
 



Applied Sciences 

 

Imprint 

Full Journal Title Applied Sciences 

ISO4 Abbreviated Title Appl. Sci. 

ISSN (electronic)  2076-3417 

CODEN ASPCC7 

Publisher MDPI 

Publisher Location Basel, Switzerland 

Postal Address MDPI, St. Alban-Anlage 66, 4052 Basel, Switzerland 

Editors see: https://www.mdpi.com/journal/applsci/editors   

Publication Frequency semimonthly 

Publication Medium electronic only 

Publication Website https://www.mdpi.com/journal/applsci  

First Year Published 2011 

Indexing Databases 

see: Indexing & Abstracting 

Covered by the Science Citation Index Expanded (SCIE, Web of Science). 

Impact Factor 2.7 (2022) 

https://portal.issn.org/
https://portal.issn.org/resource/ISSN/2076-3417
https://www.mdpi.com/journal/applsci/editors
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/journal/applsci/indexing


5-Year Impact Factor 2.9 (2022) 

 

Editor-in-Chief 

Prof. Dr. Takayoshi Kobayashi 

Advanced Ultrafast Laser Research Center, The University of Electro-Communications, 1-5-

1, Chofugaoka, Chofu, Tokyo 182-8585, Japan 

 

Journal Contact 

 

Applied Sciences Editorial Office 

MDPI, St. Alban-Anlage 66, 4052 Basel, Switzerland 

Tel.: +41 61 683 77 34 (MDPI HQ Basel, Switzerland / 9:00 - 17:00 CET) 

applsci@mdpi.com 

Managing Editor 

Ms. Jovana Xie 

 

Journal Relations 

jr-applsci@mdpi.com 

Ms. Dunja Mladenovic 

Mr. Djordje Bozic 

Ms. Nevena Lukic 

Mr. Nemanja Perovic 

 

mailto:applsci@mdpi.com
mailto:jr-applsci@mdpi.com


Applied Sciences

Volume 12., Issue 9. (May-1 2022)

Contents 
1. Abbasgholi-NA, Behnaz, Osamah A. Aldaghri, Khalid Hassan Ibnouf, Nawal Madkhali, and

Humberto Cabrera. 2022. “On the Absorption and Photoluminescence Properties of Pure ZnSe
and Co-Doped ZnSe:Eu3+/Yb3+ Crystals.” Applied Sciences 12 (9).

https://doi.org/10.3390/app12094248.

2. Abdellah, Wael R., Chiaki Hirohama, Atsushi Sainoki, Ahmed Rushdy Towfeek, and Mahrous A. M.

Ali. 2022. “Estimating the Optimal Overall Slope Angle of Open-Pit Mines with Probabilistic

Analysis.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094746.

3. Abdel-Motaal, Fatma F., Zainab M. Maher, Samah F. Ibrahim, Amany El-Mleeh, Maged Behery,

and Asmaa A. Metwally. 2022. “Comparative Studies on the Antioxidant, Antifungal, and Wound

Healing Activities of Solenostemma Arghel Ethyl Acetate and Methanolic Extracts.” Applied

Sciences 12 (9). https://doi.org/10.3390/app12094121.

4. Abdulla, Hind, Maher Maalouf, Imad Barsoum, and Heungjo An. 2022. “Truncated Newton Kernel
Ridge Regression for Prediction of Porosity in Additive Manufactured SS316L.” Applied Sciences

12 (9). https://doi.org/10.3390/app12094252.

5. Abou-Abbas, Lina, Imene Jemal, Khadidja Henni, Youssef Ouakrim, Amar Mitiche, and Neila

Mezghani. 2022. “EEG Oscillatory Power and Complexity for Epileptic Seizure Detection.” Applied

Sciences 12 (9). https://doi.org/10.3390/app12094181.

6. Ahmad, Fareed, Mohammed Al Awadh, Muhammad Abas, Sahar Noor, and Asad Hameed. 2022.

“Optimization of Carbon Fiber Reinforced Plastic Curing Parameters for Aerospace Application.”
Applied Sciences 12 (9). https://doi.org/10.3390/app12094307.

7. Ahmad, Zauwiyah, Thian Song Ong, Yen Wen Gan, Tze Hui Liew, and Mariati Norhashim. 2022.

“Predictors of Employees&rsquo; Mobile Security Practice: An Analysis of Personal and Work-

Related Variables.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094198.

8. Ahmed, Muhammad Adeel, Rizwan Jouhar, and Fahim Vohra. 2022. “Effect of Different pH
Beverages on the Color Stability of Smart Monochromatic Composite.” Applied Sciences 12 (9).

https://doi.org/10.3390/app12094163.

9. Ahmetoglu, Sehnaz, Zaihisma Che Cob, and Nor’Ashikin Ali. 2022. “A Systematic Review of
Internet of Things Adoption in Organizations: Taxonomy, Benefits, Challenges and Critical

Factors.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094117.

10. Ahn, Sung-Il, Sangbuem Cho, Eunjeong Jeon, Myungsun Park, Byungho Chae, Isaac Celestin Poaty

Ditengou, and Nag-Jin Choi. 2022. “The Effect of Probiotics on Intestinal Tight Junction Protein

Expression in Animal &Nbsp;models: A Meta-Analysis.” Applied Sciences 12 (9).

https://doi.org/10.3390/app12094680.

11. Akhtar, Sophia, Shrawan Roy, Trang Thu Tran, Jaspal Singh, Anir S. Sharbirin, and Jeongyong Kim.

2022. “Low Temperature Step Annealing Synthesis of the Ti2AlN MAX Phase to Fabricate MXene
Quantum Dots.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094154.

12. Akintola, Abimbola G., Abdullateef O. Balogun, Luiz Fernando Capretz, Hammed A. Mojeed, Shuib

Basri, Shakirat A. Salihu, Fatima E. Usman-Hamza, Peter O. Sadiku, Ghaniyyat B. Balogun, and

Zubair O. Alanamu. 2022. “Empirical Analysis of Forest Penalizing Attribute and Its Enhanced

Variations for Android Malware Detection.” Applied Sciences 12 (9).

https://doi.org/10.3390/app12094664.

https://doi.org/10.3390/app12094248
https://doi.org/10.3390/app12094746
https://doi.org/10.3390/app12094121
https://doi.org/10.3390/app12094252
https://doi.org/10.3390/app12094181
https://doi.org/10.3390/app12094307
https://doi.org/10.3390/app12094198
https://doi.org/10.3390/app12094163
https://doi.org/10.3390/app12094117
https://doi.org/10.3390/app12094680
https://doi.org/10.3390/app12094154
https://doi.org/10.3390/app12094664


13. Akšamović, Abdulah, Samim Konjicija, Senad Odžak, Sedin Pašalić, and Selma Grebović. 2022. “DC 
Cabling of Large-Scale Photovoltaic Power Plants.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094500. 

14. Al Zoubi, Naser Fawzi, Faris Tarlochan, and Hassan Mehboob. 2022. “Mechanical and Fatigue 
Behavior of Cellular Structure Ti-6Al-4V Alloy Femoral Stems: A Finite Element Analysis.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094197. 

15. Alazba, Amal, and Hamoud Aljamaan. 2022. “Software Defect Prediction Using Stacking 
Generalization of Optimized Tree-Based Ensembles.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094577. 

16. Al-Bahr, Tareq M., Sitti Asmah Hassan, Othman Che Puan, Nordiana Mashros, and Nur Sabahiah 

Abdul Sukor. 2022. “Speed-Flow-Geometric Relationship for Urban Roads Network.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094231. 

17. Albaladejo-Saura, Mario, Raquel Vaquero-Cristóbal, Juan Alfonso García-Roca, and Francisco 

Esparza-Ros. 2022. “Influence of Maturity Status on Kinanthropometric and Physical Fitness 
Variables in Adolescent Female Volleyball Players.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094400. 

18. Alcala-Gonzalez, Daniel, Eva M. García del Toro, M. Isabel Más-López, Sara García-Salgado, and 

Santiago Pindado. 2022. “Linear Programming Coordination for Overcurrent Relay in Electrical 

Distribution Systems with Distributed Generation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094279. 

19. Allemailem, Khaled S., Habeeb Khadri, Mohd Azam, Masood Alam Khan, Arshad Husain Rahmani, 

Faris Alrumaihi, Riazunnisa Khateef, et al. 2022. “Ajwa-Dates (Phoenix Dactylifera)-Mediated 

Synthesis of Silver Nanoparticles and Their Anti-Bacterial, Anti-Biofilm, and Cytotoxic Potential.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094537. 

20. Almaraz Luengo, Elena, Bittor Alaña Olivares, Luis Javier García Villalba, and Julio Hernández-

Castro. 2022. “Weaknesses in ENT Battery Design.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094230. 

21. Almeida, José de, Sofia Martinho, Lino Gonçalves, and Maria Ferreira. 2022. “Positron Emission 
Tomography in Coronary Heart Disease.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094704. 

22. Almeida, Nuno, Samuel Silva, Conceição Cunha, and António Teixeira. 2022. “Data-Driven Analysis 

of European Portuguese Nasal Vowel Dynamics in Bilabial Contexts.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094601. 

23. Alonso, Francisco, Mireia Faus, Maria T. Tormo, and Sergio A. Useche. 2022. “Could Technology 
and Intelligent Transport Systems Help Improve Mobility in an Emerging Country? Challenges, 

Opportunities, Gaps and Other Evidence from the Caribbean.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094759. 

24. Alonso, Juncal, Leire Orue-Echevarria, and Maider Huarte. 2022. “CloudOps: Towards the 
Operationalization of the Cloud Continuum: Concepts, Challenges and a Reference Framework.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094347. 

25. Alrashidi, Ahmed M. R. N., Nor Mariah Adam, Mohd Khairol Anuar Bin Mohd Ariffin, Alajmi Fnyees, 

Amer Alajmi, Alrashidi Naser, and Hairuddin Abdul Aziz. 2022. “Impact of Plasma Combustion 
Technology on Micro Gas Turbines Using Biodiesel Fuels.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094321. 

26. Alrumayyan, Nafla, and Maha Al-Yahya. 2022. “Neural Embeddings for the Elicitation of 
Jurisprudence Principles: The Case of Arabic Legal Texts.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094188. 

27. AlShamsi, Mohammed, Mostafa Al-Emran, and Khaled Shaalan. 2022. “A Systematic Review on 
Blockchain Adoption.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094245. 

28. Alvi, Ahmad Naseem, Muhammad Awais Javed, Mozaherul Hoque Abul Hasanat, Muhammad 

Badruddin Khan, Abdul Khader Jilani Saudagar, Mohammed Alkhathami, and Umar Farooq. 2022. 

https://doi.org/10.3390/app12094500
https://doi.org/10.3390/app12094197
https://doi.org/10.3390/app12094577
https://doi.org/10.3390/app12094231
https://doi.org/10.3390/app12094400
https://doi.org/10.3390/app12094279
https://doi.org/10.3390/app12094537
https://doi.org/10.3390/app12094230
https://doi.org/10.3390/app12094704
https://doi.org/10.3390/app12094601
https://doi.org/10.3390/app12094759
https://doi.org/10.3390/app12094347
https://doi.org/10.3390/app12094321
https://doi.org/10.3390/app12094188
https://doi.org/10.3390/app12094245


“Intelligent Task Offloading in Fog Computing Based Vehicular Networks.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094521. 

29. Ambrico, Paolo Francesco, Stefania Zicca, Marianna Ambrico, Palma Rosa Rotondo, Angelo De 

Stradis, Giorgio Dilecce, Maria Saponari, Donato Boscia, and Pasquale Saldarelli. 2022. “Low 
Temperature Plasma Strategies for Xylella Fastidiosa Inactivation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094711. 

30. Antoniak, Marcin Adam, Andrzej Szymkowiak, and Benedykt Pepliński. 2022. “The Source of 
Protein or Its Value? Consumer Perception Regarding the Importance of Meat(-Like) Product 

Attributes.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094128. 

31. Antunes, Mário, Marisa Maximiano, and Ricardo Gomes. 2022. “A Client-Centered Information 

Security and Cybersecurity Auditing Framework.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094102. 

32. Apuzzo, Fabrizia d’, Ludovica Nucci, Bruno M. Strangio, Alessio Danilo Inchingolo, Gianna Dipalma, 
Giuseppe Minervini, Letizia Perillo, and Vincenzo Grassia. 2022. “Dento-Skeletal Class III 

Treatment with Mixed Anchored Palatal Expander: A Systematic Review.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094646. 

33. Asaf, Khizra, Bilal Khan, and Ga-Young Kim. 2022. “Wireless Lan Performance Enhancement Using 
Double Deep q-Networks.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094145. 

34. Asuquo, Marcus Inyama, Emmanuel Effa, Oluwabukola Gbotosho, Akaninyene Otu, Nicole 

Toepfner, Soter Ameh, Sruti-Prathivadhi Bhayankaram, et al. 2022. “Microfluidic Microcirculation 
Mimetic as a Tool for the Study of Rheological Characteristics of Red Blood Cells in Patients with 

Sickle Cell Anemia.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094394. 

35. Auer, Michael, Christoph Wölfler, and Jürgen Antrekowitsch. 2022. “Correction: Auer Et Al. 
Influence of Different Carbon Content on Reduction of Zinc Oxide via Metal Bath. Appl. Sci. 2022, 

12, 664.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094180. 

36. Azadi, Ali, Arash Esmatkhah Irani, Mohammad Azarafza, Masoud Hajialilue Bonab, Fariba Behrooz 

Sarand, and Reza Derakhshani. 2022. “Coupled Numerical and Analytical Stability Analysis Charts 
for an Earth-Fill Dam Under Rapid Drawdown Conditions.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094550. 

37. Babu, Nagumothu Kishore, Mahesh Kumar Talari, Prakash Srirangam, Abdullah Yahia AlFaify, and 

Ateekh Ur Rehman. 2022. “Characterization of Microstructure, Weld Heat Input, and Mechanical 
Properties of Mg&ndash;al&ndash;zn Alloy GTA Weldments.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094417. 

38. Baek, Eu-Tteum, and Dae-Yeong Im. 2022. “ROS-Based Unmanned Mobile Robot Platform for 

Agriculture.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094335. 

39. Bajwa, Tariq M., Mamadou Fall, and Fahad Alshawmar. 2022. “Experimental Characterization of 
the Engineering Properties of Landfill Compost-Biocover.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094276. 

40. Ballesteros, Mariana, Manuel A. Lopez-Perez, Rita Q. Fuentes-Aguilar, Pedro E. Chavarrias-Solano, 

Beatriz Alemón, and Joel C. Huegel. 2022. “Automated and Controlled System for Analysis of 
Residual Limbs Thermograms of Transtibial Amputees.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094170. 

41. Baltag, Alexandru, and Sonja Smets. 2022. “Reasoning about Quantum Information: An Overview 
of Quantum Dynamic Logic.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094458. 

42. Bankhead, Meghan, Youn-Jeng Choi, Yogendra Patil, and Stephen J. Thoma. 2022. “Individual and 
School Correlates of DIT-2 Scores Using a Multilevel Modeling and Data Mining Analysis.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094573. 

43. Banu, Iuliana, and Iuliana Aprodu. 2022. “Investigation on Functional, Thermo-Mechanical and 

Bread-Making Properties of Some White and Black Rice Flours.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094544. 

https://doi.org/10.3390/app12094521
https://doi.org/10.3390/app12094711
https://doi.org/10.3390/app12094128
https://doi.org/10.3390/app12094102
https://doi.org/10.3390/app12094646
https://doi.org/10.3390/app12094145
https://doi.org/10.3390/app12094394
https://doi.org/10.3390/app12094180
https://doi.org/10.3390/app12094550
https://doi.org/10.3390/app12094417
https://doi.org/10.3390/app12094335
https://doi.org/10.3390/app12094276
https://doi.org/10.3390/app12094170
https://doi.org/10.3390/app12094458
https://doi.org/10.3390/app12094573
https://doi.org/10.3390/app12094544


44. Barbierato, Enrico, Marco L. Della Vedova, Daniele Tessera, Daniele Toti, and Nicola Vanoli. 2022. 

“A Methodology for Controlling Bias and Fairness in Synthetic Data Generation.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094619. 

45. Barraza-Contreras, Jesús M., Manuel R. Piña-Monarrez, Alejandro Molina, and Roberto C. Torres-

Villaseñor. 2022. “Random Vibration Fatigue Analysis Using a Nonlinear Cumulative Damage 
Model.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094310. 

46. Barzegar, Ali, and Deok-Jin Lee. 2022. “Deep Reinforcement Learning-Based Adaptive Controller 

for Trajectory Tracking and Altitude Control of an Aerial Robot.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094764. 

47. Beering, Andreas, and Karl-Ludwig Krieger. 2022. “Investigations into the Recognisability of Gear 
Damage Sizes in Vibration Signals and Calculation of Appropriate Digital Filter Limits.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094216. 

48. Bellos, Evangelos, Lydia Papavasileiou, Maria Kekatou, and Michalis Karagiorgas. 2022. “A 
Comparative Energy and Economic Analysis of Different Solar Thermal Domestic Hot Water 

Systems for the Greek Climate Zones: A Multi-Objective Evaluation Approach.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094566. 

49. Bengtson, Stefan Hein, Mikkel Berg Thøgersen, Mostafa Mohammadi, Frederik Victor 

Kobbelgaard, Muhammad Ahsan Gull, Lotte N. S. Andreasen Struijk, Thomas Bak, and Thomas B. 

Moeslund. 2022. “Computer Vision-Based Adaptive Semi-Autonomous Control of an Upper Limb 

Exoskeleton for Individuals with Tetraplegia.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094374. 

50. Benyahya, Meriem, Sotiria Kechagia, Anastasija Collen, and Niels Alexander Nijdam. 2022. “The 
Interface of Privacy and Data Security in Automated City Shuttles: The GDPR Analysis.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094413. 

51. Bepary, Md Kawser, Bashir Mohammad Sabquat Bahar Talukder, and Md Tauhidur Rahman. 2022. 

“DRAM Retention Behavior with Accelerated Aging in Commercial Chips.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094332. 

52. Bertinetti, Stefano, Silvia Berto, Mery Malandrino, Davide Vione, Ornella Abollino, Eleonora 

Conca, Matteo Marafante, Anna Annibaldi, Cristina Truzzi, and Silvia Illuminati. 2022. “Chemical 
Speciation of Antarctic Atmospheric Depositions.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094438. 

53. Bhandari, Kishor, Chih-Hung Lin, and Han-Tsung Liao. 2022. “Secondary Mandible Reconstruction 
with Computer-Assisted-Surgical Simulation and Patient-Specific Pre-Bent Plates: The Algorithm 

of Virtual Planning and Limitations Revisited.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094672. 

54. Bhardwaj, Vivek, Mohamed Tahar Ben Othman, Vinay Kukreja, Youcef Belkhier, Mohit Bajaj, B. 

Srikanth Goud, Ateeq Ur Rehman, Muhammad Shafiq, and Habib Hamam. 2022. “Automatic 
Speech Recognition (ASR) Systems for Children: A Systematic Literature Review.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094419. 

55. Bhatta, Ayush, Donghyun Baek, and Jeong-Geun Kim. 2022. “A 60 GHz CMOS i/q Receiver for High-

Speed Wireless Communication System.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094468. 

56. Bio, Ana, José Alberto Gonçalves, Isabel Iglesias, Helena Granja, José Pinho, and Luísa Bastos. 

2022. “Linking Short- to Medium-Term Beach Dune Dynamics to Local Features Under Wave and 

Wind Actions: A Northern Portuguese Case Study.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094365. 

57. Bobadilla, Jesús, Jorge Dueñas, Abraham Gutiérrez, and Fernando Ortega. 2022. “Deep Variational 
Embedding Representation on Neural Collaborative Filtering Recommender Systems.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094168. 

https://doi.org/10.3390/app12094619
https://doi.org/10.3390/app12094310
https://doi.org/10.3390/app12094764
https://doi.org/10.3390/app12094216
https://doi.org/10.3390/app12094566
https://doi.org/10.3390/app12094374
https://doi.org/10.3390/app12094413
https://doi.org/10.3390/app12094332
https://doi.org/10.3390/app12094438
https://doi.org/10.3390/app12094672
https://doi.org/10.3390/app12094419
https://doi.org/10.3390/app12094468
https://doi.org/10.3390/app12094365
https://doi.org/10.3390/app12094168


58. Bobenko, Nadezhda, Yurii Chumakov, and Anna Belosludtseva. 2022. “Influence of Twist-Angle 

and Concentration Disorder on the Density of Electronic States of Twisted Graphene.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094109. 

59. Bochmann, Patrick, and Birgit Jaekel. 2022. “Measures and Methods for the Evaluation of ATO 

Algorithms.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094570. 

60. Bogdanovská, Gabriela, Vieroslav Molnár, Gabriel Fedorko, and Dagmar Bednárová. 2022. 

“Research into Possibilities of Reducing Noise Emissions in the Sandy Gravel Production 

Process&mdash;case Study.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094398. 

61. Bollon, Jordy, Michela Assale, Andrea Cina, Stefano Marangoni, Matteo Calabrese, Chiara Beatrice 

Salvemini, Jean Marc Christille, Stefano Gustincich, and Andrea Cavalli. 2022. “Investigating How 
Reproducibility and Geometrical Representation in UMAP Dimensionality Reduction Impact the 

Stratification of Breast Cancer Tumors.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094247. 

62. Bomba, Grzegorz, Artur Ornat, Piotr Gierlak, and Magdalena Muszyńska. 2022. “On-Machine 

Measurements for Aircraft Gearbox Machining Process Assisted by Adaptive Neuro-Fuzzy 

Inference System.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094780. 

63. Boolani, Ali, Daniel Fuller, Sumona Mondal, and Eric Gumpricht. 2022. “Trait Energy and Fatigue 
Modify Acute Ingestion of an Adaptogenic-Rich Beverage on Neurocognitive Performance.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094466. 

64. Bowkett, Mark, Mian Hammad Nazir, Muhammad Majid Hussain, Zulfiqar Ahmad Khan, and 

Rizwan Akram. 2022. “Failure Detection Within Composite Materials in System Engineering 

Applications.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094283. 

65. Bräuer-Burchardt, Christian, Christoph Munkelt, Michael Bleier, Matthias Heinze, Ingo Gebhart, 

Peter Kühmstedt, and Gunther Notni. 2022. “A New Sensor System for Accurate 3D Surface 
Measurements and Modeling of Underwater Objects.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094139. 

66. Bressi, Federica, Fabio Santacaterina, Laura Cricenti, Benedetta Campagnola, Francesca Nasto, 

Carla Assenza, Daniela Morelli, et al. 2022. “Robotic-Assisted Hand Therapy with Gloreha Sinfonia 

for the Improvement of Hand Function After Pediatric Stroke: A Case Report.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094206. 

67. Brož, Jiří, Tomáš Tichý, Vangelis Angelakis, and Zuzana Bělinová. 2022. “Usage of V2X Applications 
in Road Tunnels.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094624. 

68. Brusa, Eugenio, Cristiana Delprete, and Lorenzo Giorio. 2022. “Smart Manufacturing in Rolling 
Process Based on Thermal Safety Monitoring by Fiber Optics Sensors Equipping Mill Bearings.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094186. 

69. Budai, Adam, Ferenc Imre Suhai, Kristof Csorba, Zsofia Dohy, Liliana Szabo, Bela Merkely, and 

Hajnalka Vago. 2022. “Automated Classification of Left Ventricular Hypertrophy on Cardiac MRI.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094151. 

70. Buivydas, Egidijus, Kęstutis Navickas, Kęstutis Venslauskas, Bronius Žalys, Vidmantas Župerka, and 

Mantas Rubežius. 2022. “Biogas Production Enhancement Through Chicken Manure Co-Digestion 

with Pig Fat.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094652. 

71. Bustamante-Orellana, Carlos, Dingyong Bai, Jordy Cevallos-Chavez, Yun Kang, Benjamin Pyenson, 

and Congbo Xie. 2022. “Hierarchy Establishment from Nonlinear Social Interactions and Metabolic 
Costs: An Application to Harpegnathos Saltator.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094239. 

72. Cadle, Rachel, Dan Rogozea, Leni Moldovan, and Nicanor I. Moldovan. 2022. “Design and 
Implementation of Anatomically Inspired Mesenteric and Intestinal Vascular Patterns for 

Personalized 3D Bioprinting.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094430. 

73. Cai, Song, Wenhao Liu, Jinchao Song, Kai Deng, and Yinghong Tang. 2022. “Research and Progress 
on Truing and Sharpening Process of Diamond Abrasive Grinding Tools.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094683. 

https://doi.org/10.3390/app12094109
https://doi.org/10.3390/app12094570
https://doi.org/10.3390/app12094398
https://doi.org/10.3390/app12094247
https://doi.org/10.3390/app12094780
https://doi.org/10.3390/app12094466
https://doi.org/10.3390/app12094283
https://doi.org/10.3390/app12094139
https://doi.org/10.3390/app12094206
https://doi.org/10.3390/app12094624
https://doi.org/10.3390/app12094186
https://doi.org/10.3390/app12094151
https://doi.org/10.3390/app12094652
https://doi.org/10.3390/app12094239
https://doi.org/10.3390/app12094430
https://doi.org/10.3390/app12094683


74. Cai, Xiaowei, Zhihe Fu, Huangsheng Xie, Jiaxiang Xue, Duhan Ding, Ning Ou, and Gang Zhou. 2022. 

“Resonant Power Supply for Plasma Cleaning Based on Fuzzy Logic Power Tracking.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094681. 

75. Calabrese, Francesca, Alberto Regattieri, Raffaele Piscitelli, Marco Bortolini, and Francesco 

Gabriele Galizia. 2022. “Genetic Programming-Based Feature Construction for System Setting 

Recognition and Component-Level Prognostics.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094749. 

76. CANATALAY, Peren Jerfi, and Osman Nuri Ucan. 2022. “A Bidirectional LSTM-RNN and GRU 

Method to Exon Prediction Using Splice-Site Mapping.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094390. 

77. Cao, Bo, Chenghai Li, Yafei Song, Yueyi Qin, and Chen Chen. 2022. “Network Intrusion Detection 
Model Based on CNN and GRU.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094184. 

78. Cao, Yanhui, Shuo Fang, Kaifeng Chen, Haixia Qi, Xinyue Zhang, Congshu Huang, Jingjing Wang, 

and Jianchun Liu. 2022. “Insight into the Preparation of MgAl-Layered Double Hydroxide (LDH) 

Intercalated with Nitrates and Chloride Adsorption Ability Study.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094492. 

79. Cappello, Annalisa, Giuseppe Bilotta, and Gaetana Ganci. 2022. “Modeling of Geophysical Flows 
Through GPUFLOW.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094395. 

80. Caravaggi, Paolo, Alessandro Zomparelli, Giulia Rogati, Massimiliano Baleani, Roberta Fognani, 

Franco Cevolini, Cristina Fanciullo, et al. 2022. “Development of a Novel Passive-Dynamic Custom 

AFO for Drop-Foot Patients: Design Principles, Manufacturing Technique, Mechanical Properties 

Characterization and Functional Evaluation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094721. 

81. Cardoso, Elsa, and Xiaomeng Su. 2022. “Designing a Business Intelligence and Analytics Maturity 

Model for Higher Education: A Design Science Approach.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094625. 

82. Carnahan, Patrick, John Moore, Daniel Bainbridge, Elvis C. S. Chen, and Terry M. Peters. 2022. 

“Multi-View 3D Transesophageal Echocardiography Registration and Volume Compounding for 

Mitral Valve Procedure Planning.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094562. 

83. Casado, Natalia, Sonia Morante-Zarcero, and Isabel Sierra. 2022. “Application of the QuEChERS 
Strategy as a Useful Sample Preparation Tool for the Multiresidue Determination of Pyrrolizidine 

Alkaloids in Food and Feed Samples: A Critical Overview.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094325. 

84. Castelli, Mauro, and Luca Manzoni. 2022. “Special Issue: Generative Models in Artificial 
Intelligence and Their Applications.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094127. 

85. Castro-Franco, Angel D., Ismael Mendoza-Muñoz, Alvaro González-Angeles, Mildrend I. Montoya-

Reyes, and Nun Pitalúa-Díaz. 2022. “Optimization of Locking Plate Screw Angle Used to Treat Two-

Part Proximal Humerus Fractures to Maintain Fracture Stability.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094739. 

86. Cataldo, Matteo, Massimiliano Clemenza, Katsuiko Ishida, and Adrian D. Hillier. 2022. “A Novel 
Non-Destructive Technique for Cultural Heritage: Depth Profiling and Elemental Analysis 

Underneath the Surface with Negative Muons.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094237. 

87. Cecoro, Gennaro, Debora Bencivenga, Marco Annunziata, Nunzio Cennamo, Fulvio Della Ragione, 

Alessandro Formisano, Angelantonio Piccirillo, et al. 2022. “Effects of Magnetic Stimulation on 
Dental Implant Osseointegration: A Scoping Review.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094496. 

88. Cekikj, Miodrag, Milena Jakimovska Özdemir, Slobodan Kalajdzhiski, Orhan Özcan, and Osman 

Uğur Sezerman. 2022. “Understanding the Role of the Microbiome in Cancer Diagnostics and 

https://doi.org/10.3390/app12094681
https://doi.org/10.3390/app12094749
https://doi.org/10.3390/app12094390
https://doi.org/10.3390/app12094184
https://doi.org/10.3390/app12094492
https://doi.org/10.3390/app12094395
https://doi.org/10.3390/app12094721
https://doi.org/10.3390/app12094625
https://doi.org/10.3390/app12094562
https://doi.org/10.3390/app12094325
https://doi.org/10.3390/app12094127
https://doi.org/10.3390/app12094739
https://doi.org/10.3390/app12094237
https://doi.org/10.3390/app12094496


Therapeutics by Creating and Utilizing ML Models.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094094. 

89. Centauro, Irene, Jacopo Giuseppe Vitale, Sara Calandra, Teresa Salvatici, Claudio Natali, Michele 

Coppola, Emanuele Intrieri, and Carlo Alberto Garzonio. 2022. “A Multidisciplinary Methodology 
for Technological Knowledge, Characterization and Diagnostics: Sandstone Facades in Florentine 

Architectural Heritage.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094266. 

90. Cercenelli, Laura, Matteo Zoli, Barbara Bortolani, Nico Curti, Davide Gori, Arianna Rustici, Diego 

Mazzatenta, and Emanuela Marcelli. 2022. “3D Virtual Modeling for Morphological 
Characterization of Pituitary Tumors: Preliminary Results on Its Predictive Role in Tumor Resection 

Rate.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094275. 

91. Cha, Hyun-Jong, Ho-Kyung Yang, and You-Jin Song. 2022. “A Study on Vehicle Monitoring Service 
Using Attribute-Based Security Scheme in Cyber&ndash;physical Systems.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094300. 

92. Chae, Byung Gyu. 2022. “Expansion of Image Space in Enhanced-NA Fresnel Holographic Display.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094148. 

93. Chang, Wenhao, Xiaopei Cai, Qihao Wang, Xueyang Tang, Jialin Sun, and Fei Yang. 2022. “The 
Influence of Track Irregularity in Front of the Turnout on the Dynamic Performance of Vehicles.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094169. 

94. Cheikh-Mohamad, Saleh, Manuela Sechilariu, and Fabrice Locment. 2022. “Real-Time Power 

Management Including an Optimization Problem for PV-Powered Electric Vehicle Charging 

Stations.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094323. 

95. Chelmiah, Eoghan T., Violeta I. McLoone, and Darren F. Kavanagh. 2022. “Remaining Useful Life 
Estimation of Rotating Machines Through Supervised Learning with Non-Linear Approaches.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094136. 

96. Chen, Lijiang, Jie Ren, Xia Mao, and Qi Zhao. 2022. “Electroglottograph-Based Speech Emotion 

Recognition via Cross-Modal Distillation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094338. 

97. Chen, Mengnan, Lun Xie, Chiqin Li, and Zhiliang Wang. 2022. “Research on Emotion Recognition 
for Online Learning in a Novel Computing Model.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094236. 

98. Chen, Peiyu, Chengyi Lu, Zhaoyong Mao, Wenlong Tian, Liteng Zeng, Mengjie Li, Jiming Zhang, and 

Bo Li. 2022. “Capacity Estimation Models of Primary Lithium Batteries During Whole Life Cycle of 
Underwater Vehicles.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094761. 

99. Chen, Qizhi, Luju Liang, Changjie Xu, Baoping Zou, and Xiangxiang Gao. 2022. “Three-Dimensional 

Theoretical Model for Soil Arching with Inclined Slip Surfaces.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094716. 

100. Chen, Ruoqi, Gaoxiang Chen, Xi Liu, Xing Ai, and Haiyan Zhu. 2022. “Reliability Prediction 
Method for Low-Cycle Fatigue Life of Compressor Disks Based on the Fusion of Simulation and 

Zero-Failure Data.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094318. 

101. Chen, Shengmei, Zhaocheng He, and Jiaming Zhong. 2022. “Integrated Framework for Bus 
Timetabling and Scheduling in Multi-Line Operation Mode.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094210. 

102. Chen, Song, Wenjian Chen, and Jin Huang. 2022. “Study of Variable Thickness 
Magnetorheological Transmission Performance of Electrothermal Shape Memory Alloy Squeeze.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094297. 

103. Chen, Xiangwei, Zhijin Zhao, Xueyi Ye, Shilian Zheng, Caiyi Lou, and Xiaoniu Yang. 2022. 

“Efficient Open-Set Recognition for Interference Signals Based on Convolutional Prototype 

Learning.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094380. 

