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Abstract—The operational success of inter-satellite laser link
(ISL) missions in CubeSat constellations depends on the strict
management of conflicting requirements: energy harvesting,
high-precision payload targeting, and orbital maintenance. This
paper presents an automated onboard mission logic designed to
manage the relative distance of a two-satellite 6U in formation
flight (ranging from 100 km to 1000 km) using differential drag
as the sole propellantless maneuvering mechanism.

The main contribution is a deterministic decision-making
framework based on a finite-state machine (FSM) that governs
transitions between operational modes of the ADCS. These
modes, including maximum and minimum drag, ground station
tracking, and high-precision laser pointing, are prioritized to
modulate the ballistic coefficient between minimum and max-
imum drag while respecting mission constraints. To ensure
mission feasibility, the logic incorporates experimentally derived
power and consumption profiles from laboratory characterization
of satellite subsystems, while maintaining confidentiality regard-
ing specific hardware components.

The proposed logic is validated using Basilisk, an open-source
high-fidelity simulator, incorporating gravitational perturbations
and a facet-based aerodynamic model. The results on the first
stage of the orbit simulation demonstrate that this drag-based
differential logic can achieve a relative drift greater than 400
km per month while maintaining energy balance for operation.
In addition, it allows quantification of approximate ballistic
coefficients in early stages. Finally, we discuss the potential of
parallel learning algorithms to augment the FSM, identifying
environmental clusters and predicting energy trends to further
optimize deterministic transitions under realistic operational
constraints.

Index Terms—differential drag, formation flying, finite state
machine, CubeSat, ADCS mode management, power budget,
autonomous commissioning

I. INTRODUCTION

Differential drag has established itself as a viable pro-
pellantless formation control technique for low-Earth-orbit
constellations, from early theoretical formulations [1], [2]
to operational deployment at scale [3], [4]. By modulating
the cross-sectional area presented to the atmospheric flow,
a net differential deceleration is created between spacecraft,
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producing a controllable secular drift without propellant ex-
penditure. For CubeSat platforms, where volume, mass, and
power preclude conventional thrusters, differential drag is
often the only viable means of orbit-relative manoeuvring.

However, exploiting differential drag in practice demands
more than an aerodynamic model. The spacecraft must si-
multaneously harvest sufficient solar energy, maintain ground-
station contact, and achieve high-precision payload pointing.
Each function requires a specific attitude orientation, yet
only one can be maintained at any time. This scheduling
problem is further constrained by eclipses, narrow ground-
station windows, and atmospheric density variability. Prior
work has addressed these challenges largely in isolation: finite
state machines (FSMs) for mode management [5], power-
constrained task scheduling [6], and reinforcement-learning
approaches [7].

A further challenge arises during early operations. Be-
fore ground contact can be established, the ADCS must
autonomously detumble the spacecraft and achieve a stable
nadir-pointing attitude. Frame-related assembly errors in the
magnetometer or magnetorquer mounting must be detected
and corrected onboard to prevent the controller from in-
jecting energy. Operational experience has shown that this
autonomous verification is safety-critical for CubeSats sharing
a common deployer [8]. Currently, little documentation exists
on the integration of these three central elements: automatic
ADCS hardware verification without radio ground contact,
power-constrained differential control strategies, and valida-
tion in a high-fidelity simulation environment.

This paper addresses these gaps with three contributions.
First, we present a deterministic FSM governing transitions
between eight ADCS modes, encoding the priority hierar-
chy between energy harvesting, payload pointing, ground
communication, and differential drag via explicit rules and
power-budget guards. Second, we describe an autonomous
commissioning sequence (C1-C5) that verifies hardware frame
consistency, establishes ground communication, and charac-
terises the differential ballistic coefficient. Third, we present
a stepwise differential drag control strategy managing inter-
satellite separation through altitude-dependent mode assign-



ment. The approach is validated using the Autonomous Laser-
based Intersatellite Gigabit Network (ALIGN) mission pa-
rameters, targeting free-space optical links at 100-1000 km
separation [9], [10], through a short and long-term simulation
in the Basilisk astrodynamics framework [11].

The remainder of this paper describes the mission context
(Sec. II), ADCS operational modes (Sec. III), and com-
missioning logic (Sec. IV). Sections V and VI present the
FSM architecture and differential drag strategy, respectively.
Finally, the simulation framework and results are discussed
in Sections VII and VIII, concluding with future work in
Section IX.

