites
within the same band. Between band passages, longer
revisit intervals appear, corresponding to the gap before the
next orbit plane arrives. As Earth rotation causehis pattern
to repeat, the revisit-time history exhibits recuring peaks
and valleys with nearly constant spacing. is explains why
revisit time distribution forms several discrete itervals,
which is for single, Ground station, 3—4 constant revisit time
repeats over time.

4.3 Synthetic Aperture Radar Payload Revisit Time
Distribution

Figs. 19 and 20 show the revisit-time distribution and

single-point history for the SAR payload at 45° itination.
In contrast to the EO/IR payload, the SAR payloacigbits

Fig. 19.Synthetic aperture radar (SAR) payload revisit tiditribution.

https://doi.org/10.5140/JASS.2026.43.2.35 50

a markedly different revisit-time distribution. While the
EO/IR results show revisit times clustered around amall
number of discrete values, reflecting the relativgl simple
access geometry of a single conic sensor, the SARisit-
time distribution is significantly more dispersed.Rather
than forming a few dominant peaks, SAR revisit tinge
spread across multiple intervals. is behavior is attributed
to the SAR access modeling approach, in which corgg
opportunities are generated by the composite interaction of
two conic constraints rather than a single simple conic. e
resulting access geometry introduces greater varidity in
feasible observation opportunities, leading to a broader and
less discretized revisit-time distribution.

Another notable distinction from the EO/IR case is
observed in the maximum revisit times across ground
observation points. For EO/IR, the 48-satellite, t@lane
con guration maintains revisit times below approximately
1.5 hours across all ground locations, indicating niform
temporal coverage. In contrast, the SAR results real
that some ground points experience maximum revisit
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Fig. 20.Synthetic aperture radar (SAR) payload revisit tihistory.

times exceeding 3 hours. This demonstrates that theame
constellation configuration, while sufficient for ED/IR

coverage, is unable to guarantee a comparable upper bound

on revisit time for SAR payloads. is outcome highlights an
inherent limitation of the current constellation architecture
when applied to SAR missions, suggesting that aditibal
satellites, different plane spacing, or alternativerbital
parameters may be required to constrain SAR maximum
revisit times to the same level as EO/IR.

Despite this increased variability in the revisitime
distribution, the SAR revisit-time history for a »d ground
point still exhibits a clear and structured temporhapattern.
Similar to the EO/IR payload, several distinct resit intervals
repeat quasi-periodically over time. These repeatig
patterns arise from the regular passage of trajectobands
with favorable SAR viewing geometry, interspersedith

longer gaps between successive band crossings. The

presence of these recurring structures indicates #t,
although SAR revisit times are more widely distriied, their
temporal evolution remains highly predictable.

Fig. 21 Radio-frequency (RF) payload revisit time distritout

51

Consequently, while SAR payloads differ from EO/IR
terms of revisit-time dispersion and worst-case péormance,
the underlying periodic structure of revisit-time hstories
remains comparable. This suggests that pattern-bade
modeling or prediction of ground-station revisit-time
schedules which is previously demonstrated to be fefctive
for EO/IR payloads can also be meaningfully applietb
SAR payloads, albeit with a larger set of charadsgic revisit
intervals and increased variability.

4.4 Radio-Frequency Payload Revisit Time Distribution

Figs. 21 and 22 present revisit-time results for theFR
payload operating in a formation-flight configuration.
Compared to the EO/IR and SAR payloads, the RF pzad
exhibits a revisit-time distribution with noticeably tighter
clustering of mean values across ground observatigooints.
While EO/IR revisit times concentrate around a smél
number of discrete intervals and SAR revisit timespread
over a wider range due to more restrictive imagingeometry,

https://janss.kr
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Fig. 22 Radio-frequency (RF) payload revisit time history.

the RF payload shows a comparatively compact didtrition
with a dominant concentration at shorter revisit peiods. is
behavior reflects the formation-flight operation ofthe RF
payload, where simultaneous or near-simultaneous eption
by multiple satellites expands e ective access opptunities
relative to single-platform sensing.

Unlike the SAR case, the RF revisit-time distriboth does
not exhibit a pronounced long tail across most grauwd points,
and maximum revisit times remain relatively boundedfor
the majority of locations. Although occasional longr revisit
intervals appear in the combined histogram, thesewents
are sparse and do not dominate the overall distriltion.
This indicates that, for the given 48-satellite, Xflane
configuration, the RF payload can achieve more coisent
temporal coverage than SAR, despite operating under
requirement for multi-satellite geometric alignment

The single-point revisit-time history further reinforces
this observation. Similar to EO/IR and SAR payloads, the RF
payload demonstrates a clear repeating temporal stcture
at a fixed ground location. Distinct revisit interals recur
quasi-periodically, corresponding to repeated alignments of
the formation geometry with the ground point. Short revisit
times occur when the relative configuration of thechief
and deputy satellites satisfies the simultaneous ception
requirement, while longer gaps emerge between successive
favorable alignments.