104. Chen, Xiaolan, Feilong Zheng, Wenbing Gan, and Shixiong Xing. 2022. “Exploration and 
Research on Key Technologies for Improving the Response Speed of Servo-Hydraulic Cylinders.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094162. 

https://doi.org/10.3390/app12094094
https://doi.org/10.3390/app12094266
https://doi.org/10.3390/app12094275
https://doi.org/10.3390/app12094300
https://doi.org/10.3390/app12094148
https://doi.org/10.3390/app12094169
https://doi.org/10.3390/app12094323
https://doi.org/10.3390/app12094136
https://doi.org/10.3390/app12094338
https://doi.org/10.3390/app12094236
https://doi.org/10.3390/app12094761
https://doi.org/10.3390/app12094716
https://doi.org/10.3390/app12094318
https://doi.org/10.3390/app12094210
https://doi.org/10.3390/app12094297
https://doi.org/10.3390/app12094380
https://doi.org/10.3390/app12094162


105. Chen, Yang, Nan Li, Wei Zeng, and Yongliang Wu. 2022. “Curved Path Following Control for a 
Small Fixed-Wing UAV with Parameters Adaptation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094187. 

106. Chen, Yinan, Chuanpeng Wang, and Dong Li. 2022. “An Information-Theoretic Approach for 

Detecting Community Structure Based on Network Representation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094203. 

107. Cheng, Baixin, Xin Cheng, Shao Song, Rougang Zhou, and Shuai Deng. 2022. “Suppression of 
Harmonic Current in Magnetic Bearing&ndash;rotor System with Redundant Structure.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094126. 

108. Cheng, Ching-Hsue, Ming-Chi Tsai, and Yi-Chen Cheng. 2022. “An Intelligent Time-Series Model 

for Forecasting Bus Passengers Based on Smartcard Data.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094763. 

109. Cheng, Yu, Shuai Chen, Zeyu Liao, and Niujun Zhou. 2022. “Multi-Scale Factor Image Super-

Resolution Algorithm with Information Distillation Network.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094131. 

110. Cho, Yeongkwang, Pengzhan Liu, Sanghuck Jeon, Jungryul Lee, Sunghoon Bae, Seokjun Hong, 

Young Hwan Kim, and Taesung Kim. 2022. “Simulation and Experimental Investigation of the 

Radial Groove Effect on Slurry Flow in Oxide Chemical Mechanical Polishing.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094339. 

111. Choi, Jeong-Myeong, Yoon-Kyoung Lee, Jong-Dae Kim, Chan-Young Park, and Yu-Seop Kim. 

2022. “Machine Learning-Based Automatic Utterance Collection Model for Language 

Development Screening of Children.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094747. 

112. Choi, Jung-Youl. 2022. “Experimental Study on Settlement Behavior of Ballasted Tracks with 
Polymer Compound-Coated Gravel.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094418. 

113. Choi, Na Ri, Jeong Nam Kim, and Byung Joo Kim. 2022. “Trypsin Depolarizes Pacemaker 
Potentials in Murine Small Intestinal Interstitial Cells of Cajal.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094755. 

114. Choi, Na Ri, Jeong Nam Kim, Min Jae Lee, and Byung Joo Kim. 2022. “Inhibitory Effects of 
Jakyakgamcho-Tang (Glycyrrhiza Uralensis and Paeonia Lactiflora) on the Pacemaker Potential of 

the Interstitial Cells of Cajal in the Murine Small Intestine.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094175. 

115. Choi, Yujin, and Yoon Sang Kim. 2022. “An Adaptive UI Based on User-Satisfaction Prediction 

in Mixed Reality.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094559. 

116. Christoforaki, Maria, and Oya Beyan. 2022. “AI Ethics&mdash;a Bird&rsquo;s Eye View.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094130. 

117. Chu, Yeonouk, Jaeho Lee, Sungjoong Kim, Hyunjoong Kim, Yongtae Yoon, and Hyeyoung 

Chung. 2022. “Review of Offline Payment Function of CBDC Considering Security Requirements.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094488. 

118. Chumachenko, Dmytro, Pavlo Piletskiy, Marya Sukhorukova, and Tetyana Chumachenko. 2022. 

“Predictive Model of Lyme Disease Epidemic Process Using Machine Learning Approach.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094282. 

119. Clark, Nicholas C., and Jamie Pethick. 2022. “Variability and Complexity of Knee Neuromuscular 
Control During an Isometric Task in Uninjured Physically Active Adults: A Secondary Analysis 

Exploring Right/Left and Dominant/Nondominant Asymmetry.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094762. 

120. Condoroţeanu, Cristina-Daria, Lidia Gurău, Camelia Coşereanu, and Sergiu-Valeriu Georgescu. 

2022. “A Proposed Method to Evaluate the Effect of Changing the Kerfing Parameters Upon the 
Static Bending Behavior of Flexible Plywood Panels Cut by Laser.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094303. 

https://doi.org/10.3390/app12094187
https://doi.org/10.3390/app12094203
https://doi.org/10.3390/app12094126
https://doi.org/10.3390/app12094763
https://doi.org/10.3390/app12094131
https://doi.org/10.3390/app12094339
https://doi.org/10.3390/app12094747
https://doi.org/10.3390/app12094418
https://doi.org/10.3390/app12094755
https://doi.org/10.3390/app12094175
https://doi.org/10.3390/app12094559
https://doi.org/10.3390/app12094130
https://doi.org/10.3390/app12094488
https://doi.org/10.3390/app12094282
https://doi.org/10.3390/app12094762
https://doi.org/10.3390/app12094303


121. Cortes-Vega, David, Hussain Alazki, and Jose Luis Rullan-Lara. 2022. “Current Sensorless MPPT 
Control for PV Systems Based on Robust Observer.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094360. 

122. Costa, Diogo, Miguel Costa, and Sandro Pinto. 2022. “Train Me If You Can: Decentralized 
Learning on the Deep Edge.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094653. 

123. Couto, Nil, and Josep M. Bergada. 2022. “Aerodynamic Efficiency Improvement on a NACA-

8412 Airfoil via Active Flow Control Implementation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094269. 

124. Cui, Tian-Rui, Ding Li, Xiao-Rui Huang, An-Zhi Yan, Yu Dong, Jian-Dong Xu, Yi-Zhe Guo, et al. 

2022. “Graphene-Based Flexible Electrode for Electrocardiogram Signal Monitoring.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094526. 

125. Da Col, Federico, Flavio Accaino, Gualtiero Böhm, and Fabio Meneghini. 2022. “Analysis of the 
Seismic Properties for Engineering Purposes of the Shallow Subsurface: Two Case Studies from 

Italy and Croatia.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094535. 

126. Daffalla, Samah B., Hilmi Mukhtar, Maizatul S. Shaharun, and Abdalhaleem A. Hassaballa. 2022. 

“Fixed-Bed Adsorption of Phenol onto Microporous Activated Carbon Set from Rice Husk Using 

Chemical Activation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094354. 

127. Daghigh Ahmadi, Ehsaneh, Saudah Hafeji, Zohaib Khurshid, Eisha Imran, Muhammad Sohail 

Zafar, Morvarid Saeinasab, and Farshid Sefat. 2022. “Biophotonics in Dentistry.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094254. 

128. Dai, Yuqi, Tie Zheng, Changbin Xue, and Li Zhou. 2022. “Effective Multi-Frame Optical Detection 

Algorithm for GEO Space Objects.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094610. 

129. Das, Madhurima, Chandan Kumar Deb, Ram Pal, and Sudeep Marwaha. 2022. “A Machine 
Learning Approach for the Non-Destructive Estimation of Leaf Area in Medicinal Orchid 

Dendrobium Nobile l.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094770. 

130. Delullier, Pierre, Guillaume Druart, Florence De La Barrière, Laurent Calvez, and Matthieu 

Lancry. 2022. “Femtosecond Laser Direct Writing of Gradient Index Fresnel Lens in GeS2-Based 

Chalcogenide Glass for Imaging Applications.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094490. 

131. Demarinis, Giuseppe, Daniela Mazzuca, Filippo Tatti, Massimiliano Borselli, Alessandra 

Mancini, Adriano Carnevali, Laura Logozzo, et al. 2022. “Effect of the First Year of COVID-19 

Pandemic on Ophthalmological Practice: A Multi-Centre Italian Study with a Focus on Medico-

Legal Aspects.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094453. 

132. Deng, Xinyang, Tianhan Gao, Nan Guo, Jiayu Qi, and Cong Zhao. 2022. “PAS: Privacy-Preserving 

Authentication Scheme Based on SDN for VANETs.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094791. 

133. Di Nitto, Antonio, Federico Davide, Emanuele Vardaci, Davide Bianco, Giovanni La Rana, and 

Daniela Mercogliano. 2022. “The New Physics in LILITA_N21: An Improved Description of the 

Reaction 190 MeV 40Ar + 27Al.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094107. 

134. Díaz-Rubio, Elena, Jaume Segura-Garcia, Rafael Fayos-Jordan, Salvador Cerdá, Rosa M. Cibrián, 

and Alicia Giménez-Pérez. 2022. “Soundscape Evaluation of a Heritage Event in an Open 
Environment: The Water Tribunal of the Plain of Valencia (Spain).” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094292. 

135. Diliberto, Iole Serena, and Emanuela Gennaro. 2022. “The Thermal Imbalances Recorded at 
the NE Rift During the 2012 Explosive Activity at the South East Cone (Mt. Etna, Italy).” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094471. 

136. Ding, Zikun, Zhichao Wang, Bowen Zhang, Guo-Quan Lu, and Yun-Hui Mei. 2022. “A Reliable 
Way to Improve Electrochemical Migration (ECM) Resistance of Nanosilver Paste as a Bonding 

Material.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094748. 

https://doi.org/10.3390/app12094360
https://doi.org/10.3390/app12094653
https://doi.org/10.3390/app12094269
https://doi.org/10.3390/app12094526
https://doi.org/10.3390/app12094535
https://doi.org/10.3390/app12094354
https://doi.org/10.3390/app12094254
https://doi.org/10.3390/app12094610
https://doi.org/10.3390/app12094770
https://doi.org/10.3390/app12094490
https://doi.org/10.3390/app12094453
https://doi.org/10.3390/app12094791
https://doi.org/10.3390/app12094107
https://doi.org/10.3390/app12094292
https://doi.org/10.3390/app12094471
https://doi.org/10.3390/app12094748


137. Dizet, Nina, Bernard Porterie, Yannick Pizzo, Maxime Mense, Nicolas Sardoy, David Alibert, 

Julien Louiche, Timothé Porterie, and Priscilla Pouschat. 2022. “Fire Risk Analysis in Large Multi-
Compartment Structures Using a Hybrid Multiscale Approach.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094123. 

138. Dodi, Gianina, Diana Popescu, Florina Daniela Cojocaru, Mihaela Aradoaei, Romeo Cristian 

Ciobanu, and Cosmin Teodor Mihai. 2022. “Use of Fourier-Transform Infrared Spectroscopy for 

DNA Identification on Recycled PET Composite Substrate.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094371. 

139. Du, Xiaofei, Xin Liao, Qidi Fu, and Chaoyong Zong. 2022. “Vibro-Acoustic Analysis of 

Rectangular Plate-Cavity Parallelepiped Coupling System Embedded with 2D Acoustic Black 

Holes.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094097. 

140. Du, Xing, Yongfu Sun, Yupeng Song, Qikun Zhou, and Zongxiang Xiu. 2022. “Using a Machine 
Learning Method to Predict the Penetration Depth of a Gravity Corer.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094457. 

141. Duan, Xuelu, Biao Zhong, Yongqing Lei, Chaoyu Wang, Jiajin Xu, Ziheng Zhang, Jingxin Ding, and 

Jianping Yin. 2022. “Accurate Characterization of the Properties of the Rare-Earth-Doped Crystal 

for Laser Cooling.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094447. 

142. Duan, Zhuoqi, Zaixin Xie, Bao Zhou, Xiaobo Yang, Heng-Yong Nie, and Yongmao Hu. 2022. 

“Natural Stones with a Self-Cleaning Surface via Self-Assembled Monolayers.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094771. 

143. Dyga, Łukasz, Mohammed Alhasheem, Pooya Davari, and Zbigniew Rymarski. 2022. 

“Robustness of Model-Predictive and Passivity-Based Control in the Three-Phase DC/AC Converter 

Application.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094329. 

144. Ehsan, Adeel, Mohammed Ahmad M. E. Abuhaliqa, Cagatay Catal, and Deepti Mishra. 2022. 

“RESTful API Testing Methodologies: Rationale, Challenges, and Solution Directions.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094369. 

145. El Hamdi, Sarah, and Abdellah Abouabdellah. 2022. “Logistics: Impact of Industry 4.0.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094209. 

146. Elash, Christopher J., Zongru Li, Chen Jin, Li Chen, Jiesi Xing, Zhiwu Yang, and Shuting Shi. 2022. 

“Efficacy of Transistor Interleaving in DICE Flip-Flops at a 22 Nm FD SOI Technology Node.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094229. 

147. Elbedour, Annisa, Xiaoqian Cheng, Saravana R. K. Murthy, Taisen Zhuang, Lawan Ly, Olivia 

Jones, Giacomo Basadonna, Michael Keidar, and Jerome Canady. 2022. “The Granger Causal 

Effects of Canady Helios Cold Plasma on the Inhibition of Breast Cancer Cell Proliferation.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094622. 

148. Elkhider, Siddig M., Sami El-Ferik, and Abdul-Wahid A. Saif. 2022. “Denial of Service Attack of 
QoS-Based Control of Multi-Agent Systems.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094315. 

149. Essen, Rick van, Ben Harel, Gert Kootstra, and Yael Edan. 2022. “Dynamic Viewpoint Selection 
for Sweet Pepper Maturity Classification Using Online Economic Decisions.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094414. 

150. Esteban-Gorgojo, Ignacio, Manuel Jorge Rial, and Joaquín Sastre. 2022. “The Influence of 
Peripheral Blood Eosinophil Counts in Asthma Comorbidities in Adults: A Real Life Study.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094271. 

151. Faheem, Sahibzada Muhammad, Mohammad Inayatullah Babar, Ruhul Amin Khalil, and 

Nagham Saeed. 2022. “Performance Analysis of Selected Machine Learning Techniques for 
Estimating Resource Requirements of Virtual Network Functions (VNFs) in Software Defined 

Networks.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094576. 

152. Faheem, Zaid Bin, Mubashir Ali, Muhammad Ahsan Raza, Farrukh Arslan, Jehad Ali, Mehedi 

Masud, and Mohammad Shorfuzzaman. 2022. “Image Watermarking Scheme Using LSB and 
Image Gradient.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094202. 

https://doi.org/10.3390/app12094123
https://doi.org/10.3390/app12094371
https://doi.org/10.3390/app12094097
https://doi.org/10.3390/app12094457
https://doi.org/10.3390/app12094447
https://doi.org/10.3390/app12094771
https://doi.org/10.3390/app12094329
https://doi.org/10.3390/app12094369
https://doi.org/10.3390/app12094209
https://doi.org/10.3390/app12094229
https://doi.org/10.3390/app12094622
https://doi.org/10.3390/app12094315
https://doi.org/10.3390/app12094414
https://doi.org/10.3390/app12094271
https://doi.org/10.3390/app12094576
https://doi.org/10.3390/app12094202


153. Fan, Lutai, Peng Jia, Yuxin Lei, Qiang Cui, Yongyi Chen, Li Qin, Lei Liang, et al. 2022. “Modulation 
Characteristics of High-Speed Transistor Lasers.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094475. 

154. Fang, Jingxin, and Xuwei Li. 2022. “Object Detection Related to Irregular Behaviors of 
Substation Personnel Based on Improved YOLOv4.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094301. 

155. Farias, Andre L. S. de, Raul C. Almeida, and Daniel A. R. Chaves. 2022. “Traffic-Based Heuristics 

for Regenerator Placement in Translucent Dynamic Optical Networks.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094388. 

156. Farooq, Khalid, Hassan Mujtaba, Shojat Munir, Syed Zishan Ashiq, Syed Minhaj Saleem Kazmi, 

and Muhammad Junaid Munir. 2022. “Evaluation of the Impact of Fines on the Performance of 
Sub-Base Materials.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094513. 

157. Fazel-Niari, Zargham, Amir H. Afkari-Sayyah, Yousef Abbaspour-Gilandeh, Israel Herrera-

Miranda, José Luis Hernández-Hernández, and Mario Hernández-Hernández. 2022. “Quality 

Assessment of Components of Wheat Seed Using Different Classifications Models.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094133. 

158. Fernández Castellano, Erick Rafael, Magaly Teresa Marquez Sanchez, and Javier Flores Fraile. 

2022. “Study of Elevation Forces and Resilience of the Schneiderian Membrane Using a New 
Balloon Device in Maxillary Sinus Elevations on Pig Head Cadavers.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094406. 

159. Fernández, Unai J., Sonia Elizondo, Naroa Iriarte, Rafael Morales, Amalia Ortiz, Sebastian 

Marichal, Oscar Ardaiz, and Asier Marzo. 2022. “A Multi-Object Grasp Technique for Placement of 

Objects in Virtual Reality.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094193. 

160. Ferri, Josipa, Sanja Matić-Skoko, Rozelindra Čož-Rakovac, Ivančica Strunjak-Perović, Blanka 
Beer Ljubić, and Natalija Topić Popović. 2022. “Assessment of Fish Health: Seasonal Variations in 
Blood Parameters of the Widely Spread Mediterranean Scorpaenid Species, Scorpaena Porcus.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094106. 

161. Feuchtwanger, Jorge, Victor Etxebarria, Joaquin Portilla, Josu Jugo, Iñigo Arredondo, Inari 

Badillo, Estibaliz Asua, et al. 2022. “New Generation Compact Linear Accelerator for Low-Current, 

Low-Energy Multiple Applications.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094118. 

162. Fîciu, Ionuţ-Dorinel, Jacob Benesty, Laura-Maria Dogariu, Constantin Paleologu, and Silviu 

Ciochină. 2022. “Efficient Algorithms for Linear System Identification with Particular Symmetric 
Filters.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094263. 

163. Fontana, Jacopo Maria, Michele Gobbi, Paolo Piterà, Emanuele Maria Giusti, and Paolo 

Capodaglio. 2022. “Whole-Body Cryostimulation in Fibromyalgia: A Scoping Review.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094794. 

164. Fratini, Fabio, Silvia Rescic, Oana Adriana Cuzman, and Paolo Pierattini. 2022. “The Alteration 
of Giglio Island Granite: Relevance to the Conservation of Monumental Architecture.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094588. 

165. Freemantle, Ryan, Nick Butson, Janet Goodfellow, Julie Konzuk, and James G. Longstaffe. 2022. 

“Nuclear Magnetic Resonance Spectroscopy Analysis of Anaerobic Microbial Metabolic Response 

to Benzalkonium Chloride Disinfectant.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094620. 

166. Fu, Bo, Xiao Xiao, and Jingzhong Li. 2022. “Big Data-Driven Measurement of the Service 

Capacity of Public Toilet Facilities in China.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094659. 

167. Fukuoka, Yasuhiro, Ryunosuke Komatsu, Kenta Machii, Masaaki Yokota, Masaki Tobe, Ahmad 

Najmuddin Ibrahim, Takahiro Fukui, and Yasushi Habu. 2022. “Pace Running of a Quadruped 
Robot Driven by Pneumatic Muscle Actuators: An Experimental Study.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094146. 

https://doi.org/10.3390/app12094475
https://doi.org/10.3390/app12094301
https://doi.org/10.3390/app12094388
https://doi.org/10.3390/app12094513
https://doi.org/10.3390/app12094133
https://doi.org/10.3390/app12094406
https://doi.org/10.3390/app12094193
https://doi.org/10.3390/app12094106
https://doi.org/10.3390/app12094118
https://doi.org/10.3390/app12094263
https://doi.org/10.3390/app12094794
https://doi.org/10.3390/app12094588
https://doi.org/10.3390/app12094620
https://doi.org/10.3390/app12094659
https://doi.org/10.3390/app12094146


168. Gan, Lu, Lihong Wei, Shan Huang, Benjamin Lev, and Wen Jiang. 2022. “Evaluation of 
City&ndash;industry Integration Development and Regional Differences Under the New 

Urbanization: A Case Study of Sichuan.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094698. 

169. Gao, Hang, and Xia Zhang. 2022. “Landslide Susceptibility Assessment Considering Landslide 
Volume: A Case Study of Yangou Watershed on the Loess Plateau (China).” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094381. 

170. Gao, Ming, Sang Bong Lee, Jae-Eon Lee, Geum Jin Kim, Jimin Moon, Joo-Won Nam, Jong-Sup 

Bae, Jungwook Chin, Yong Hyun Jeon, and Hyukjae Choi. 2022. “Anti-Inflammatory Butenolides 

from a Marine-Derived Streptomyces Sp. 13G036.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094510. 

171. Gao, Xueqing, Ding Wang, Zhaoliang Jiang, Xinde Li, and Guopeng Chen. 2022. “Effect of 
Adjuvants on the Wetting Behaviors of Bifenthrin Droplets on Tea Leaves.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094217. 

172. Gao, Yadong, Dawei Huang, Xinyu Yu, and Huaqin Zhang. 2022. “Bionic Intelligent Algorithms 
Used in Helicopter Individual Blade Control Optimization.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094392. 

173. Garcia, Yuly V., Oscar Garzon, Fabio Andrade, Agustin Irizarry, and Omar F. Rodriguez-

Martinez. 2022. “Methodology to Implement a Microgrid in a University Campus.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094563. 

174. García, Alberto, J. Ernesto Solanes, Adolfo Muñoz, Luis Gracia, and Josep Tornero. 2022. 

“Augmented Reality-Based Interface for Bimanual Robot Teleoperation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094379. 

175. García, Eduardo Martínez, Marcos García Alberti, and Antonio Alfonso Arcos Álvarez. 2022. 

“Measurement-While-Drilling Based Estimation of Dynamic Penetrometer Values Using Decision 

Trees and Random Forests.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094565. 

176. García, Julieth Stefany, José D. Morcillo, Johan Manuel Redondo, and Mauricio Becerra-

Fernandez. 2022. “Automobile Technological Transition Scenarios Based on Environmental 
Drivers.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094593. 

177. Garde-Cerdán, Teresa, Itziar Sáenz de Urturi, Rebeca Murillo-Peña, Miquel Iribarren, Sandra 

Marín-San Román, Pilar Rubio-Bretón, and Eva P. Pérez-Álvarez. 2022. “Bottle Aging Affected 
Aromatic and Phenolic Wine Composition More Than Yeast Starter Strains.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094478. 

178. Garrido-Parada, Sara, Pablo Castelo-Baz, Nancy Feijoo-Pato, José Gaviño-Orduña, and 

Benjamín Martín-Biedma. 2022. “Endodontic Regenerative Procedures in Necrotic Adult Teeth.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094212. 

179. Gbadamosi, Saheed Lekan, and Nnamdi I. Nwulu. 2022. “Optimal Configuration of Hybrid 
Energy System for Rural Electrification of Community Healthcare Facilities.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094262. 

180. Gejo-García, Javier, Sergio Gallego-García, and Manuel García-García. 2022. “Project Design 
and Management of Optimized Self-Protection Plans: A Case Study for Spanish Public Buildings.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094401. 

181. Gentili, Stefania, Rita Di Giovambattista, Robert Shcherbakov, and Filippos Vallianatos. 2022. 

“Editorial of the Special Issue &Ldquo;statistics and Pattern Recognition Applied to the Spatio-

Temporal Properties of Seismicity&rdquo;” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094504. 

182. Gervasi, Teresa, Manuela D’Arrigo, Rossana Rando, Maria Teresa Sciortino, Arianna Carughi, 
Davide Barreca, and Giuseppina Mandalari. 2022. “The Antimicrobial Potential of Hexane Oils and 
Polyphenols-Rich Extracts from Pistacia Vera l.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094389. 

https://doi.org/10.3390/app12094698
https://doi.org/10.3390/app12094381
https://doi.org/10.3390/app12094510
https://doi.org/10.3390/app12094217
https://doi.org/10.3390/app12094392
https://doi.org/10.3390/app12094563
https://doi.org/10.3390/app12094379
https://doi.org/10.3390/app12094565
https://doi.org/10.3390/app12094593
https://doi.org/10.3390/app12094478
https://doi.org/10.3390/app12094212
https://doi.org/10.3390/app12094262
https://doi.org/10.3390/app12094401
https://doi.org/10.3390/app12094504
https://doi.org/10.3390/app12094389


183. Gheorghitoaie, Madalin-Vasile, Ilie Bodale, Vladut Achitei, Gabriel-Ciprian Teliban, Alexandru 

Cojocaru, Gianluca Caruso, Gabriela Mihalache, and Vasile Stoleru. 2022. “Potential of Continuous 
Electric Current on Biometrical, Physiological and Quality Characteristics of Organic Tomato.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094211. 

184. Giaconia, Cettina, and Aziz Chamas. 2022. “GAIA: Great-Distribution Artificial Intelligence-

Based Algorithm for Advanced Large-Scale Commercial Store Management.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094798. 

185. Gibson, Matthew, Randy Q. Cron, Matthew L. Stoll, Brian E. Kinard, Tessa Patterson, and Chung 

How Kau. 2022. “A 3D CBCT Analysis of Airway and Cephalometric Values in Patients Diagnosed 

with Juvenile Idiopathic Arthritis Compared to a Control Group.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094286. 

186. Giordano, Silvia, Angela Marika Siciliano, Matteo Donadon, Cristiana Soldani, Barbara 

Franceschini, Ana Lleo, Luca Di Tommaso, et al. 2022. “Versatile Mass Spectrometry-Based 

Intraoperative Diagnosis of Liver Tumor in a Multiethnic Cohort.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094244. 

187. Gkountas, Apostolos, Panteleimon Bakalis, Erika Ntavou, Anastasios Skiadopoulos, and 

Dimitris Manolakos. 2022. “Modelling and Parametric Analysis of a Brine Treatment Unit Using a 

High-Temperature Heat Pump and a Vacuum Evaporator.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094542. 

188. Gledacheva, Vera, Mina Pencheva, Stoyanka Nikolova, and Iliyana Stefanova. 2022. “Ability of 
2-Chloro-n-(1-(3,4-Dimethoxyphenyl)propan-2-Yl)-2-Phenylacetamide to Stimulate Endogenous 

Nitric Oxide Synthesis.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094473. 

189. Gnjatović, Milan, Ivan Košanin, Nemanja Maček, and Dušan Joksimović. 2022. “Clustering of 
Road Traffic Accidents as a Gestalt Problem.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094543. 

190. Golshadi, Zeinab, Nicola Angelo Famiglietti, Simone Atzori, and Annamaria Vicari. 2022. 

“Surface Displacement and Source Parameters of the 2021 Bandar-e Genaveh, Iran, Earthquake 

Determined from InSAR Observations.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094223. 

191. Gong, Chenjie, Yuanye Wang, Wenqi Ding, Mingfeng Lei, and Chenghua Shi. 2022. “Waterproof 
Performance of Sealing Gasket in Shield Tunnel: A Review.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094556. 

192. González-Baldizón, Yair, Madaín Pérez-Patricio, Jorge Luis Camas-Anzueto, Oscar Mario 

Rodríguez-Elías, Elias Neftali Escobar-Gómez, Hector Daniel Vazquez-Delgado, Julio Alberto 

Guzman-Rabasa, and José Armando Fragoso-Mandujano. 2022. “Lamb Behaviors Analysis Using a 
Predictive CNN Model and a Single Camera.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094712. 

193. Grešová, Zuzana, Peter Ižol, Marek Vrabeľ, Ľuboš Kaščák, Jozef Brindza, and Michal Demko. 
2022. “Influence of Ball-End Milling Strategy on the Accuracy and Roughness of Free Form 

Surfaces.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094421. 

194. Grigorev, Egor, and Viktor Nosov. 2022. “Improving Quality Control Methods to Test 
Strengthening Technologies: A Multilevel Model of Acoustic Pulse Flow.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094549. 

195. Grobelna, Iwona, and Paweł Szcześniak. 2022. “Interpreted Petri Nets Applied to Autonomous 
Components Within Electric Power Systems.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094772. 

196. Guerreiro, João, Luís Guerreiro, Seyedsajjad Hosseini, Rita Moura, and João Gomes Ferreira. 

2022. “The Design of a Structural Hyper-Resisting Element for Life-Threatening Earthquake Risk 

(SHELTER) for Building Collapse Scenarios: The Safety Chairs.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094103. 

https://doi.org/10.3390/app12094211
https://doi.org/10.3390/app12094798
https://doi.org/10.3390/app12094286
https://doi.org/10.3390/app12094244
https://doi.org/10.3390/app12094542
https://doi.org/10.3390/app12094473
https://doi.org/10.3390/app12094543
https://doi.org/10.3390/app12094223
https://doi.org/10.3390/app12094556
https://doi.org/10.3390/app12094712
https://doi.org/10.3390/app12094421
https://doi.org/10.3390/app12094549
https://doi.org/10.3390/app12094772
https://doi.org/10.3390/app12094103


197. Gunawardane, Kosala, Nisitha Padmawansa, Nihal Kularatna, Kasun Subasinghage, and Tek 

Tjing Lie. 2022. “Current Context and Research Trends in Linear DC&ndash;DC Converters.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094594. 

198. Guo, Hesong, Jianliang Sun, Jieyuan Luo, Yan Peng, and Chunlin Ye. 2022. “Thickness-Related 

Fault Diagnosis of Steel Strip Based on w-KPLS Method Considering Mechanism Weight 

Optimization.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094491. 

199. Guo, Jialiang, Aurélien Doitrand, Cheikh Sarr, Sylvain Chataigner, Laurent Gaillet, and Nathalie 

Godin. 2022. “Numerical Voids Detection in Bonded Metal/Composite Assemblies Using Acousto-

Ultrasonic Method.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094153. 

200. Guo, Jin, Yefeng Liu, Kangju Li, and Qiang Liu. 2022. “Research on an ID-PCA Early Fault 

Detection Method for Rolling Bearings.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094267. 

201. Guo, Kaiwen, Tianqu Zhai, Manoj H. Purushothama, Alexander Dobre, Shawn Meah, Elton 

Pashollari, Aabhaas Vaish, Carl DeWilde, and Mohammed N. Islam. 2022. “Contactless Vital Sign 
Monitoring System for in-Vehicle Driver Monitoring Using a Near-Infrared Time-of-Flight Camera.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094416. 

202. Guo, Yizhe, Yancong Qiao, Tianrui Cui, Fan Wu, Shourui Ji, Yi Yang, He Tian, and Tianling Ren. 

2022. “Electrospun Nanofibers for Integrated Sensing, Storage, and Computing Applications.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094370. 

203. Gupta, Kamaldeep, Sharmistha Roy, Ramesh Chandra Poonia, Raghvendra Kumar, Soumya 

Ranjan Nayak, Ayman Altameem, and Abdul Khader Jilani Saudagar. 2022. “Multi-Criteria Usability 

Evaluation of mHealth Applications on Type 2 Diabetes Mellitus Using Two Hybrid MCDM Models: 

CODAS-FAHP and MOORA-FAHP.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094156. 

204. Han, Donghai, Guangjun Zhang, Jingbo Zhao, Hong Yao, and Hong Liu. 2022. “Study on Band 
Gap and Sound Insulation Characteristics of an Adjustable Helmholtz Resonator.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094512. 

205. Han, Jin, and Hongmei Chang. 2022. “Development and Opportunities of Clean Energy in 
China.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094783. 

206. Han, Mingxuan, and Wenbao Jiang. 2022. “A Secure Communication Method Based on 
Message Hash Chain.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094505. 

207. Hariri, Nasir G., Mohammed A. AlMutawa, Ibrahim Sufian Osman, Ibrahim K. AlMadani, 

Abdulilah M. Almahdi, and Sajid Ali. 2022. “Experimental Investigation of Azimuth- and Sensor-

Based Control Strategies for a PV Solar Tracking Application.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094758. 

208. Harishidayat, Dicky, and Wasif Rehman Raja. 2022. “Quantitative Seismic Geomorphology of 
Four Different Types of the Continental Slope Channel Complexes in the Canterbury Basin, New 

Zealand.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094386. 

209. Harrou, Fouzi, Abdelkader Dairi, Abdelhafid Zeroual, and Ying Sun. 2022. “Forecasting of 
Bicycle and Pedestrian Traffic Using Flexible and Efficient Hybrid Deep Learning Approach.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094482. 

210. Hashir, Muhammad, Tauseef-ur Rehman, Praveen Kanti, Muhammad Yasar Javaid, and Cheol-

Woo Park. 2022. “Experimental Analysis on Fatigue Life Assessment of Dissimilar Aluminum Alloys 

Weld Joints Under Four-Point Rotating Bending Condition.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094408. 

211. Hazan, Avi, and Elishai Ezra Tsur. 2022. “Neuromorphic Neural Engineering Framework-

Inspired Online Continuous Learning with Analog Circuitry.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094528. 

212. He, Shuanhai, Kefan Chen, Yifan Song, Binxian Wang, Kang Wang, and Wei Hou. 2022. 

“Dynamic Analysis on the Parametric Resonance of the Tower&ndash;multicable&ndash;beam 
Coupled System.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094095. 

https://doi.org/10.3390/app12094594
https://doi.org/10.3390/app12094491
https://doi.org/10.3390/app12094153
https://doi.org/10.3390/app12094267
https://doi.org/10.3390/app12094416
https://doi.org/10.3390/app12094370
https://doi.org/10.3390/app12094156
https://doi.org/10.3390/app12094512
https://doi.org/10.3390/app12094783
https://doi.org/10.3390/app12094505
https://doi.org/10.3390/app12094758
https://doi.org/10.3390/app12094386
https://doi.org/10.3390/app12094482
https://doi.org/10.3390/app12094408
https://doi.org/10.3390/app12094528
https://doi.org/10.3390/app12094095


213. Heo, Daerak, Sungjin Lim, Gunhee Lee, Geunseop Choi, and Joonku Hahn. 2022. “Full-Parallax 

Multiview Generation with High-Speed Wide-Angle Dual-Axis Scanning Optics.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094615. 

214. Hernández-Belmonte, Alejandro, and Jesús G. Pallarés. 2022. “Effects of Velocity Loss 
Threshold During Resistance Training on Strength and Athletic Adaptations: A Systematic Review 

with Meta-Analysis.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094425. 

