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深度学习识别转角双层二维材料



• Motivat ion

• Data Preparat ion and preprocessing

• Deep Learning to Ident i fy  Thickness

• OpenCV to Ident i fy  Twist  Angles

• Deep Learning to Predict  Twist  Angles

2



Usual approach

Student 
problem

Write rules

evaluate

solutio
n

Analyze 
errors

Conventional  vs “machine learning” approaches

Machine learning 
approach

Student 
problem

Train ML 
algorithm

evaluate

Analyze 
errors

solution

Data

Training set!

Approximate solution!
(’statistically-speaking’)







Ju Li MIT



Motivat ion: twisted (Magic)  angle

7

Pablo Jarillo-Herrero and Yuan Cao: twistronics, the study of electronic behavior in twisted 

graphene and other materials.



Deep learning has become a valuable tool in the field of materials research

[1] Nat Commun 9, 1413 (2018) [2] npj 2D Mater Appl 4, 3 (2020).

Motivat ion
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3R MoS2 and 2H MoS2
[1]

[1] Nat Commun 11, 2391 (2020)

2H and 3R TMD’s HER polarization curve[4] Transfer and output curve of AA and AB stacked MoS2 FET devices[2]

[2] Nat Commun 10, 598 (2019)

[3] Nat Commun 5, 4966 (2014)

[4] Chem Commun 53, 3054 (2017)

The twist angle has a significant impact on the performance of TMDs

Motivat ion
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The current measurement methods for twist angles in TMDs

Differential Reflectance [1] Generated through optical microscopy and second-harmonic generation [2]
Low wavenumber 

Raman spectra [3]

[1]Nat Commun 11, 2391 (2020) [2] Nano Lett. 2014 Jul 9;14(7):3869-75. [3] ACS Nano 2018, 12, 8, 8770–8780

Motivat ion
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Thermo Scientific

Single-zone tube 

furnace

Alicat Scientific

Gas flow control valve
Ar Supply

2

Gas flow in
S powder

Gas flow outSiO2/Si

MoO2

Data Preparat ion （CVD growth process）
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512x512

pixel images

Datasets

2592×1944
In total 1035 micrograph images

Data preprocessing
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Deep Learning to Identi fy the Thickness of  TMDs
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Input Images Output Images

Deep Learning to Identi fy the Thickness of  TMDs

14 Ronneberger O et al., Medical Image Computing and Computer-Assisted Intervention–MICCAI 2015: 18th International Conference, 234-241, 2015.
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Deep Learning to Identi fy the Thickness of  TMDs



Performance of the segmentation models using U-net. 

(a), (f), and (k) Input optical micrographs from the CVD MoS2. 

(b), (g), and (l) Manually annotated images.

(c), (h), and (m)The pixel value distribution of the annotated images. 

(d), (i), and (n) Predicted images after segmentation .

(e), (j), and (o) Pixel value distribution of the segmented images.

Deep Learning to Identi fy Thickness of  TMDs 
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Confusion matrices of each class after the 

semantic segmentation network. 

Deep Learning to Identi fy Thickness of  TMDs
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Deep Learning to identi fy Twist  Angles



OpenCV to Identi fy Twisted Angles of  TMDs
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OpenCV to Predict  the Twisted Angles of  TMDs
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Half intelligence（半智能）
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能不能设计一个深度学习的神经网络

去识别双层材料的转角？
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能不能设计一个深度学习的神经网络

去识别双层材料的转角？

难点在于数据集的制作困难！
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采用人工产生的数据集，来模拟
无人驾驶的环境，训练模型

https://news.mit.edu/2020/mit-toyota-release-visual-open-

data-accelerate-autonomous-driving-research-0618

特斯拉CEO马斯克说至少要96亿公里以上，兰德
智库认为需要至少跑177亿公里，相当于在地球和
太阳间往返50多趟。这么大的数据量，要是全靠
道路测试是不是会把工程师逼疯？



Training Dataset Preparat ion

True Datasets

Artificial Datasets

Ping-Heng Tan*, Eduardo R Hernández*, Yong Xie* ， Nano Letters，2024, 24, 9, 2789–2797



人工智能

Deep Learning to Predict  Twist  Angles
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第一次实现了转角双层的深度学习识别，完全Full intelligence（全智能）

Ping-Heng Tan*, Eduardo R Hernández*, Yong Xie* ， Nano Letters，2024, 24, 9, 2789–2797



Deep learning approach for recognizing twist angles in MoS2 flakes. 

(a) Synthetic dataset illustrating varying twist angles in uniformly colored MoS2 flakes post-segmentation. 

(b) ResNet CNN model training using the linear regression approach on the dataset from (a).

(c) Prediction of twist angles for actual as-grown MoS2 bilayer samples post-segmentation

Deep Learning Predict  Twist  Angles
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人工智能

2
~ (0, )

n
w N

w    The weight to be initialized

n    The number of input units in the previous layer

He, Kaiming, et al. Proceedings of the IEEE conference on computer vision and pattern recognition. 2016.

Deep Learning Predict  Twist  Angles
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Performance evaluation of the twist angle Identification Model. 

Deep Learning Predict  Twist  Angles
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29Ping-Heng Tan*, Eduardo R Hernández*, Yong Xie* ， Nano Letters，2024, 24, 9, 2789–2797

Deep Learning to Predict  Twist  Angles



30Nat. Commun. 12, 2391 (2021)

Deep Learning to Predict  Twist  Angles
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Moiré phonons in twisted CVD grown bi layer MoS 2

Ping-Heng Tan*, Eduardo R Hernández*, Yong Xie* ， Nano Letters，2024, 24, 9, 2789–2797
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Thickness Classification Model
Twist Angle 

Regression Model

Model Name DeepLabV3 FCN LR-ASPP U-Net ResNet

Training Epoch 300 300 300 300 600

NN Training Time 29m24s 25m18s 17m18s 34m18s 14h25m33s

Frames Per 

Second (FPS)

CPU 1.16 1.32 9.80 3.56 14.3

GPU 45.66 50.35 201.25 125.63 479.6

Deep Learning to Predict  Twist  Angles



Conclusion
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34Computem
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Atom- by- atom imaging of moiré transformations in 2D

transition metal dichalcogenides, Science Advance, Huang
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Thanks for your attention! 
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Conclusion
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