Overall, although the RF payload operates under mer
complex formation- ight constraints than EO/IR, its revisit-
time characteristics remain highly structured and pedictable.
The repetition of a limited set of revisit intervad suggests
that, as with EO/IR and SAR payloads, ground-statiaevisit
performance for RF missions can be e ectively chacterized
and anticipated using pattern-based scheduling mods. is
highlights that periodic geometric recurrence—rathe than
isolated access events—dominates revisit behavioc@ss

https://doi.org/10.5140/JASS.2026.43.2.35 52

all payload types considered, with the RF payloadfering
a favorable balance between geometric complexity ah
temporal consistency.

5. CONCLUSIONS

is study presented an integrated simulation framework
for analyzing the revisit-time characteristics of LEO satellite
constellations equipped with heterogeneous payloads
implemented entirely within a single MATLAB enviromment.
A key finding of this study is that revisit-time tdtories
for EO/IR, SAR, and RF payloads exhibit quasi-pedix
patterns at individual ground observation points. fiese
repeating revisit intervals arise from the periodipassage
of trajectory bands and the regular recurrence of¥orable
geometric alignments driven by Earth rotation. Whig
payload-specific characteristics influence the sprad and
minimum achievable revisit time, the dominant tempaal
structure of revisit behavior is dictated by the constellation’s
ground track geometry.

Also, departing from conventional workflows that ré
on external commercial simulators for orbit propagéon
and access analysis, the proposed framework demonstrates
that constellation con guration, payload modeling, access
evaluation, and revisit-time analysis can be constently
performed using the MATLAB Satellite Communications
Toolbox.

Furthermore, this research demonstrates that meangful
insight into constellation performance cannot be okained
solely from aggregated metrics such as average oaximum
revisit time. Instead, combining ground trajectoryvisualization
with temporal revisit-time histories provides a moe intuitive
and physically grounded understanding of coverageaps,
periodicity, and regional performance variations. hie
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proposed simulation framework and geometric analys
methodology offer a flexible and extensible found&in for
future studies on constellation design, payload imgration,
and operation-oriented performance evaluation.

Future work will extend the framework to incorporag
mission scheduling constraints, onboard resourceriitations,
and cooperative multi-payload tasking, enabling moe
realistic assessment of operational performance fanext-
generation Earth observation and maritime surveillace
satellite constellations.

ACKNOWLEDGMENTS

is paper was supported by the Education and Research
Promotion Program of KOREATECH in 2024.

ORCIB

Hongseok Kim
Su-Jin Choi

https://orcid.org/0009-0002-1404-2837
https://orcid.org/0000-0002-0285-2720

REFERENCES

Jeon S, Park SY, Lee KH, Jeong KS, Communicatide|ke
constellation design of minimum number of satellites:
analytic approach to Walker-Delta pattern design, Korean
Soc. Aeronaut. Space Sci. 52, 749-760 (2024). hitdesi.

53

0rg/10.5139/JKSAS.2024.52.9.749

Kim C, Yang H, Lee Y, Jo H, Park W, A method ofutation for
LEO satellite constellation based on scenario, Jok€an
Soc. Aeronaut. Space Sci. 53, 965-973 (2025). hitgesi.
0rg/10.5139/JKSAS.2025.53.9.965

Kim HD, Bang HC, Temporary satellite constellatiodesign for
the ground reconnaissance mission, J. Korean Soerdnaut.
Space Sci. 37, 1112-1120 (2009). https://doi.org/5Q39/
JKSAS.2009.37.11.1112

Kim H, Noh TS, Jung O, Chung D, Choi JH, Optimizati of
sun-synchronous spacecraft constellation orbits, Korean
Soc. Aeronaut. Space Sci. 43, 141-148 (2015). httgesi.
0rg/10.5139/JKSAS.2015.43.2.141

Kim H, Song S, Chang YK, Design of SAR satellitastellation
configuration for ISR mission, J. Korean Soc. Aeraut.
Space Sci. 45, 54-63 (2017). https://doi.org/10.343KSAS.
2017.45.1.54

Ko J, Gwon B, Ahn J, Proposal on gure of merits feeterogeneous
Earth observation satellite constellation, J. KoreaSoc.
Aeronaut. Space Sci. 53, 411-419 (2025). https:/ido
0rg/10.5139/JKSAS.2025.53.4.411

Shin J, Hwang Y, Park SY, Jeon S, Lee E, et digDef micro-
satellite constellation for reconnaissance of KoreaPeninsula,
J. Korean Soc. Aeronaut. Space Sci. 50, 401-4122R0itps://
doi.org/10.5139/JKSAS.2022.50.6.401

Song S, Kim H, Chang YK, Analysis on figure of nteief small
SAR constellation satellites for targets detectiod, Korean
Soc. Aeronaut. Space Sci. 47, 130-142 (2019). httgesi.
0rg/10.5139/JKSAS.2019.47.2.130

https://janss.kr