215. Hettich, Georg, Josef-Benedikt Weiß, Benjamin Wünsch, and Thomas M. Grupp. 2022. “Finite 
Element Analysis for Pre-Clinical Testing of Custom-Made Knee Implants for Complex 

Reconstruction Surgery.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094787. 

216. Hirose, Kazuhide, Masayuki Hirukawa, and Hisamatsu Nakano. 2022. “A New Observation in 
Spiral and Curl Antenna Configurations Above the Ground Plane.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094272. 

217. Hona, Ram Krishna, Rajesh Thapa, and Gurjot S. Dhaliwal. 2022. “Effect of Reverse Micelles 
Size on the Electron Transfer Reaction Within the Ion Pair of Co (III)/Fe (II) Complexes.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094552. 

218. Hong, Daseon, and Sungsu Park. 2022. “Avoiding Obstacles via Missile Real-Time Inference by 

Reinforcement Learning.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094142. 

219. Hong, Hye-Rim, Nam-Ki Lee, Jae Hyun Park, Ja Hyeong Ku, Jaehyun Kim, Mohamed Bayome, 

Sung-Seo Mo, and Yoon-Ah Kook. 2022. “Long-Term CBCT Evaluation of Mandibular Third Molar 

Changes After Distalization in Adolescents.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094613. 

220. Hosen, Md Sazzad, Ashkan Pirooz, Theodoros Kalogiannis, Jiacheng He, Joeri Van Mierlo, and 

Maitane Berecibar. 2022. “A Strategic Pathway from Cell to Pack-Level Battery Lifetime Model 

Development.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094781. 

221. Hossain, Md Azam, Soonwook Hwang, and Jik-Soo Kim. 2022. “Resource Profiling and 
Performance Modeling for Distributed Scientific Computing Environments.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094797. 

222. Hou, Chun-Ju, Yen-Ting Chen, Mycel A. Capilayan, Min-Wei Huang, and Ji-Jer Huang. 2022. 

“Analysis of Heart Rate Variability and Game Performance in Normal and Cognitively Impaired 
Elderly Subjects Using Serious Games.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094164. 

223. Hsieh, Hsun-Ping, Su Wu, Ching-Chung Ko, Chris Shei, Zheng-Ting Yao, and Yu-Wen Chen. 2022. 

“Forecasting Fine-Grained Air Quality for Locations Without Monitoring Stations Based on a 

Hybrid Predictor with Spatial-Temporal Attention Based Network.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094268. 

224. Hsu, Kuo-Tai, Wei-Chang Lu, Hao-Yu Jheng, Yun-Ting Hung, Xin-Zhang Chen, and Wen-Ping 

Chen. 2022. “Integrated System for Official Vehicles with Online Reservation and Moving Path 
Monitoring.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094777. 

225. Hu, Chunhe, Chenxiang Yang, Kai Li, and Junguo Zhang. 2022. “A Forest Point Cloud Real-Time 

Reconstruction Method with Single-Line Lidar Based on Visual&ndash;IMU Fusion.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094442. 

226. Hu, Jian, Lei Xu, Sangdu Guo, Yiming Sun, and Gangyan Li. 2022. “Study on Inertia Load 
Resistance Analysis Method of Light Truck Door Latch.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094171. 

227. Hu, Junyi, Zeqiang Zhang, Haixuan Qiu, Junbo Zhao, and Xuechen Xu. 2022. “Enhanced Hybrid 
Ant Colony Optimization for Machining Line Balancing Problem with Compound and Complex 

Constraints.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094200. 

228. Hu, Min, and Wei Cai. 2022. “Research on the Evacuation Characteristics of Cruise Ship 
Passengers in Multi-Scenarios.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094213. 

https://doi.org/10.3390/app12094615
https://doi.org/10.3390/app12094425
https://doi.org/10.3390/app12094787
https://doi.org/10.3390/app12094272
https://doi.org/10.3390/app12094552
https://doi.org/10.3390/app12094142
https://doi.org/10.3390/app12094613
https://doi.org/10.3390/app12094781
https://doi.org/10.3390/app12094797
https://doi.org/10.3390/app12094164
https://doi.org/10.3390/app12094268
https://doi.org/10.3390/app12094777
https://doi.org/10.3390/app12094442
https://doi.org/10.3390/app12094171
https://doi.org/10.3390/app12094200
https://doi.org/10.3390/app12094213


229. Hu, Yanxin, Gang Liu, Zhiyu Chen, and Jianwei Guo. 2022. “Object Detection Algorithm for 
Wheeled Mobile Robot Based on an Improved YOLOv4.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094769. 

230. Hu, Zifan, Yajun Luo, and Xinong Zhang. 2022. “Form Finding of Asymmetric Cable Network 
Reflector with Flexible Ring Truss.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094508. 

231. Huang, Qinghua, and Weilun Fang. 2022. “A Deep Learning Method for DOA Estimation with 
Covariance Matrices in Reverberant Environments.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094278. 

232. Huang, Shan, and Hong-Zhong Huang. 2022. “A Frame-to-Frame Scan Matching Algorithm for 

2D Lidar Based on Attention.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094341. 

233. Huang, Yewei, and Wenli Chen. 2022. “An Experimental Investigation of Passive Jet Control 
Method on Bridge Tower Wake.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094691. 

234. Huang, Zhongkai. 2022. “Resilience Evaluation of Shallow Circular Tunnels Subjected to 
Earthquakes Using Fragility Functions.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094728. 

235. Huppert, Simon, Thomas Plé, Sara Bonella, Philippe Depondt, and Fabio Finocchi. 2022. 

“Simulation of Nuclear Quantum Effects in Condensed Matter Systems via Quantum Baths.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094756. 

236. Hutchison, Christopher D. M., Alisia Fadini, and Jasper J. van Thor. 2022. “Linear and Non-

Linear Population Retrieval with Femtosecond Optical Pumping of Molecular Crystals for the 

Generalised Uniaxial and Biaxial Systems.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094309. 

237. Hyon, Joon Young, and Sang Beom Han. 2022. “Dry Eye Disease and Vitamins: A Narrative 
Literature Review.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094567. 

238. Ibrokhimov, Bunyodbek, and Justin-Youngwook Kang. 2022. “Two-Stage Deep Learning 

Method for Breast Cancer Detection Using High-Resolution Mammogram Images.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094616. 

239. Ihde, Stefan, Antonina Ihde, Olga Sipic, and Łukasz Pałka. 2022. “Peri-Implantitis: A New 

Definition Proposal Based on Unnatural Spatial Arrangement and Late Mechanical Coupling 

Between Two Cortical Bone Layers During Osseointegration Phase: Part i.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094317. 

240. Imbert, Stephane, Christophe Laot, Abdel-Ouahab Boudraa, and Jean-Jacques Szkolnik. 2022. 

“Performance Optimization of Underwater Communication Links at Different Ranges for AIS Relay 
to AUV.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094166. 

241. Incorvati, Cristina, Chiara Gulotta, Fiammetta Maria Clara Mirabile, Giovanni Badiali, and 

Claudio Marchetti. 2022. “Current Trends in Skeletal Borderline Patients: Surgical Versus 
Orthodontic Treatment Decisions&mdash;what Is the Evidence?” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094636. 

242. Innocente, Chiara, Luca Ulrich, Sandro Moos, and Enrico Vezzetti. 2022. “Augmented Reality: 
Mapping Methods and Tools for Enhancing the Human Role in Healthcare HMI.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094295. 

243. Iorio, Jessica, Giacomo Bagni, Valentina Devescovi, Roberto Duranti, Pietro De Biase, Annarosa 

Arcangeli, and Claudia Duranti. 2022. “Ultra-Low Electromagnetic Fields Application on in Vitro 

Cartilage Regeneration: A Pilot Study to Improve Treatment of Osteoarticular Diseases.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094116. 

244. Iravani, Siavash, and Rajender S. Varma. 2022. “Nanosponges for Water Treatment: Progress 
and Challenges.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094182. 

245. Islam, Shareeful, Spyridon Papastergiou, Eleni-Maria Kalogeraki, and Kitty Kioskli. 2022. 

“Cyberattack Path Generation and Prioritisation for Securing Healthcare Systems.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094443. 

https://doi.org/10.3390/app12094769
https://doi.org/10.3390/app12094508
https://doi.org/10.3390/app12094278
https://doi.org/10.3390/app12094341
https://doi.org/10.3390/app12094691
https://doi.org/10.3390/app12094728
https://doi.org/10.3390/app12094756
https://doi.org/10.3390/app12094309
https://doi.org/10.3390/app12094567
https://doi.org/10.3390/app12094616
https://doi.org/10.3390/app12094317
https://doi.org/10.3390/app12094166
https://doi.org/10.3390/app12094636
https://doi.org/10.3390/app12094295
https://doi.org/10.3390/app12094116
https://doi.org/10.3390/app12094182
https://doi.org/10.3390/app12094443


246. Jambi, Kamal Mansour, Imtiaz Hussain Khan, and Muazzam Ahmed Siddiqui. 2022. “Evaluation 
of Different Plagiarism Detection Methods: A Fuzzy MCDM Perspective.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094580. 

247. Jedamski, Rahel, Jonas Heinzel, Bernhard Karpuschewski, and Jérémy Epp. 2022. “In-Process 

Measurement of Barkhausen Noise for Detection of Surface Integrity During Grinding.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094671. 

248. Jeong, Seungwon, Dongsuk Oh, Kinam Park, and Heuiseok Lim. 2022. “Considering 
Commonsense in Solving QA: Reading Comprehension with Semantic Search and Continual 

Learning.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094099. 

249. Jeong, Young-Soo, Seung-Hyun Eem, Bub-Gyu Jeon, and Dong-Uk Park. 2022. “Evaluation of 
Structural and Functional Behavior of Battery Charger for Low/High-Frequency Motions in NPP.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094328. 

250. Jia, He, Guojin Zhu, Lina Guo, Junyi He, Binjie Liang, and Sunwen He. 2022. “An Improved Point 
Clouds Model for Displacement Assessment of Slope Surface by Combining TLS and UAV 

Photogrammetry.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094320. 

251. Jiang, Feng, and Mikihito Hirohata. 2022. “A GAN-Augmented Corrosion Prediction Model for 

Uncoated Steel Plates.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094706. 

252. Jiang, Ran, Jianyu Fu, Zhaoyang Wang, and Cunku Dong. 2022. “Grain Boundary&mdash;a 
Route to Enhance Electrocatalytic Activity for Hydrogen Evolution Reaction.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094290. 

253. Jiang, Wei, and Xinyue Zheng. 2022. “Applied Research on the Minimum Thickness of Leveling 
Layer of Non-Adhesive Flat Extruded Board System.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094673. 

254. Jiménez-López, Jesús, Maria Méndez, and Emilio Palomares. 2022. “Influence of the Electron 
Selective Contact on the Interfacial Recombination in Fresh and Aged Perovskite Solar Cells.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094545. 

255. Jin, Hojun, Sangkeum Lee, Sarvar Hussain Nengroo, and Dongsoo Har. 2022. “Development of 
Charging/Discharging Scheduling Algorithm for Economical and Energy-Efficient Operation of 

Multi-EV Charging Station.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094786. 

256. Jing, Haohao, Xin Ye, Xiaoqi Hou, Xiaoyan Qian, Peilei Zhang, Zhishui Yu, Di Wu, and Kuijun Fu. 

2022. “Effect of Weld Pool Flow and Keyhole Formation on Weld Penetration in Laser-MIG Hybrid 

Welding Within a Sensitive Laser Power Range.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094100. 

257. Joseph, Jermiah J., Clara Sun, Ting-Yim Lee, Daniel Goldman, Sanjay R. Kharche, and 

Christopher W. McIntyre. 2022. “Structure (Epicardial Stenosis) and Function (Microvascular 
Dysfunction) That Influence Coronary Fractional Flow Reserve Estimation.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094281. 

258. Jung, Chang-ho, Moon Gu Lee, Chanhyuk Nam, and Yongho Jeon. 2022. “Numerical Analysis of 
Laser Pattern Effects to Residual Stress on Metal 3D Printing.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094611. 

259. Kadri, Omrane, and Abdulrahman Alfuraih. 2022. “Buildup Factor Computation and Percentage 
Depth Dose Simulation of Tissue Mimicking Materials for an External Photon Beam 

(0.15&ndash;15 MeV).” Applied Sciences 12 (9). https://doi.org/10.3390/app12094250. 

260. Kahaleras, Mohamed Said, Guillaume Layes, François Lanzetta, and Steve Djetel-Gothe. 2022. 

“Experimental Thermofluidic Characterization of Different Metallic Regenerators Crossed by 
Alternating Air Flow.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094264. 

261. Kalyakin, Anatoly, Alexander Volkov, and Liliya Dunyushkina. 2022. “Solid-Electrolyte 

Amperometric Sensor for Simultaneous Measurement of CO and CO2 in Nitrogen.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094515. 

262. Kan, Jia, Jie Zhang, Dawei Liu, and Xin Huang. 2022. “Proxy Re-Encryption Scheme for 

Decentralized Storage Networks.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094260. 

https://doi.org/10.3390/app12094580
https://doi.org/10.3390/app12094671
https://doi.org/10.3390/app12094099
https://doi.org/10.3390/app12094328
https://doi.org/10.3390/app12094320
https://doi.org/10.3390/app12094706
https://doi.org/10.3390/app12094290
https://doi.org/10.3390/app12094673
https://doi.org/10.3390/app12094545
https://doi.org/10.3390/app12094786
https://doi.org/10.3390/app12094100
https://doi.org/10.3390/app12094281
https://doi.org/10.3390/app12094611
https://doi.org/10.3390/app12094250
https://doi.org/10.3390/app12094264
https://doi.org/10.3390/app12094515
https://doi.org/10.3390/app12094260


263. Kandil, Heba, Ahmed Soliman, Nada Elsaid, Ahmed Saied, Norah Saleh Alghamdi, Ali Mahmoud, 

Fatma Taher, and Ayman El-Baz. 2022. “Studying the Role of Cerebrovascular Changes in Different 
Compartments in Human Brains in Hypertension Prediction.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094291. 

264. Kang, Dongwoo, Jin-Ho Choi, and Hyoseok Hwang. 2022. “Autostereoscopic 3D Display System 
for 3D Medical Images.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094288. 

265. Kang, Hyewon, Wenyan Yin, Jinho Kim, and Hwy-Chang Moon. 2022. “The Competitive 
Advantage of the Indian and Korean Film Industries: An Empirical Analysis Using Natural Language 

Processing Methods.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094592. 

266. Kang, Nan, Yi Han, Tian Guan, and Siyu Wang. 2022. “Improved ADRC-Based Autonomous 

Vehicle Path-Tracking Control Study Considering Lateral Stability.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094660. 

267. Kang, Zheng, Zhihua Huang, and Chenhua Lu. 2022. “Speech Enhancement Using u-Net with 

Compressed Sensing.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094161. 

268. Kao, Yung-An, and Kun-Feng Wu. 2022. “A Low-Complexity Channel Estimation Based on a 

Least-Squares Algorithm in OFDM Systems.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094258. 

269. Kapetanakis, Theodoros N., Melina P. Ioannidou, Anargyros T. Baklezos, Christos D. 

Nikolopoulos, Eleftheria S. Sergaki, Antonios J. Konstantaras, and Ioannis O. Vardiambasis. 2022. 

“Assessment of Radiofrequency Exposure in the Vicinity of School Environments in Crete Island, 

South Greece.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094701. 

270. Kapetina, Mirna N., Milan R. Rapaić, Zoran D. Jeličić, Paolo Lino, and Guido Maione. 2022. 
“Complex-Order Models: A System Identification Point of View.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094768. 

271. Karanam, Malleswari, Lanka Krishnanand, Vijaya Kumar Manupati, Katarzyna Antosz, and Jose 

Machado. 2022. “Identification of the Critical Enablers for Perishable Food Supply Chain Using 
Deterministic Assessment Models.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094503. 

272. Karsznia, Krzysztof, and Edward Osada. 2022. “Photogrammetric Precise Surveying Based on 
the Adjusted 3D Control Linear Network Deployed on a Measured Object.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094571. 

273. Kasukawa, Yuji, Yoichi Shimada, Daisuke Kudo, Kimio Saito, Ryota Kimura, Satoaki Chida, 

Kazutoshi Hatakeyama, and Naohisa Miyakoshi. 2022. “Advanced Equipment Development and 

Clinical Application in Neurorehabilitation for Spinal Cord Injury: Historical Perspectives and 

Future Directions.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094532. 

274. Kazemimoghadam, Mahdieh, and Nicholas P. Fey. 2022. “An Activity Recognition Framework 
for Continuous Monitoring of Non-Steady-State Locomotion of Individuals with 

Parkinson&rsquo;s Disease.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094682. 

275. Kettwich, Carmen, Andreas Schrank, Hüseyin Avsar, and Michael Oehl. 2022. “A Helping 
Human Hand: Relevant Scenarios for the Remote Operation of Highly Automated Vehicles in 

Public Transport.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094350. 

276. Khaliq, Abdul, Muhammad Usman Ibrahim, Saddam Hussain, Muhammad Zia Ul Haq, Asma A. 

Al-Huqail, Muhammad Nawaz, Basharat Ali, Faheema Khan, Hyassam M. Ali, and Manzer H. 

Siddiqui. 2022. “The Hormetic Effects of a Brassica Water Extract Triggered Wheat Growth and 
Antioxidative Defense Under Drought Stress.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094582. 

277. Khan, Khalid, Ghulam Mujtaba Shah, Zafeer Saqib, Inayat Ur Rahman, Shiekh Marifatul Haq, 

Muazzam Ali Khan, Niaz Ali, et al. 2022. “Species Diversity and Distribution of Macrophytes in 
Different Wetland Ecosystems.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094467. 

278. Khan, Muhammad Abbas, Abdullah G. Al Harbi, Saad Hassan Kiani, Anis Nurashikin Nordin, 

Mehr E Munir, Sohail Imran Saeed, Javed Iqbal, Esraa Mousa Ali, Mohammad Alibakhshikenari, 

https://doi.org/10.3390/app12094291
https://doi.org/10.3390/app12094288
https://doi.org/10.3390/app12094592
https://doi.org/10.3390/app12094660
https://doi.org/10.3390/app12094161
https://doi.org/10.3390/app12094258
https://doi.org/10.3390/app12094701
https://doi.org/10.3390/app12094768
https://doi.org/10.3390/app12094503
https://doi.org/10.3390/app12094571
https://doi.org/10.3390/app12094532
https://doi.org/10.3390/app12094682
https://doi.org/10.3390/app12094350
https://doi.org/10.3390/app12094582
https://doi.org/10.3390/app12094467


and Mariana Dalarsson. 2022. “mmWave Four-Element MIMO Antenna for Future 5G Systems.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094280. 

279. Khelifi, Wissem, Hussein Awada, Sylvie Blanc, Gilles Henri Roche, Lionel Hirsch, Bassey Oboho, 

Frédéric Castet, Antoine Bousquet, and Christine Lartigau-Dagron. 2022. “Diketo-Pyrrolo Pyrrole-

Based Acceptor-Acceptor Copolymers with Deep HOMO and LUMO Levels Absorbing in the Near 

Infrared.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094494. 

280. Kim, Byungwook, and Sanggeun Jeon. 2022. “A Full Ka-Band CMOS Amplifier Using Inductive 

Neutralization with a Flat Gain of 13 &Plusmn; 0.2 dB.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094782. 

281. Kim, Changju, Taehoon Koh, Donggeun Lee, and Duhee Park. 2022. “Assessment of Heavy 
Metal and Oil-Contaminated Silty Sand Treatment by Electrical Resistance Heating Method.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094630. 

282. Kim, Dong Hyun, Taesam Lee, Hong-Joon Shin, and Seung Oh Lee. 2022. “Generating More 
Hydroelecticity While Ensuring the Safety: Resilience Assessment Study for Bukhangang 

Watershed in South Korea.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094583. 

283. Kim, Ga-In, Seong-Jae Boo, Jang-Wook Lim, Jin-Kyo Chung, and Min-Soo Park. 2022. “Texture 
Modification of 3D-Printed Maltitol Candy by Changing Internal Design.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094189. 

284. Kim, Gi Youn, Jiayi Li, Hong Seok Moon, and Kyung Chul Oh. 2022. “Accuracy of Additively 
Manufactured Dental Casts Compared with That of Virtual Scan Data Obtained with an Intraoral 

Scanner: An in Vitro Study.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094348. 

285. Kim, Han-eol, Kyoung-min Nam, Tae-su Kyeon, Hafeezur Rehman, and Han-kyu Yoo. 2022. 

“Analysis of the Effect of the Tool Shape on the Performance of Pre-Cutting Machines During 

Tunneling Using Linear Cutting Tests.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094489. 

286. Kim, Heejin, Ki Young Huh, Meihua Piao, Hyeongju Ryu, Wooseok Yang, SeungHwan Lee, and 

Kyung Hwan Kim. 2022. “Self-Reporting Technique-Based Clinical-Trial Service Platform for Real-

Time Arrhythmia Detection.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094558. 

287. Kim, Hyunsoo. 2022. “Feasibility of DRNN for Identifying Built Environment Barriers to 
Walkability Using Wearable Sensor Data from Pedestrians&rsquo; Gait.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094384. 

288. Kim, Jeong-Geun, and Kang-Hee Lee. 2022. “An s/c/x-Band 4-Bit Digital Step Attenuator MMIC 

with 0.25 &Mu;m GaN HEMT Technology.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094717. 

289. Kim, Jisung, Jaekoo Kim, Kyeongmi Jeon, Joonmin Lee, and Jaejoon Lee. 2022. “Development 

and Validation of Unmanned Aerial Vehicle Photogrammetry Simulator for Shaded Area 

Detection.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094454. 

290. Kim, Jiyong, and Minseo Park. 2022. “A New Body Weight Lifelog Outliers Generation Method: 
Reflecting Characteristics of Body Weight Data.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094726. 

291. Kim, Jong H., Christina C. Tam, Kathleen L. Chan, Noreen Mahoney, Luisa W. Cheng, Mendel 

Friedman, and Kirkwood M. Land. 2022. “Antimicrobial Efficacy of Edible Mushroom Extracts: 
Assessment of Fungal Resistance.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094591. 

292. Kim, Jungmin, and Heongak Kwon. 2022. “Calculation of a Climate Change Vulnerability Index 
for Nakdong Watersheds Considering Non-Point Pollution Sources.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094775. 

293. Kim, Moon-Chan. 2022. “Special Issue on Energy Saving Device in Ship.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094445. 

294. Kim, Myung-Jun, and Yung-Lyul Lee. 2022. “Object Detection-Based Video Compression.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094525. 

https://doi.org/10.3390/app12094280
https://doi.org/10.3390/app12094494
https://doi.org/10.3390/app12094782
https://doi.org/10.3390/app12094630
https://doi.org/10.3390/app12094583
https://doi.org/10.3390/app12094189
https://doi.org/10.3390/app12094348
https://doi.org/10.3390/app12094489
https://doi.org/10.3390/app12094558
https://doi.org/10.3390/app12094384
https://doi.org/10.3390/app12094717
https://doi.org/10.3390/app12094454
https://doi.org/10.3390/app12094726
https://doi.org/10.3390/app12094591
https://doi.org/10.3390/app12094775
https://doi.org/10.3390/app12094445
https://doi.org/10.3390/app12094525


295. Kim, Pyungkwan, Hyungseok Kim, and Seonghun Kim. 2022. “Application of Light-Emitting 

Diode Lights to Bluefin Sea Robin (Chelidonichthys Spinosus) Catch in Pot Fishery in the South Sea, 

Korea.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094149. 

296. Kim, Taehyeon, Kiyoung Kim, Donghee Lee, Taehyung Na, Sunghwan Chung, and Yongdeog 

Kim. 2022. “Conceptual Design, Development, and Preliminary Safety Evaluation of a PWR Dry 
Storage Module for Spent Nuclear Fuel.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094587. 

297. Kim, Yeongjun, and Harim Lee. 2022. “Deep-Learning-Based Stream-Sensing Method for 

Detecting Asynchronous Multiple Signals.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094534. 

298. Kim, Yeonjin, Guillaume Rudasingwa, Seung-Hyun Cho, Andrea McWilliams, Choong-Min Kang, 

Simon Kim, and Sungroul Kim. 2022. “Comparison of the Concentrations of Heavy Metals in PM2.5 
Analyzed in Three Different Global Research Institutions Using x-Ray Fluorescence.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094572. 

299. Kishida, Masao, and Kosuke Kakita. 2022. “Dysprosium Absorption of Aluminum Tolerant- and 

Absorbing-Yeast.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094352. 

300. Kiss, Tímea, Sándor Gönczy, Tibor Nagy, Minučer Mesaroš, and Alexia Balla. 2022. “Deposition 
and Mobilization of Microplastics in a Low-Energy Fluvial Environment from a Geomorphological 

Perspective.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094367. 

301. Klepacka, Joanna. 2022. “Tea Infusions as a Source of Phenolic Compounds in the Human Diet.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094227. 

302. Ko, Bo-Jen, Ting-Ting Lee, Tai-Yen Hsu, and Chen-Fu Huang. 2022. “The Effects of Tai Chi Chuan 
Exercise Training on the Lower Extremities of Middle-Aged and Elderly.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094460. 

303. Kołodziejczak, Paweł, Mariusz Bober, and Tomasz Chmielewski. 2022. “Wear Resistance 
Comparison Research of High-Alloy Protective Coatings for Power Industry Prepared by Means of 

CMT Cladding.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094568. 

304. Kong, Lingyin, Wei Xiong, and Sancong Ying. 2022. “Spatiotemporal Matching Cost Function 
Based on Differential Evolutionary Algorithm for Random Speckle 3D Reconstruction.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094132. 

305. Kong, Xuan, Tengyi Wang, Jie Zhang, Lu Deng, Jiwei Zhong, Yuping Cui, and Shudong Xia. 2022. 

“Tire Contact Force Equations for Vision-Based Vehicle Weight Identification.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094487. 

306. Kopets, Ekaterina, Artur Karimov, Lorenzo Scalera, and Denis Butusov. 2022. “Estimating 
Natural Frequencies of Cartesian 3D Printer Based on Kinematic Scheme.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094514. 

307. Kordowska-Wiater, Monika, Monika Pytka, Anna Stój, Agnieszka Kubik-Komar, Jakub 

Wyrostek, and Adam Waśko. 2022. “A Metagenetic Insight into Microbial Diversity of 

Spontaneously Fermented Polish Red Wines and an Analysis of Selected Physicochemical 

Properties.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094373. 

308. Kowald, Matthias, Margarita Gutjar, Kai Röth, Christian Schiller, and Till Dannewald. 2022. 

“Mode Choice Effects on Bike Sharing Systems.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094391. 

309. Krim, Youssef, Manuela Sechilariu, Fabrice Locment, and Amalie Alchami. 2022. “Global Cost 
and Carbon Impact Assessment Methodology for Electric Vehicles&rsquo; PV-Powered Charging 

Station.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094115. 

310. Križanac, Silvia, Natalija Topić Popović, Josip Barišić, Blanka Beer-Ljubić, Maro Bujak, Sanja 
Babić, Krunoslav Bojanić, Rozelindra Čož-Rakovac, Daniel Matulić, and Ivančica Strunjak-Perović. 
2022. “Comparative Study of Physiological Changes in Turbot Scophthalmus Maximus in Different 

Living Conditions.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094201. 

https://doi.org/10.3390/app12094149
https://doi.org/10.3390/app12094587
https://doi.org/10.3390/app12094534
https://doi.org/10.3390/app12094572
https://doi.org/10.3390/app12094352
https://doi.org/10.3390/app12094367
https://doi.org/10.3390/app12094227
https://doi.org/10.3390/app12094460
https://doi.org/10.3390/app12094568
https://doi.org/10.3390/app12094132
https://doi.org/10.3390/app12094487
https://doi.org/10.3390/app12094514
https://doi.org/10.3390/app12094373
https://doi.org/10.3390/app12094391
https://doi.org/10.3390/app12094115
https://doi.org/10.3390/app12094201


311. Krylov, Artem A., Sergey A. Kovachev, Elena A. Radiuk, Konstantin A. Roginskiy, Mikhail A. 

Novikov, Olga S. Samylina, Leopold I. Lobkovsky, and Igor P. Semiletov. 2022. 

“MatNERApor&mdash;a Matlab Package for Numerical Modeling of Nonlinear Response of 
Porous Saturated Soil Deposits to p- and SH-Waves Propagation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094614. 

312. Kuang, Hailan, Kewen Wu, Xiaolin Ma, and Xinhua Liu. 2022. “A Chinese Grammatical Error 
Correction Method Based on Iterative Training and Sequence Tagging.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094364. 

313. Kumar, Harish, Muhammad Rashid, Ahmed Alhomoud, Sikandar Zulqarnain Khan, Ismail 

Bahkali, and Saud S. Alotaibi. 2022. “A Scalable Digit-Parallel Polynomial Multiplier Architecture 

for NIST-Standardized Binary Elliptic Curves.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094312. 

314. Kumar, Ranjith, Yu-Chen Lin, Chia-Wei Lin, Ming-Chieh Lin, and Hua-Yi Hsu. 2022. “An Analysis 
of Bubble Migration in Horizontal Thermo-Capillarity Using the VOF Modeling.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094355. 

315. Kuwajima, Yukinori, Grace Kim, Yoshiki Ishida, Shikino Matsumoto, Kaho Ogawa, Reiko Shimpo, 

Joichi Shimpo, Hiroshi Nagasaki, Shigemi Nagai, and Chia-Yu Chen. 2022. “Tongue Pressure 
Declines Early on in Patients with Malocclusion.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094618. 

316. Lăcătușu, Marian, Anca Daniela Ionita, Florin Daniel Anton, and Florin Lăcătușu. 2022. “Analysis 
of Complexity and Performance for Automated Deployment of a Software Environment into the 

Cloud.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094183. 

317. Łach, Michał, Kinga Korniejenko, Ponnambalam Balamurugan, Marimuthu Uthayakumar, and 
Janusz Mikuła. 2022. “The Influence of Tuff Particles on the Properties of the Sintered Copper 
Matrix Composite for Application in Resistance Welding Electrodes.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094477. 

318. Lamare, Aude, Ingrid Zwertvaegher, David Nuyttens, Paolo Balsari, Paolo Marucco, Marco 

Grella, Amedeo Caffini, Nikos Mylonas, Spyros Fountas, and Jean-Paul Douzals. 2022. 

“Performance of a Prototype Boom Sprayer for Bed-Grown Carrots Based on Canopy Deposition 

Optimization, Ground Losses and Spray Drift Potential Mitigation in Semi-Field Conditions.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094462. 

319. Lang, Xinyu, Bifeng Song, Wenqing Yang, and Xiaojun Yang. 2022. “Effect of Wing Membrane 
Material on the Aerodynamic Performance of Flexible Flapping Wing.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094501. 

320. Lanwer, Jan-Paul, Hendrik Weigel, Abtin Baghdadi, Martin Empelmann, and Harald Kloft. 2022. 

“Jointing Principles in AMC&mdash;part 1: Design and Preparation of Dry Joints.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094138. 

321. Łaźny, Radosław, Jacek S. Nowak, Małgorzata Mirgos, Jarosław L. Przybył, Monika Niedzińska, 
Małgorzata Kunka, Janina Gajc-Wolska, Waldemar Kowalczyk, and Katarzyna Kowalczyk. 2022. 

“Effect of Selected Physical Parameters of Lignite Substrate on Morphological Attributes, Yield 
and Quality of Cucumber Fruits Fertigated with High EC Nutrient Solution in Hydroponic 

Cultivation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094480. 

322. Lee, Chao-Yang, Huan-Jung Lin, Ming-Yuan Yeh, and Jer Ling. 2022. “Effective Remote Sensing 
from the Internet of Drones Through Flying Control with Lightweight Multitask Learning.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094657. 

323. Lee, Eunchan, Changhyeon Lee, and Sangtae Ahn. 2022. “Comparative Study of Multiclass Text 
Classification in Research Proposals Using Pretrained Language Models.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094522. 

324. Lee, Hsiu-An, Tzu-Ting Huang, Lo-Hsien Yen, Pin-Hua Wu, Kuan-Wen Chen, Hsin-Hua Kung, 

Chen-Yi Liu, and Chien-Yeh Hsu. 2022. “Precision Nutrient Management Using Artificial 

https://doi.org/10.3390/app12094614
https://doi.org/10.3390/app12094364
https://doi.org/10.3390/app12094312
https://doi.org/10.3390/app12094355
https://doi.org/10.3390/app12094618
https://doi.org/10.3390/app12094183
https://doi.org/10.3390/app12094477
https://doi.org/10.3390/app12094462
https://doi.org/10.3390/app12094501
https://doi.org/10.3390/app12094138
https://doi.org/10.3390/app12094480
https://doi.org/10.3390/app12094657
https://doi.org/10.3390/app12094522


Intelligence Based on Digital Data Collection Framework.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094167. 

325. Lee, Hyeoksoo, Jiwoo Hong, and Jongpil Jeong. 2022. “MARL-Based Dual Reward Model on 

Segmented Actions for Multiple Mobile Robots in Automated Warehouse Environment.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094703. 

326. Lee, In-Gon, Jong-Yeong Kim, and Ic-Pyo Hong. 2022. “Design of Multi-Functional 

Transmitarray with Active Linear Polarization Conversion and Beam Steering Capabilities.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094319. 

327. Lee, Jang Hyun, and Berihun Mamo Negash. 2022. “Gridding Optimization for Hydraulic 
Fractured Well in Reservoir Simulation Using Well Test Analysis for Long Term Prediction.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094551. 

328. Lee, Jin-Mo, Heemang Song, and Hyun-Chool Shin. 2022. “Respiration Rate Extraction of 
Moving Subject Using Velocity Change in FMCW Radar.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094114. 

329. Leonardi, Giovanni, Rocco Palamara, Francesco Manti, and Antonio Tufano. 2022. “GIS-

Multicriteria Analysis Using AHP to Evaluate the Landslide Risk in Road Lifelines.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094707. 

