Paper ID: 100219

76th International Astronautical Congress 2025
student

IAF SPACE COMMUNICATIONS AND NAVIGATION SYMPOSIUM (B2)
Interactive Presentations - IAF SPACE COMMUNICATIONS AND NAVIGATION SYMPOSIUM (IP)

Author: Mr. Yifan Wang
School of Astronautics, Beihang University, China

Mr. Chenrun Yang
Beijing University of Aeronautics and Astronautics (BUAA), China
Mr. Luo Jie
School of Astronautics, Beihang University, China
Ms. Jingyi Zhang
Beihang University, China
Dr. Jiahao Qin
Beihang University (BUAA), China
Dr. Xiaoyi Wang
Beihang University, China
Prof. Ming Xu
School of Astronautics, Beihang University, China

OPTIMAL STAGED DEPLOYMENT STRATEGY FOR LEO MEGA-CONSTELLATIONS WITH
ACCELERATED SERVICE CAPABILITY FORMATION

Abstract

The emergence of global mega-constellation initiatives (e.g., Starlink, Hongyan, and Qianfan) has
intensified research interest in deploying large-scale LEO networks for ubiquitous connectivity. However,
the implementation faces dual challenges: technical constraints in satellite production and launch cadence,
coupled with demand-supply temporal mismatch due to unreliable long-term forecasting. To address this
issue, this paper proposes an optimal multi-stage deployment strategy that accelerates the formation of
the network, enables the early achievement of basic service capabilities, and boosts economic efficiency.

The proposed method first forecasts short-term and long-term user demand by combining time series
analysis with regional economic development indices. Constellation coverage performance and inter-
satellite link communication performance are then adopted as optimization objectives, while constraints
such as launch interval, the number of satellites per launch batch, deployment time, and fuel consumption
are considered. The NSGA-III algorithm is applied to design both a constrained small-scale baseline
constellation and a large-scale enhanced constellation. Moreover, a GPU-based matrix parallel computing
framework is used to improve the efficiency of evaluating optimization metrics—reducing the computation
time for a single coverage metric by a factor of 15 (Nvidia 4090 vs. Intel i9-14900K). To bridge the
capability gap between the optimized initial and target constellation configurations, multiple intermediate
constellations with stable routing topologies are generated. A simulated annealing algorithm is then
employed to determine the optimal deployment strategy for transitioning between different constellation
scales, ensuring a gradual evolution.

This approach ultimately matches user demand with constellation capability throughout its lifecycle,
thereby enhancing overall economic efficiency. In addition, a strategy evaluation metric based on coverage
multiplicity, inter-satellite link capacity, and link latency is proposed to assess service capability during
deployment. According to this metric, the optimal evolutionary strategy improves performance by 30.1%
compared to conventional sequential orbital deployment. This indicates that using the optimal strategy



can not only accelerate the formation of service capability but also enhance service quality at each de-
ployment stage, ultimately boosting economic benefits. Finally, analyses of coverage, link performance,
and routing topology at various evolutionary stages validate the engineering practicality of the proposed
strategy, offering valuable insights for real-world applications.