II. Mi1SSION CONTEXT AND CONCEPT OF OPERATIONS

To define the context of the operating states, the ALGIN
mission and the requirements for automatic initial pointing and
the differential drag control strategy are used as examples.

A. Example Case: The ALIGN Mission

The framework is validated using the ALIGN mission
parameters. ALIGN comprises two identical 6U CubeSats
deployed into a sun-synchronous orbit. Each spacecraft carries
the FOCUS free-space optical terminal as its primary payload
and an S-band transceiver for telemetry, tracking, and com-
manding (TT&C). The bus, built around an Endurosat plat-
form, features body-mounted solar panels on the +Y and +7
faces generating ~77.52 W at normal incidence (4 faces with
19.38 W), a 42 Wh lithium-ion battery, and a total idle power
consumption of approximately 7.4 W. The ADCS employs
reaction wheels for three-axis control with magnetorquers for
momentum desaturation; attitude determination combines star
trackers, sun sensors, and a three-axis magnetometer [9].

B. Concept of Operations

The mission is structured into five sequential phases (Fig. 1).

1. Launch and Early Orbit Phase (LEOP). Following
launch, both satellites enter a radio-silence period of 30 min-
utes. Upon expiration of the deployment timer, each satellite
autonomously initiates the commissioning milestone C1 (sen-
sor and actuator frame verification), which is executed during
this phase. After C1 is completed, detumbling begins, reducing
the angular velocity to below 1.0 deg/s. Once stabilized, each
satellite orients itself towards nadir (minimum drag face),
enabling initial contact with Earth.

2. Ground Communication Phase (GCP). Milestone
C2 validates the full ADCS chain and ground-station link
through a progressive pass-by-pass sequence. The satellites
cycle between ground-station tracking, sun pointing for power
recovery, and nadir as the default. Milestones C3 and C4
validate the S-band ISL and optical payload, respectively.

3. Space Communication Phase (SCP). In this phase,
the health conditions of the S-band antenna for ISL and the
optical communication system are tested. Each has its own
commissioning procedure, C3 and C4, respectively. These are
not the focus of this work, but a brief description of the test
is presented.

4. Differential Drag Control Phase (DDCP). After re-
ceiving the command from ground control, flight formation
control begins. The C5 milestone characterizes the differential
ballistic coefficient through a brief open-loop aerodynamic
drag test. The mission then enters its nominal phase, where
both satellites orient themselves in Minimum Drag mode.

5. Mission. After the complete system calibration and
verification of the health of each component are finished,
operation begins in mission mode. In this mode, the optical
intersatellite link (OISL) communication system defines the
ADCS operating modes and test ranges.

Throughout all phases, a power-budget guard ensures that if
the battery state of charge drops below a configurable thresh-
old, the FSM forces a transition to sun pointing regardless
of the current mode, resuming only after sufficient charge
recovery. A summary of these concepts is shown in Figure
1.
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Fig. 1: Concept of operations. L: Launch, RS: Radio Silence,
DD: Deployment & Detumbling, NP: Nadir Pointing. Solid
arrows: automatic transitions; dashed arrows: ground telecom-
mand. Milestones C1-C5 gate phase transitions. Safe mode is
accessible from any state.

III. ADCS OPERATIONAL MODES

The framework employs seven ADCS operational modes,
each defining a body-frame reference orientation [BN] ex-
pressed as a direction cosine matrix (DCM) whose rows are
the unit vectors 71, 72, 73 aligned with the body axes +Xp,
+Yp, +Zp respectively.

Throughout this section: r» and v denote the spacecraft
inertial position and velocity, h = (r x v)/||r x v| is the
orbit-normal unit vector, n = 4/u/73 is the mean motion, and
T is the target position (partner satellite or ground station).
The relative position vector is d = 7, — 7, and it is necessary
to define the control decision. The details of each mode are
described below.

A. Idle and Detumbling

In both modes, the reference attitude is an inertial hold
wp/n = 0. No pointing constraint is imposed. The detumbling
controller alternates between two phases. The active phase
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Fig. 2: C1 commissioning logic: bias estimation, frame verification via Transport Theorem residual, per-axis magnetorquer

polarity test, and B-dot detumbling.

applies the well-known B-Dot control to damp all axes si-
multaneously. If convergence stalls, it transitions to a despin
phase that isolates the dominant spin axis j = arg max; |w;|
via the pseudo-inverse projection

ij
Bl

mp = (Bs x &) (1)

producing a pure single-axis damping torque 1; =

—kw; ||Bp;|* that avoids cross-coupling. Here B is the
Earth’s magnetic field in body frame.