330. León-Martínez, Vicente, Elisa Peñalvo-López, Clara Andrada-Monrós, Jorge Cano-Martínez, 

Amparo León-Vinet, and Laura Molina-Cañamero. 2022. “Procedure for Improving the Energy, 

Environmental and Economic Sustainability of Transformation Houses.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094204. 

331. Lezzerini, Marco, Letizia Luti, Andrea Aquino, Gianni Gallello, and Stefano Pagnotta. 2022. 

“Effect of Marble Waste Powder as a Binder Replacement on the Mechanical Resistance of 
Cement Mortars.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094481. 

332. Li, Bo, Jianguo Zhu, Chengcheng Liu, Yongjian Li, and Gang Lei. 2022. “Comparative Study of 
Permanent-Magnet Synchronous Machines with Different Rotor Topologies for High-Speed 

Applications.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094375. 

333. Li, Chen, Tong Zhen, and Zhihui Li. 2022. “Image Classification of Pests with Residual Neural 
Network Based on Transfer Learning.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094356. 

334. Li, Huan, Siqi Bu, Jiong-Ran Wen, and Cheng-Wei Fei. 2022. “Synthetical Modal Parameters 
Identification Method of Damped Oscillation Signals in Power System.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094668. 

335. Li, Jiawu, Jun Wang, Xue Zhao, Feng Wang, and Yu Li. 2022. “Influence of Initial Conditions on 
Wind Characteristics at a Bridge Middle Span in a u-Shaped Valley by CFD and AHP.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094693. 

336. Li, Jingting, Ting Wang, and Su-Jing Wang. 2022. “Facial Micro-Expression Recognition Based 

on Deep Local-Holistic Network.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094643. 

337. Li, Jinling, Lei Han, Tiantian Zhang, Chengtun Qu, Tao Yu, and Bo Yang. 2022. “Removal of 
Methylene Blue by Metal Oxides Supported by Oily Sludge Pyrolysis Residues.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094725. 

338. Li, Mingying, Zhilei Liu, Manfu Wang, Guibing Pang, and Hui Zhang. 2022. “Design of a Parallel 
Quadruped Robot Based on a Novel Intelligent Control System.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094358. 

339. Li, Mo, Wesley W. Ingwersen, Ben Young, Jorge Vendries, and Catherine Birney. 2022. 

“Useeior: An Open-Source r Package for Building and Using US Environmentally-Extended 

Input&ndash;output Models.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094469. 

340. Li, Peigen, Haiting Xia, Bin Zhou, Feng Yan, and Rongxin Guo. 2022. “A Method to Improve the 

Accuracy of Pavement Crack Identification by Combining a Semantic Segmentation and Edge 

Detection Model.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094714. 

https://doi.org/10.3390/app12094167
https://doi.org/10.3390/app12094703
https://doi.org/10.3390/app12094319
https://doi.org/10.3390/app12094551
https://doi.org/10.3390/app12094114
https://doi.org/10.3390/app12094707
https://doi.org/10.3390/app12094204
https://doi.org/10.3390/app12094481
https://doi.org/10.3390/app12094375
https://doi.org/10.3390/app12094356
https://doi.org/10.3390/app12094668
https://doi.org/10.3390/app12094693
https://doi.org/10.3390/app12094643
https://doi.org/10.3390/app12094725
https://doi.org/10.3390/app12094358
https://doi.org/10.3390/app12094469
https://doi.org/10.3390/app12094714


341. Li, Qiang, Hongtao Jia, Qing Qiu, Yongzhu Lu, Jun Zhang, Jianghong Mao, Weijie Fan, and 

Mingfeng Huang. 2022. “Typhoon-Induced Fragility Analysis of Transmission Tower in Ningbo Area 

Considering the Effect of Long-Term Corrosion.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094774. 

342. Li, Qiang, Xinyi Li, Minjie Wen, Ling Hu, Weiwei Duan, and Jiaxing Li. 2022. “Dynamic Responses 
of a Pile with a Cap Under the Freezing and Thawing Processes of a Saturated Porous Media 

Considering Slippage Between Pile and Soil.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094214. 

343. Li, Xiaoyin, Fangyang Yuan, Wenma Tian, Chenlong Dai, Xinjun Yang, Dongxiang Wang, Jiyun 

Du, Wei Yu, and Huixin Yuan. 2022. “Heat Transfer Enhancement of Nanofluids with Non-Spherical 

Nanoparticles: A Review.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094767. 

344. Li, Xin, Lei Liang, Li Qin, Yuxin Lei, Peng Jia, Hui Tang, Changjin Yang, et al. 2022. “Development 
of a High-Power Surface Grating Tunable Distributed-Feedback Bragg Semiconductor Laser Based 

on Gain-Coupling Effect.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094498. 

345. Li, Xiong, Chengrong Li, Feng Bai, and Fangyuan Cao. 2022. “Study on the Interference 
Distribution Characteristics of the HVDC Grounding Electrode Current with Buried Pipelines Based 

on MoM and FEM.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094433. 

346. Li, Xiumei, and Huimin Zhao. 2022. “Performance Prediction of Rolling Bearing Using EEMD 
and WCDPSO-KELM Methods.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094676. 

347. Li, Zuyu, Meifa Huang, Yanru Zhong, and Yuchu Qin. 2022. “A Description Logic Based Ontology 
for Knowledge Representation in Process Planning for Laser Powder Bed Fusion.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094612. 

348. Liang, Jia, Kaiming Li, Qun Zhang, and Zisen Qi. 2022. “Research on a mmWave Beam-

Prediction Algorithm with Situational Awareness Based on Deep Learning for Intelligent 

Transportation Systems.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094779. 

349. Liao, Zhihao, Neng Fan, and Kai Xu. 2022. “Swin Transformer Assisted Prior Attention Network 

for Medical Image Segmentation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094735. 

350. Lim, Sungjin, Hosung Jeon, Sunggyun Ahn, and Joonku Hahn. 2022. “Optimal Spatial Coherence 

of a Light-Emitting Diode in a Digital Holographic Display.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094176. 

351. Lin, Chih-Hsueh, Ulin Nuha, Guang-Zhi Lin, and Tsair-Fwu Lee. 2022. “Hourly Power 

Consumption Forecasting Using RobustSTL and TCN.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094331. 

352. Lin, Chih-Lung, Kuo-Chin Fan, Chin-Rong Lai, Hsu-Yung Cheng, Tsung-Pin Chen, and Chao-Ming 

Hung. 2022. “Applying a Deep Learning Neural Network to Gait-Based Pedestrian Automatic 

Detection and Recognition.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094326. 

353. Lin, Hui-Ting, Fu-Kuei Chang, and Hsin-Jen Tsai. 2022. “The Influence of Exercise, Nutritional 
Status, and Disease on the Functional Ability to Undertake Activities of Daily Living and 

Instrumental Activities of Daily Living in Old Taiwanese People.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094585. 

354. Lin, Yingcheng, Dingxin Cao, Zanhao Fu, Yanmei Huang, and Yanyi Song. 2022. “A Lightweight 
Attention-Based Network Towards Distracted Driving Behavior Recognition.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094191. 

355. Lindén, Jani, Jarmo Teuho, Riku Klén, and Mika Teräs. 2022. “Are Quantitative Errors Reduced 
with Time-of-Flight Reconstruction When Using Imperfect MR-Based Attenuation Maps for 18F-

FDG PET/MR Neuroimaging?” Applied Sciences 12 (9). https://doi.org/10.3390/app12094605. 

356. Ling, Xiao, Chenhao Zhou, Lianqiao Yang, and Jianhua Zhang. 2022. “Research on Influence of 

Switching Angle on the Vibration of Switched Reluctance Motor.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094793. 

https://doi.org/10.3390/app12094774
https://doi.org/10.3390/app12094214
https://doi.org/10.3390/app12094767
https://doi.org/10.3390/app12094498
https://doi.org/10.3390/app12094433
https://doi.org/10.3390/app12094676
https://doi.org/10.3390/app12094612
https://doi.org/10.3390/app12094779
https://doi.org/10.3390/app12094735
https://doi.org/10.3390/app12094176
https://doi.org/10.3390/app12094331
https://doi.org/10.3390/app12094326
https://doi.org/10.3390/app12094585
https://doi.org/10.3390/app12094191
https://doi.org/10.3390/app12094605
https://doi.org/10.3390/app12094793


357. Liu, Chang, Jingxin Lu, Hongbo Yang, and Kai Guo. 2022. “Current State of Robotics in Hand 
Rehabilitation After Stroke: A Systematic Review.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094540. 

358. Liu, Huey-Ing, and Wei-Lin Chen. 2022. “X-Transformer: A Machine Translation Model 

Enhanced by the Self-Attention Mechanism.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094502. 

359. Liu, Jingru, Nurbol Luktarhan, Yuyuan Chang, and Wenjie Yu. 2022. “Malcertificate: Research 

and Implementation of a Malicious Certificate Detection Algorithm Based on GCN.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094440. 

360. Liu, Jinxin, and Kexin Li. 2022. “Research on an Improved SOM Model for Damage Identification 

of Concrete Structures.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094152. 

361. Liu, Kai, Xiao Yu, Yongsen Xu, Yulei Xu, Yuan Yao, Nan Di, Yefei Wang, Hao Wang, and Honghai 

Shen. 2022. “Computational Imaging for Simultaneous Image Restoration and Super-Resolution 

Image Reconstruction of Single-Lens Diffractive Optical System.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094753. 

362. Liu, Pao-Hsin, Yu-Feng Chen, Chin-Yun Pan, Ming-Hsuan Sheen, Bang-Sia Chen, and Hong-Po 

Chang. 2022. “Maxillary Skeletal Expansion with Monocortical and Bicortical Miniscrew 
Anchorage: A 3D Finite Element Study.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094621. 

363. Liu, Wenyao, Wei Li, Chenxi Liu, Enbo Xing, Yanru Zhou, Lai Liu, Yunbo Shi, and Jun Tang. 2022. 

“All-Optical Tuning of Fano Resonance for Quasi-BIC and Terahertz Sensing Applications.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094207. 

364. Liu, Xiaohe, Shuyu Liu, and Zhengming Ma. 2022. “A Framework for Short Video Recognition 
Based on Motion Estimation and Feature Curves on SPD Manifolds.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094669. 

365. Liu, Xiaojuan, Shangbo Zhou, Shanxiong Chen, Zelin Yi, Hongyu Pan, and Rui Yao. 2022. 

“Buckwheat Disease Recognition Based on Convolution Neural Network.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094795. 

366. Liu, Xiaopeng, Xingqi Li, Meng Wang, Shuaiqi Cao, Xinfeng Wang, and Guojun Liu. 2022. “A 
High-Performance Piezoelectric Micropump with Multi-Chamber in Series.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094483. 

367. Liu, Xiaozhou, Ming-Gang Gan, and Yuxuan He. 2022. “Multi-View Visual Relationship 

Detection with Estimated Depth Map.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094674. 

368. Liu, Yiwei, Yi Hu, and Yong Kang. 2022. “The Propagation of Hydraulic Fractures in a Natural 
Fracture Network: A Numerical Study and Its Implications.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094738. 

369. Liu, Yujia, Hongliang Guo, Shuai Wang, and Tiejun Wang. 2022. “Visual and Phonological 
Feature Enhanced Siamese BERT for Chinese Spelling Error Correction.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094578. 

370. Livadariu, Oana, Carmen Maximilian, Anca Daniela Raiciu, and Cristian-Paul Șerbănică. 2022. 
“The Assessment of the Type of Substrate and LEDs&rsquo; Irradiation Influence on Garden Cress 

Sprouts (Lepidium Sativum l.).” Applied Sciences 12 (9). https://doi.org/10.3390/app12094732. 

371. Loushin, Stacy R., Sanjeev Kakar, Sabine U. Tetzloff, Paul Lubbers, Todd S. Ellenbecker, and 

Kenton R. Kaufman. 2022. “Upper Extremity Kinematics and Electromyographic Activity in 
Uninjured Tennis Players.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094638. 

372. Lövétei, István, Bálint Kővári, Tamás Bécsi, and Szilárd Aradi. 2022. “Environment 
Representations of Railway Infrastructure for Reinforcement Learning-Based Traffic Control.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094465. 

373. Lu, Zhaijun, Penghao Si, Hao Xiao, and Jiefu Liu. 2022. “Influence of Aging Time on Vertical 
Static Stiffness of Air Spring.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094219. 

https://doi.org/10.3390/app12094540
https://doi.org/10.3390/app12094502
https://doi.org/10.3390/app12094440
https://doi.org/10.3390/app12094152
https://doi.org/10.3390/app12094753
https://doi.org/10.3390/app12094621
https://doi.org/10.3390/app12094207
https://doi.org/10.3390/app12094669
https://doi.org/10.3390/app12094795
https://doi.org/10.3390/app12094483
https://doi.org/10.3390/app12094674
https://doi.org/10.3390/app12094738
https://doi.org/10.3390/app12094578
https://doi.org/10.3390/app12094732
https://doi.org/10.3390/app12094638
https://doi.org/10.3390/app12094465
https://doi.org/10.3390/app12094219


374. Lubkowska, Anna, and Waldemar Pluta. 2022. “Infrared Thermography as a Non-Invasive Tool 

in Musculoskeletal Disease Rehabilitation&mdash;the Control Variables in Applicability&mdash;a 

Systematic Review.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094302. 

375. Lucakova, Simona, Irena Branyikova, and Maria Hayes. 2022. “Microalgal Proteins and 
Bioactives for Food, Feed, and Other Applications.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094402. 

376. Luskar, Lucija, Julija Polanšek, Aleš Hladnik, and Barbara Čeh. 2022. “On-Farm Composting of 

Hop Plant Green Waste&mdash;chemical and Biological Value of Compost.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094190. 

377. Lyach, Roman. 2022. “The Ten Commandments of Successful Fishery Management of Wild 
Brown Trout Salmo Trutta Populations in Salmonid Streams in the Bohemian Region (Czech 

Republic).” Applied Sciences 12 (9). https://doi.org/10.3390/app12094602. 

378. Ma, Ruixin, Zeyang Li, Yunlong Ma, Hao Wu, Mengfei Yu, and Liang Zhao. 2022. “Adaptive 
Attentional Network for Few-Shot Relational Learning of Knowledge Graphs.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094284. 

379. Ma, Xiaoxin, Huaming Lei, Ping Cai, and Xiaojun Ji. 2022. “Fast Extraction of Coupling of Modes 
Parameters for Surface Acoustic Wave Devices Using Finite Element Method Based Simulation.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094547. 

380. Ma, Yarui, Jiwen Cui, Hui Wang, and Jiubin Tan. 2022. “Impacts of Micro-Deviations of Aperture 

on the Characteristics of Collision Atomization Field.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094685. 

381. Madiafi, Mohammed, Jamal Ezzahar, Kamal Baraka, and Abdelaziz Bouroumi. 2022. “A New 
Competitive Neural Architecture for Object Classification.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094724. 

382. Magrini, Donata, Emma Cantisani, Silvia Vettori, and Kaare Lund Rasmussen. 2022. “Insights 
into Della Robbia&rsquo;s Terracotta Monument to Cardinal Federighi: Raw Materials and 

Technologies.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094304. 

383. Maistrovskaia, Yuliya V., Vera A. Nevzorova, Liyudmila G. Ugay, Sergey V. Gnedenkov, Evgeny 

A. Kotsurbei, Ekaterina A. Moltyh, Roman E. Kostiv, and Sergey L. Sinebryukhov. 2022. “Bone 
Tissue Condition During Osteosynthesis of a Femoral Shaft Fracture Using Biodegradable 

Magnesium Implants with an Anticorrosive Coating in Rats with Experimental Osteoporosis.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094617. 

384. Majorkowska-Mech, Dorota, and Aleksandr Cariow. 2022. “Some FFT Algorithms for Small-
Length Real-Valued Sequences.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094700. 

385. Mangani, Luca, Mhamad Mahdi Alloush, Raphael Lindegger, Lucian Hanimann, and Marwan 

Darwish. 2022. “A Pressure-Based Fully-Coupled Flow Algorithm for the Control Volume Finite 

Element Method.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094633. 

386. Manokhina, Aleksandra A., Alexey S. Dorokhov, Tamara P. Kobozeva, Tatiana N. Fomina, and 

Oksana A. Starovoitova. 2022. “Varietal Characteristics of Jerusalem Artichoke as a High 
Nutritional Value Crop for Herbivorous Animal Husbandry.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094507. 

387. Maquart, Tristan, Romain Noël, Guy Courbebaisse, and Laurent Navarro. 2022. “Toward a 
Lattice Boltzmann Method for Solids&mdash;application to Static Equilibrium of Isotropic 

Materials.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094627. 

388. Marcillo, Pablo, Ángel Leonardo Valdivieso Caraguay, and Myriam Hernández-Álvarez. 2022. 

“A Systematic Literature Review of Learning-Based Traffic Accident Prediction Models Based on 

Heterogeneous Sources.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094529. 

389. Mardalena, Selvi, Purhadi Purhadi, Jerry Dwi Trijoyo Purnomo, and Dedy Dwi Prastyo. 2022. 

“The Geographically Weighted Multivariate Poisson Inverse Gaussian Regression Model and Its 
Applications.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094199. 

https://doi.org/10.3390/app12094302
https://doi.org/10.3390/app12094402
https://doi.org/10.3390/app12094190
https://doi.org/10.3390/app12094602
https://doi.org/10.3390/app12094284
https://doi.org/10.3390/app12094547
https://doi.org/10.3390/app12094685
https://doi.org/10.3390/app12094724
https://doi.org/10.3390/app12094304
https://doi.org/10.3390/app12094617
https://doi.org/10.3390/app12094700
https://doi.org/10.3390/app12094633
https://doi.org/10.3390/app12094507
https://doi.org/10.3390/app12094627
https://doi.org/10.3390/app12094529
https://doi.org/10.3390/app12094199


390. Maresca, Giovanna, Paolo Casu, Elisabetta Simonetti, Sergio Brutti, and Giovanni Battista 

Appetecchi. 2022. “Sodium-Conducting Ionic Liquid Electrolytes: Electrochemical Stability 

Investigation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094174. 

391. Mariño, Joany, Elisa Kasbohm, Stephan Struckmann, Lorenz A. Kapsner, and Carsten O. 

Schmidt. 2022. “R Packages for Data Quality Assessments and Data Monitoring: A Software 

Scoping Review with Recommendations for Future Developments.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094238. 

392. Martínez-Plaza, Elena, Ainhoa Molina-Martín, and David P. Piñero. 2022. “Agreement of Tear 
Break-up Time and Meniscus Height Between Medmont E300 and Visionix VX120+.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094589. 

393. Martínez-Ros, Alejandro Javier, and Armando Fernandez-Prieto. 2022. “Passive Planar 
Microwave Devices.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094444. 

394. Martins, Inês, Elena Surra, Márcia Ventura, and Nuno Lapa. 2022. “BioH2 from Dark 

Fermentation of OFMSW: Effect of the Hydraulic Retention Time and Organic Loading Rate.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094240. 

395. Marzban, Mostapha, Ehsan Yazdanpanah Moghadam, Javad Dargahi, and Muthukumaran 

Packirisamy. 2022. “Microfabrication Bonding Process Optimization for a 3D Multi-Layer PDMS 

Suspended Microfluidics.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094626. 

396. Maspero, Cinzia, Andrea Abate, and Valentina Lanteri. 2022. “Special Issue on Recent 
Developments in Orthodontics on Craniofacial Orthopedics.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094436. 

397. Matuzevičius, Dalius. 2022. “Synthetic Data Generation for the Development of 2D Gel 
Electrophoresis Protein Spot Models.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094393. 

398. Mawa Nijhum, Jannatul, Tanvir Ahmed, Md. Anwar Hossain, Javid Atai, and Nguyen Hoang Hai. 

2022. “Microchannel-Embedded d-Shaped Photonic Crystal Fiber-Based Highly Sensitive 

Plasmonic Biosensor.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094122. 

399. Mbatha, Nkanyiso, and Lerato Shikwambana. 2022. “First Observations of Cirrus Clouds Using 
the UZ Mie Lidar over uMhlathuze City, South Africa.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094631. 

400. Mecheter, Asma, Shaligram Pokharel, and Faris Tarlochan. 2022. “Additive Manufacturing 
Technology for Spare Parts Application: A Systematic Review on Supply Chain Management.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094160. 

401. Medeiros Esper, Ian de, Oleh Smolkin, Maksym Manko, Anton Popov, Pål Johan From, and Alex 

Mason. 2022. “Evaluation of RGB-d Multi-Camera Pose Estimation for 3D Reconstruction.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094134. 

402. Mei, Shunqi, Mengying Zhang, Di Qi, Liye Yang, Qiao Xu, and Ming Zhang. 2022. “Analysis of 
the Twisting Tension in the Direct-Twisting Machine and the Fitting Model Based on the 

Experimental Data.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094298. 

403. Meij, Alexander de, Covadonga Astorga, Philippe Thunis, Monica Crippa, Diego Guizzardi, 

Enrico Pisoni, Victor Valverde, et al. 2022. “Modelling the Impact of the Introduction of the EURO 
6d-TEMP/6d Regulation for Light-Duty Vehicles on EU Air Quality.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094257. 

404. Mejía, Susana, Isabel Cristina Muñoz, Leidy Yanet Serna, Carlos Andrés Sarmiento, Carlos 

Leonardo Bravo, and Alher Mauricio Hernández. 2022. “Web Applications for Teaching the 
Respiratory System: Content Validation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094289. 

405. Meng, Dongdong, Tianqi Wang, Mi Zhou, Zhanduo Qiao, Xiaolong Liu, and Zhongwei Fan. 2022. 

“High Repetition Rate, TEM00 Mode, Compact Sub-Nanosecond 532 Nm Laser.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094428. 

https://doi.org/10.3390/app12094174
https://doi.org/10.3390/app12094238
https://doi.org/10.3390/app12094589
https://doi.org/10.3390/app12094444
https://doi.org/10.3390/app12094240
https://doi.org/10.3390/app12094626
https://doi.org/10.3390/app12094436
https://doi.org/10.3390/app12094393
https://doi.org/10.3390/app12094122
https://doi.org/10.3390/app12094631
https://doi.org/10.3390/app12094160
https://doi.org/10.3390/app12094134
https://doi.org/10.3390/app12094298
https://doi.org/10.3390/app12094257
https://doi.org/10.3390/app12094289
https://doi.org/10.3390/app12094428


406. Merk, Bruno, Anna Detkina, Dzianis Litskevich, Michael Drury, Omid Noori-kalkhoran, Gregory 

Cartland-Glover, Leon Petit, Stefano Rolfo, Justin P. Elliott, and Andrew R. Mount. 2022. “Defining 
the Challenges&mdash;identifying the Key Poisoning Elements to Be Separated in a Future 

Integrated Molten Salt Fast Reactor Clean-up System for iMAGINE.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094124. 

407. Michaelis, Mary, Constanze Hirsiger, Dominique Roux, Patrick Roger Schmidlin, Thomas Attin, 

Sophie Doméjean, Christian Hirsch, Christian Heumann, Hans-Günter Schaller, and Christian Ralf 

Gernhardt. 2022. “Impact of Pro-Argin on the Oral Health-Related Quality of Life: A 24-Week 

Randomized, Parallel-Group, Multicenter Study.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094431. 

408. Michnik, Robert, Hanna Zadoń, Katarzyna Nowakowska-Lipiec, and Wanda Forczek-Karkosz. 

2022. “How Does the Lumbopelvic Complex Cope with the Obstetrical Load During Standing? 
Ergonomic Aspects of Body Posture in Pregnant Women.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094330. 

409. Miettinen, Jesse, Riku-Pekka Nikula, Joni Keski-Rahkonen, Fredrik Fagerholm, Tuomas Tiainen, 

Seppo Sierla, and Raine Viitala. 2022. “Whitening CNN-Based Rotor System Fault Diagnosis Model 

Features.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094411. 

410. Minegishi, Saki, Hisako Saitoh, Hajime Utsuno, Jun Ohta, Shuuji Namiki, Maiko Toya, Nozomi 

Sumi, and Koichi Sakurada. 2022. “Association of Cadaveric Factors with the Degree and Region 
of Discoloration on Pink Teeth: An Approach to Serial Cases.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094242. 

411. Miró-Nicolau, Miquel, Gabriel Moyà-Alcover, and Antoni Jaume-i-Capó. 2022. “Evaluating 
Explainable Artificial Intelligence for x-Ray Image Analysis.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094459. 

412. Modjadji, Perpetua, Mulalo Caroline Salane, Kebogile Elizabeth Mokwena, Tshimangadzo 

Selina Mudau, and Peter Modupi Mphekgwana. 2022. “Utility of Obesity Indicators for Predicting 
Hypertension Among Older Persons in Limpopo Province, South Africa.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094697. 

413. Monder, Marta Joanna. 2022. “Trends in the Phenology of Climber Roses Under Changing 
Climate Conditions in the Mazovia Lowland in Central Europe.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094259. 

414. Moreno-Conde, Jesus, Samuel Salas-Fernandez, and Alberto Moreno-Conde. 2022. 

“MedicalForms: Integrated Management of Semantics for Electronic Health Record Systems and 

Research Platforms.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094322. 

415. Morkūnaitė, Giedrė, Rimantas Ožiūnas, Vytautas Čeplauskas, Simona Tučkutė, Jurgita 
Laurikaitienė, and Diana Adlienė. 2022. “Surface Morphology Changes of Bleached Dental 
Ceramics.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094557. 

416. Mota, Sandra, Cláudia Pinto, Sara Cravo, Joana Rocha e Silva, Carlos Afonso, José Manuel Sousa 

Lobo, Maria Elizabeth Tiritan, Honorina Cidade, and Isabel Filipa Almeida. 2022. “Quercus Suber: 
A Promising Sustainable Raw Material for Cosmetic Application.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094604. 

417. Motoyoshi, Mitsuru. 2022. “Special Issue on Current Techniques and Materials in Dentistry.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094439. 

418. Mrabet, Hichem, Adeeb Alhomoud, Abderrazek Jemai, and Damien Trentesaux. 2022. “A 
Secured Industrial Internet-of-Things Architecture Based on Blockchain Technology and Machine 

Learning for Sensor Access Control Systems in Smart Manufacturing.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094641. 

419. Mthana, Makiwa S., Doctor M. N. Mthiyane, Damian C. Onwudiwe, and Moganavelli Singh. 

2022. “Biosynthesis of ZnO Nanoparticles Using Capsicum Chinense Fruit Extract and Their in Vitro 

Cytotoxicity and Antioxidant Assay.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094451. 

https://doi.org/10.3390/app12094124
https://doi.org/10.3390/app12094431
https://doi.org/10.3390/app12094330
https://doi.org/10.3390/app12094411
https://doi.org/10.3390/app12094242
https://doi.org/10.3390/app12094459
https://doi.org/10.3390/app12094697
https://doi.org/10.3390/app12094259
https://doi.org/10.3390/app12094322
https://doi.org/10.3390/app12094557
https://doi.org/10.3390/app12094604
https://doi.org/10.3390/app12094439
https://doi.org/10.3390/app12094641
https://doi.org/10.3390/app12094451


420. Muslimov, Eduard R., Airat Zh. Sakhabutdinov, Oleg G. Morozov, Nadezhda K. Pavlycheva, 

Damir M. Akhmetov, and Danila Yu. Kharitonov. 2022. “Digital Holographic Positioning Sensor for 
a Small Deployable Space Telescope.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094427. 

421. Naik, Banoth Thulasya, Mohammad Farukh Hashmi, and Neeraj Dhanraj Bokde. 2022. “A 
Comprehensive Review of Computer Vision in Sports: Open Issues, Future Trends and Research 

Directions.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094429. 

422. Najman, Katarzyna, Katarzyna Król, and Anna Sadowska. 2022. “The Physicochemical 
Properties, Volatile Compounds and Taste Profile of Black Garlic (Allium Sativum l.) Cloves, Paste 

and Powder.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094215. 

423. Nam, Ki Hyun. 2022. “Crystal Structure of Human Lysozyme Complexed with n-Acetyl-&Alpha;-

d-Glucosamine.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094363. 

424. Nastro Siniscalchi, Enrico, Enricomaria Mormina, Samuele Cicchiello, Francesca Granata, Sergio 

Lucio Vinci, Karol Galletta, Luciano Catalfamo, and Francesco Saverio De Ponte. 2022. “Can a 3D 
Virtual Imaging Model Predict Eagle Syndrome?” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094564. 

425. Neagoe, Mircea, Radu Saulescu, Codruta Jaliu, Olimpiu Munteanu, and Nadia Cretescu. 2022. 

“A Comparative Performance Analysis of Four Wind Turbines with Counter-Rotating Electric 

Generators.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094233. 

426. Neidhardt, Michael, Jordi Mas-Peiro, Magnus Schulz-Moenninghoff, Josep O. Pou, Rafael 

Gonzalez-Olmos, Arno Kwade, and Benedikt Schmuelling. 2022. “Forecasting the Global Battery 
Material Flow: Analyzing the Break-Even Points at Which Secondary Battery Raw Materials Can 

Substitute Primary Materials in the Battery Production.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094790. 

427. Nie, Hongrui, Shaosheng Li, and Yong Liu. 2022. “An Enhanced Routing and Scheduling 

Mechanism for Time-Triggered Traffic with Large Period Differences in Time-Sensitive 

Networking.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094448. 

428. Nielsen, Birthe Vejby, Supattra Maneein, Jahanvi Dipakbhai Anghan, Riya Mukeshbhai Anghan, 

Md Mahmud Al Farid, and John James Milledge. 2022. “Biosorption Potential of Sargassum for 
Removal of Aqueous Dye Solutions.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094173. 

429. Nikolakopoulos, Konstantinos G., Aggeliki Kyriou, and Ioannis K. Koukouvelas. 2022. 

“Developing a Guideline of Unmanned Aerial Vehicle&rsquo;s Acquisition Geometry for Landslide 
Mapping and Monitoring.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094598. 

430. Ning, Chuanlin, Jian Xu, Hao Gao, Xi Yang, and Tianyi Wang. 2022. “Sports Information Needs 
in Chinese Online q&amp;a Community: Topic Mining Based on BERT.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094784. 

431. Niu, Zhiyang, Bing Chen, Hongwei Chen, Jiawei Hao, Junde Qi, and Mingwei Wang. 2022. “The 
Mechanical Structure Contact Mechanism Analysis Considering Modified Tangential Stiffness with 

Friction&rsquo;s Effect.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094658. 

432. Novák, Josef. 2022. “FEM Analysis of the Effect of Polarization on the Electromechanical 

Coupling Factor of Resonators with a Wrap-Around Electrode.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094634. 

433. Nowogońska, Beata, and Ireneusz Nowogoński. 2022. “Method of Planning Repairs of the 

Installation Including Building Waste.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094520. 

434. Nowroth, Christian, Tiansheng Gu, Jan Grajczak, Sarah Nothdurft, Jens Twiefel, Jörg Hermsdorf, 

Stefan Kaierle, and Jörg Wallaschek. 2022. “Deep Learning-Based Weld Contour and Defect 

Detection from Micrographs of Laser Beam Welded Semi-Finished Products.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094645. 

https://doi.org/10.3390/app12094427
https://doi.org/10.3390/app12094429
https://doi.org/10.3390/app12094215
https://doi.org/10.3390/app12094363
https://doi.org/10.3390/app12094564
https://doi.org/10.3390/app12094233
https://doi.org/10.3390/app12094790
https://doi.org/10.3390/app12094448
https://doi.org/10.3390/app12094173
https://doi.org/10.3390/app12094598
https://doi.org/10.3390/app12094784
https://doi.org/10.3390/app12094658
https://doi.org/10.3390/app12094634
https://doi.org/10.3390/app12094520
https://doi.org/10.3390/app12094645


435. Oh, Byoung-Doo, Yoon-Kyoung Lee, Jong-Dae Kim, Chan-Young Park, and Yu-Seop Kim. 2022. 

“Deep Learning-Based End-to-End Language Development Screening for Children Using Linguistic 

Knowledge.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094651. 

436. Olivieri, Carlo, Claudia Cennamo, Concetta Cusano, Arsenio Cutolo, Antonio Fortunato, and Ida 

Mascolo. 2022. “Masonry Spiral Stairs: A Comparison Between Analytical and Numerical 

Approaches.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094274. 

437. Osei-Mensah, Emmanuel, Saqr Khalil Saeed Thabet, Chunbo Luo, Emelia Asiedu-Ayeh, Olusola 

Bamisile, Isaac Osei Nyantakyi, and Humphrey Adun. 2022. “A Novel Distributed Media Caching 
Technique for Seamless Video Streaming in Multi-Access Edge Computing Networks.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094205. 

438. Ozdemir, Tugba, Fatma Taher, Babajide O. Ayinde, Jacek M. Zurada, and Ozge Tuzun Ozmen. 

2022. “Comparison of Feedforward Perceptron Network with LSTM for Solar Cell Radiation 
Prediction.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094463. 

439. Palčák, Michal, Pavol Kudela, Miriam Fandáková, and Juraj Kordek. 2022. “Utilization of 3D 
Digital Technologies in the Documentation of Cultural Heritage: A Case Study of the Kunerad 

Mansion (Slovakia).” Applied Sciences 12 (9). https://doi.org/10.3390/app12094376. 

440. Palumbo, Oriele, Giovanni Battista Appetecchi, Giovanna Maresca, Jean-Blaise Brubach, 

Pascale Roy, Simone Di Muzio, Francesco Trequattrini, et al. 2022. “Synthesis, Physical Properties 
and Electrochemical Applications of Two Ionic Liquids Containing the Asymmetric 

(Fluoromethylsulfonyl)(trifluoromethylsulfonyl)imide Anion.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094524. 

441. Pampín Martínez, Marta María, Alessandro Gutiérrez Venturini, Jorge Guiñales Díaz de 

Cevallos, María Barajas Blanco, Iñigo Aragón Niño, Alvaro Moreiras Sánchez, José Luis del Castillo 

Pardo de Vera, and José Luis Cebrián Carretero. 2022. “Evaluation of the Predictability and 
Accuracy of Orthognathic Surgery in the Era of Virtual Surgical Planning.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094305. 

