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[Abstract]

This study addresses the distributed real-time scheduling problem for satellite constellations in CPS environments under mosaic
warfare, where flexible cooperation and real-time decision-making are crucial. CPS-based scheduling must consider computational
resources and physical factors such as mobility, location, and access time, which conventional single-node approaches capture
inadequately. In satellite constellations, tasks that miss deadlines on one satellite can still be completed through reassignment. To
address this, we introduce a postponed deadline and propose a distributed real-time scheduling algorithm, PD-DRTS, which
evaluates mission feasibility from a constellation-wide perspective. The proposed method computes effective slack using access
time, attitude maneuvering time, and execution time, and dynamically assigns tasks to the most suitable satellite. A double
mobility environment, where both satellites and targets move, is also considered. STK-based simulation results show that
PD-DRTS achieves approximately 42% deadline satisfaction and 66% average mission success, exhibiting a performance higher
than Random, FIFO, and LST algorithms, which remain at approximately 27-28% for the same metrics.
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IV. AIQt 7|: PD-DRTS (Postponed
Deadline-based Distributed Real-Time
Scheduling)
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Algorithm : PD-DRTS scheduling procedure
Input:

Satellite set S, Target set T, Current time t
Output:

Distributed mission schedule
Step 1. Initialize the set of unscheduled targets.
Step 2. For each unscheduled target, compute the completion
time for all satellites considering access time, slew time, and
execution time.
Step 3. Compute the effective slack of each target for each
satellite.
Step 4. For each target, determine the constellation—level slack
by selecting the maximum slack among all satellites.
Step 5. Select only the targets whose constellation—level slack is
non—negative.
Step 6. Among the feasible targets, select the target with the
minimum slack.
Step 7. Assign the selected target to the satellite that provides the
maximum slack.
Step 8. Update the state of the selected satellite and remove the
target from the unscheduled target set.

Step 9. Repeat Steps 2-8 until no schedulable target remains.
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Fig. 2. STK simulation environment
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Sat2+= Satl ©]%- U A sl AL =M, A
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Table 1. Satellite constellation simulation parameters

Parameter Value
15 Mar 2026, 03:00-04:00 (UTC)
2 (LEO constellation)

Simulation Time

Number of Satellites

Identical orbit with ~20 min phase

il difference
Sensor EO Sensor
Observation Duration |15 sec
Attitude Maneuver 1.5°/sec

Rate
Attitude Constraints

Pitch £10°, Roll £25°

2. X9 EX AlZ2f 0| mi2jo|E
Table 2. Regional target simulation parameters

Satellite Target St?LrJtT'Igr)ne EQS;&Te Duration (s)
Sat1 A(A-1,A-2) | 03:11:12 | 03:11:42 29.6
Sat1 B(B-1,B-2) | 03:11:23 | 03:11:52 29.6
Sat1 C(C-1,C-2) | 03:11:24 03:11:54 29.9
Sat2 A(A-1,A-2) | 03:31:15 | 03:31:45 29.8
Sat2 B(B-1,B-2) | 03:31:24 | 03:31:54 29.6
Sat2 c(C-1,c-2) | 03:31:33 | 03:32:03 29.8
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Fig. 3. Performance evaluation results by algorithm
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