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Abstract:

Significance
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Cooperative mission planning of imaging satellites for moving targets is a key technique for

supporting the transition of space-based Earth observation systems from static regional coverage to a dynamic

closed-loop mode involving wide-area search, dynamic tracking, and feedback-driven search refinement. It is

important for emergency response, maritime monitoring, wide-area situational awareness, and persistent

observation of key moving targets. The central difficulty lies in the conflict between the uncertainty of future

target states and the dependence of conventional mission planning models on deterministic inputs. Moving

targets do not correspond to fixed locations or fixed visibility windows. Their future states usually evolve as

probability distributions, confidence regions, or grid-based existence probabilities. Effective planning therefore

requires not only predicting target motion, but also transforming uncertainty information into planning
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objectives, constraints, and replanning triggers. A systematic review from an uncertainty-driven perspective on
moving-target observation is therefore still needed.

Progress  This review summarizes cooperative mission planning of imaging satellites for moving targets from
an uncertainty-driven perspective. Typical moving targets are classified into maritime targets, highly time-
sensitive aerospace targets, and ground moving targets according to their operating domains, dynamic
characteristics, and observation requirements. Although these targets differ in maneuverability, prior
constraints, and observation windows, they share a common planning problem: uncertain target motion must be
coupled with deterministic satellite observation actions under strict platform and resource constraints. Target
motion prediction and spatiotemporal uncertainty representation methods are reviewed. Physics-based methods
describe target state evolution through kinematic and dynamic constraints, covariance propagation, reachable
regions, or Markov transition models. Data-driven methods learn motion patterns from historical trajectories,
Automatic Identification System data, remote sensing observations, meteorological factors, and geographic
constraints. From the planning perspective, the value of these methods depends on whether their outputs, such
as covariance, existence probability, confidence region, or information gain, can be directly used by planning
models. Observation task modeling, cooperative architectures, optimization algorithms, and closed-loop
replanning mechanisms are further analyzed. Deterministic simplification models reduce uncertainty into
trajectory points, visibility windows, or fixed geographic regions, while probabilistic task modeling incorporates
target existence probability, belief state, or information gain into objective functions, constraints, and state
transitions. Centralized, distributed, and hybrid architectures are compared in terms of global coordination,
onboard autonomy, communication cost, and response timeliness. Exact methods, heuristic rules,
metaheuristics, deep reinforcement learning, and large language model (LLM)-enabled solution assistance and
algorithm design are discussed. State-triggered replanning, receding horizon optimization, and model predictive
control are reviewed as representative mechanisms for closed-loop dynamic scheduling.

Conclusions The reviewed studies show that the field is moving from open-loop static scheduling toward
closed-loop dynamic planning. However, several bottlenecks remain. First, uncertainty information generated by
the prediction layer is not sufficiently used in planning decisions. Rich probabilistic information is often
compressed into deterministic time windows, discrete trajectory points, or geometric regions, which weakens
risk-sensitive task allocation. Second, distributed cooperation still lacks reliable belief-state consistency. Local
observations may lead different satellites to hold inconsistent beliefs about the same target state, causing
redundant observations, task conflicts, or unbalanced resource use. Third, dynamic replanning lacks unified
benefit-cost criteria for triggering replanning. Frequent replanning may consume excessive attitude maneuvering
time, energy, and storage resources, while delayed replanning may miss real target maneuvers. Fourth, LLMs
have begun to support task requirement parsing, constraint modeling, heuristic generation, and algorithm
design for satellite scheduling, but their use for moving target cooperative planning remains insufficient.
Prospects  Future research should focus on building a stronger closed-loop planning framework. Prediction
uncertainty should be directly used in planning models through chance-constrained planning, belief-state
planning, or partially observable Markov decision processes, so that covariance, existence probability, and
information entropy can be incorporated into objectives, constraints, and replanning triggers. Bayesian
updating or sequential filtering can feed both successful detections and missed detections back to the prediction
layer. Lightweight state synchronization and belief fusion are needed for distributed cooperation, supported by
compact state-sharing indicators and event-triggered communication. Replanning decisions should be guided by
information gain and cost evaluation. Finally, LLMs should be developed as verifiable auxiliary tools rather
than direct replacements for optimization solvers. They can support requirement structuring, constraint
modeling, heuristic generation, and algorithm component design, while feasibility repair and performance
evaluation should be completed by formal checkers, traditional optimizers, and simulation environments. These
directions are expected to support robust and uncertainty-aware mission planning for satellite-based moving-
target observation.

Key words: Satellite mission planning; Multi-satellite collaboration; Moving targets; Trajectory prediction;

Onboard intelligence
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