B. Ground Link

Ground-link pointing directs +Zp toward the ground sta-
tion. The station position 7 is transformed from ECEF to
ECI using GMST.

C. Minimum Drag

Minimum-drag orientation aligns the long axis (+Xp) with
the velocity direction, presenting the smallest cross-section. A
sign selection ensures the boresight faces the partner automat-
ically:

+1 if d-9>0
= . 2
—1 otherwise

where d = d/||d|| and © = v/v. The reference triad is:

Pl =s0; Ph=71 xh (3)

. +rL /|75l if AL <O

g = [R5 “
—74/||7%]]  otherwise

To = 723 X ’f‘l (5)

D. Maximum Drag

Maximum-drag orientation aligns the wide face (+Y3) with
velocity. The sign selection s follows the equation (2):

Po=sD; Th=17yxh (6)

) +75 /|75 if P -r <O

oo (] i o
—74/||7%]]  otherwise

1 = 79 X f'3 ®)

Both drag modes share the Earth-pointing +2Z3 constraint and
sign-selection logic.

IV. AuToNOMOUS COMMISSIONING LOGIC

The commissioning sequence (C1-C5) is designed to per-
form critical safety checks, with each milestone marking the
transition to the next mission phase. Some of these phases (C1,
C3, and CS5) must operate autonomously due to communication
constraints.

A. CI: Sensor and Actuator Frame Verification

C1 verifies ADCS hardware geometry autonomously before
closed-loop control is permitted. An undetected magnetometer
axis swap or sign flip causes the detumbling controller to inject
energy, potentially rendering the spacecraft unrecoverable. A
summary is present in Figure 2.

1) Hard-Iron Bias Estimation: To estimate the hard-iron
bias and scale-factor/misalignment errors without prior atti-
tude knowledge, the FSM employs an attitude-independent
calibration method. By comparing the squared norm of the
measured magnetic field against the onboard World Magnetic
Model (WMM) reference, the attitude dependence is mathe-
matically eliminated. The resulting linear system is solved via
ordinary least squares to recover the distortion matrix and bias
vector, following the standard estimation approach detailed by
Markley and Crassidis [12].

Data acquisition for 20 minutes.
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Fig. 3: Finite State Machine (FSM) architecture governing the ADCS operational modes. The logic enforces autonomous
progression through commissioning milestones (C1-C5), altitude-dependent differential drag assignments, and strict power-
budget guard conditions (V},,,) that safely pre-empt nominal operations during low-power events.

2) Magnetometer Frame Verification: Assembly errors in
CubeSat magnetometers arise from discrete mechanical causes
(reversed flex cables, 90° PCB increments, miswired channels,
failed deployment), corresponding to one of 3! x 23 = 48
signed axis permutations. After bias removal, each candidate
permutation R, is evaluated against the Transport Theorem
constraint Bg = —w B/N % Bp via the residual

N
Jo= 5 SR Boi + wpps % ReBdlF O
i=1
The confidence metric 17 = Jang/Jhest must exceed 3.0 for
the identification to be adopted.

Data acquisition for 20 seconds.

3) Magnetorquer Polarity Verification: With the magne-
tometer frame resolved, a single-axis B-dot pulse is com-
manded on each magnetorquer independently. Cross-axis an-
gular velocity RMS is compared against a quiescent baseline:
a decrease confirms correct polarity, an increase triggers a sign
flip for that axis in all subsequent operations.

Data acquisition for 60 minutes for each axis.

B. C2-C4: Ground Link, ISL, and Optical Payload

C2 establishes the first ground-station link through a pro-
gressive four-pass sequence: connectivity test (Pass 1), bus
telemetry and C1 result downlink (Pass 2), full sensor/actuator
validation (Pass 3), and autonomous ground-station tracking
(Pass 4). No subsequent phase transition is permitted until
ground confirmation of all C2 criteria. C3 validates the S-
band inter-satellite link through an autonomous ping-and-data-
exchange sequence [9]. C4 calibrates the optical terminal’s
fast-steering mirror and laser transmitter chain [10].

