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• Section 1 (sizes):

• At present, Raman technology is widely used in the

identification of material components. However, due to the late

start of Raman technology and the interference of many factors

in the acquisition of Raman spectra, which requires a lot of

manpower, financial resources and time, the amount of collected

data samples is small, which cannot meet the needs of deep

learning. The conditions under which the samples are trained. At

the same time, if the number of samples collected in each

category is not balanced, it will lead to overfitting of the model.

Therefore, it is not realistic to complete the training of neural

networks by collecting Raman spectra. Aiming at this problem,

this paper proposes a Raman spectral data augmentation

method based on WGAN-GP.

• This method uses a convolutional network and a

deconvolutional network to form the discriminant network and

the generation network respectively. Compared with the fully

connected network, the amount of parameter is greatly reduced

and the code running time is saved. Moreover, WGAN-GP uses

gradient penalty instead of weight cropping to enforce Lipschitz

constraints, which makes the model more stable and the quality

of generated spectral better. The results show that the method

can generate virtual Raman spectral data based on a small

amount of collected Raman spectral data, which can greatly

expand the data set and meet the training needs of neural

networks.

Section 2 (layout):

➢ Because Raman technology can be used to identify material

components, it is widely used in various industries, including

medicine, minerals, security and other fields. However, due to the

late start of Raman technology, the establishment of the database

is not perfect, and the collection of Raman spectrum is interfered

by many factors, so the number of data samples collected is small,

which cannot meet the conditions that a large number of samples

are needed for training in depth learning. Therefore, in the current

work, a Raman spectrum data amplification method based on

WGAN-GP is proposed, which can be used to amplify data sets to

meet the needs of deep learning training.

Section 3:
➢ GP in WGAN-GP means gradient penalty, that is, gradient penalty

term is used, which is a method to replace weight clipping. By

setting an additional gradient penalty term, the gradient of the

discriminator does not exceed k. The expression is:

𝑁𝑜𝑟𝑚 = 𝑔𝑟𝑎𝑑(𝐷( ෩𝑋𝑖),[ ෩𝑋𝑖])
𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 𝑝𝑒𝑛𝑎𝑙𝑡𝑦𝑠 = 𝑀𝑆𝐸(𝑁𝑜𝑟𝑚 − 𝑘)

Summary/Conclusion

➢ The Raman spectrum data amplification method based on WGAN-
GP includes the following steps.

1) The original spectrum is standardized through the baseline
correction of Whittaker smooth and adaptive iterative penalty 
reweighting algorithm.

2) Input the original spectral data to be amplified into WGAN-GP
network, and train the model of data to be amplified.

3) Repeat steps 1 and 2 for the spectral data to be amplified.

➢ The analysis results show that the generated spectra are not only
intuitively similar to the original experimental spectra, but also can
not be distinguished by typical unsupervised clustering methods
PCA and K-means.




