HIER; 14TH IEEE INTERNATIONAL CONFERENCE ON WIRELESS

FOR SPACE AND EXTREME ENVIRONMENTS - WISEE 2026
LEZ%\QEN THE IEEE WIRELESS IN SPACE AND EXTREME ENVIRONMENTS CONFERENCE WEBSITE

W-KAST: Predictive Optical Link-State Estimation for LEO
Space-Terrestrial Networks

Qingfang Jiang, Kanglian Zhao, and Jianhao Yu
School of Electronic Science and Engineering, Nanjing University

1 Motivation and Research Challenges N\ B Atmospheric Turbulence Reconstruction

Satelliteto-ground laser communication (SGLC) is a promising technology for providingdaigacity feeder links in futurg ?I'he_,- ro characterizes the pathtegrated effect O_f opt_lcal turbulence and serves a§ ke
large-scale lowEarthorbit (LEO) constellation networks. However, rapidly varying propagation geometry and nonstationa'ﬂﬂ'C""tor of turbulence strength alonq an o.ptlcal I|nI.<. iRgen WRF meteorologl.c
atmospheric optical turbulence cause pronounced fluctuations inpsidmtiink quality during the limited communication fields are used to reconstruct the thaemensional opticalurbulence field, from which

windows. To support proactive link scheduling, this study reconstructsrésgiution Frieeparameter (ro) fields for slar(lt)pathro fields are de;:)ved for LEO sateI:+t)e-ground laser I'”Izds)-
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characterizing the spatially varying turbulence state and devela®83V for 30-min prediction of future fields. LT N Zoknmrpeae | 30km Temperat
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Fig. 4. Spatial distributions of temperature and wind speed
at 1, 5, 10, and 30 km altitudes on September 16, 2025.
The threedimensional refractivendex structure constant field is reconstructed | to

characterize the spatial distribution of optical turbulence and derive thepalfint
through path integration.
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Fig. 1. System scenario and data-generation framework of W-KAST

2 Proposed W-KAST Framework ) Fig. 5. Three-dimensional distributions of the atmospheric
\_ refractive-index structure constant on September 16, 2025.

W-KAST integrates adaptive fractaelavelet representations with Swhased spatiotemporal modeling for sherm
prediction of slanpath ro fields. Multi-scale wavelet responses are adaptively fused within KA$éd feedorward

modules, while local and shiftaindow attention capture spatial dependencies across different scales. Hisidiatds | i
are jointly encoded to extract their spatiotemporal evolution and predict the futurpatltamntfield. e
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Joint grounebased observation campaigns were conducted at multiple sites in Nanjing and Changchun from 2021 fo|Z0&.5;. Comparison of measured and WRF-constrained Fried-parameter time series on
providing multisite opticalturbulence measurements for model calibration and validation. September 16, 2025, with representative sky conditions indicated throughout the day.

W-KAST preserves the spatial structure of the spathro field, with 30-min prediction
errors remaining spatially localized across both zesmiijle domains.
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6 Results and Performance Evaluation
(a) Winter (Feb) 4 (b) Spring (Apr) ” (c) Summer (Jun) - (d) Autumn (Sep)
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