442. Panoutsou, Calliope, Sara Giarola, Dauda Ibrahim, Simone Verzandvoort, Berien Elbersen, Cato 

Sandford, Chris Malins, et al. 2022. “Opportunities for Low Indirect Land Use Biomass for Biofuels 
in Europe.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094623. 

443. Paolucci, Teresa, Giorgia Patrizio, Domenico Pietrantonio, Giorgia Rapacchiale, Antonella 

Spacone, Giustino Parruti, Giancarlo Graziani, Marzia Damiani, Vitalma Liotti, and Carlo D’Aurizio. 
2022. “Utility of High Flow Nasal Cannula During Pulmonary Rehabilitation in COVID-19 Patients 

in Acute Respiratory Failure.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094637. 

444. Pappalardo, Giovanna, Davide Caliò, and Simone Mineo. 2022. “Interaction Between Rockfalls 
and Vehicles Studied for Speed Limit Zonation Along Mountainous Roads.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094096. 

445. Parivazh, Mohammad Mehdi, Mohammad Rahmani, and Mohammad Akrami. 2022. 

“Numerical Investigation on a Liquid&ndash;gas Ejector for Carbon Dioxide Removal Using Amine 
Solution: Hydrodynamics and Mass Transfer Evaluation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094485. 

446. Park, Giyoung, Hyowon Bang, and Seangwock Lee. 2022. “Flow Analysis of PM/NOX 
Aftertreatment System for Emergency Generator.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094404. 

447. Park, Jaesung, and Yujin Lim. 2022. “Online Service-Time Allocation Strategy for Balancing 

Energy Consumption and Queuing Delay of a MEC Server.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094539. 

448. Park, Kisung, and Youngho Park. 2022. “On the Security of a Lightweight and Secure Access 
Authentication Scheme for Both UE and mMTC Devices in 5G Networks.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094265. 

https://doi.org/10.3390/app12094651
https://doi.org/10.3390/app12094274
https://doi.org/10.3390/app12094205
https://doi.org/10.3390/app12094463
https://doi.org/10.3390/app12094376
https://doi.org/10.3390/app12094524
https://doi.org/10.3390/app12094305
https://doi.org/10.3390/app12094623
https://doi.org/10.3390/app12094637
https://doi.org/10.3390/app12094096
https://doi.org/10.3390/app12094485
https://doi.org/10.3390/app12094404
https://doi.org/10.3390/app12094539
https://doi.org/10.3390/app12094265


449. Pasquardini, Laura, Nunzio Cennamo, Francesco Arcadio, and Luigi Zeni. 2022. “A Review of 
Apta-POF-Sensors: The Successful Coupling Between Aptamers and Plastic Optical Fibers for 

Biosensing Applications.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094584. 

450. Pathan, Sameena, Tanweer Ali, Shweta Vincent, Yashwanth Nanjappa, Rajiv Mohan David, and 

Om Prakash Kumar. 2022. “A Dermoscopic Inspired System for Localization and Malignancy 
Classification of Melanocytic Lesions.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094243. 

451. Paulauskaite-Taraseviciene, Agne, Eimantas Noreika, Ramunas Purtokas, Ingrida Lagzdinyte-

Budnike, Vytautas Daniulaitis, and Ruta Salickaite-Zukauskiene. 2022. “An Intelligent Solution for 
Automatic Garment Measurement Using Image Recognition Technologies.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094470. 

452. Pecora, Rosario. 2022. “A Practical Approach for the Mitigation of Seismic-Induced Vibrations 

in Slender Metallic Structures Through Magnetorheological Fluid Dampers.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094155. 

453. Pei, Weicheng, Yuyan Jiang, and Shu Li. 2022. “An Efficient Parallel Implementation of the 
Runge&ndash;kutta Discontinuous Galerkin Method with Weighted Essentially Non-Oscillatory 

Limiters on Three-Dimensional Unstructured Meshes.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094228. 

454. Pencheva, Evelina, Ivaylo Atanasov, and Ventsislav Trifonov. 2022. “Identity Management in 
Future Railway Mobile Communication System.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094293. 

455. Peng, Xiaojiang, Yuxin Gu, and Panpan Zhang. 2022. “AU-Guided Unsupervised Domain-

Adaptive Facial Expression Recognition.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094366. 

456. Phan, Anh-Cang, Thuong-Cang Phan, and Thanh-Ngoan Trieu. 2022. “A Systematic Approach 
to Healthcare Knowledge Management Systems in the Era of Big Data and Artificial Intelligence.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094455. 

457. Philipp, Christian, Sezer Sari, Walter Brandes, Stefan Nauer, Elsa Patzl-Fischerleitner, and 

Reinhard Eder. 2022. “Reduction in Off-Flavors in Wine Using Special Filter Layers with Integrated 

Zeolites and the Effect on the Volatile Profile of Austrian Wines.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094343. 

458. Piana, Edoardo Alessio, Paolo Bonfiglio, and Monika Rychtarikova. 2022. “Acoustic Properties 
of Absorbing Materials.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094446. 

459. Pichardo, Eduardo, Esteban Anides, Angel Vazquez, Eduardo Vazquez, Juan C. Sánchez, Héctor 

M. Pérez, Gabriel Sánchez, Juan G. Avalos, and Giovanny Sánchez. 2022. “A Novel PSO-Based 

Adaptive Filter Structure with Switching Selection Criteria for Active Noise Control.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094368. 

460. Pico, Nabih, Sang-Hyeon Park, June-sup Yi, and Hyungpil Moon. 2022. “Six-Wheel Robot Design 

Methodology and Emergency Control to Prevent the Robot from Falling down the Stairs.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094403. 

461. Piegat, Andrzej, and Marcin Pluciński. 2022. “The Optimal Tolerance Solution of the Basic 
Interval Linear Equation and the Explanation of the Lodwick&rsquo;s Anomaly.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094382. 

462. Piferi, Cecilia, Matteo Daghetta, Marco Schiavon, Hector Eduardo Roman, and Claudia Riccardi. 

2022. “Pentane Depletion by a Surface DBD and Catalysis Processing.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094253. 

463. Ping, Qi, Qi Gao, Yulin Wu, Chen Wang, Kaifan Shen, Shuo Wang, Shiwei Wu, and Yijie Xu. 2022. 

“Study on the Dynamic Splitting Mechanical Properties of Annular Sandstone Specimens with 

Temperature&ndash;water Coupling in a Coal Mine.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094608. 

https://doi.org/10.3390/app12094584
https://doi.org/10.3390/app12094243
https://doi.org/10.3390/app12094470
https://doi.org/10.3390/app12094155
https://doi.org/10.3390/app12094228
https://doi.org/10.3390/app12094293
https://doi.org/10.3390/app12094366
https://doi.org/10.3390/app12094455
https://doi.org/10.3390/app12094343
https://doi.org/10.3390/app12094446
https://doi.org/10.3390/app12094368
https://doi.org/10.3390/app12094403
https://doi.org/10.3390/app12094382
https://doi.org/10.3390/app12094253
https://doi.org/10.3390/app12094608


464. Pisarska, Aleksandra, Renata Wolinowska, Joanna Rudnicka, and Ewa Iwanicka-Grzegorek. 

2022. “Characteristics of Clinical Isolates of Streptococcus Mutans.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094579. 

465. Popovici, Dorin-Mircea, Dorin Iordache, Radu Comes, Călin Gheorghe Dan Neamțu, and Elena 
Băutu. 2022. “Interactive Exploration of Virtual Heritage by Means of Natural Gestures.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094452. 

466. Popovici, Violeta, Laura Bucur, Cerasela Elena Gîrd, Suzana Ioana Calcan, Elena Iulia Cucolea, 

Teodor Costache, Dan Rambu, et al. 2022. Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094234. 

467. Porojan, Liliana, Flavia Roxana Toma, Ion-Dragoș Uțu, and Roxana Diana Vasiliu. 2022. “Optical 
Behavior and Surface Analysis of Dental Resin Matrix Ceramics Related to Thermocycling and 

Finishing.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094346. 

468. Prapa, Ioanna, Amalia E. Yanni, Anastasios Nikolaou, Nikolaos Kostomitsopoulos, Nick 

Kalogeropoulos, Eugenia Bezirtzoglou, Vaios T. Karathanos, and Yiannis Kourkoutas. 2022. 

“Dietary Pistachio (Pistacia Vera l.) Beneficially Alters Fatty Acid Profiles in Streptozotocin-Induced 

Diabetic Rat.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094606. 

469. Pratthana, Chulaluck, and Kondo-Francois Aguey-Zinsou. 2022. “Surfactant Induced Synthesis 

of LiAlH4 and NaAlH4 Nanoparticles for Hydrogen Storage.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094742. 

470. Qian, Jun, Jiaqi Zhang, Zeyu Jin, Jiali Cheng, Jingjing Li, Hanwu Song, Qian Lu, et al. 2022. 

“Enhancing Algal Yield and Nutrient Removal from Anaerobic Digestion Piggery Effluent by an 
Integrated Process-Optimization Strategy of Fungal Decolorization and Microalgae Cultivation.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094741. 

471. Qian, Yuchen, Yong Xie, Jianjun Jia, and Liang Zhang. 2022. “Development of Active 
Microvibration Isolation System for Precision Space Payload.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094548. 

472. Qiao, Wenzuo, Wenjuan Ren, and Liangjin Zhao. 2022. “Vehicle Re-Identification in Aerial 

Imagery Based on Normalized Virtual Softmax Loss.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094731. 

473. Qu, Feng, Wentao Yu, Kui Xiao, Chaofan Liu, and Weirong Liu. 2022. “Trajectory Generation 
and Optimization Using the Mutual Learning and Adaptive Ant Colony Algorithm in Uneven 

Environments.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094629. 

474. Quatrini, Elena, Francesco Costantino, Xiaochuan Li, and David Mba. 2022. “Fault Detection, 
Diagnosis, and Prognosis of a Process Operating Under Time-Varying Conditions.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094737. 

475. Quimbita, Wilmer, Edison Toapaxi, and Jacqueline Llanos. 2022. “Smart Irrigation System 
Considering Optimal Energy Management Based on Model Predictive Control (MPC).” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094235. 

476. Rabemaharitra, Tahirinandraina Prudence, Yanhong Zou, Zhuowei Yi, Yong He, and Umair 

Khan. 2022. “Optimized Pilot Point Emplacement Based Groundwater Flow Calibration Method 
for Heterogeneous Small-Scale Area.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094648. 

477. Radonjić, Milutin, Sanja Vujnović, Aleksandra Krstić, and Žarko Zečević. 2022. “IoT System for 
Detecting the Condition of Rotating Machines Based on Acoustic Signals.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094385. 

478. Rahimi, Serveh, and Mostafa Shooshtari. 2022. “CZTSe-Based Solar Cell Performance 

Improvement Using the CSLO Technique.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094119. 

479. Rahman, Sherin, Keerthana John, Bidur Kafle, and Riyadh Al-Ameri. 2022. “Structural 
Performance of Modular Sandwich Composite Floor Slabs Containing Basalt FRP-Reinforced Self-

https://doi.org/10.3390/app12094579
https://doi.org/10.3390/app12094452
https://doi.org/10.3390/app12094234
https://doi.org/10.3390/app12094346
https://doi.org/10.3390/app12094606
https://doi.org/10.3390/app12094742
https://doi.org/10.3390/app12094741
https://doi.org/10.3390/app12094548
https://doi.org/10.3390/app12094731
https://doi.org/10.3390/app12094629
https://doi.org/10.3390/app12094737
https://doi.org/10.3390/app12094235
https://doi.org/10.3390/app12094648
https://doi.org/10.3390/app12094385
https://doi.org/10.3390/app12094119


Compacting Geopolymer Concrete.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094246. 

480. Rajendran, Peramaiyan, Hany Elsawy, Manal Alfwuaires, and Azza Sedky. 2022. “Brassinin 
Enhances Apoptosis in Hepatic Carcinoma by Inducing Reactive Oxygen Species Production and 

Suppressing the JAK2/STAT3 Pathway.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094733. 

481. Ramljak, Ivana, Dinko Begušić, and Josip Lorincz. 2022. “Operational Characteristics of Square-

Law Combining Energy Detector in MIMO-OFDM Cognitive Radio Systems.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094684. 

482. Rashidi, Ahmad, Mohammad Mahdi Khatib, and Reza Derakhshani. 2022. “Structural 
Characteristics and Formation Mechanism of the Earth Fissures as a Geohazard in Birjand, Iran.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094144. 

483. Razek, Adel. 2022. “Coupled Models in Electromagnetic and Energy Conversion Systems from 
Smart Theories Paradigm to That of Complex Events: A Review.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094675. 

484. Ren, Chengdong, Xiaolei Dong, Jiachen Shen, Zhenfu Cao, and Yuanjian Zhou. 2022. “CLAP-PRE: 

Certificateless Autonomous Path Proxy Re-Encryption for Data Sharing in the Cloud.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094353. 

485. Ren, Yong, Tong Chu, Yifei Jiao, Mingquan Zhou, Guohua Geng, Kang Li, and Xin Cao. 2022. 

“Multi-Scale Upsampling GAN Based Hole-Filling Framework for High-Quality 3D Cultural Heritage 

Artifacts.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094581. 

486. Ren, Zhanghao, Congxin Chen, Chaoyi Sun, and Yue Wang. 2022. “Dynamic Analysis of the 
Seismo-Dynamic Response of Anti-Dip Bedding Rock Slopes Using a Three-Dimensional Discrete-

Element Method.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094640. 

487. Rico-del-Viejo, Laura, Clara Llorens-Quintana, Irene Martínez-Alberquilla, David Madrid-Costa, 

and María García-Montero. 2022. “Ocular Surface Temperature in DED Under Natural Non-

Controlled Blinking Conditions.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094596. 

488. Rizzo, Andrea L., Philippe Robidoux, Alessandro Aiuppa, and Andrea Di Piazza. 2022. “3He/4He 
Signature of Magmatic Fluids from Telica (Nicaragua) and Baru (Panama) Volcanoes, Central 

American Volcanic Arc.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094241. 

489. Robisson, Bruno, Sylvain Guillemin, Laurie Marchadier, Gérald Vignal, and Alexandre 

Mignonac. 2022. “Solar Charging of Electric Vehicles: Experimental Results.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094523. 

490. Robson, Miora Nirina, Omar Al-Mansouri, Nicolas Pinoteau, Marco Abate, Kenton McBride, 

Roberto Piccinin, Sébastien Rémond, and Dashnor Hoxha. 2022. “Experimental Investigation of 
the Concrete Cone Failure of Bonded Anchors at Room and High Temperature.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094760. 

491. Rojewska, Katarzyna, Stella Maćkowska, Michał Maćkowski, Agnieszka Różańska, Klaudia 
Barańska, Mariusz Dzieciątko, and Dominik Spinczyk. 2022. “Natural Language Processing and 

Machine Learning Supporting the Work of a Psychologist and Its Evaluation on the Example of 

Support for Psychological Diagnosis of Anorexia.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094702. 

492. Roppel, Matthias, Frank Rieg, and Stephan Tremmel. 2022. “Definition and Determination of 
Fin Substitution Factors Accelerating Thermal Simulations.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094449. 

493. Rostami, Shirin, Ag Sufiyan Abd Hamid, Kamaruzzaman Sopian, Hasila Jarimi, Anwor Bassim, 

and Adnan Ibrahim. 2022. “Heat Transfer Analysis of the Flat Plate Solar Thermal Collectors with 
Elliptical and Circular Serpentine Tubes.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094519. 

https://doi.org/10.3390/app12094246
https://doi.org/10.3390/app12094733
https://doi.org/10.3390/app12094684
https://doi.org/10.3390/app12094144
https://doi.org/10.3390/app12094675
https://doi.org/10.3390/app12094353
https://doi.org/10.3390/app12094581
https://doi.org/10.3390/app12094640
https://doi.org/10.3390/app12094596
https://doi.org/10.3390/app12094241
https://doi.org/10.3390/app12094523
https://doi.org/10.3390/app12094760
https://doi.org/10.3390/app12094702
https://doi.org/10.3390/app12094449
https://doi.org/10.3390/app12094519


494. Roy, Krishanu, Ran Su, Aflah Alamsah Dani, Zhiyuan Fang, Hao Liang, and James B. P. Lim. 2022. 

“Spatiotemporal Model to Quantify Stocks of Metal Cladding Products for a Prospective Circular 

Economy.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094597. 

495. Rus, Luca Liviu, Anca Maria Juncan, Veronica Isabela Crăciun, Adina Frum, Simona-Codruța 
Hegheș, Anca Butuca, Carmen Maximiliana Dobrea, et al. 2022. “Determination of Zn2+ in Solid 
Pharmaceutical Dosage Forms by Means of Spectrophotometry in Micellar Media: Method 

Validation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094476. 

496. Ryu, Seokhoon, Jihea Lim, Young-Sup Lee, Eunsuk Yoo, and Chasub Lim. 2022. “Enhancing 
Engine Order Sound Using Additive Feedforward Control for a Secondary Path with Uncertainty 

at Higher Frequencies.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094486. 

497. Saccani, Andrea, Maurizio Fiorini, and Stefania Manzi. 2022. “Recycling of Wastes Deriving 
from the Production of Epoxy-Carbon Fiber Composites in the Production of Polymer 

Composites.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094287. 

498. Sajun, Ali Reza, Imran Zualkernan, and Donthi Sankalpa. 2022. “Investigating the Performance 

of FixMatch for COVID-19 Detection in Chest x-Rays.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094694. 

499. Sakaguchi, Tomoyoshi, Masato Tanaka, Hardik Suthar, Yoshihiro Fujiwara, Koji Uotani, Shinya 

Arataki, Taro Yamauchi, et al. 2022. “Chronological Evaluation of Gait Ability and Posture Balance 
After Adult Spinal Deformity Surgery.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094285. 

500. Sałaciński, Michał, Krzysztof Puchała, Andrzej Leski, Elżbieta Szymczyk, Volodymyr Hutsaylyuk, 
Arkadiusz Bednarz, Piotr Synaszko, Rafał Kozera, Klaudia Olkowicz, and Dominik Głowacki. 2022. 
“Technological Aspects of a Reparation of the Leading Edge of Helicopter Main Rotor Blades in 
Field Conditions.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094249. 

501. Salahuddin, Humayun, Kashif Imdad, Muhammad Umar Chaudhry, Dmitry Nazarenko, Vadim 

Bolshev, and Muhammad Yasir. 2022. “Induction Machine-Based EV Vector Control Model Using 

Mamdani Fuzzy Logic Controller.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094647. 

502. Salgals, Toms, Janis Alnis, Oskars Ozolins, Alexey V. Andrianov, Elena A. Anashkina, Inga Brice, 

Roberts Berkis, et al. 2022. “Silica Microsphere WGMR-Based Kerr-OFC Light Source and Its 

Application for High-Speed IM/DD Short-Reach Optical Interconnects.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094722. 

503. Salman, Khansaa Dawood, Wisam Abed Kattea Al-Maliki, Falah Alobaid, and Bernd Epple. 

2022a. “Microstructural Analysis and Mechanical Characterization of Shape Memory Alloy Ni-Ti-

Ag Synthesized by Casting Route.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094639. 

504. ———. 2022b. “Microstructural Analysis and Mechanical Properties of a Hybrid Al/Fe2O3/Ag 

Nano-Composite.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094730. 

505. Sapena, Oscar, and Eva Onaindia. 2022. “Multimodal Classification of Teaching Activities from 

University Lecture Recordings.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094785. 

506. Sardo, Carla, Carmela Tommasino, Giulia Auriemma, Tiziana Esposito, and Rita Patrizia Aquino. 

2022. “Beyond the Dilemmas: Design of PLA-PEG Assemblies Based on pH-Reversible Boronic 

Ester for the Synchronous PEG de-Shielding and Ligand Presentation to Hepatocytes.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094225. 

507. Sato, Ryo, Yuki Shimizu, Hiraku Matsukuma, and Wei Gao. 2022. “Influence of Surface Tilt 
Angle on a Chromatic Confocal Probe with a Femtosecond Laser.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094736. 

508. Sato, Yoshihiro, and Yue Bao. 2022. “Identification of 3D Lip Shape During Japanese Vowel 
Pronunciation Using Deep Learning.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094632. 

509. Šavc, Martin, Gašper Sedej, and Božidar Potočnik. 2022. “Cephalometric Landmark Detection 
in Lateral Skull x-Ray Images by Using Improved SpatialConfiguration-Net.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094644. 

https://doi.org/10.3390/app12094597
https://doi.org/10.3390/app12094476
https://doi.org/10.3390/app12094486
https://doi.org/10.3390/app12094287
https://doi.org/10.3390/app12094694
https://doi.org/10.3390/app12094285
https://doi.org/10.3390/app12094249
https://doi.org/10.3390/app12094647
https://doi.org/10.3390/app12094722
https://doi.org/10.3390/app12094639
https://doi.org/10.3390/app12094730
https://doi.org/10.3390/app12094785
https://doi.org/10.3390/app12094225
https://doi.org/10.3390/app12094736
https://doi.org/10.3390/app12094632
https://doi.org/10.3390/app12094644


510. Sbiti, Maroua, Djaoued Beladjine, Karim Beddiar, and Bélahcène Mazari. 2022. “Leveraging 
Quantity Surveying Data and BIM to Automate Mechanical and Electrical (m &Amp; e) 

Construction Planning.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094546. 

511. Scalici, Massimiliano, Stefania Chiesa, Giorgio Mancinelli, Pietro Maria Rontani, Andrea Voccia, 

and Francesco Nonnis Marzano. 2022. “Euryhaline Aliens Invading Italian Inland Waters: The Case 
of the Atlantic Blue Crab Callinectes Sapidus Rathbun, 1896.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094666. 

512. Șcheau, Mircea Constantin, Monica Violeta Achim, Larisa Găbudeanu, Iulia Brici, and 
Alexandru-Lucian Vîlcea. 2022. “Legal, Economic and Cyber Security Framework Considerations 
for Drone Usage.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094663. 

513. Schirra, Aaron, Annas Bin Ali, Franz Renz, Ralf Sindelar, Simone Pedrazzi, and Giulio Allesina. 

2022. “Preliminary Investigation of Possible Biochar Use as Carbon Source in Polyacrylonitrile 

Electrospun Fiber Production.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094441. 

514. See, Aaron Raymond, Jose Antonio G. Choco, and Kohila Chandramohan. 2022. “Touch, 
Texture and Haptic Feedback: A Review on How We Feel the World Around Us.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094686. 

515. Setyanto, Arief, Arif Laksito, Fawaz Alarfaj, Mohammed Alreshoodi, Kusrini, Irwan Oyong, 

Mardhiya Hayaty, Abdullah Alomair, Naif Almusallam, and Lilis Kurniasari. 2022. “Arabic Language 
Opinion Mining Based on Long Short-Term Memory (LSTM).” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094140. 

516. Sfondrini, Maria Francesca, Maurizio Pascadopoli, Serena Dicorato, Claudia Todaro, Maria 

Gloria Nardi, Simone Gallo, Paola Gandini, and Andrea Scribante. 2022. “Bone Modifications 
Induced by Rapid Maxillary Expander: A Three-Dimensional Cephalometric Pilot Study Comparing 

Two Different Cephalometric Software Programs.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094313. 

517. Shao, Peng, Runhua Tan, Qingjin Peng, Lulu Zhang, Kang Wang, and Yafan Dong. 2022. 

“Problem-Solving in Product Innovation Based on the Cynefin Framework-Aided TRIZ.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094157. 

518. Shao, Yawu, Yonglu Suo, Jiang Xiao, Yuan Bai, Tao Yang, and Siwei Fan. 2022. “Dynamic 
Evolution Characteristics of Oil&ndash;gas Coupling Fractures and Dynamic Disaster of Coal Mass 

in Coal and Oil Resources Co-Storage Areas.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094499. 

519. Shi, Cheng, Zhijie Zheng, Jun Pan, Zhi-Kang Ni, Shengbo Ye, and Guangyou Fang. 2022. 

“Multiple Stationary Human Targets Detection in Through-Wall UWB Radar Based on 

Convolutional Neural Network.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094720. 

520. Shi, Yakun, Wanli Xu, Jun Zhang, and Xiaohong Li. 2022. “Automated Classification of Ultrasonic 
Signal via a Convolutional Neural Network.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094179. 

521. Shi, Yan, Cheng Long, Xuexi Yang, and Min Deng. 2022. “Abnormal Ship Behavior Detection 
Based on AIS Data.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094635. 

522. Shin, Geon-Ho, and Jang-Wook Hur. 2022. “A New Finite Element Analysis Model to Estimate 
Contact Stress in Ball Screw.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094713. 

523. Shin, Kyung-Chul, Min-Ju Seo, Sang Jin Kim, Yeong-Su Kim, and Chang-Su Park. 2022. 

“Characterization of l-Arabinose Isomerase from Klebsiella Pneumoniae and Its Application in the 

Production of d-Tagatose from d-Galactose.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094696. 

524. Shin, Yongchul, and Seungmo Kim. 2022. “A Numerical Investigation of Delamination Response 
of CNT/Epoxy Film Interleaved Composite.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094194. 

525. Shlyakhtina, Anna V., Nikolay V. Lyskov, Galina E. Nikiforova, Anna V. Kasyanova, Galina A. 

Vorobieva, Igor V. Kolbanev, Dmitry N. Stolbov, and Dmitry A. Medvedev. 2022. “Proton 

https://doi.org/10.3390/app12094546
https://doi.org/10.3390/app12094666
https://doi.org/10.3390/app12094663
https://doi.org/10.3390/app12094441
https://doi.org/10.3390/app12094686
https://doi.org/10.3390/app12094140
https://doi.org/10.3390/app12094313
https://doi.org/10.3390/app12094157
https://doi.org/10.3390/app12094499
https://doi.org/10.3390/app12094720
https://doi.org/10.3390/app12094179
https://doi.org/10.3390/app12094635
https://doi.org/10.3390/app12094713
https://doi.org/10.3390/app12094696
https://doi.org/10.3390/app12094194


Conductivity of La2(Hf2&minus;xLax)O7&minus;x/2 &Ldquo;stuffed&rdquo; Pyrochlores.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094342. 

526. Shoriat Ullah, MD, and Kangwon Seo. 2022. “Prediction of Lithium-Ion Battery Capacity by 

Functional Principal Component Analysis of Monitoring Data.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094296. 

527. Shrivastav, Kumar Dron, Priyadarshini Arambam, Shelly Batra, Vandana Bhatia, Harpreet Singh, 

Vinita Kumar Jaggi, Priya Ranjan, Eyad H. Abed, and Rajiv Janardhanan. 2022. “Earth 
Mover&rsquo;s Distance-Based Tool for Rapid Screening of Cervical Cancer Using Cervigrams.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094661. 

528. Si, Wenshuai, Shouying Wang, Bing Bai, Nan Wu, Tai Ye, Fei Xu, and Cong Kong. 2022. “Zeolite 
h-Beta as a Dispersive Solid-Phase Extraction Sorbent for the Determination of Eight 

Neonicotinoid Insecticides Using Ultra-High-Performance Liquid Chromatography—Tandem Mass 

Spectrometry.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094316. 

529. Simonetti, Hélio Luiz, Valério Silva Almeida, Francisco de Assis das Neves, Vírgil Del Duca 

Almeida, and Luttgardes de Oliveira Neto. 2022. “Reliability-Based Topology Optimization: An 

Extension of the SESO and SERA Methods for Three-Dimensional Structures.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094220. 

530. Sinchi-Sinchi, Freddy, Cristian Coronel-Naranjo, Antonio Barragán-Escandón, and Flavio 

Quizhpi-Palomeque. 2022. “Soil Treatment to Reduce Grounding Resistance by Applying Low-

Resistivity Material (LRM) Implemented in Different Grounding Systems Configurations and in 

Soils with Different Resistivities.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094788. 

531. Smith, Samuel Cole, Oscar Beau Black, and Courtney Roper. 2022. “Airborne and Dermal 
Collection Methods of Gunshot Residue for Toxicity Studies.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094423. 

532. Smyk, Emil, Paweł Gil, Rafał Gałek, and Łukasz Przeszłowski. 2022. “Comparison of the Axial 
Fan and Synthetic Jet Cooling Systems.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094349. 

533. Solovyev, Valery, and Vladimir Ivanov. 2022. “Extrapolation of Human Estimates of the 
Concreteness/ Abstractness of Words by Neural Networks of Various Architectures.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094750. 

534. Son, Boram, Seong Ho Lee, Seyoung Hong, Miji Kwon, Jinmyoung Joo, Kwang Suk Lim, and Hee 

Ho Park. 2022. “Direct Conversion of Bovine Dermal Fibroblasts into Myotubes by Viral Delivery 
of Transcription Factor bMyoD.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094688. 

535. Song, Jia, Chengshun Xu, Chaoqun Feng, and Fujie Wang. 2022. “An Explicit Finite Element 
Method for Saturated Soil Dynamic Problems and Its Application to Seismic Liquefaction Analysis.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094586. 

536. Song, Ki-Han, and Wonho Suh. 2022. “Perceptions on Regional Benefit of Airport Development 
and Operation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094340. 

537. Song, Liangliang, Haiyan Li, Yongliang Deng, and Chaozhi Li. 2022. “Understanding Safety 
Performance of Prefabricated Construction Based on Complex Network Theory.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094308. 

538. Song, Xuyan, Min Wei, Yunlu He, Xi Pan, Xinjiao Cui, Xiaodi Du, and Junsheng Li. 2022. “A Novel 
Tri-Layer Cellulose-Based Membrane for the Capture and Analysis of Mainstream Smoke of 

Tobacco.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094196. 

539. Sonnenschein, Volker, and Hideki Tomita. 2022. “A Hybrid Self-Seeded Ti:sapphire Laser with 

a Pumping Scheme Based on Spectral Beam Combination of Continuous Wave Diode and Pulsed 

DPSS Lasers.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094727. 

540. Soomro, Hira, Nooraini Zainuddin, Hanita Daud, Joshua Sunday, Noraini Jamaludin, Abdullah 

Abdullah, Mulono Apriyanto, and Evizal Abdul Kadir. 2022. “Variable Step Block Hybrid Method 
for Stiff Chemical Kinetics Problems.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094484. 

https://doi.org/10.3390/app12094342
https://doi.org/10.3390/app12094296
https://doi.org/10.3390/app12094661
https://doi.org/10.3390/app12094316
https://doi.org/10.3390/app12094220
https://doi.org/10.3390/app12094788
https://doi.org/10.3390/app12094423
https://doi.org/10.3390/app12094349
https://doi.org/10.3390/app12094750
https://doi.org/10.3390/app12094688
https://doi.org/10.3390/app12094586
https://doi.org/10.3390/app12094340
https://doi.org/10.3390/app12094308
https://doi.org/10.3390/app12094196
https://doi.org/10.3390/app12094727
https://doi.org/10.3390/app12094484


541. Söylemez, Mehmet, Bedir Tekinerdogan, and Ayça Kolukısa Tarhan. 2022. “Feature-Driven 

Characterization of Microservice Architectures: A Survey of the State of the Practice.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094424. 

542. Spagnoli, Lorenzo, Maria Francesca Morrone, Enrico Giampieri, Giulia Paolani, Miriam Santoro, 

Nico Curti, Francesca Coppola, et al. 2022. “Outcome Prediction for SARS-CoV-2 Patients Using 

Machine Learning Modeling of Clinical, Radiological, and Radiomic Features Derived from Chest 

CT Images.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094493. 

543. Spišáková, Marcela, Tomáš Mandičák, Peter Mésároš, and Matej Špak. 2022. “Waste 
Management in a Sustainable Circular Economy as a Part of Design of Construction.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094553. 

544. Stoilova, Krasimira, and Todor Stoilov. 2022. “Model Predictive Traffic Control by Bi-Level 

Optimization.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094147. 

545. Stryczewska, Henryka Danuta, and Oleksandr Boiko. 2022. “Applications of Plasma Produced 
with Electrical Discharges in Gases for Agriculture and Biomedicine.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094405. 

546. Su, Hang, and Fei Zhao. 2022. “Recent Advances in Intrinsically Fluorescent Polydopamine 
Materials.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094560. 

547. Su, Shaohui, Shang Gao, Dongyang Zhang, and Wanqiang Wang. 2022. “Research on the 
Hand&ndash;eye Calibration Method of Variable Height and Analysis of Experimental Results 

Based on Rigid Transformation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094415. 

548. Su, Xuan, Jingyu Lu, Chen Chen, Junjie Yu, and Weixi Ji. 2022. “Dynamic Bottleneck 
Identification of Manufacturing Resources in Complex Manufacturing System.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094195. 

549. Su, Yun-Peng, Xiao-Qi Chen, Tony Zhou, Christopher Pretty, and Geoffrey Chase. 2022. “Mixed-

Reality-Enhanced Human&ndash;robot Interaction with an Imitation-Based Mapping Approach 

for Intuitive Teleoperation of a Robotic Arm-Hand System.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094740. 

550. Suh, Hyo-Joong, Junggab Son, and Kyungtae Kang. 2022. “Application of Artificial Intelligence 
in the Practice of Medicine.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094649. 

551. Sun, Yuce, Wei Hu, Xiangyu Kong, Yu Shen, and Fan Yang. 2022. “Multi-Objective Optimal d-

PMU Placement for Fast, Reliable and High-Precision Observations of Active Distribution 

Networks.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094677. 

552. Sun, Zhengbao, Lizhen Wang, Chen Chu, and Yu Zhang. 2022. “Outlier Reconstruction of NDVI 

for Vegetation-Cover Dynamic Analyses.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094412. 