C. C5: Differential Drag Characterisation

C5 constitutes the first in-orbit test of differential drag for
the mission. Satellite A adopts maximum drag (4Yp along
velocity) while satellite B adopts minimum drag (+Xpz along
velocity, edge-on). Both maintain these attitudes for 1-2 days.
The along-track separation is monitored using the TLE orbit.

The primary deliverable is the experimentally identified rel-
ative ballistic coefficient BC' extracted from the measured drift
rate as shown in [13]. This parameter absorbs uncertainties in
individual drag coefficients, projected areas, masses, and local
atmospheric density, and serves as the calibration constant for
the differential drag controller in the formation control phase.

Data acquisition for minimum 3 days for orbital param-
eters.

V. FINITE STATE MACHINE ARCHITECTURE

The onboard mission logic is governed by a deterministic
Finite State Machine (FSM) that dictates transitions between
the eight ADCS operating modes. Rather than relying on
ground-in-the-loop commanding for routine operations, the
FSM autonomously evaluates transition conditions based on a
strict priority hierarchy and power-budget guards. This ensures
the spacecraft safely navigates from deployment, through the
commissioning milestones (detailed in Section IV), and into
nominal formation control.

A. Priority Hierarchy and Interrupt Logic

The FSM enforces a strict mode priority to continuously
balance platform safety with mission objectives:

+ Power Recovery (Highest Priority): The FSM continu-

ously monitors the bus voltage to ensure platform safety.



If the battery depletes below a critical threshold (Vj,,, <
15.3 V, corresponding to approximately 20% operational
capacity), the FSM forces an immediate transition to
the Safe/Charge state, pre-empting all other modes. The
system remains in this sun-pointing recovery state until
the battery reaches a resume hysteresis threshold of 15.7
V (approximately 40% capacity), preventing rapid mode
oscillation during eclipses.

o Communications and Payload: When the ground station
elevation exceeds the minimum mask (¢ > €,,,) OrF
during a scheduled inter-satellite link (ISL) window, the
FSM interrupts default pointing to establish Ground Link
or ISL Pointing.

o Formation Control (Default): During the DDCP, the
default modes are Minimum Drag or Maximum Drag.
These are maintained continuously to generate the re-
quired along-track drift, interrupted only by the higher-
priority power or communication events above.

B. Mode Sequencing and Commissioning Integration

During early operations, the FSM acts as the strict gate-
keeper for the sequential commissioning phases. For example,
closed-loop detumbling and nadir-pointing modes are safely
locked until the FSM registers the successful completion of
the autonomous C1 frame verification. Similarly, the open-loop
drag test (C5) is executed as a distinct FSM state, governed by
the exact same power and communication interrupts to ensure
platform safety while the relative ballistic coefficient (Af) is
characterized.

VI. DIFFERENTIAL DRAG CONTROL STRATEGY

A. Altitude and Range-Dependent Logic

The differential drag strategy is encoded directly into the
FSM (Fig. 3). Following [14], the maximum differential ac-
celeration from the two drag configurations is

1 1
- 310
Bomax drag chin drag )

Omax = 3 Qref <

where Qe = %pv2 is the mean dynamic pressure. The
controller operates on the along-track state (As, As) using
a bang-bang strategy with a phase-plane switching curve. At
each evaluation, the braking distance dppake = As2 /(2 amax)
determines the regime: if the remaining error exceeds dpyake +
0, the FSM commands full differential drag; once the error
falls below this threshold, the drag roles reverse to decelerate;
within the tolerance § = 5km with near-zero drift, both
satellites hold Minimum Drag.

During the acceleration and braking phases, the drag as-
signment is altitude-dependent to ensure monotonic drift:
the satellite above the target altitude adopts Maximum Drag
(+Yp along velocity), while the lower one holds Minimum
Drag (+Xp, edge-on). The initial target separation is set by
the starting range after C5: 1000km if RANGE > 500km
(stepping inward in 100km increments), or 100 km otherwise
(stepping outward).

|Velocity |MCU Current
RPM RW (mA)
¢ 28|

Relative RW Current vs Time

Battery

Current (mA)|

Velocity RPM| 12V

0 0.0
500 4.93 20 40 60 80 100 120 140 160 180

1000 9.79 Time [sec]

1500 16.23
2000 22.25
2500 33.78
3000 34 80

95.00

Current (mA)

Battery Current vs RPM

6500 69 2000 3000 4000

Static RPM

5000 6000 7000 8000

3500 a1 £ e e
4000 42 =
4500 29 5 40 = Y= -4E07X +0.0135x - 15922
5000 54 5 R2=0.9938

3 20
5500 61 it
6000 65 T 0 —

5

<

0 1000
-20
7000 70
7500 73

(a) RW current as a function of time and RPM. The fitted approxi-
mation is used in the simulation.

