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Abstract:

To address the key issues in the authentication of seal text, this study focuses on the
accurate identification of seal oil brands. Confocal Raman spectroscopy was used to
scan the spectra of 16 samples of printing oil and printing clay, and combined with
machine learning algorithms for classification and identification. The data quality was
enhanced by pre-processing steps such as noise reduction, baseline correction and
normalization of the spectral data. Subsequently, the support vector machine (SVM)
and random forest (RF) algorithms were utilized to identify the test set, and after
parameter tuning, the recognition rates of SVM and RF were improved from from
57.63% and 77.08% to 90.27% and 90.97%, respectively, for the original data, which
were significantly better than that of the original data. This study shows that the
combination of confocal Raman spectroscopy and machine learning provides a new
scientific method for the accurate identification of the brand of printing oil and
printing clay, which has potential application value and can provide strong support for
the document seal inspection and identification of document authenticity.
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1. Introduction

In recent years, the rapid development of electronic seals, however, due to the
relevant laws and regulations are not yet perfect, coupled with the long-established
habits of signing paper contracts and cultural background, seal imprints still play an
irreplaceable role in economic activities and document review [1]. However, the
illegal and criminal activities of forging seals and stamps continue to occur frequently
[2], seriously infringing on the interests of citizens and disrupting social order. The
traditional identification method based on the morphological characteristics of the seal
has been difficult to meet the current rapid and accurate identification needs.
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Therefore, through the physical and chemical properties of the printing oil printing
mud test, to assist in the identification of the authenticity of the seal appears to be
particularly important. At present, the accurate identification of the brand of printing
oil, and then assist in the detection of the authenticity of the seal, for the fight against
the illegal and criminal activities of forging seals and seals, and maintain the normal
order of society has a vital significance [3].

Raman spectroscopy has been widely used in the classification and identification of
printing oil and printing clay because of its non-destructive detection and no need for
sample preparation, but it still faces many challenges. Specifically, the method needs
to be compared with the standard spectral map corresponding to the excitation light
source, and the complex composition of the printing oil and printing clay, it is
difficult to find a perfect match of the standard spectrum. At the same time, changes
in external physical conditions can easily lead to shifts in the absorption peaks,
increasing the difficulty of identification [4]. In addition, manual comparison of
spectral information is not only time-consuming, but also the reliability is easily
affected by subjective factors, which makes the accuracy rate worrying. To overcome
these challenges, this study attempts to introduce machine learning algorithms to
realize the precise identification of the brand of printing oil and printing clay, and to
improve the detection accuracy and efficiency.

Traditional brand identification techniques for printing oil and printing clay mostly
rely on chromatography or mass spectrometry, but these methods usually require
cumbersome sample pretreatment and complex experimental operations, and they are
destructive to the printing color material, which makes it difficult to meet the demand
for nondestructive analysis and detection in practical inspection [5]. In contrast,
molecular spectroscopy, especially Raman spectroscopy, opens up new possibilities
for the identification of the brand of printing oil and printing clay due to its significant
advantages such as simple sample preparation, nondestructive detection, and fast
analysis speed [6-12].

At present, Raman spectroscopy for ink identification has made some progress, Han
used laser microscopic Raman spectroscopy to identify the types of a variety of
different brands and models of printing oil stamping samples, and used the Raman
standard spectral peaks of the dyes and additives in the printing oils to identify the
species of printing oils [13]. Liu et al. used laser Raman spectroscopy to study 10
kinds of printing text colorants, and classified the tested printing text LI used laser
Raman spectroscopy to study 10 types of printing pigments and classified the tested
printing pigments into 6 categories [14]. Li determined whether the printing pigments
were copied and pasted by printers by identifying the absorption peaks of alcohols in
the Raman spectra of the printing pigments [15], which provided a new way of
thinking about the application of Raman spectroscopy in the authenticity of the
printing pigments, but there are still some challenges and limitations in accurately
identifying the brand names of the printing oils and printing pastes.

Although Raman spectroscopy shows potential in evaluating the brand of printing
oil and printing clay [16,17,18], its application is limited by the difficulty of ordinary
Raman instruments to realize the precise selection of the detection area, which leads
to the challenge of accurate identification of the imprint area. The emergence of
confocal Raman spectrometry provides a fast, nondestructive and accurately
selectable identification area detection program for the brand of printing oil and
printing clay. However, in practical applications, confocal Raman spectroscopy is
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susceptible to instrumental and experimental environment noise interference, baseline
drift and spectral overlap, which leads to signal quality degradation and useful
fingerprint information is difficult to extract [19]. To solve this problem, the
combination of preprocessing algorithms and machine learning techniques is
particularly important. By implementing preprocessing algorithms such as noise
reduction smoothing and baseline correction, the data quality can be effectively
improved [20]. Subsequently, machine learning algorithms such as random forest (RF)
and support vector machine (SVM) can be utilized to further extract useful fingerprint
information from the preprocessed spectra, improve the accuracy of spectral data
analysis, and provide strong support for the accurate identification of the brand of
printing oil and printing clay.