553. Syrokou, Maria K., Spiros Paramithiotis, Charalabos D. Kanakis, Georgios K. Papadopoulos, 

Petros A. Tarantilis, Panagiotis N. Skandamis, Loulouda Bosnea, Marios Mataragas, and Eleftherios 

H. Drosinos. 2022. “Effect of Dough-Related Parameters on the Antimold Activity of 

Wickerhamomyces Anomalus Strains and Mold-Free Shelf Life of Bread.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094506. 

554. Tabucol, Johnnidel, Vera Geertruida Maria Kooiman, Marco Leopaldi, Tommaso Maria Brugo, 

Ruud Adrianus Leijendekkers, Gregorio Tagliabue, Vishal Raveendranathan, et al. 2022. “The 
Functionality Verification Through Pilot Human Subject Testing of MyFlex-&Delta;: An ESR Foot 

Prosthesis with Spherical Ankle Joint.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094575. 

555. Takatoi, Go, Takeshi Sugawara, Kazuo Sakiyama, Yuko Hara-Azumi, and Yang Li. 2022. “The 
Limits of SEMA on Distinguishing Similar Activation Functions of Embedded Deep Neural 

Networks.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094135. 

556. Tan, Zhongsheng, Zonglin Li, Zhenliang Zhou, Haixiang Lai, Yifeng Jiao, Fengyuan Li, and Liming 

Wang. 2022. “Research on an Evaluation Method for the Adaptability of TBM Tunnelling.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094590. 

https://doi.org/10.3390/app12094424
https://doi.org/10.3390/app12094493
https://doi.org/10.3390/app12094553
https://doi.org/10.3390/app12094147
https://doi.org/10.3390/app12094405
https://doi.org/10.3390/app12094560
https://doi.org/10.3390/app12094415
https://doi.org/10.3390/app12094195
https://doi.org/10.3390/app12094740
https://doi.org/10.3390/app12094649
https://doi.org/10.3390/app12094677
https://doi.org/10.3390/app12094412
https://doi.org/10.3390/app12094506
https://doi.org/10.3390/app12094575
https://doi.org/10.3390/app12094135
https://doi.org/10.3390/app12094590


557. Tang, Xiaobing, Zhibiao Hao, Lai Wang, Jiadong Yu, Xun Wang, Yi Luo, Changzheng Sun, et al. 

2022. “Plasmon-Enhanced Hot-Electron Photodetector Based on Au/GaN-Nanopillar Arrays for 

Short-Wave-Infrared Detection.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094277. 

558. Tasic, Igor, and Maria-Dolores Cano. 2022. “Sparking Innovation in a Crisis: An IoT Sensor 

Location-Based Early Warning System for Pandemic Control.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094407. 

559. Tasnim, Nusrat, and Joong-Hwan Baek. 2022. “Deep Learning-Based Human Action 

Recognition with Key-Frames Sampling Using Ranking Methods.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094165. 

560. Tejero-González, Ana, Héctor López-Pérez, Fernando Espí-García, Luis M. Navas-Gracia, and 

Julio F. SanJosé-Alonso. 2022. “Safety and Energy Implications of Setback Control in Operating 
Rooms During Unoccupied Periods.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094098. 

561. Teng, Rui, and Kenya Sato. 2022. “Two-Level Sharing and Extraction of Sensing Information 

with Hybrid V2X Communications.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094603. 

562. Teng, Shuang, Can Kang, Kejin Ding, Changjiang Li, and Sheng Zhang. 2022. “CFD-DEM 

Simulation of the Transport of Manganese Nodules in a Vertical Pipe.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094383. 

563. Thangaleela, Subramanian, Bhagavathi Sundaram Sivamaruthi, Periyanaina Kesika, 

Muruganantham Bharathi, Wipada Kunaviktikul, Areewan Klunklin, Chatnithit Chanthapoon, and 

Chaiyavat Chaiyasut. 2022. “Essential Oils, Phytoncides, Aromachology, and 
Aromatherapy&mdash;a Review.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094495. 

564. Tokuzawa, Tokihiko, Shigeru Inagaki, Michiaki Inomoto, Akira Ejiri, Tatsuhiro Nasu, Toru Ii 

Tsujimura, and Katsumi Ida. 2022. “Application of Dual Frequency Comb Method as an Approach 
to Improve the Performance of Multi-Frequency Simultaneous Radiation Doppler Radar for High 

Temperature Plasma Diagnostics.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094744. 

565. Tolić Čop, Kristina, Dragana Mutavdžić Pavlović, Katarina Duić, Minea Pranjić, Iva Fereža, Igor 
Jajčinović, Ivan Brnardić, and Vedrana Špada. 2022. “Sorption Potential of Different Forms of TiO2 
for the Removal of Two Anticancer Drugs from Water.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094113. 

566. Tong, Yu, Weiming Tan, Jingzhi Guo, Bingqing Shen, Peng Qin, and Shuaihe Zhuo. 2022. “Smart 
Contract Generation Assisted by AI-Based Word Segmentation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094773. 

567. Toriya, Hisatoshi, Ashraf Dewan, Hajime Ikeda, Narihiro Owada, Mahdi Saadat, Fumiaki 

Inagaki, Youhei Kawamura, and Itaru Kitahara. 2022. “Use of a DNN-Based Image Translator with 

Edge Enhancement Technique to Estimate Correspondence Between SAR and Optical Images.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094159. 

568. Tormos, Bernardo, Benjamín Pla, Pau Bares, and Douglas Pinto. 2022. “Energy Management of 
Hybrid Electric Urban Bus by Off-Line Dynamic Programming Optimization and One-Step Look-

Ahead Rollout.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094474. 

569. Tornabene, Francesco, and Rossana Dimitri. 2022. “Special Issue on Recent Advances in 
Theoretical and Computational Modeling of Composite Materials and Structures.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094715. 

570. Torres-Jimenez, Jose, Nelson Rangel-Valdez, Miguel De-la-Torre, and Himer Avila-George. 

2022. “An Approach to Aid Decision-Making by Solving Complex Optimization Problems Using SQL 

Queries.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094569. 

571. Trakoolthong, Patarapan, Naphatsorn Ditthawuttikul, Bhagavathi Sundaram Sivamaruthi, 

Sasithorn Sirilun, Wandee Rungseevijitprapa, Sartjin Peerajan, and Chaiyavat Chaiyasut. 2022. 

https://doi.org/10.3390/app12094277
https://doi.org/10.3390/app12094407
https://doi.org/10.3390/app12094165
https://doi.org/10.3390/app12094098
https://doi.org/10.3390/app12094603
https://doi.org/10.3390/app12094383
https://doi.org/10.3390/app12094495
https://doi.org/10.3390/app12094744
https://doi.org/10.3390/app12094113
https://doi.org/10.3390/app12094773
https://doi.org/10.3390/app12094159
https://doi.org/10.3390/app12094474
https://doi.org/10.3390/app12094715
https://doi.org/10.3390/app12094569


“Antioxidant and 5&alpha;-Reductase Inhibitory Activity of Momordica Charantia Extract, and 

Development and Characterization of Microemulsion.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094410. 

572. Trong, Dung Nguyen, Van Cao Long, and Ştefan Ţălu. 2022. “Molecular Dynamics Simulation of 
Bulk Cu Material Under Various Factors.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094437. 

573. Tsai, Yu-Hung, Betty C. J. Pai, Hsiu-Hsia Lin, Cheng-Ting Ho, and Lun-Jou Lo. 2022. “One-Jaw 

Versus Two-Jaw Orthognathic Surgery for Patients with Cleft: A Comparative Study Using 3D 

Imaging Virtual Surgical Planning.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094461. 

574. Tseng, Hsien-Chun, Hung-Chih Lin, Yu-Che Tsai, Cheng-Hsun Lin, Sheng-Pin Changlai, Yueh-

Chun Lee, and Chien-Yi Chen. 2022. “Applying Taguchi Methodology to Optimize the Brain Image 

Quality of 128-Sliced CT: A Feasibility Study.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094378. 

575. Tufail, Muhammad, HaeBin Lee, YangGyu Moon, Hwang Kim, and KwanMyung Kim. 2022. 

“Interdisciplinary Co-Design Research Practice in the Rehabilitation of Elderly Individuals with 

Chronic Low Back Pain from a Senior Care Center in South Korea.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094687. 

576. Tzirini, Marietta, Evangelia Chatzikyriakou, Konstantinos Kouskouras, Nikolaos Foroglou, 

Theodoros Samaras, and Vasilios K. Kimiskidis. 2022. “Electric Field Distribution Induced by TMS: 
Differences Due to Anatomical Variation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094509. 

577. Vahldiek, Kai, Yao Yao, Bernd Rüger, and Frank Klawonn. 2022. “Application and Optimization 
of Algorithms for Pressure Wave Evaluation Based on Measurement Data.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094192. 

578. Vaiyapuri, Thavavel, Liyakathunisa, Haya Alaskar, Eman Aljohani, S. Shridevi, and Abir Hussain. 

2022. “Red Fox Optimizer with Data-Science-Enabled Microarray Gene Expression Classification 

Model.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094172. 

579. Vander Stichele, Robert H., Joseph Roumier, and Dirk van Nimwegen. 2022. “How Granular 
Can a Dose Form Be Described? Considering EDQM Standard Terms for a Global Terminology.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094337. 

580. Vargas-del-Río, Liliana M., Alexis García-Figueroa, Alejandro Fernández-Quintero, and Aida 

Rodríguez-Stouvenel. 2022. “Spray-Drying Hen Eggs: Effects of the Egg Yolk to Egg White Ratio 

and Sucrose Addition on the Physicochemical, Functional, and Nutritional Properties of Dried 

Products and on Their Amino Acid Profiles.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094516. 

581. Vignoli, Alessia, Gaia Meoni, and Leonardo Tenori. 2022. “Applications and Challenges for 
Metabolomics via Nuclear Magnetic Resonance Spectroscopy.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094655. 

582. Vijaya Kumar, Suria Devi, Michael Lo, Saravanan Karuppanan, and Mark Ovinis. 2022. “Failure 
Pressure Prediction of Medium to High Toughness Pipe with Circumferential Interacting Corrosion 

Defects Subjected to Combined Loadings Using Artificial Neural Network.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094120. 

583. Virgala, Ivan, Ľubica Miková, Tatiana Kelemenová, Martin Varga, Róbert Rákay, Marek Vagaš, 
Ján Semjon, et al. 2022. “A Non-Anthropomorphic Bipedal Walking Robot with a Vertically 

Stabilized Base.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094108. 

584. Vlieg, Elger A., Lucas Talandier, Roger Dangel, Folkert Horst, and Bert J. Offrein. 2022. “An 
Integrated Photorefractive Analog Matrix-Vector Multiplier for Machine Learning.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094226. 

https://doi.org/10.3390/app12094410
https://doi.org/10.3390/app12094437
https://doi.org/10.3390/app12094461
https://doi.org/10.3390/app12094378
https://doi.org/10.3390/app12094687
https://doi.org/10.3390/app12094509
https://doi.org/10.3390/app12094192
https://doi.org/10.3390/app12094172
https://doi.org/10.3390/app12094337
https://doi.org/10.3390/app12094516
https://doi.org/10.3390/app12094655
https://doi.org/10.3390/app12094120
https://doi.org/10.3390/app12094108
https://doi.org/10.3390/app12094226


585. Voinea, Andreea, Silviu-Gabriel Stroe, Sorina Ropciuc, Adriana Dabija, and Georgiana Gabriela 

Codină. 2022. “The Effect of Sea Salt with Low Sodium Content on Dough Rheological Properties 
and Bread Quality.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094344. 

586. Voltea, Sofia, Ioannis K. Karabagias, and Ioannis G. Roussis. 2022. “Use of Fe (II) and H2O2 
Along with Heating for the Estimation of the Browning Susceptibility of White Wine.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094422. 

587. Vostrý, Michal, Barbora Lanková, Ladislav Zilcher, and Jaroslava Jelinková. 2022. “The Effect of 
Individual Combination Therapy on Children with Motor Deficits from the Perspective of 

Comprehensive Rehabilitation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094270. 

588. Vukmirovic, Milena, Miroslava Raspopovic Milic, and Jovana Jovic. 2022. “Twitter Data Mining 
to Map Pedestrian Experience of Open Spaces.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094143. 

589. Wahid, Abdul, John G. Breslin, and Muhammad Ali Intizar. 2022. “Prediction of Machine Failure 
in Industry 4.0: A Hybrid CNN-LSTM Framework.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094221. 

590. Wang, Aiming, Yujie Bi, Xiaohan Cheng, Jie Yang, Guoying Meng, Yun Xia, and Yu Feng. 2022. 

“Continuous Rotor Dynamics of Multi-Disc and Multi-Span Rotor: A Theoretical and Numerical 

Investigation on the Identification of Bearing Coefficients from Unbalance Responses.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094251. 

591. Wang, Aiming, Yujie Bi, Yun Xia, Xiaohan Cheng, Jie Yang, and Guoying Meng. 2022. 

“Continuous Rotor Dynamics of Multi-Disc and Multi-Span Rotor: A Theoretical and Numerical 

Investigation on the Continuous Model and Analytical Solution for Unbalance Responses.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094351. 

592. Wang, Chengquan, Zheng Qu, Yun Zou, Chongli Yin, Yanwei Zong, and Zexuan Sun. 2022. 

“Seismic Performance Analysis of Segmental Assembled Concrete-Filled Steel Tubular Pier with 

External Replaceable Energy Dissipation Ring.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094729. 

593. Wang, Jiehui, and Koichi Kusunoki. 2022. “An Effective Beam Width Model of Slab in Thick 
Wall-Thick Slab Joints Subjected to Lateral Forces.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094600. 

594. Wang, Jing, and Xiongfei Li. 2022. “Parallel Frequent Subtrees Mining Method by an Effective 
Edge Division Strategy.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094778. 

595. Wang, Jingxu, Shengwang Meng, Qinnan Lin, Yangyang Liu, and Huaguo Huang. 2022. 

“Detection of Yunnan Pine Shoot Beetle Stress Using UAV-Based Thermal Imagery and LiDAR.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094372. 

596. Wang, Jingyao, Xiaogang Ruan, and Jing Huang. 2022. “HDPP: High-Dimensional Dynamic Path 

Planning Based on Multi-Scale Positioning and Waypoint Refinement.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094695. 

597. Wang, Kejun, Lei Gao, Yuecheng Gui, Zezhong Lu, Deshan Wang, Jiaqiang Li, and Qian Wang. 

2022. “Bio-Inspired Mechano-Sensor Based on the Deformation of Slit Wake.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094456. 

598. Wang, Meng, Ziguang He, and Hongbo Zhao. 2022. “Dimensional Reduction-Based Moment 

Model for Probabilistic Slope Stability Analysis.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094511. 

599. Wang, Pangwei, Rongsheng Ye, Juan Zhang, and Tianren Wang. 2022. “An Eco-Driving 

Controller Based on Intelligent Connected Vehicles for Sustainable Transportation.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094533. 

600. Wang, Peizhuo, Dongchen Qin, Tingting Wang, and Jiangyi Chen. 2022. “Thermal Performance 
Analysis of Gradient Porosity Aluminium Foam Heat Sink for Air-Cooling Battery Thermal 

Management System.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094628. 

https://doi.org/10.3390/app12094344
https://doi.org/10.3390/app12094422
https://doi.org/10.3390/app12094270
https://doi.org/10.3390/app12094143
https://doi.org/10.3390/app12094221
https://doi.org/10.3390/app12094251
https://doi.org/10.3390/app12094351
https://doi.org/10.3390/app12094729
https://doi.org/10.3390/app12094600
https://doi.org/10.3390/app12094778
https://doi.org/10.3390/app12094372
https://doi.org/10.3390/app12094695
https://doi.org/10.3390/app12094456
https://doi.org/10.3390/app12094511
https://doi.org/10.3390/app12094533
https://doi.org/10.3390/app12094628


601. Wang, Shih-Ming, Chun-Yi Lee, Hariyanto Gunawan, and Ren-Qi Tu. 2022. “Intelligent Air 
Cutting Monitoring System for Milling Process.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094137. 

602. Wang, Tingli, Jian Huang, Hongyuan Fu, Ke Yu, and Shan Yao. 2022. “Influence of Process 
Parameters on Filling and Feeding Capacity During High-Pressure Die-Casting Process.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094757. 

603. Wang, Wenqi, Zhiwei Zhang, Guoren Wang, and Ye Yuan. 2022. “Efficient Cross-Chain 

Transaction Processing on Blockchains.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094434. 

604. Wang, Xiaoping, Fuyong Liu, Xiangxue Li, Tao Li, Xiaoqin Xu, Zhonghe Shui, and Huancheng Wu. 

2022. “Static Bearing Capacity Investigation of a Novel Prefabricated Light-Steel 

Beam&ndash;column Connection.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094387. 

605. Wang, Xiaoqun, and Jijian Lian. 2022. “Numerical Investigation on Air&ndash;water Two-Phase 

Flow of Jinping-i Spillway Tunnel.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094311. 

606. Wang, Xingang, Dongkai Qiao, Kaizhong Han, Xiaohui Chen, and Ziqiu He. 2022. “Research on 
Predicting Remain Useful Life of Rolling Bearing Based on Parallel Deep Residual Network.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094299. 

607. Wang, Xin, Jinchi Zhao, Yinchen Yang, and Yukun Xu. 2022. “Cross-Regional Dynamic Transfer 

Characteristics of Liquid Oil Contamination Induced by Random Contact in Machining Workshops 

in Shanghai, China.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094765. 

608. Wang, Yue, Yaseen Muhammad, Sishan Yu, Tian Fu, Kun Liu, Zhangfa Tong, Xueling Hu, and 

Hanbing Zhang. 2022. “Preparation of Ca- and Na-Modified Activated Clay as a Promising 

Heterogeneous Catalyst for Biodiesel Production via Transesterification.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094667. 

609. Wang, Zhigao, Zhi Geng, Xia Fang, Qianqian Tian, Xinsheng Lan, and Jie Feng. 2022. “The 
Optimal and Economic Planning of a Power System Based on the Microgrid Concept with a 

Modified Seagull Optimization Algorithm Integrating Renewable Resources.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094743. 

610. Wang, Zhuang, Guoxi Liang, and Huiling Chen. 2022. “Tool for Predicting College Student 

Career Decisions: An Enhanced Support Vector Machine Framework.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094776. 

611. Wang, Zhujun, Xuyuan Tao, Xianyi Zeng, Yingmei Xing, Yanni Xu, Zhenzhen Xu, Pascal Bruniaux, 

and Jianping Wang. 2022. “An Interactive Personalized Garment Design Recommendation System 
Using Intelligent Techniques.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094654. 

612. Wang, Zixiao, James Lawrence, Richard Ghail, Philippa Mason, Anthony Carpenter, Stewart 

Agar, and Tom Morgan. 2022. “Characterizing Micro-Displacements on Active Faults in the Gobi 

Desert with Time-Series InSAR.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094222. 

613. Wangwiwattana, Sittichai, and Koike Yoshikazu. 2022. “Joule Heating and Arc-Fault-Induced 

Electrical Fires for Commercial-Grade Copper and Brass in Low-Voltage Electrical Systems.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094710. 

614. Waseemullah, Zainab Fatima, Shehnila Zardari, Muhammad Fahim, Maria Andleeb Siddiqui, 

Ag. Asri Ag. Ibrahim, Kashif Nisar, and Laviza Falak Naz. 2022. “A Novel Approach for Semantic 
Extractive Text Summarization.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094479. 

615. Watanabe, Tsutomu, Keiichi Goto, Kodai Matsuoka, and Shintaro Minoura. 2022. “Verification 
of Longitudinal Level Irregularity Suppression Effect at the Structural Boundary by Ballasted 

Ladder Track.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094150. 

616. Wawrzosek, Jacek, and Stanisław Parafiniuk. 2022. “The Use of the Permutation Algorithm for 
Suboptimising the Position of Used Nozzles on the Field Sprayer Boom.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094359. 

https://doi.org/10.3390/app12094137
https://doi.org/10.3390/app12094757
https://doi.org/10.3390/app12094434
https://doi.org/10.3390/app12094387
https://doi.org/10.3390/app12094311
https://doi.org/10.3390/app12094299
https://doi.org/10.3390/app12094765
https://doi.org/10.3390/app12094667
https://doi.org/10.3390/app12094743
https://doi.org/10.3390/app12094776
https://doi.org/10.3390/app12094654
https://doi.org/10.3390/app12094222
https://doi.org/10.3390/app12094710
https://doi.org/10.3390/app12094479
https://doi.org/10.3390/app12094150
https://doi.org/10.3390/app12094359


617. Weber, Thorsten, and Rüdiger Buchkremer. 2022. “Blockchain-Based Reference Architecture 

for Automated, Transparent, and Notarized Attestation of Compliance Adaptations.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094531. 

618. Wei, Jiabin, Weidong Wang, and Jiangbin Wu. 2022. “Hydro-Mechanically Coupled Numerical 

Modelling on Vibratory Open-Ended Pile Driving in Saturated Sand.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094527. 

619. Weik, David, Lars Grüter, Dirk Räbiger, Sanjay Singh, Tobias Vogt, Sven Eckert, Jürgen Czarske, 

and Lars Büttner. 2022. “Ultrasound Localization Microscopy in Liquid Metal Flows.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094517. 

620. Welten, Sascha, Lars Hempel, Masoud Abedi, Yongli Mou, Mehrshad Jaberansary, Laurenz 

Neumann, Sven Weber, et al. 2022. “Multi-Institutional Breast Cancer Detection Using a Secure 

on-Boarding Service for Distributed Analytics.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094336. 

621. Wen, Yen-Chun, and Wun-Hwa Chen. 2022. “Service Innovation and Quality Assessment of 
Industry 4.0 Microservice Through Data Modeling and System Simulation Evaluation Approaches.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094718. 

622. Wilhelm, Lena, Klaus Gierens, and Susanne Rohs. 2022. “Meteorological Conditions That 
Promote Persistent Contrails.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094450. 

623. Wnuk, Marian. 2022. “Multilayer Dielectric Periodic Antenna Structure in a Cascade View.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094185. 

624. Woo, Seongwoo, Dennis L. O’Neal, and Yimer Mohammed Hassen. 2022. “Process to Establish 
the Enhance of Fatigue Life of New Mechanical System Such as a Drawer by Accelerated Tests.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094497. 

625. Wu, Hongxin, Shitang Ke, Feitian Wang, and Weihua Wang. 2022. “Typhoon-Induced Failure 

Process and Collapse Mechanism of Super-Large Cooling Tower Based on WRF-CFD-LS/DYNA 

Nesting Technology.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094178. 

626. Wu, Qi, Junwei Wang, Huiping Huang, Shuxiang Mao, Qiuyun Wu, and Ke Huang. 2022. 

“Exogenous Selenium Treatment Promotes Glucosinolate and Glucoraphanin Accumulation in 
Broccoli by Activating Their Biosynthesis and Transport Pathways.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094101. 

627. Wu, Yingxiang, Xigui Tao, and Yijiang Xue. 2022. “Analytical Investigation of Ricochet Range of 
Ogive&mdash;shaped Nose Projectile Obliquely Penetrating Thick Steel Target.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094692. 

628. Wu, Yuedong, Yuzhe Ren, Jian Liu, and Lu Ma. 2022. “Analysis of Negative Skin Friction on a 

Single Pile Based on the Effective Stress Method and the Finite Element Method.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094125. 

629. Wu, Yuwei, Tatsuya Ishikawa, Kimio Maruyama, Chigusa Ueno, Tomohisa Yasuoka, and Sho 

Okuda. 2022. “Modeling Wicking Fabric Inhibition Effect on Frost Heave.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094357. 

630. Wu, Zhenping, Zhijun Meng, Yulong Xu, and Wenlong Zhao. 2022. “A Vision-Based Approach 

for Autonomous Motion in Cluttered Environments.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094420. 

631. Wu, Zhihong, Fuxiang Li, Yuan Zhu, Ke Lu, Mingzhi Wu, and Changze Zhang. 2022. “A Filter 
Pruning Method of CNN Models Based on Feature Maps Clustering.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094541. 

632. Xiang, Wenbin, Xuncheng Wu, Chuanchang Li, Weiwei Zhang, and Feiyang Li. 2022. “Driving 
Fatigue Detection Based on the Combination of Multi-Branch 3D-CNN and Attention Mechanism.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094689. 

633. Xiao, Jing-En, Cheng-Yu Ku, and Chih-Yu Liu. 2022. “Solving Inverse Problems of Stationary 
Convection&ndash;diffusion Equation Using the Radial Basis Function Method with Polyharmonic 

Polynomials.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094294. 

https://doi.org/10.3390/app12094531
https://doi.org/10.3390/app12094527
https://doi.org/10.3390/app12094517
https://doi.org/10.3390/app12094336
https://doi.org/10.3390/app12094718
https://doi.org/10.3390/app12094450
https://doi.org/10.3390/app12094185
https://doi.org/10.3390/app12094497
https://doi.org/10.3390/app12094178
https://doi.org/10.3390/app12094101
https://doi.org/10.3390/app12094692
https://doi.org/10.3390/app12094125
https://doi.org/10.3390/app12094357
https://doi.org/10.3390/app12094420
https://doi.org/10.3390/app12094541
https://doi.org/10.3390/app12094689
https://doi.org/10.3390/app12094294


634. Xie, Dandan, Yawei Huang, Changxiang Yan, Haihong Wang, and Anlin Xu. 2022. “Research on 
Space-Based Visible Detection for Conical Space Targets.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094426. 

635. Xie, Mengjun, Dagang Liu, Huihui Wang, and Laqun Liu. 2022. “Study on the Correlation 
Between Magnetic Field Structure and Cold Electron Transport in Negative Hydrogen Ion 

Sources.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094104. 

636. Xie, Qi, Yongyu Zhao, Yumei Liu, Fengqing Han, Wei Liu, and Zhansheng Li. 2022. “Genetic 
Diversity and DNA Fingerprinting in Broccoli Carrying Multiple Clubroot Resistance Genes Based 

on SSR Markers.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094754. 

637. Xie, Zhongqiang, Yongchao Cai, Jiahao Wu, Zhaokun Xian, and Hui You. 2022. “Research on the 
Centrifugal Driving of a Water-in-Oil Droplet in a Microfluidic Chip with Spiral Microchannel.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094362. 

638. Xin, Xin, and Zunsong Ren. 2022. “The Effect of Interface Damage Between Slab and Mortar 
Layer on the Dynamic Performances of Vehicle and Track Systems Under the High Frequency Train 

Loads.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094555. 

639. Xu, Jun, Qian Xiang, and Gangyan Li. 2022. “An End-of-Line Test System for Pneumatic ABS 

Controllers in Commercial Vehicles.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094435. 

640. Xu, Libin, Yuanyuan Tan, Xingyue Zhang, Chen Yang, and Yuliang Sun. 2022. “Perceptual 
Judgments for Table Tennis Serve Recognition: An Event-Related Potentials Study.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094261. 

641. Xu, Rui, Jing Zhang, Jiugen Wang, Zihui Wang, Lin Xi, Renjun Li, and Hao Li. 2022. “New Method 

to Determine Dynamic Meshing Force for Spur Gears Considering the Meshing State of Multiple 

Pairs of Teeth.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094690. 

642. Xu, Tao, Ling Feng, Wen Yin, Jinpeng Wei, Yarong Wang, and Xianli Zou. 2022. “Element 
Geochemical Characteristics and Provenance Conditions of the 1st Member of Jurassic 

Zhongjiangou Formation in Wudun Sag, Dunhuang Basin.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094110. 

643. Xu, T., Y. Lu, G. He, and X. Yang. 2022. “A Subwavelength Transmit-Array Lens Element 

Combining Functions of Phase Modulation and Polarization Conversion.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094745. 

644. Xu, Xianfeng, Xinwei Wang, Weilong Luo, Hao Wang, and Yuting Sun. 2022. “Efficient 
Computer-Generated Holography Based on Mixed Linear Convolutional Neural Networks.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094177. 

645. Xu, Zhenyang, Song Bao, Lianjun Guo, Hongyi Mo, Dakun Wang, and Jianyu Zhao. 2022. 

“Experiment Investigation on Dynamic Failure Characteristics of Water-Saturated Frozen Cement 

Mortar with Transfixion Joint Under Confining Pressure.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094396. 

646. Xu, Zhuang, Tingyun Mao, Guangluan Xu, Yang Wang, and Daoyu Lin. 2022. “Multivariate 
Network Layout Using Force-Directed Method with Attribute Constraints.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094561. 

647. Xuan, Yi, Qing Chang, Yongjin Zhang, Xiaofeng Ye, Wei Liu, Lei Li, Keyan Wang, Jian Zhou, and 

Min Wang. 2022. “Clinical Observation of Choroidal Osteoma Using Swept-Source Optical 

Coherence Tomography and Optical Coherence Tomography Angiography.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094472. 

648. Yan, Bin, Ruiqi Cheng, Haoran Xie, and Xiangmin Zhang. 2022. “Temperature Load Mode of 
Bridge in Permafrost Region of Qinghai&ndash;tibet Railway.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094377. 

649. Yan, Bing, Ming Liu, Qingsheng Meng, Yao Li, Shenggui Deng, and Tao Liu. 2022. “Study on the 
Vibration Variation of Rock Slope Based on Numerical Simulation and Fitting Analysis.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094208. 

https://doi.org/10.3390/app12094426
https://doi.org/10.3390/app12094104
https://doi.org/10.3390/app12094754
https://doi.org/10.3390/app12094362
https://doi.org/10.3390/app12094555
https://doi.org/10.3390/app12094435
https://doi.org/10.3390/app12094261
https://doi.org/10.3390/app12094690
https://doi.org/10.3390/app12094110
https://doi.org/10.3390/app12094745
https://doi.org/10.3390/app12094177
https://doi.org/10.3390/app12094396
https://doi.org/10.3390/app12094561
https://doi.org/10.3390/app12094472
https://doi.org/10.3390/app12094377
https://doi.org/10.3390/app12094208


650. Yan, Jianzhuo, Jinnan Li, Hongxia Xu, Yongchuan Yu, and Tianyu Xu. 2022. “Seizure Prediction 
Based on Transformer Using Scalp Electroencephalogram.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094158. 

651. Yan, Wutong, Liangjiang Chen, Bing Han, Huibing Xie, and Yue Sun. 2022. “Flexural Analysis 
Model of Externally Prestressed Steel-Concrete Composite Beam with Nonlinear Interfacial 

Connection.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094699. 

652. Yang, Heeyoon, Gahyung Kim, and Jee-Hyoung Lee. 2022. “Logit Averaging: Capturing Global 
Relation for Session-Based Recommendation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094256. 

653. Yang, Jixin, Xiao He, and Hao Chen. 2022. “Processing the Artificial Edge-Effects for Finite-

Difference Frequency-Domain in Viscoelastic Anisotropic Formations.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094719. 

654. Yang, Junhyuk, Jaeyong Lee, Seongjin Jang, Hayeon Jeong, Choulyoung Kim, and Changkun 

Park. 2022. “Ku-Band CMOS Power Amplifier with Three-Stack Power Stage to Enhance Output 

Power and Efficiency.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094432. 

655. Yang, Kaili, Weihong Cui, Shu Shi, Yu Liu, Yuanjin Li, and Mengyu Ge. 2022. “Semi-Automatic 

Method of Extracting Road Networks from High-Resolution Remote-Sensing Images.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094705. 

656. Yang, Xinxiang, Siqi Guo, and Ergun Kuru. 2022. “A Numerical Simulation Study of the Impact 
of Microchannels on Fluid Flow Through the Cement&ndash;rock Interface.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094766. 

657. Yang, Yi, Xinggao Li, Dalong Jin, Xingqi Jiang, and Hanyuan Li. 2022. “Prediction of Ground 
Surface Settlements Induced by EPB Shield Tunneling in Water-Rich Soft Strata.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094665. 

658. Yang, Yuting, and Gang Mei. 2022. “Pneumonia Recognition by Deep Learning: A Comparative 
Investigation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094334. 

659. Ye, Shang-Lin, Sheng-Der Hsu, Wu-Chien Chien, and Chi-Hsiang Chung. 2022. “Optimal Timing 
of Cholecystectomy in Secondary Choledocholithiasis Patients Who Underwent Preoperative 

Endoscopic Retrograde Cholangiopancreatography.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094574. 

660. Yi, Shengxian, Zhongjiong Yang, Yu Cheng, and Huangxin Xie. 2022. “Optimization of the 

Battery Pack Heat Dissipation Structure of a Battery-Type Loader.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094518. 

661. Yin, Lifeng, Pengyu Chen, and Guanghai Zheng. 2022. “Session-Enhanced Graph Neural 

Network Recommendation Model (SE-GNNRM).” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094314. 

662. Yin, Lifeng, Pujiang Hong, Guanghai Zheng, Huayue Chen, and Wu Deng. 2022. “A Novel Image 
Recognition Method Based on DenseNet and DPRN.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094232. 

663. Yoo, Su-Hyang, Young Jun Jung, and Jung Ro Lee. 2022. “A New Approach for Environmental 
Risk Assessments of Living Modified Organisms in South Korea.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094397. 

664. Yoon, Byungguan, Homin Lee, and Jongpil Jeong. 2022. “Improved u-Net++ with Patch Split for 

Micro-Defect Inspection in Silk Screen Printing.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094679. 

665. Yoon, Sung-hwan, Neung-hoe Heo, Ki-won An, and Sang-keun Oh. 2022. “A Study on the 
Change in Properties by Using an Additive with Water-Soluble Rubber-Asphalt-Based Waterproof 

Coating Materials.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094599. 

666. You, Jungwan, and Seungwook Choi. 2022. “Effect of Lower Extremity Muscle Strength on 
Aerobic Capacity in Adults with Cerebral Palsy.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094141. 

https://doi.org/10.3390/app12094158
https://doi.org/10.3390/app12094699
https://doi.org/10.3390/app12094256
https://doi.org/10.3390/app12094719
https://doi.org/10.3390/app12094432
https://doi.org/10.3390/app12094705
https://doi.org/10.3390/app12094766
https://doi.org/10.3390/app12094665
https://doi.org/10.3390/app12094334
https://doi.org/10.3390/app12094574
https://doi.org/10.3390/app12094518
https://doi.org/10.3390/app12094314
https://doi.org/10.3390/app12094232
https://doi.org/10.3390/app12094397
https://doi.org/10.3390/app12094679
https://doi.org/10.3390/app12094599
https://doi.org/10.3390/app12094141


667. You, Shuang, and Jianan Sun. 2022. “Deformation and Control of Super-Large-Diameter Shield 

in the Upper-Soft and Lower-Hard Ground Crossing the Embankment.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094324. 