MTB PWM Control Signals

750

500
250

et

El

>

9]

B

=

a

< Real PWM ‘

S 10071 W simave | 111 B e

= Real Data ‘ e -]

gm | ‘. ‘.“”'- | I I

g e | ! !

a0 04 T

] — mx(PWM) ‘ ‘ ‘

o 02

=3

LY

Q0w == J ugy J il L
0 10 2 k1l 0 50 @

Time (s)

(b) MTQ magnetic moment and electrical consumption: laboratory
test versus simulation model.

Fig. 4: Characterization of the actual electrical consumption of
the actuators and their approximations used in the simulator.

B. Effective Duty Cycle

Under nominal conditions, continuous aerodynamic control
is frequently pre-empted by the higher-priority FSM states
shown in Fig. 3. Ground passes (e > €,,;,,) force a transition to
GSL, consuming roughly 3-5% of the orbit. Similarly, eclipse
operations and power recovery (V' < Vj,,,) force transitions
to Safe/Charge.

VII. SIMULATION FRAMEWORK

The proposed mission logic is validated using the Basilisk
astrodynamics framework [11], [15], an open-source modular
simulation environment supporting multi-spacecraft dynamics
with message-passing architecture.

A. Spacecraft Hardware and Power Models

The simulation incorporates flight-representative hardware
models calibrated against laboratory data (Fig. 4):

¢ Sensors: 3-axis Magnetometer (1o noise 140nT, 50 uT
hard-iron bias), Gyroscope (1o noise 4.7 x 1072 deg/s),
and six body-mounted Coarse Sun Sensors (80° half-cone
FOV).

e Actuators: A 3-axis magnetorquer (MTQ) assembly
(0.4 Am? max dipole) and three body-aligned reaction
wheels (RW)(J, = 9.03 x 1075kgm?, 7,0 = 2mNm,



Qmax = S8000RPM) with coupled jitter and friction
models. Electrical consumption for both is mapped dy-
namically using empirical current profiles (Fig. 4).

o Power System: Four triple-junction GaAs solar panels
(30% efficiency, 482.8cm? active area per panel) with
output modulated by solar incidence and eclipse shading.
Energy is stored in a 42 Wh Li-ion battery, against a
constant bus idle load of 7.4 W.

B. Orbital Environment

Two 6U CubeSats are propagated in a 550km Sun-
synchronous orbit (i = 97.5°, e = 10~%) with J2 perturbations
from the GGMO3S geopotential model (degree and order 2).
Atmospheric density follows the USSA76 standard atmo-
sphere; drag forces and torques are computed per-facet using
the Schaaf—Chambre free-molecular-flow model with individ-
ual specularity coefficients and wall-temperature corrections.
The geomagnetic field is modelled by the WMM model, and
the Sun position is obtained from SPICE ephemerides. Eclipse
geometry uses cylindrical Earth-shadow entry/exit computa-
tion. Two simulation cases are considered:

1) Commissioning (C1): At = 0.2, 24 h duration. Open-
loop dynamics with noisy sensor models; demonstrates
the initial mission state including detumbling, sensor
calibration, and deployable panel release. Only the
chief spacecraft is fully modelled (deputy runs as a
lightweight orbit-only propagator).

2) Differential drag (C5): At = 0.55s, 3-day duration with
60s outer-loop control steps. Both spacecraft run full
ADCS with RW attitude control. The formation con-
troller implements an altitude-dependent drag switching
logic, re-evaluated every 60 s: the higher-altitude satellite
is commanded to maximum-drag orientation, while the
lower one holds minimum drag. Convergence is declared
when the along-track separation enters a +5km toler-
ance band around the target. The primary deliverable
is the ballistic coefficient A3 = B4 — [Bp, extracted
indirectly from the secular semi-major axis decay rate
via orbit-averaged sliding-window linear fits.

3) DDCP: Preliminary long-term demonstration of the
control function of Section VI to adjust the range to
the desired distance.

