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1. Artificial Intelligence (AI)

2. Machine Learning (ML)

3. Deep Learning (DL)

4. Transmission Electron Microscopy (TEM)
5. Nature Communications

6. Convolutional Neural Network (CNN)

7. Molybdenum disulfide (MOS2)

8. High-Angle Annular Dark-Field Scanning Transmis-
sion Electron Microscopy (HAADF-STEM)

9. Energy-Dispersive x-ray Spectroscopy (EDS)
10. Fast Fourier Transform (FFT)
11. Non-negative matrix factorization (NMF)

12. Principal component analysis (PCA)

20. Cryo Transmission Electron Microscopy (Cryo-TEM)
21. AlphaFold

22. DeepMind

23. Cryogenic electron microscopy (cryo-EM)

24. The Large Hadron Collider (LHC)

25. Block-matching and 3D filtering (BM3D)

26. Scanning Transmission Electron Microscopy
(STEM)

27. variational autoencoders (VAE)
28. Kullback-Leibler

29. Thermo Fisher Scientific

30. Metrios 6

31. AtomAlI

13.Pb 32. Scanning transmission electron microscopy (STEM)
14. Se 33. ATRIA Innovation
15.Cd 34. Atomic force microscopy (AFM)

16. Root Mean Square Deviation (RMSD)
17. Cerium(IV) oxide (CeO,)
18. Platinum (Pt)

) ewlidosls N

35. scanning electron microscope (SEM)
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Abstract

Artificial Intelligence (Al) techniques, particularly machine learning (ML) and deep learning
(DL), have found widespread application across various scientific disciplines due to their ability
to handle large datasets, identify complex patterns, and automate tasks that traditionally require
human expertise. These Al techniques are not limited to just image recognition but extend to
predictive modeling, data classification, and even optimization of experimental workflows.

The relevance of Al to scientific research is expanding rapidly, as it complements traditional
methodologies by offering faster, more accurate, and more scalable solutions. In this context,
Al's influence on scientific research spans multiple domains, from physics and chemistry to
biology and environmental science. The integration of Al in these fields has opened new frontiers
in problem-solving and discovery. One of the most promising applications of Al lies in its integration
with advanced imaging technologies such as Transmission Electron Microscopy (TEM). TEM
is an essential tool for industries involved in materials science, nanotechnology, semiconductor
manufacturing, and biomedical applications. However, the complexity and volume of data
produced by TEM instruments pose significant challenges in terms of data processing, image
interpretation, and decision-making. Such Al techniques that mentioned above and also Computer
Vision, are increasingly being leveraged to overcome these challenges, thereby enhancing the
effectiveness of TEM in industrial research
and development (R&D). In this article, we BRGAVILE
discuss several areas of scientific and industrial
research where Al is making an impact and Ar_tificial InteIIigenqe; Transmission Electron_

D . Microscopy; Machine Learning; Deep learning.
explore how these applications have direct
relevance to TEM.
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