668. Yu, Lintong, Yijie Zhou, Jiahui Li, Jing Cheng, and Guangtai Song. 2022. “Revascularization of an 
Immature Permanent Tooth with Periapical Periodontitis Using Concentrated Growth Factor 

Assisted by Erbium Laser (2940 Nm) Irrigation: A Case Report.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094751. 

669. Yu, Lin, Dingli Zhang, Qian Fang, Yujie Li, Gang Wang, and Liqiang Cao. 2022. “Analytical 
Prediction of Strip Foundation Building Response to Shallow Tunneling Considering the Tunneling 

Process.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094656. 

670. Yu, Xiao, Shijian Zhang, Ivan Sergeevich Egorov, Jiangqi Zhao, Chang Xiong, Sha Yan, Chang Tan, 

Gennady Efimovich Remnev, and Xiaoyun Le. 2022. “Optimization of Transmission x-Ray Target 

for Intense Pulsed Electron Beam Accelerators.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094327. 

671. Yuan, Ye, Rong Jin, and Lingdi Tang. 2022. “Numerical Investigation on the Flow-Induced 

Vibration Characteristics of Fire Turbopump with the Turbine-Pump Structure.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094650. 

672. Yuan, Zonghao, Ke Zhong, Xiaoqiang Wang, Xiaodong Pan, Ben He, Jing Wu, Jiankun Zhang, and 

Shiwu Xu. 2022. “A Numerical Analysis on Lateral Resistance of Pile&ndash;bucket Foundation for 

Offshore Wind Turbines.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094734. 

673. Yue, Tan, Yong Li, Xuzhao Shi, Jiedong Qin, Zijiao Fan, and Zonghai Hu. 2022. “PaperNet: A 

Dataset and Benchmark for Fine-Grained Paper Classification.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094554. 

674. Zanela, Andrea, Tommaso Schirinzi, Nicola Biagio Mercuri, Alessandro Stefani, Cristian 

Romagnoli, Giuseppe Annino, Vincenzo Bonaiuto, and Rocco Cerroni. 2022. “Using a Video Device 
and a Deep Learning-Based Pose Estimator to Assess Gait Impairment in Neurodegenerative 

Related Disorders: A Pilot Study.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094642. 

675. Zang, Xinming, Yuanyuan Zhu, Yongguang Zhong, and Tao Chu. 2022. “CiteSpace-Based 

Bibliometric Review of Pickup and Delivery Problem from 1995 to 2021.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094607. 

676. Zhang, Changpeng, Yuqin Luo, Jinhua Jiang, Yanjie Li, Xiangyun Wang, Hongmei He, Nan Fang, 

Xueping Zhao, Ying Liu, and Qiang Wang. 2022. “Physiological and Biochemical Variations in Celery 

by Imidacloprid and Fenpyroximate.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094306. 

677. Zhang, Cheng, Ru Zhang, Yuanyuan Zhu, Hairong Yang, Chuan Shen, and Sui Wei. 2022. “Single-

Shot Compressed Imaging via Random Phase Modulation.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094536. 

678. Zhang, Cui-Wen, Yi-Xuan Zhu, Jian-Feng Lv, and Bai-Song Xie. 2022. “Simulation Study of a 
Bright Attosecond &Gamma;-Ray Source Generation by Irradiating an Intense Laser on a Cone 

Target.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094361. 

679. Zhang, Dong, and Wei Huang. 2022. “Special Issue on &Ldquo;intelligent Autonomous 
Decision-Making and Cooperative Control Technology of High-Speed Vehicle Swarms&rdquo;” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094409. 

680. Zhang, Huayong, Qiang Meng, Qinjing You, Tousheng Huang, and Xiumin Zhang. 2022. 

“Influence of Vegetation Filter Strip on Slope Runoff, Sediment Yield and Nutrient Loss.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094129. 

681. Zhang, Jianing, Yanhuan Huang, Fuqiang Ye, Bibo Yang, Zengyong Li, and Xiaoling Hu. 2022. 

“Evaluation of Post-Stroke Impairment in Fine Tactile Sensation by Electroencephalography (EEG)-

Based Machine Learning.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094796. 

682. Zhang, Ji, Xiaona Ban, Feng Wan, and Chong Lv. 2022. “Terahertz Emission Enhanced by a Laser 
Irradiating on a t-Type Target.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094464. 

https://doi.org/10.3390/app12094324
https://doi.org/10.3390/app12094751
https://doi.org/10.3390/app12094656
https://doi.org/10.3390/app12094327
https://doi.org/10.3390/app12094650
https://doi.org/10.3390/app12094734
https://doi.org/10.3390/app12094554
https://doi.org/10.3390/app12094642
https://doi.org/10.3390/app12094607
https://doi.org/10.3390/app12094306
https://doi.org/10.3390/app12094536
https://doi.org/10.3390/app12094361
https://doi.org/10.3390/app12094409
https://doi.org/10.3390/app12094129
https://doi.org/10.3390/app12094796
https://doi.org/10.3390/app12094464


683. Zhang, Jinsong, and Xiaozhong Liu. 2022. “Citation Oriented AuthorRank for Scientific 
Publication Ranking.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094345. 

684. Zhang, Lilei, Linhan Guo, Ruiyang Li, and Yu Wang. 2022. “A Method for Safety Evaluation of 
Train Braking System Considering Multiple Types of Preventive Maintenance Cycles.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094799. 

685. Zhang, Tengfei (Tim), Mingqi Fan, and Sumei Liu. 2022. “Impact of Seat Inclination and 
Misalignment on Airborne Pollutant Transport in a Single-Aisle Aircraft Cabin.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094538. 

686. Zhang, Tianyi, Song Peng, Yang Jia, Junkai Sun, He Tian, and Chuliang Yan. 2022. “Slip 
Estimation Model for Planetary Rover Using Gaussian Process Regression.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094789. 

687. Zhang, Xichen, Changxin Xiang, Danguang Pan, Xiangqiu Fu, and Shiyou Tan. 2022. “Dynamic 
Characteristics Test and Simplified Calculation Model of Concealed Frame Panel Element.” Applied 

Sciences 12 (9). https://doi.org/10.3390/app12094224. 

688. Zhang, Zeyang, Zhongcai Pei, Zhiyong Tang, and Fei Gu. 2022. “ODEM-GAN: An Object 

Deformation Enhancement Model Based on Generative Adversarial Networks.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094609. 

689. Zhang, Zhangrong, Shaofei Jiang, Wanxia Cai, and Chunming Zhang. 2022. “Effects of Grout 
Compactness on the Tensile Behavior of Grouted Splice Sleeve Connectors.” Applied Sciences 12 

(9). https://doi.org/10.3390/app12094595. 

690. Zhao, Di, Pengxian You, Jing Yang, Junhong Yu, Hang Zhang, Min Liao, and Jianbo Hu. 2022. “A 
Highly Stable-Output Kilohertz Femtosecond Hard x-Ray Pulse Source for Ultrafast x-Ray 

Diffraction.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094723. 

691. Zhao, Xiang, Zhongwei Li, Guoliang Dai, Hanxuan Wang, Ziwei Yin, and Shuning Cao. 2022. 

“Numerical Study on the Effect of Large Deep Foundation Excavation on Underlying Complex 
Intersecting Tunnels.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094530. 

692. Zhao, Xiang, Hanxuan Wang, Zhongwei Li, Guoliang Dai, Ziwei Yin, Shuning Cao, and Junlong 

Zhou. 2022. “Numerical Study on the Deformation of Tunnels by Excavation of Foundation Pit 
Adjacent to the Subway.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094752. 

693. Zhao, Zihan, Hiroshi Yabuno, and Katsuya Kamiyama. 2022. “Dynamic Analysis of a Wiper Blade 
in Consideration of Attack Angle and Clarification of the Jumping Phenomenon.” Applied Sciences 

12 (9). https://doi.org/10.3390/app12094112. 

694. Zhong, Yu, Qi Li, Ren Wang, and Ting Yao. 2022. “Changes of Physical and Mechanical 
Properties of Coral Reef Limestone Under CO2&ndash;seawater&ndash;rock Interaction.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094105. 

695. Zhou, Biwen, Yumei Hu, Xingyuan Zheng, and Hao Zhu. 2022. “Bending Behavior of a Frictional 

Single-Layered Spiral Strand Subjected to Multi-Axial Loads: Numerical and Experimental 

Investigation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094792. 

696. Zhou, Chun, Yu Zhou, Yangbin Xu, Yang Wang, Yifei Lu, Musheng Jiang, Xiaoxu Zhang, and 

Wansu Bao. 2022. “Finite-Key Analysis of 1-Decoy Method Quantum Key Distribution with 

Intensity Fluctuation.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094709. 

697. Zhou, Dayong, Liyan Gao, Qiuhui Pan, and Mingfeng He. 2022. “The Impacts of Medical 
Resources on Emerging Self-Limiting Infectious Diseases.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094255. 

698. Zhu, Jianming, Aojie Zhou, Qiong Gong, Yu Zhou, Junxiang Huang, and Zhencheng Chen. 2022. 

“Detection of Sleep Apnea from Electrocardiogram and Pulse Oximetry Signals Using Random 
Forest.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094218. 

699. Zhu, Libing, Manzhou Zhang, Xincheng Xiang, and Xiangang Wang. 2022. “Dose-Area Product 

Determination and Beam Monitor Calibration for the Fixed Beam of the Shanghai Advanced 

Proton Therapy Facility.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094111. 

https://doi.org/10.3390/app12094345
https://doi.org/10.3390/app12094799
https://doi.org/10.3390/app12094538
https://doi.org/10.3390/app12094789
https://doi.org/10.3390/app12094224
https://doi.org/10.3390/app12094609
https://doi.org/10.3390/app12094595
https://doi.org/10.3390/app12094723
https://doi.org/10.3390/app12094530
https://doi.org/10.3390/app12094752
https://doi.org/10.3390/app12094112
https://doi.org/10.3390/app12094105
https://doi.org/10.3390/app12094792
https://doi.org/10.3390/app12094709
https://doi.org/10.3390/app12094255
https://doi.org/10.3390/app12094218
https://doi.org/10.3390/app12094111


700. Zhu, Yi, Yongfeng Ma, Shuyan Chen, Aemal J. Khattak, and Qianqian Pang. 2022. “Identifying 
Potentially Risky Intersections for Heavy-Duty Truck Drivers Based on Individual Driving Styles.” 
Applied Sciences 12 (9). https://doi.org/10.3390/app12094678. 

701. Zhu, Yinge, Huiyuan Chen, Anqi Li, Yue Wu, and Xiaoli Zhang. 2022. “Effect of Loading 
Conditions on the Shear Behaviors of Rock-Like Materials Containing Circular Holes, with the CZM 

Method.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094708. 

702. Zhu, Yu-Jie, Wei Guo, and Hu-Chen Liu. 2022. “Knowledge Representation and Reasoning with 
an Extended Dynamic Uncertain Causality Graph Under the Pythagorean Uncertain Linguistic 

Environment.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094670. 

703. Zhu, Ze, Yangyi Luo, Hanbin Xiao, Chuchen Xiong, and Chentong Chen. 2022. “Research on the 
Crane Safety Assessment Method Based on the Cloud Model and ICWGT.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094399. 

704. Zou, Yong, and Chao Zheng. 2022. “A Scientometric Analysis of Predicting Methods for 
Identifying the Environmental Risks Caused by Landslides.” Applied Sciences 12 (9). 

https://doi.org/10.3390/app12094333. 

705. Zuo, Shen, Qingyu Zhang, Jin Li, Peng Liu, Fengkun Cui, and Ying Chen. 2022. “Study of Bag 
Grouting Pile Reinforcing Deep Soft-Soil Foundation with an Interlayer of Hard Materials on High-

Speed Railway Ballast Track.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094662. 

706. Żyła, Tomasz, Beata Kawala, Rafał Nowak, Maciej Kawala, and Jowita Halupczok-Żyła. 2022. 
“Three-Dimensional Cephalometric Analysis of Skeletal and Dental Effects in Patients Undergoing 

Transpalatal Distraction.” Applied Sciences 12 (9). https://doi.org/10.3390/app12094273. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.3390/app12094678
https://doi.org/10.3390/app12094708
https://doi.org/10.3390/app12094670
https://doi.org/10.3390/app12094399
https://doi.org/10.3390/app12094333
https://doi.org/10.3390/app12094662
https://doi.org/10.3390/app12094273


Citation: Kiss, T.; Gönczy, S.; Nagy,

T.; Mesaroš, M.; Balla, A. Deposition

and Mobilization of Microplastics in

a Low-Energy Fluvial Environment

from a Geomorphological

Perspective. Appl. Sci. 2022, 12, 4367.

https://doi.org/10.3390/

app12094367

Academic Editor: Simone Morais

Received: 31 March 2022

Accepted: 21 April 2022

Published: 26 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Deposition and Mobilization of Microplastics in a Low-Energy
Fluvial Environment from a Geomorphological Perspective

Tímea Kiss 1,*, Sándor Gönczy 2 , Tibor Nagy 2 , Minučer Mesaroš 3 and Alexia Balla 1
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Abstract: Though microplastic (MP/MiP) pollution of the environment is a popular research topic,

a relatively limited number of studies are investigating its geomorphological context. However,

site-specific hydrological and morphological parameters fundamentally affect the MP transport,

deposition and mobilization. Therefore, we aimed to evaluate the geomorphological influencing

factors on MP deposition in the fluvial sediments of the Tisza River (Central Europe). Between the

two surveys (in 2019 and 2020), small flood waves rearranged the MP pollution, as in the sediments

of the Tisza it decreased by 30% and in the tributaries by 48%. The previously highly polluted

upstream and downstream sections became moderately polluted, but the contamination increased

in the Middle Tisza, and the hot-spots were rearranged. The increasing longitudinal trend in the

MP content exists if the minimum values of the hydrologically uniform sections are considered. The

tributaries are important MP sources, as 80% of them had a higher (by 20%) MP content in their

sediments than the Tisza had near the confluence, and they increased the MP content of the Tisza by

52% on average. The point-bars were the most polluted in-channel forms, while the side-bars and

sediment sheets had less MP content, by 18 and 23%, respectively. The spatial trend of the MP content

of these forms was not the same. Therefore, during the planning of sampling campaigns, it is very

important to consider the geomorphological setting of a sampling site: we suggest sampling side-bars.

No clear connection between the particle size of the sediments and their MP content was found.

Keywords: geomorphology; in-channel forms; downstream changes; grain size; re-distribution

1. Introduction

Simultaneously with the increasing amount of plastic used all over the world, more
and more plastic waste is being released into the natural environment [1]. While larger
plastics (e.g., macroplastics) spectacularly pollute the environment and degrade the aes-
thetic appearance of seas and riverbanks [2], microplastics (≤5 mm) are virtually invisible
contaminants of the environment [3,4]. The rivers are important transport routes and sinks
of the MP pollution, as Borrelle et al. [5] estimated that by 2016 approximately 19–23 million
tonnes of plastic waste were released into the aquatic ecosystem worldwide.

Microplastics (MPs/MiPs) entering rivers can originate from two main sources: from
inadequately or not-at-all-treated wastewater and from landfills, from where pollution
(including plastics) is transported into rivers by the wind or surface run-off [6,7]. Further
sources of the MPs could be agricultural areas, especially if they were treated by biosolids
and dehydrated sewage sludge [8,9], industrial areas [10], roads (e.g., weathering of tires
and road paints) [11,12], construction sites or tourism [4].

Most of the MPs that enter the rivers are secondary, so they were formed by the frag-
mentation of larger plastics [13], but some primary MPs that are consciously manufactured
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to this size, e.g., pellets in detergents [1], can also be released into rivers. In the vicinity
of cultivated areas, the presence of fragments is common as the result of the weathering
of green-house foils [14,15], while in the vicinity of settlements, mostly fibers pollute the
rivers [16,17]. The reason for the appearance of fibers is that the current wastewater treat-
ment technologies cannot completely filter out MPs [12,15,18]; therefore, river sediment
samples collected at sewage outlets usually contain a high amount of MP particles [17,19].
In treated wastewater, the most common MP form is fiber that has originated from the
washing of synthetic clothes, but MP pellets are also released from cleaning agents [6,15,18],
and in river sediments, they might be abundant [13,20].

Various environmental factors can influence the transport of MP particles entering
rivers. We hypothesized that MP particles are transported similarly to natural grains. Thus,
MPs could be transported by the river in the water column as a suspended load or on the
bottom of the channel as a bed load [17,21]. Therefore, their transport is probably affected
by similar factors as the natural grains. The concentration of natural suspended sediment
is regulated by the amount of the fine-grained sediment eroded from the catchment [22].
Usually, the high suspended-sediment discharge is connected to high water discharge or
floods, though plots of concentration against discharge often show a very wide scatter of
points [22,23]. There are ambiguous results on the connection between water discharge and
suspended MPs. A negative correlation between the transported MPs and discharge was
found by Barrows et al. [24] and Nel et al. [25]. They concluded that stormwater-generated
increased run-off is not a source of MP pollution, but it diluted the MP pollution from
other sources. A positive correlation between the MP pollution, water discharge and
catchment size was found by He et al. [26] and Mani et al. [27], though they could not
reveal a clear temporal pattern in the MP transport between seasons. Chen et al. [13] had
similar results, as during low discharges, the MP concentration was just one-tenth of the
concentration during high stages. There are uncertain statements on the spatial pattern
of the MP transport as well. According to Rodrigues et al. [23], the MP concentration
in the water decreased toward downstream; however, Barrows et al. [24] did not find a
longitudinal downstream trend in the MP pollution in the water samples. On the contrary,
Chen et al. [13] reported that in the upper section of the studied river, where the slope
and flow velocity were higher, the MP concentration in the water was lower than in
the downstream sections with lower flow velocity, so the MP concentration in the water
increased proportionally downstream.

The deposition of the MP particles and its influencing factors are also not yet fully
understood. The deposition of naturally transported suspended or bottom sediments is
determined by flow velocity [17,22]. It is probably also applicable for MP particles because,
in general, the higher the flow rate, the more particles are transported and the less that
are accumulated [17,19]. However, the effect of the water discharge on the MP deposition
is not clear, as Rodrigues et al. [23] found that within one year, during high stages, only
slightly more MPs (100–629 item/dry kg) were deposited in the sediment than at low stages
(118–514 item/dry kg). Hurley et al. [20] investigated the rearrangement of MPs in a fluvial
system by a flood. While the MP content (300–4800 item/dry kg) of the sediments of even
small streams was high before the studied flood, the flood rearranged the MP pollution.
Therefore, the MP concentration decreased by one order of magnitude after the flood in
almost half of the study sites. They estimated that 70% (approx. 43 ± 14 billion) of the
previously accumulated MP particles were mobilized and transported into the sea. Hurley
et al. [20] highlighted that a flood wave could significantly rearrange the hot-spots of the
MP pollutions; in addition, during the rearrangement, the MP concentration in the water
can vary.

The mobilization and deposition of natural sediments are influenced by the particle
size, morphological properties of the grains and their density [22]. Microplastic particles
tend to form aggregates with organic and inorganic particles, which increase their particle
size, density and sedimentation rate, so the concentration of the MP particles in sediments
may be higher than in the water [14]. In addition, the MP particles tend to accumulate
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in the sediment due to their hydrophobic properties [14,28]. Lower-density MPs have
greater mobility, allowing them to travel greater distances [16], while higher-density plastic
particles can only travel shorter distances [28].

Along longer sections, the flow velocity changes, which can also influence the amount
of deposited MPs. In general, the MP pollution in sediments is distance-dominated and
caused by flow velocity changes [13,26]. However, if the flow conditions change, for
example, the temporal impoundment terminates, the deposited MP and the aggraded
sediment could be mobilized. Thus, the MP concentration in the sediment might decrease,
terminating the previous downstream trend in the MP pollution [13]. Dams and reservoirs
can also slow down the transport of the MPs as they support the accumulation of the
sediment and MP particles [15,29].

The effect of the geomorphological setting on the MP deposition was studied just at
confluences and not in other geomorphological forms. In confluences, the flow conditions
can be fundamentally influenced by the impoundment of the two joining rivers; thus, simul-
taneously with a dropping flow velocity, the amount of deposited MPs increases [29,30].
However, within a river system, various sedimentary bodies occur (e.g., various bars),
formed under different flow conditions and built of various grain sizes. As the sediment
samples for the MP analysis are collected from these very different forms, it is necessary to
understand their geomorphological differences, as the comparison of the MP data from
various forms without considering their sedimentary conditions might be misleading.

The fluvial system of the Tisza River (Central Europe) is highly polluted by MPs based
on our previous results [29], as in 2019, the amount of the MPs in the freshly deposited
sediment varied between 515 and 8067 item/dry kg. Our previous study highlighted the
importance of local, geomorphological factors on MP aggradation; however, we did not
have enough specimens to reveal the role of the grain size of the sampled material and the
geomorphology of the sampled form on the MP deposition and its downstream variations.
In addition, the 2019 data provided just a snapshot of the MP pollution, which could change
spatially and temporally due to remobilization or extreme MP release. Therefore, we aimed
to repeat the survey (in 2020) on the entire length of the river from Ukraine to Serbia
and answer the newly raised research questions. Thus, our present aims are to evaluate
the geomorphological influencing factors on the MP deposition by (1) determining the
longitudinal changes in the MP pollution of freshly deposited sediments; (2) comparing the
MP pollution of various in-channel forms; (3) analyzing the connection between the grain
size of the sediment and its MP content; and (4) revealing the spatio-temporal changes in
the MP deposition along the Tisza and its main tributaries between 2019 and 2020.

2. Materials and Methods

2.1. Study Area

The research was carried out along the Tisza River and its tributaries, from its source
in Ukraine to the Danubian confluence in Serbia (length: 946 km; catchment area: 157 thou-
sand km2 [31]). The river drains water from the eastern part of the Carpathian Basin, from
Ukraine, Romania, Slovakia, Hungary and Serbia. The Tisza was divided into three reaches
and five sections (S1–5 based on their hydrological and morphological characteristics)
(Figure 1).

The Upper Tisza (946–688 r km) originates from two springs merging at Rahiv (Ukraine),
and it eroded a steep-sided deep valley with a high slope (20–50 m/km). The rock-bedded
valley gradually widens, and the slope of the channel decreases (5 m/km). In the slightly
sinuous channel, side-bars were formed of blocks and gravel (d50 = 10–20 cm [31]). The
Upper Tisza was divided into two sections. The sub-catchment of the upstream section of
the Upper Tisza (S1.; sampling points No. 1–6) is located in Ukraine (Figure 1). It has the
smallest area and population (Table 1). Although the sub-catchment represents only a small
part (1.3%) of the entire catchment, it contributes significantly to the plastic pollution of the
entire Tisza River [29].
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Figure 1. The microplastic pollution of the Tisza River in Central Europe was studied (A). The Tisza
and its catchment was divided into three sections and sub-catchments (B). Numbers indicate the
sampling points in the Tisza, and capital letters indicate the sampling sites in tributaries. The Kisköre
Dam (K) and Novi Becej Dam (N), which influence the flow conditions, are also indicated.

Table 1. Main characteristics of the sub-catchments of the Tisza River. Country codes: HU: Hungary,
RO: Romania, SLO: Slovakia, SRB: Serbia, UA: Ukraine; (data source: [31]).

Section
Sub-Catchment Area (km2)
(% within the Catchment)

Population
(Thousand People)

Main Town
(Thousand People)

Gauging Station Characteristic Discharge (m3/s)

Location Location (r km) Min Mean Max

S1: Upper Tisza, upstream
2081

(1.3%)
47 Rahiv, UA (15) Rahiv (UA) 897 1.6 17 860

S2: Upper Tisza, downstream
10,540
(6.7%)

2732 Uzshorod, UA (112) Tiszabecs (HU) 744 29 197 3360

S3: Middle Tisza, upstream
50,109
(32%)

2529

Cluj-Napoca, RO (303),
Košice, SLO (239),
Miskolc, HU (157),

Nyíregyháza, HU (118)

Tokaj (HU) 543 88 464 4000

S4: Middle Tisza, downstream
75,678
(48%)

3937
Oradea, RO (201),
Arad, RO (162),

Târgu Mureş, RO (142)
Szolnok (HU) 334 65 564 3820

S5: Lower Tisza
18,792
(12%)

1080
Timisoara, RO (306),

Szeged, HU (162),
Subotica, SRB (105)

Szeged (HU) 173 58 738 4346

The downstream section of the Upper Tisza (S2.; No. 7–19) formed a wide valley with a
gradually decreasing channel slope (from 110 to 13 cm/km). As the channel-bed material
is loose gravel, the bank erosion is fast, and in the braided–anastomosing channel, islands
and bars have formed of sand gravel [32]. As the slope and flow velocity decrease, the
medium grain size (d50) of the bed load also decreases (from 50–100 to 2.5 mm [33]).
The braided–anastomosing channel becomes meandering, as the suspended-sediment
transport is 918 thousand t/y [31]. Along the downstream section of the Upper Tisza,
several tributaries join the Tisza. The sampled tributaries (A: Shopurka, B: Tarac, C: Talabor
and D: Nagyág rivers) represent the Ukrainian sub-catchment (Table 1).

In the entire sub-catchment of the Upper Tisza, the low rate of waste and wastewater
management is a critical environmental issue, especially in the mountainous and hilly sub-
catchments. Here, waste management and wastewater treatment practically do not exist, as
it is not profitable for companies to collect communal waste from the small settlements [34].
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Therefore, the communal waste is deposited in rivers or on their floodplains, and the
wastewater is mainly drained directly to the river system. In the lowland Ukrainian
sub-catchments, wastewater drainage systems are built in 68% of the large towns, in
58% of the small towns and only in 1.5% in rural areas [34]. If the wastewater treatment
is considered, the situation is worse, as most treatment plants need reconstruction and
further capacity building [34]. In the downstream section of the Upper Tisza (Hungary),
the large-scale cross-border transport of macroplastic pollution has been a problem since
the beginning of the 21st century. The amount of drifting debris is 20–60 tons during a
month with a flood wave, and it is collected by the local hydrological institute (FETIVIZIG)
at Vásárosnamény, Hungary [35]. Most of it is organic material (e.g., woody debris), but up
to 300–500 bottles/minute could be drifted during floods [36]. The plastics drifting in the
river and trapped along the shores are collected by a civil organization (PET Cup), so in
10 years, 600,000 plastic bottles and 56 tons of garbage were collected on the Tisza [37].

The Middle Tisza (688–177 r km) was also divided into two sections. In the upstream sec-
tion of the Middle Tisza (S3; No. 20–31), the slope of the river drops to 3 cm/km. Thus, the bed-
load transport drastically decreases (to 3.9 thousand m3/y, d50 = 0.3 mm) compared to the
previous section [33], but the amount of suspended-sediment discharge (5 million m3/y)
is five-fold [31]). In this section, several tributaries join the Tisza (E: Szamos, F: Kraszna,
G: Bodrog, H: Hernád and I: Sajó rivers). Their sub-catchments are shared by Ukraine, Slo-
vakia, Hungary and Romania. The sewage systems are well-developed in the large towns
here, as ca. 70% of the households are connected to wastewater treatment plants; however,
the sub-urban or rural areas have worse connections. In the Romanian sub-catchments,
wastewater management is provided for only 50% of the total population [38].

In the downstream section of the Middle Tisza (S4; No. 32–46), the slope of the river
decreases further to 1–3 cm/km. Thus, the transported bed load is already fine-grained
sand (d50 = 0.12 mm [33]). The suspended sediment dominates (3.3 million m3/y [31]).
The Kisköre Dam is located in this section, which acts as a barrier for the floating debris.
Here, 1000–4000 m3 of solid litter is removed and selected annually, of which ca. 12% is
communal waste [39]. Two large tributaries (J: Zagyva and K: Körös) join the Tisza along
this section.

The total area of these sub-catchments of the Middle Tisza is the largest, shared by
Romania and Hungary. Only 40% of its settlements have adequate sewerage systems [40];
though, in some counties (Sibiu and Csongrád-Csanád counties), it exceeds 90% [41]. The
floating plastic waste on the Bodrog and Maros rivers is a serious problem, but without
any solution (yet).

The Lower Tisza (177- 0 r km; S5; No. 47–53) has a very low slope (0–3 cm/km);
however, it can drop to almost 0 cm/km during flood peaks when the Danube impounds
the Tisza, or during low stages when the Novi Becej Dam impounds it. Therefore, the water
velocity reaches 1.0 m/s only during the rising or falling limbs of floods. The bed-load
transport is 9–11 thousand t/y [33], and its grain size is small (d50 = 0.13 mm). The section’s
suspended sediment yield (12.9 million m3/y) is the highest of all sections. The catchment
area of the Lower Tisza River is relatively small (Table 1), as no considerable tributary joins.
In the Serbian part of the sub-catchment, only 25–30% of the population is connected to the
sewage system [42].

The differences in hydrological characteristics of the three reaches are well-illustrated
by their annual stage data (Figure 2). The Tisza is characterized by early spring and summer
floods and long-lasting low-stage periods (from early summer to late winter). The floods
in the Upper Tisza are usually 2–3 weeks ahead of the flood peak in the Middle Tisza, as
the higher slope supports their fast propagation. However, the flood peaks in the Middle
and Lower Tisza may coincide due to the slow slope of these sections and the impounding
effect of the Danube. While the floods in the Upper Tisza last a few days, in the Middle
and Lower Tisza reaches, they are prolonged and last for several weeks. In the Middle and
Lower Tisza, the tributaries play a major role in the retention of the flood waves, as their
floods often coincide with those of the Tisza, and they can impound each other. During



Appl. Sci. 2022, 12, 4367 6 of 21

low-stage periods, small flood waves can also occur. In the Lower Tisza, the low stages are
elevated due to the impounding by the Novi Becej Dam in Serbia [31].

 

Figure 2. Daily water stages measured in 2006 at the Upper, Middle and Lower Tisza.

2.2. Methods

2.2.1. Sample Collection

Sediment samples were taken at the end of August 2019 and 2020, respectively. Both
sampling campaigns were performed during low-stage periods, preceded by summer
floods reaching similar heights (Figure 3). Thus, the sampled sediments were deposited by
the summer flood waves, and they represent just the pollution of a preceding flood wave.

 

Figure 3. The sampling campaigns were performed in August 2019 and 2020. The sampled sediments
were deposited by an early summer flood wave.

Sediment samples were collected from in-channel sedimentary bodies of the Tisza and
its main tributaries. We aimed to sample the Tisza evenly, at approx. every 30 km, and
to have sampling above and below confluences so that the impact of a tributary could be
assessed. During the 2019 sampling campaign, samples were collected at 59 sites on the
Tisza and its tributaries [29]; however, in 2020, we condensed the sampling points (70 sites)
along the Tisza and extended the measurements to the territory of Serbia. Unfortunately,
the sampling at five sites in the Upper Tisza became impossible due to the Ukrainian–
Romanian border’s increased control. Altogether 11 tributaries were sampled near their
confluence and ca. 20 km upstream.

The most commonly sampled in-channel fluvial form was side-bar (Tisza: n = 27,
tributaries: n = 14), which developed along sinuous sections. Point-bars along the convex
banks of meanders are disappearing due to the human-induced incision of the river [43].
Therefore, they were sampled only at 10 sites along the Tisza and at 3 places in tribu-
taries. Sediment sheets were sampled along the almost straight sections (Tisza: n = 12,
tributary: n = 4).

During the first sampling in 2019, mainly coarse-grained samples were collected;
however, at the 2020 sampling, both coarse- and fine-grained samples were collected. Based
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on our former field experiences, it was expected that during falling or low water stages only
a thin sediment-layer is deposited. As we aimed to sample the freshly deposited sediments,
only the upper (0–1 cm) layer was sampled. At a given site, sediments were collected at
several points using an iron spatula, and the collected ca. 1 kg material was homogenized.

2.2.2. Laboratory Work

The samples were dried (65 ◦C) and sieved; thus, only the grain-size fraction smaller
than 2 mm was processed during the separation. The separation procedure was performed
on 50 g samples. If during the sieving, larger MPs (2–5 mm) or mesoplastics (≥5 mm)
were found, they were counted and noted. Based on our previous experience, the silt and
clay content of the samples makes it difficult to separate the MPs during the zinc chloride
treatment; therefore, the fine-grained particles were removed by wet sieving (90 µm).
Then, the inorganic sediment fraction was separated using 50 mL zinc chloride solution
(1.8 g/cm3) following Atwood et al. [44] and Kiss et al. [29]. In the next step, the organic
material was decomposed in 30 mL hydrogen peroxide (30%) for 24 h. The MP samples
were finally washed into Petri dishes.

The identification and counting of MP particles were performed with an Ash Inspex
II digital microscope at 60× magnification [45] following Hurley et al. [20]. An item was
identified as MP if (1) it did not have a characteristic structure of organic matter; (2) it
melted or shrank on contact with a hot needle [46]; and (3) if it retained its rigid shape
when moved. In addition, clear microscopic characteristics related to anthropogenic origin
were considered as well [20,45], such as special color (e.g., red, blue) and shape (i.e., sphere,
irregular fragmented). Though Parker et al. [47] claimed that the hot needle test does
not provide precise data in the case of some plastic types, no other method was available
to check the accuracy of the identification. However, the identification of the MP was
performed by a microscope expert (palynologist) to minimize the misidentification. During
the identification, fibers (colored and colorless), fragments and spheres were separated.
The MP content of the dry sediment was expressed in item/dry kg. As the study aimed to
evaluate the sedimentary environment of MPs rather than to evaluate the accumulation of
various plastic types, no FTIR and Raman spectroscopy was applied.