VIII. RESULTS AND DISCUSSION

A. C1 Commissioning Validation

The autonomous C1 sequence is validated in the Basilisk
simulation. Fig. 6 shows the magnetometer and gyroscope data
over the full commissioning window. The frame verification
algorithm identifies the correct mounting permutation with
confidence ratio 7 > 5, and the subsequent polarity test
confirms all three magnetorquer axes. B-dot detumbling then
reduces the angular rates to below wy, = 0.6 deg/s within
approximately 3 orbits.
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Fig. 5: Bus voltage and net power balance during the formation
control phase. Positive net power indicates battery charging;
negative indicates discharge. The battery remains within op-
erational bounds throughout the simulation.

B. Power Balance and Mode Duty Cycles

Fig. 5 shows the bus voltage and net power balance during
the formation control phase. The battery voltage remains
within 15.0-16.8 V throughout the simulation. The mode duty
cycles over the 30-day run are: Min./Max. Drag ~85%, Sun
Pointing ~8%, Ground Link ~4%, Nadir ~3%. The power-
budget guard is triggered an average of 1.2 times per day, with
recovery to SoCiequme typically completed within one sunlit
arc.

C. C5: Drag Test

The key result of the differential drag analysis is that the 6U
constellation characterized the ballistic coefficient in the early
state of the mission. Fig. 7 presents the 3-day differential drag
characterisation. Separation decreases from ~1800 km toward
the 1000 km target at an instantaneous rate of —82.9 km/day.
While this initial rate includes local orbital and density vari-
ations, the long-term sustained drift—accounting for FSM
interrupts—averages ~2400 km/month (Fig. 8). Per-orbit ballis-
tic coefficient estimates align with expected geometric values
(BChax dng = 69.9 kg/m®, BCuiname = 139.7 kg/m?).
Periodic BC spikes correlate with ground-station passes (Sec-
tion V), where the FSM pre-empts the drag attitude. This
orientation reduces the cross-sectional area, diminishing orbit-
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averaged drag and producing transient BC estimates exceeding
BChin drag- These outliers match the expected 2-3 daily ground
contacts.

While high-fidelity density models improve analytical BC
estimation, persistent environmental uncertainties and non-
linear interruptions from higher-priority FSM modes (e.g.,
communications, sun-pointing) degrade the effective drag duty
cycle. Consequently, precise analytical maneuver planning

becomes highly complex. Evolutionary optimization and ma-
chine learning tools offer a robust pathway to adaptively tune
this control logic under non-ideal operational conditions [16],
[17] .

D. DDCP: Long-term simulation test

To evaluate the impact of these non-linearities, Fig. 8
compares the baseline deterministic controller with a Genetic
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Algorithm (GA)-optimised variant. The deterministic law [14]
assigns maximum drag to the higher-altitude satellite using
fixed-threshold phase-plane braking. While reliable, assuming
continuous drag in a heavily scheduled FSM environment
yields a conservative approach with mild overshoot.

The GA-optimised profile mitigates this by jointly tuning
switching parameters over candidate trajectories, inherently
accounting for degraded duty cycles and non-linearities to
reduce both convergence time and overshoot. As demonstrated
in [16], such evolutionary optimisation can incorporate envi-
ronmental uncertainties and periodic schedules (e.g., ground-
station access), accurately capturing the coupled effect of FSM
interrupts on maneuver performance.

IX. CONCLUSIONS AND FUTURE WORK

This paper presented a deterministic finite state machine
for autonomous management of different ADCS operational
modes on a twin CubeSat formation using differential drag as
the sole propellantless manoeuvring mechanism. The frame-
work integrates power-budget guard conditions, autonomous
commissioning (C1-C5), and a stepwise distance control
strategy. Validation using the ALIGN mission parameters in
the Basilisk simulator demonstrated a relative along-track
drift exceeding 400 km per month (Fig. 8) while maintaining
positive energy balance, with an effective drag-mode duty
cycle of approximately 85%.

The simulation also reveals that higher-priority FSM inter-
rupts, particularly ground-station passes, introduce measurable
perturbations in the per-orbit ballistic coefficient estimates,
confirming that the effective duty cycle of the drag modes is
a first-order consideration for formation control performance.
A GA-optimised variant achieves faster convergence with
reduced overshoot, suggesting that population-based methods
can further exploit the available differential acceleration within
the same FSM architecture.

Future work will focus on integrating learning-based algo-
rithms to refine the ballistic coefficient estimation in orbit
and to optimise the control switching parameters with the
ground station access and sun-pointing schedules across the
representative mission scenarios.
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