
 

 
Vol. 26, No. 12, p. 2393-2702 / Dec., 2025 

 

 
 

Frontiers of  
Information 

Technology & 
Electronic  

Engineering 
 

 
Editors-in-Chief 
Yunhe PAN  
Aiguo FEI 

Administrated by 
Chinese Academy of Engineering  

Sponsored by 
Chinese Academy of Engineering  
& Zhejiang University 

Published by 
Zhejiang University Press 

Edited by 
Editorial Office of Journal of 
Zhejiang University-SCIENCE A/B 
& FITEE 

Printed by 
Hangzhou Shengyuan Printing 
Services Co., Ltd. 

Publication Date 
1st Week per Month 

Subscription 
Zhejiang University Press 
Postal distributing code: 32-324 

Contact 
Zhejiang University Press,  
148 Tianmushan Road,  
Hangzhou 310028, China 
Tel: +86-571-88273162  
Email: fitee@zju.edu.cn 

Price (Domestic)  
160 CNY/Issue 

 
ISSN 2095-9184 
CN 33-1389/TP 

 
 

 

 

 

CONTENTS 
Special Feature on Engineering and Technology for Low-Altitude 

Economy Infrastructure 

Editorial 

2393 Engineering and technology for low-altitude economy infrastructure 

Zhijie CHEN, Heung-Yeung SHUM, Xianbin CAO, Mark HANSEN 

Research Articles 

2397 SPID: a deep reinforcement learning-based solution framework for siting 

low-altitude takeoff and landing facilities 

Xiaocheng LIU, Meilong LE, Yupu LIU, Minghua HU 

2421 Eixão-UAM: LLM-assisted iterative design of a low-altitude urban air  

mobility corridor in Brasilia 

Li WEIGANG, Juliano Adorno MAIA, Emilia STENZEL, Lucas Ramson SIEFERT 

2440 Coevolutionary genetic programming for large-scale dynamic multi-aircraft 

task allocation 

Ce YU, Xianbin CAO, Bo ZHANG, Wenbo DU, Tong GUO 

2455 Integrating the cat’s eye effect and deep learning for low-altitude target 

detection 

Bin ZHOU, Weiming WANG, Ning YAN, Linlin ZHAO, Chuanzhen LI 

2470 Integrated communication–sensing–navigation–control for low-altitude 

digital-intelligent networks: architecture, enabling technologies, and  

experimental validation 

Jiapeng LI, Qixun ZHANG, Jinglin LI, Dingyou MA, Zhiyong FENG, Tingyu LI,  

Jiajun HOU 

 

 

 

 

FITEE is supported by the China Sci-tech Journal Excellence Action Plan (2024–2028). 
 

Guest Editors 
Zhijie CHEN, Editor-in-Chief, State Key Laboratory of Air Traffic Management System, China 

Heung-Yeung SHUM, Executive Lead Editor, International Digital Economy Academy, China 

Xianbin CAO, Executive Lead Editor, Beihang University, China 

Mark HANSEN, Executive Lead Editor, University of California, Berkeley, USA 

Sameer ALAM, Nanyang Technological University, Singapore 

Jun CHEN, National Geomatics Center of China, China 

Qionghai DAI, Tsinghua University, China 

Vu N. DUONG, Nanyang Technological University, Singapore 

Minghua HU, Nanjing University of Aeronautics and Astronautics, China 

Mo LI, Hong Kong University of Science and Technology, China 

Washington Yotto OCHIENG, Imperial College London, UK 

Suchithra RAJENDRAN, University of Missouri, USA 

Ping ZHANG, Beijing University of Posts and Telecommunications, China 

Yu ZHANG, University of South Florida, USA 



 
Vol. 26, No. 12, p. 2393-2702 / Dec., 2025 
 

Regular Papers 

Review Article 

2487 An overview of beam-tracking techniques for mmWave wireless  

communications 

Ruaa Shallal Abbas ANOOZ, Jafar POURROSTAM, Mohanad Al-IBADI 

Research Articles 

2511 Mind the Gap: towards generalizable autonomous penetration testing via 

domain randomization and meta-reinforcement learning 

Shicheng ZHOU, Jingju LIU, Yuliang LU, Jiahai YANG, Yue ZHANG, Jie CHEN 

2529 Active inference of protocol state machines from incomplete message 

domains 

Maohua GUO, Yuefei ZHU, Jinlong FEI 

2550 Dynamic trust-based service function chain deployment method for  

disrupting attack chains 

Deqiang ZHOU, Xinsheng JI, Wei YOU, Hang QIU, Jie YANG, Yu ZHAO, Mingyan XU 

2569 A focused crawling strategy based on comprehensive priority evaluation of 

hyperlinks and improved Bayesian classifier 

Jingfa LIU, Yongchuang WU, Zhaoxia LIU 

2583 DRL-EnVar: an adaptive hybrid ensemble–variational data assimilation 

method based on deep reinforcement learning 

Lilan HUANG, Hongze LENG, Junqiang SONG, Dongzi WANG, Wuxin WANG, 

Ruisheng HU, Hang CAO 

2604 Physics-informed neural networks for the prediction of robot dynamics 

considering motor and external force couplings 

Fengyu SUN, Shuangshuang WU, Zhiming LI, Peilin XIONG, Wenbai CHEN 

2623 GMCoT: a graph-augmented multimodal chain-of-thought reasoning 

framework for multi-label zero-shot learning 

Xiang WEN, Haobo WANG, Ke CHEN, Tianlei HU, Gang CHEN 

2638 Spectrum sensing method based on a multi-scale feature fusion network 

Honghui XIANG, Kejun LEI, Kaiqing ZHOU, Wenjing TUO, Hongbin LIU 

2654 Robust design for IRS-assisted multiuser systems under practical  

imperfections: a rate-splitting approach 

Xingyu PENG, Qin TAO, Xiaoming CHEN 

2672 Dynamic joint resource allocation in maritime wireless communication 

networks: a meta-reinforcement learning approach based on knowledge 

embedding 

Zhongyang MAO, Zhilin ZHANG, Faping LU, Xiguo LIU, Zhichao XU, Yaozong PAN, 

Jiafang KANG, Yang YOU 

2688 Entropy-statistical approach to phase-locking detection of oscillations 

Petr BORISKOV, Vadim PUTROLAYNEN, Andrei VELICHKO, Kristina PELTONEN 
  

I Total contents 

 

 
English Consultants    Alan SEAL (NZ)  Clarence SINGLETON (UK)   
Executive Editors      Yuan LIU  Yizhou MIAO  Ziyang ZHAI  

 

Frontiers of  
Information 

Technology & 
Electronic  

Engineering 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