To compare the changes (%) between subsequent spatial and temporal data, the
enrichment ratio (E) was calculated as

E = 100 −
100 × n2

n1
(1)

where the n1 is a preceding MP concentration data (e.g., of an upstream section, or 2019
data or of coarse-grained sediments), and n2 is subsequent MP data (e.g., of a downstream
section, or 2020 data or of fine-grained sediments). The positive numbers refer to the
enrichment of MP in the sediment, while negative values refer to declining MP content.

The grain size of the dried samples was determined by dry sieving and laser particle
sizer FritschAnalysette 22 MicroTecPlus. The mean grain size (d50) was calculated for
each sample.

2.2.3. Contamination Control

To avoid contamination, only metal and glass tools were used, and non-synthetic
protective clothing was worn. The tools were rinsed three times with filtered water be-
fore use. The samples were covered during the separation to avoid contamination by
settling airborne MP. Every 5th sample was a blind one to check the contamination during
the laboratory work. Only microfibers were present in the blank samples, on average,
10 ± 4 item/sample. As the sediment samples contained 881 microfibers on average, the
error is 1.1–1.5%. Therefore, the final results were not corrected by these values, following
the suggestion of Miller et al. [48].
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3. Results

3.1. Microplastic Content of the Fluvial Sediments in 2020

Over the entire length of the Tisza, in 2020, the MP content of the sediments ranged
from 237 to 6707 item/dry kg (average: 1770 ± 1329 item/dry kg), while the sediments of
the 11 sampled tributaries contained 6% more microplastic (range: 420–6383 item/dry kg;
mean 1885 ± 1541 item/dry kg). Most of the MP particles (98%) were fibers, of which 66%
were colored fibers, 32% were colorless and only 1–1.5% of the particles were fragments
and spheres. No differences in particle types were found in the river system.

The amount of MP in the freshly deposited sediments of the Tisza showed a charac-
teristic downstream trend from the source to the Danubian confluence (Figures 4 and 5).
In the upstream section of the Upper Tisza (S1), the freshly deposited alluvium contained
978 ± 817 item/dry kg on average. The lowest amount was measured at the confluence
of the two source streams of the Tisza (No. 3: 260 item/dry kg), while the highest was
detected further downstream (No. 4: 2620 item/dry kg; Figures 4 and 5).

‒

 

‒
Figure 4. Microplastic content (item/dry kg) of the sediments collected in 2020 along the various
sections of the Tisza River (S1–S5) and its tributaries joining the given section. At each sampling site,
fine-grained (f) and also coarse-grained (c) samples were collected.

 

‒
Figure 5. Differences in microplastic content (item/dry kg) of the sediments collected along the
various sections of the Tisza River (S1–S5) and its tributaries joining the given section.

In the downstream section of the Upper Tisza (S2), the average MP content of the sedi-
ments (1625 ± 1223 item/dry kg) increased by 66% (Figures 4 and 5). While the lowest
level of contamination (No. 17: 255 item/dry kg) in this section was similar to section S1,
the maximum MP content (No. 18: 4477 item/dry kg) was 2.7 times higher than the
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maximum of the upstream section. The tributaries joining this section contained only
half as much MP (821 ± 390 item/dry kg) on average as the Tisza itself, but their min-
imum value (C2: 420 item/dry kg) was 1.6 times higher. The most contaminated sedi-
ments were collected from the Tarac (B2: 1407 ± 519 item/dry kg) and Talabor rivers
(C1–C2: 750 ± 348 item/dry kg), but even their contamination remained below the Tisza.

At the time of sampling, in 2020, the most polluted part of the entire fluvial system
of the Tisza was the upstream section of the Middle Tisza (S3), where the mean MP content
(2082 ± 1511 item/dry kg) increased further by 28% (Figures 4 and 5). The lowest MP
contamination of the sediments (No. 23: 237 item/dry kg) was similar to the previous
section, though the maximum value (No. 29: 6707 item/dry kg) increased by 50% com-
pared to section S2. The tributaries joining this section of the Tisza were also the most
polluted ones in the entire catchment, as their mean MP content (2785 ± 1726 item/dry kg)
was higher than the Tisza by 33%. The most polluted tributaries were the Kraszna
(E1–E2: 3113 ± 993 item/dry kg) and Sajó rivers (I1–I2: 4991 ± 1968 item/dry kg). Al-
though the maximum pollution (I2: 6383 item/dry kg) of the tributaries of this sub-
catchment was slightly lower than the Tisza’s, their minimum value was twice greater
(G2: 537 item/dry kg).

Toward the downstream section of the Middle Tisza (S4), the mean MP content of the
sediments slightly decreased (2019 ± 1305 item/dry kg). Compared to section S3, it was
only a 3% decline; however, here, 1.4 times more MP still accumulated in the sediments
than in the Upper Tisza (Figures 4 and 5). The minimum values of this section (No. 34:
299 item/dry kg) are similar in magnitude to that measured in the other upstream sections,
but they were approx. 20–25% higher. The maximum amount of MP (No. 38: 6523 item/dry
kg) was only 3% less than that measured in section S3. The sediment of the tributaries of
this sub-catchment contained 15% less MP on average (1706 ± 820 item/dry kg) than that
of the Tisza, but the minimum value (J1: 787 item/dry kg) was almost 2.6 times higher than
the minimum value measured on the Tisza.

In 2020, the least polluted section of the Tisza was the Lower Tisza (S5), as the MP pollution
of the sediments (mean: 530 ± 169 item/dry kg) decreased by 74% compared to the previous
section S4 (Figures 4 and 5). Still, the lowest contamination level (No. 51: 360 item/dry kg)
continued to increase by 20%, but the maximum value (No. 49: 840 item/dry kg) fell far
behind the S4 maximum, decreasing by 88%.

3.2. Microplastic Content in Various Geomorphological Situations

Sediment samples were collected from the different in-channel depositional forms of
the Tisza (Figure 6). The point-bar sediments contained a slightly higher amount of MP
(mean: 2049 ± 1218 item/dry kg) than the side-bars (mean: 1692 ± 1335 item/dry kg) or the
sediment sheets (mean: 1584 ± 1464 item/dry kg). However, remarkably high MP content
was not measured on a point-bar but a side-bar (No. 38: 6523 item/dry kg) and sediment
sheet (No. 29: 6707 item/dry kg). The difference between the geomorphological forms
of the tributaries was smaller, and here, slightly fewer MPs (1617 ± 2015 item/dry kg)
accumulated on the point-bars, while the side-bars and sediment sheets were slightly more
polluted (1965 ± 1496 and 1871 ± 1120 item/dry kg, respectively).

Point-bars developed along the meandering sections (S2–S4), but they are missing
from the upstream section of the mountainous Upper Tisza (S1), and they disappeared
from the Lower Tisza (S5) as the result of the incision initiated by channel regulation
works. According to the results, the amount of the MP particles in the point-bar sediments
showed a similar trend (Figure 6) as the river sections themselves; thus, the point-bars
in the S3 section had the highest MP content (mean: 2985 ± 672 item/dry kg). In each
section, more MPs were deposited in the point-bars than the section average; the largest
difference (E: +43%) from the section average was measured in section S3, while in the
other sections (S2 and S4), the difference was only 7–8%. It is also interesting to see how
the pollution developed in the point-bars in successive sections. The point-bars show the
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strongest enrichment in section S3 containing 70% more MP than section S2 and 28% more
than the section below.

 

Figure 6. Differences in microplastic content (item/dry kg) of the sediments of the Tisza River and its
tributaries (A) and of various geomorphological forms sampled at the various sections of the Tisza
River (B).

Side-bars formed along the slightly sinuous sections, and they can be found along
the entire length of the Tisza (Figure 6). The amount of the MP particles on the side-
bars of the individual sections showed a similar trend as the sections and the point-
bars; thus, the amount of MP was the highest in section S3 of the Middle Tisza (average:
2272 ± 1302 item/dry kg). However, in contrast to the point-bars, only slightly more MPs
were deposited in the side-bars (E: +0–3%) than the mean of the actual section. The only
exception was section S3, where the side-bars accumulated 9% more MP than the section
average. As these forms occur along the entire Tisza, the spatial difference between the
individual sections could be well-assessed. The enrichment rate was the highest between
section S1 and S2, where the amount of the MP increased by 66% on the side-bars, but it
decreased (ES3/S2: 39%). However, from this section, the side-bars contain less and less
MP toward the downstream sections, as the mean values of the sections decreased by
14% (ES4/S3) and by a further 72% (ES5/S4). It must be noted that these changes were similar
to the changes of the section averages.

The sediment sheets were deposited on the steep sides of the almost straight channel.
Except for the uppermost section, such forms were sampled all along the Tisza. The spatial
changes of the mean MP content of the sediment sheets did not follow the same trend as
the sections, point-bars or side-bars (Figure 6), as they had the highest MP concentration
(mean: 1983 ± 943 item/dry kg) in section S4. Considering the downstream changes of the
MP content of the sediment sheets, it was interesting that from section S2 to S3 it increased
by 63%, similarly to the point-bars. However, the MP content further increased toward
section S4 by 16%, which showed a completely different spatial pattern than the other
forms. The amount of the MP particles in the sediment sheets was lower than the average
of a given section by 2–36%, which is in sharp contrast to the enrichment in the point-bars.

The confluences can be considered as special geomorphological locations, as the tribu-
tary might be impounded by the main river, increasing the possibility of MP aggradation.
The tributary can also act as an MP source affecting the contamination of the main river
downstream of the confluence. In 9 out of the 11 tributaries, at their near-confluence
sampling sites, the MP content of the sediments was higher by 57% on average than in
their upstream counterpart sampling points (Figure 4). The very steep Talabor and Nagyág
rivers were exceptions, which had less polluted sediments near their confluences. The
contribution of the tributaries to the MP pollution of the Tisza was also analyzed. The sedi-
ments of the tributaries contained more MP by 20% on average than the Tisza’s sediments
upstream of the confluence; thus, most of them (except the Nagyág, Bodrog and Zagyva
rivers) transported an extra MP load to the main river. Therefore, below the confluences, the
sediments of the Tisza contained more MP by 52% on average than the samples upstream
of the confluence.
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3.3. Microplastic Content and Grain Size of the Sediment

During the 2020 sampling campaign, both fine-grained and coarse-grained sediment
samples were collected at each sampling site to reveal the relationship between the MP
content of the sediment and its grain size. Considering all samples, the MP content is not
related to the sample’s particle composition (d50), as the R2 was below 0.1 (Figure 7).

Figure 7. (A) Relationship between the grain size (d50) of the samples and their microplastic content
(item/dry kg). (B) Mean microplastic content (item/dry kg) of the fine-grained and coarse-grained
sediments collected from the various sections of the Tisza in 2020.

Some weak correlations emerged when the samples were classified based on their
locations along the Tisza and their geomorphological position. In section S1, the fine-
grained samples contained 39% more MPs than the coarse-grained samples collected at the
same site (Figure 7). However, the difference between the two sediment types was reversed
and gradually increased with the flow direction, i.e., fine-grained samples contained less
and less MPs than the coarse samples. Thus, in section S2, the fine-grained samples
contained 17% less MP than in the coarse samples, then the difference increased to 43% (S3)
and 51% (S4) further downstream.

It was also evaluated whether the MP content changes with flow direction in sam-
ples with different particle compositions to the same extent (Figure 7). The fine-grained
samples contained more and more MPs toward section S3, but the enrichment of the MP
decreased, as it was 19% between section S1 and S2 and just 6% between sections S2 and S3.
Further downstream, instead of enrichment, the sediments contained less and less MP
by 16% (S4/S3) and 60% (S5/S4). Contrary to fine-grained sediments, there was a steady
increase in MP in the coarse sediments from section to section, though the enrichment was
getting smaller: by 99% (S2/S1), then 54% (S3/S2) and finally only by 2% (S4/S3).

The MP content in coarse- and fine-grained samples from the same geomorphological
forms was also evaluated. On the point-bars, the MP content of the coarse material was
higher by 34–55% than at the same site in the fine-grained samples (Figure 8). The difference
was particularly pronounced in the Middle Tisza (S3–S4) samples containing the most MP
particles. In the case of the point-bars’ coarse material, there was only a weak correlation
between the MP content and the coarseness of the grains. However, in the case of side-bars
or sediment sheets, no correlation was found between the MP content of the coarse- or fine-
grained samples. In the side-bars and sediment sheets of the Upper Tisza, the fine-grained
material contained more MP (by 30%) than the coarse material, but in the Middle Tisza, the
situation was the opposite, so the sandy samples contained more MP by 39–44%.
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Figure 8. (A) Relationship between the grain size (d50) of the samples and their microplastic content
(item/dry kg) collected on various in-channel forms from the reaches of the Tisza. (B) Spatial changes
in mean microplastic content (item/dry kg) of the various forms collected from the three reaches of
the Tisza. Upper Tisza: S1–S2; Middle Tisza: S3–S4; Lower Tisza: S5.

3.4. Comparison of the Microplastic Content of Samples Collected in 2019 and 2020

Some of the sampling points were different during the 2019 and 2020 sampling cam-
paigns, as we were able to collect samples in some places in 2019 but not in 2020 (e.g., along
the Ukrainian–Romanian country border), and some new sampling points were selected
in 2020 (e.g., Lower Tisza in Serbia). In addition, in 2019, only coarse sediments were
collected [29]. Therefore, only coarse samples from the same location were selected for the
comparison, and those sampling sites were excluded, which were sampled just once.

The samples collected in 2019 were much more polluted (Tisza: 3149 ± 2010 item/dry kg;
tributaries: 3827 ± 1584 item/dry kg) than those collected in 2020 (Tisza: 2220 ± 1697
item/dry kg, tributaries: 2007 ± 1821 item/dry kg). Thus, the average microplastic
pollution of the Tisza sediments decreased by 30% and that of the tributaries by 48% in 2020
(Table 2). The greatest decrease was detected in the sediments of the tributaries, which was
observed in 90% of the samples. However, the extent of the decrease varied from section
to section.

Table 2. Microplastic content (item/dry kg) of coarse sediments collected along the Tisza and its
tributaries in 2019 [29] and 2020.

Mean in 2019
(item/dry kg)

Mean in 2020
(item/dry kg)

Changes (%) between
2019 and 2020

Range in 2019 Range in 2019

T
is

z
a

R
iv

e
r S1: Upper Tisza, upstream 4102 ± 1568 880 ± 979 −79 2657–6738 260–2620

S2: Upper Tisza, downstream 3073 ± 2066 1856 ± 1505 −40 729–7533 440–4477
S3: Middle Tisza, upstream 2334 ± 2042 2501 ± 1948 +7 906–8067 237–6707
S4: Middle Tisza, downstream 3549 ± 2049 2928 ± 1572 −17 528–7809 299–6523
Tisza average 3149 ± 2010 2220 ± 1697 −30

T
ri

b
u

ta
ri

e
s S1: Upper Tisza, upstream - - - - -

S2: Upper Tisza, downstream 4362 ± 1422 706 ± 269 −84 2997–7115 420–1080
S3: Middle Tisza, upstream 3687 ± 1155 3479 ± 2103 −6 2211–5017 537–6383
S4: Middle Tisza, downstream 3138 ± 2482 1706 ± 820 −46 900–6533 787–2780
Tributaries average 3827 ± 1584 2007 ± 1821 −48

In section S1, the average MP content of the sediments decreased significantly by 79%
(Table 2). While in 2019, this section was the most contaminated, in 2020, it became the least
polluted one. The location of the minimum MP contamination remained at the same site
(No. 3 on Figure 9); however, its amount decreased by 90% (2019: 2657 item/dry kg; 2020:
260 item/dry kg). The most polluted sampling point in 2019 was one of the source branches
of the Tisza (No. 1: 6738 item/dry kg), but in 2020, the most polluted sampling point was
identified further downstream (No. 4: 2620 item/dry kg), though here the amount of MP
in the sediment still decreased below the minimum value of the section in 2019.
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Figure 9. Differences in microplastic content (item/dry kg) of sediments collected at the same
locations from coarse sediments in 2019 and 2020. (The capital letters refers to the sample ID of the
tributaries, see Figure 1).

In section S2, the difference between the two surveys decreased, as the average MP
content of the samples collected in 2020 was just 40% lower (Table 2). In 2019, the average
MP content of this section decreased by 25% compared to the upstream section S1; however,
in 2020, the trend had changed, and the MP content doubled. This reflects an emptying
MP pollution from the upstream section S1 (Figure 9). It is also reflected by the fact that
the location of the most polluted sediment in 2019 (No. 11: 7533 item/dry kg) shifted
downstream to the end of the section (No. 18: 4477 item/dry kg), and the originally
polluted No. 11 site became the least polluted in 2020 (440 item/dry kg). In 2019, the
four studied tributaries of section S2 were the most polluted of all tributaries, but in 2020,
the average concentration of the MPs in their sediments decreased by 84% (Table 2). In
2019, the Nagyág was the most polluted tributary (D1: 7115 item/dry kg), but in 2020, the
Talabor had the maximum MP contamination (C1: 1080 item/dry kg).

Section S3 is the only section where the mean MP content of the samples increased
(by 7%) between 2019 and 2020 (Table 2); thus, the least polluted section in 2019 became
the most polluted by 2020. On the other hand, the minimum and maximum MP con-
tamination values decreased by 75 and 17%, respectively, and their sites were relocated
(Figure 9). The most polluted sample (No. 25: 8067 item/dry kg) became slightly pol-
luted one year later (986 item/dry kg), and highly polluted sediment appeared at the
No. 24 site (4187 item/dry kg). Contrary to the Tisza samples, the MP content of the tribu-
taries of this section decreased by 6%. In 2019, the most polluted tributary was the Bodrog
(G1: 5017 item/dry kg), but one year later, the Sajó River became the most contaminated
(I2: 6383 item/dry kg).

In section S4, the pollution of the 2020 samples was 17% lower than in 2019. While
in 2019, this section was more polluted than section S2 and S3, in 2020, this section be-
came the most polluted section along the entire Tisza (Table 2). The most polluted site
(No. 39: 7809 item/dry kg) in 2019 became the least polluted (299 item/dry kg) in 2020
(Figure 9), as the amount of the MP decreased by 97%. Interestingly, the purest sam-
ple of this section during the 2019 measurement (No. 38: 528 item/dry kg) became the
most polluted by 2020 (6523 item/dry kg). The amount of MP in the sediments of the
tributaries joining this Tisza section decreased by 46% (Table 2). In both years, the least
polluted tributary samples were the upstream samples of the Zagyva River (at J1 in 2019:
900 item/dry kg; 2020: 787 item/dry kg). However, in 2020, the most polluted tributary’s
sediments were collected at the impounded, near-to-the-confluence section of the Zagyva
(J2: 6533 item/dry kg), though in the previous year, the Körös River was the most contami-
nated (K1: 2780 item/dry kg).

The amount of MP on each geomorphological form was also compared to see whether
they changed in a similar way between 2019 and 2020 (Figure 10). While the MP content
of the sediments decreased in general, this was not typical for the point-bars, which have
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become more polluted by 10% in a year. At the same time, the amount of the MP decreased
by 29% in the side-bars and by 51% in the sedimentary sheets.

 

Figure 10. Microplastic content (item/dry kg) of coarse sediments collected on various geomorpho-
logical forms in 2019 and 2020.

4. Discussion

4.1. Microplastic Pollution of the Sediments of the Tisza River in 2019 and 2020

The entire length of the Tisza (946 km) was sampled twice, in 2019 and 2020. Between
the measurements, the MP pollution of the sediments considerably decreased, as in 2019,
the average MP content of the sediments was 3149 ± 2010 item/dry kg, but by 2020, it had
decreased by 30% to 2220 ± 1697 item/dry kg. The MP content in the tributaries decreased
even more, by 48% (2019: 3827 ± 1584 item/dry kg; 2020: 2007 ± 1821 item/dry kg). These
data reflect that a considerable amount of the MP has been transported away from the
fluvial system of the Tisza River during the surveyed year.

The results suggest that the Tisza is a highly polluted river. Similarly, the high MP contamina-
tion was measured in the Rhine (228–3763 item/dry kg) and Main rivers (786–1368 item/dry kg)
in Germany [49], in the sediments of the St. Lawrence River (65–7562 item/dry kg [50]), in
the Solimões, Negro and Amazonas rivers (418–8178 item/dry kg [30]) and the Haihe River
(4980 ± 2462 item/dry kg) in China [15]. Values similar to the less polluted sections of the
Tisza were measured in the sediments of Chinese rivers (800–1100 item/dry kg [19,51,52])
or the Vistula River, Poland (190–580 item/dry kg [17]). However, there are also rivers,
even with urbanized, densely populated catchments, where the average MP content of their
sediments was even less than the least polluted sampling points of the Tisza, i.e., below
200 item/dry kg. Such slightly polluted rivers were reported from South Africa [25,50,53]
or Scotland [54].

In the samples, 98% of the MP particles were fibers, two-thirds of which were colored
fibers. This suggests that the MP in the river was derived from synthetic clothing mate-
rials [6,55], which entered the water system of the Tisza through the discharge of treated
or untreated wastewater [29]. The dominance of fibers in sediments has been reported in
several other studies [12,15,30,54,56,57]), especially near settlements [16,17], although the
presence of spheres and fragments is more common in other rivers [13,20,51].

4.2. Annual Changes in Microplastic Content: Rearrangement of the Microplastic Pollution

The two sampling periods took place in August at low water levels, but several small
or medium flood waves developed during the studied year (Figure 3). In November and
December, there were three small flood waves (water level change: 0.5–2 m), followed
by two larger ones in February and March (water level change: 2–4 m) and finally, in
June-July, a six-week-long flood developed (water level change: 4–7 m), but it was far lower
than the 2006 flood. This final flood wave reached the bankfull level, when the sediment
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transport capacity is the highest [22]. As a result of these flood waves, the MP content in
the sediments of the Tisza and its tributaries was significantly rearranged.

During the rearrangement, the MP pollution on the previously heavily polluted
S1 and S4 sections decreased so much that, in 2020, section S4 became the least polluted
(E: −79%), while in the Middle Tisza (section S3), the pollution increased (E: +7%). The
removal of the MP from the water system is reflected by (i) the spatial change of the
enrichment ratios between the individual sections; (ii) the contamination of the previously
less-polluted section (S3); (iii) the decrease in the amount of MP in the sediments of the
tributaries; and (iv) the disappearance of the former MP hot-spots and the emergence of
new ones at previously slightly contaminated sites. A similar rearrangement was observed
by Hurley et al. [20] in the Mersey River system (UK) or by Sekudewicz et al. [17] in the
water system of the Vistula (Poland), where a flood wave rearranged the pollution hot-spots
and significantly removed the MP from a reach. On the other hand, flood waves may also
import large amounts of MPs into the river systems [17]. However, high water velocities
may also remobilize the MPs from the channel sediments [1]. Thus, the amount of MP can
vary greatly between reaches and within a hydrological year; therefore, sampling should
be condensed in space and time to understand the dynamics of the MPs in the sediments.

4.3. Parameters Affecting the Minimum and Maximum Microplastic Concentrations

We hypothesized that contamination around the minimum values indicates the basic
pollution of a river base, while the extremely high values are related to local factors.
The minimum values increase continuously downstream of the Tisza (from section S1:
260 item/dry kg to section S5: 360 item/dry kg), simultaneously with the gradual decrease
in the slope and flow velocity; thus, the MP in sediments gradually accumulated. A similar
trend characterizes the in-channel natural sediment aggradation of the Tisza [31]. The
tributaries also support the connection between the minimum MP content and the slope,
as their minimum MP contamination is increasing from the Upper Tisza’s sub-catchments
to the lower sub-catchments; thus, the lowermost tributary has the highest minimum MP
pollution. Therefore, we suggest analyzing the longitudinal MP concentrations considering
only the minimum values of hydrologically uniform sections, as these values indicate
the basic pollution. Probably, the lack of this approach had led to ambiguous results on
longitudinal changes in MP concentrations, as some studies suggest that the MP pollution
in sediments has increased downstream [7,13,26], others indicated a decrease [58] or no
longitudinal downstream trend at all [24].

The development of extremely high MP concentrations can be attributed to the sudden
deterioration of the MP transport conditions. This statement is supported by the fact that, in
2019, the MP concentration was on average 6305 ± 1434 item/dry kg at the most polluted
points (≥4000 item/dry kg), while in 2020, at the same points, only 1732 ± 1317 item/dry
kg of MP was in their sediments, so the pollution of these points decreased by 73%. At
the same time, new contamination hot-spots have developed in areas where previously
slightly or moderately contaminated sediments were found. Because the flow conditions at
the same site on the same form at the same point hardly change in one year, the change in
the MP content is explained by the river’s temporally changing transported sediment flux.
As the MP content of the transported sediment is temporally various, MP-contaminated
fluxes and less polluted fluxes exist. The question is where the given transported material
will reach a transport threshold point, so when it will be deposited, i.e., where the flow
velocity fell below the transport rate during a flood wave (flux). Thus, the development of
extremely high values is probably related to the MP input into a given reach and the spatial
and temporal changes in sediment transport capacity. However, the former researchers
explained the development of MP hot-spots by increased MP input from megacities [51],
agriculture and wastewater treatment plants [58] and industry [7]. The development of
hot-spots was also explained by artificial or natural impoundment [1,15,19,29].
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4.4. Parameters Affecting the Rearrangement of Deposited Microplastic Contamination

The data reflect that the rearrangement of the MPs is not a straightforward process,
as the amount of the MP did not vary to the same extent between the section and the
in-channel forms.

The slope of the river mainly influenced the reduction in MPs from the sediments. The
most significant decrease was observed in the sections with the highest and lowest slopes.
In the uppermost section (S1) and the tributaries, the six subsequent flood waves with
gradually increasing heights effectively mobilized the polluted sediments and transported
them to the middle section of the Tisza. Simultaneously, in the section (S4) with an extremely
low slope where the impoundment propagated the aggradation of MPs, the flood waves
effectively mobilized the bottom sediment. In this case, the flood waves were relatively
low; thus, neither the Danube nor the tributaries impounded them so the MP-contaminated
sediments could be mobilized, and the sections (S4 and S5) became less polluted. This also
suggests that the mobilized MPs probably reached the Danube. A similar spatial pattern
of mobilization was described from the Mersey, UK [20]. However, Rodrigues et al. [23]
pointed out that this rearrangement pattern may vary between hydrological situations, and
the removing of MPs from the water system is gradual.

The tributaries play a key role in the replenishment of the MP load of the main river,
as they transport polluted water from the sub-catchment in varying degrees (depending
on the population and wastewater management). According to our results, the tributaries
mainly determine the mean pollution of a section, especially in the close vicinity of the
confluence. This is supported by the fact that 9 of the 11 tributaries had a higher (+20%)
MP content in their sediments than the Tisza had near the confluence, and they increased
the MP content of the Tisza by 52% on average. In addition, as larger tributaries join the
Tisza with more and more transported sediments with more MPs, they effectively increase
the general pollution (minimum and mean values) of the main river. Several authors also
indicated the importance of tributaries as sources of MPs for the main river [29,53,59,60].
The tributaries act as the conveyance belts in MP transport into the main river [19,61],
especially if the wastewater treatment plants are located on the tributaries instead of the
main river [7,49,58]. On the catchments of tributaries, the high population density or
dynamic economic growth can also effectively increase the MP pollution of a tributary,
which finally increases the main river’s contamination [23].

Three different geomorphological forms were sampled along the Tisza River to see
whether the MP content of the sediments was affected by the morphology of the sam-
pling site. The point-bars developing in the convex side of the meanders proved to be
the most polluted (mean: 2049 ± 1218 item/dry kg), while the side-bars of the sinuous
sections had less MP content by 18% (mean: 1692 ± 1335 item/dry kg), and sediment
sheets that formed along straight sections contained less MP than the point-bars by 23%
(mean: 1584 ± 1464 item/dry kg). Meanwhile, the point-bars had the most uniform MP
distribution, without extremely high values. This can be explained by the fact that the
material of the three forms was deposited under different hydrological conditions. While
sedimentation on point-bars and side-bars is continuous and can take place at any stage,
the deposition on sediment sheets can happen just during the falling limb of floods. In
addition, the bars are built of mainly bed load, whereas the sediment sheets are built up by
suspended sediments. Thus, it can be assumed that the different MP content of the forms is
related to the fact that their sediments were deposited at different times when the MP flux
was different. In addition, the MPs were transported in different ways onto these forms (as
bed load or suspended load) and deposited in a different flow environment (flowing or
standing water). This is supported by the results of previous researchers [7,13], who found
that the MP is transported in suspension under a continuous flow and its sedimentation
rate is very low. The sedimentation of suspended MP particles is supported by the low-
energy environment created by a slope drop [15,19,30]. The accelerated deposition on the
point-bars could also be connected to the fact that these forms are located at the greatest
distance from the thalweg, where the MP transport is the most intensive [62]. Above the
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point-bars, due to the reduced flow rate, the MP particles easily form aggregates with
natural colloids, promoting the appearance of contaminating communities on their surface,
which enhances sedimentation [52].

The MP content of the point-bars and the side-bars changed with a similar spatial
pattern as that of the uniform hydrological sections. Thus, they can be considered as
representative indicators of the downstream changes in the MP concentration. However, in
the most polluted section (S3), the MPs were more enriched in the point-bars compared to
the section average (by 43%) or compared to the point-bars of the previous section (by 70%)
than in the other form. Thus, the point-bars may show significant MP overload in some
situations. Furthermore, the spatial distribution of the MP content of the sediment sheets
showed a different spatial pattern than the sections or other forms, as their MP pollution
reached its peak further downstream, in section S4. The amount of MP particles in the
sediment sheets was lower than the average of a given section by 2–36%, which is in sharp
contrast to the MP enrichment in the point-bars or side-bars in the S1–3 sections.

It is also interesting to compare whether the MP content of the different geomorpho-
logical forms changed similarly or not between the two surveys. While the MP content
of the sediments decreased in a year, this was not typical for the point-bars, which have
become more polluted by 10%. At the same time, the amount of the MP decreased by 29%
in the side-bars and by 51% in the sedimentary sheets. Therefore, it does matter what forms
are sampled, as they influence the changes and spatial patterns we conclude. The novel
result of our research is that if the sediment samplings are performed on different channel
forms, their results may show completely different longitudinal trends, and some forms
over represent the MP pollution of the section (e.g., point-bar), others (e.g., sediment sheets)
underrepresent it. We recommend selecting side-bars for sampling, as on the one hand, in
alluvial rivers, these forms are more common than the point-bars. In addition, their MP
values were the closest (+0–9%) to section averages, and they changed with a similar spatial
and temporal trend.

Finally, we also evaluated the connection between the particle size of the sediments
and their MP content, but no clear general relationship was found. However, other re-
searchers [26,50,63] found a positive correlation between the clay fraction of the sediments
and their microplastic content. On the contrary, in the lower sections of the Tisza (S2–4), the
coarse-grained samples contained more MP, and as the slope of the sections decreased, the
difference between the MP content of the two sample types increased: the coarse-grained
samples contained more and more MP. The difference between the two sample types was
the most evident in the sediments of point-bars, as on these forms, the MP content of the
coarse material was higher by 34–55% than at the same site in the fine-grained samples.
However, in the case of the side-bars or sediment sheets, no characteristic differences were
found between the MP content of the coarse- or fine-grained samples. This may be related
to the fact that the MP particles form aggregates with other sediment particles [14,64], or
biofilm is formed on their surface [15,65]. Thus, forming aggregates, the MPs are deposited
as the bed-load particles, i.e., from medium-velocity water and not from standing water as
the suspended sediment does. The deposition of the bed-load particles is typical on the
coarse-grained sediment body of the point-bars, which also explains the deposition of MPs
with larger aggregates. On the contrary, the suspended material is deposited on sediment
sheets, but their MP content is highly influenced by the actual MP influx of the water.

5. Conclusions

The transported MP pollution in rivers poses new challenges to the research commu-
nity. While a very wide range of MP research is concerned with the chemical and physical
properties of the MP particles, a relatively limited number of studies are investigating the
geomorphological context of MP pollution. However, the hydrological and geomorpholog-
ical aspects of the MP transport, deposition and mobilization would be very important, as
these are complex processes, which fundamentally affect the MP concentration in sediment
measured at a given point at a given time.
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Therefore, we analyzed the spatial and temporal characteristics of the MP accumu-
lation and rearrangement, conducting two consecutive sampling campaigns. In 2019, we
collected 62 samples from 59 sites, but in 2020, 120 samples were already collected from
70 sites from the source of the Tisza in Ukraine to its Danubian confluence (Serbia). Our
results show that smaller, below-bankfull flood waves can effectively rearrange the MP in
the water system. Therefore, to understand the spatio-temporal changes in MP pollution,
it is worthwhile to repeat the surveys on a river at the same points, sampling as many
sites as possible. A series of data from several years is likely needed to understand the MP
transport and deposition processes in a river system; thus, the role of various hydrological
situations (from low stages to peak floods) could be understood.

While researchers are more or less familiar with the modes of natural sediment trans-
port, the deposition and mobilization conditions of the MP particles are different from
natural sediments due to their varied density, size and aggregate formation. The MP,
which forms aggregates, can behave similarly to bed-load sediments, though suspended
transport can also be significant. As sediments transported in different ways are deposited
on different in-channel forms, it is important to compare the sampling sites in terms of
geomorphology. Because different in-channel forms trap various sediments to different de-
grees, samplings should be performed from the same morphological forms, and during the
evaluation of the MP contamination, the evolutionary characteristics of a given form should
be considered. According to our results, the MP content of the point-bars is much larger
than other in-channel forms, and they show greater downstream and temporal changes.
We recommend collecting samples from side-bars, which are common forms in rivers, and
they reflect the evolution of the MP content of river sections. The sediment-sheets are the
least favorable forms for MP sampling, as their longitudinal variations are different than
of the other forms or the section averages, though, if the sampling aims to evaluate the
MP content (in suspended form) of a falling limb of a flood, the sediment sheets are a
perfect choice.
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