The aim of this paper is to investigate the feasibility of Raman spectroscopy
combined with machine learning to recognize the brand of printing oil printing clay.
By using a confocal Raman spectrometer to prepare and scan the samples of printing
oil and printing clay, the acquired spectral data were pre-processed with noise
reduction, baseline correction and normalization, and then machine learning models
such as SVM and RF were used to classify the spectra of the printing oil and printing
clay, and important variables in the RF algorithm that contributed more to the
classification model were identified. This study provides a potentially feasible
scientific method for future seal authentication.

2. Experimental Sample Preparation and Sampling

Experimental samples for the domestic market publicly sold 16 kinds of printing oil
printing clay, as shown in Table 1. In the experimental process, printing oil printing
clay through the seal stamped to A4 print white paper sheets, in order to control the
influence of paper and seal factors, paper for the same brand with the same batch of
production, customized production of seals, the material for the rubber, each seal
engraved with the same text, in order to avoid contamination of the sample, the seal
with a plastic sealing bag sealing package.

Table 1. Experimental samples.

Sample number Name of ink paste Sample Model Sample Type
1 QIXING 6-S quick-drying
2 JINYU B quick-drying
3 M&G BLS831 quick-drying
4 LIBERTY MS-50-S quick-drying
5 XUEAO 0518 ink paste
6 GongZiPai 684 ink paste
7 Dahua 12#6#3# ink paste
8 Huhua 685 ink paste
9 UNI HSN-S50K Photosensitive ink filters
10 Xima 21564 Photosensitive ink filters
11 trodat 271 Photosensitive ink filters
12 deli 9870 atomic ink
13 HuiFeng 727# atomic ink
14 Arxin 013 atomic ink
15 Xsamper CS-10N atomic ink
16 KaiYu WD-1 atomic ink

In order to take into account the actual inspection and monitoring process to test the
samples must be stamped after the completion of a period of time to carry out, and to
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prevent just stamped after the evaporation of water and volatile substances on the
experimental results have an impact on the printed paper to avoid light and ventilation
preservation of more than 48h before testing. Confocal Raman spectrometer by laser
irradiation of the samples to obtain the reflected Stokes and Stokes reflected light to
determine the vibration of the molecular chemical bonding, reflected in the peak
spectral image of the spectral peaks of the displacement and the intensity of the peaks,
which in turn reflects the internal chemical bonding structure of the material, the
formation of each sample corresponds to a unique fingerprint. As shown in Figure 1,
the FORAM 685-3 detector excitation light source has a wavelength of 685 nm, a
maximum excitation power of 45 mW, a spectral resolution of 7 cm™, and a receiving
light source range of 200~3200 cm-1. In order to obtain Raman spectra of the samples
at random positions, the samples were placed on a three-dimensional moving stage.
The laser power for sample testing was uniformly chosen to be 11.25 mW, and the
integration time was 1 second. Each collected spectrum was averaged using six scans
to obtain stable, high signal-to-noise experimental results. All experiments were
performed at room temperature and pressure. Thirty samples were collected for each
sample from randomly selected sampling areas.

Figure 1. Raman spectrometer FORAM 685-3.

3. Preprocessing of Raman Spectroscopy Data

The Raman spectra of the collected samples are shown graphically in Figure 2.
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Figure 2. Waterfall plots of Raman spectra corresponding to the collection of 16 samples.

Savitzky-Golay (SG) filtering algorithm has been widely used in dealing with noise
in recent years, MA Awal in the study of different filtering algorithms to solve the
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problem of noise contamination of electrocardiogram (ECG) signals, SG filtering
algorithm shows better performance [21], and compared with other algorithms, SG
filtering algorithm can retain the original attributes of the signal as much as possible,
and the smoothness and noise reduction performance can be optimized by adjusting
the fitting order and window size. The performance of noise reduction can be
optimized by adjusting the fitting order and window size. Therefore, the SG filtering
algorithm can be adjusted according to different application requirements to achieve
the best denoising effect.Zhang et al. used an automatic polynomial fitting algorithm
based on adaptive iteration-adaptive iterative penalized least squares (airPLS)-to pre-
process the Raman spectral data of the cervical adenocarcinoma and squamous
carcinoma tissues. were preprocessed, and after comparing the combination of various
spectral preprocessing methods and classification models, the results highlighted the
important role of airPLS in improving the diagnostic accuracy [22]. The best method
was airPLS preprocessing and this combination increased the diagnostic accuracy to
96.3%. We used the SG filtering algorithm and airsPLS as the Raman spectral
preprocessing technique for acquisition based on the previous research mentioned
above.

The obtained Raman spectral data were processed using the SG filtering method
with smoothing noise reduction and airsPLS baseline correction, the SG filtering
window size was 7, and the fitting order was selected as 6. The results before and
after the processing are shown in Figure 3 and Figure 4.
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Figure 3. Original Raman spectrum.
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Figure 4. Raman spectrum after preprocessing.

4. Results and Analysis
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Figure 5. Test recognition rate corresponding to each brand for Raman raw data.
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Figure 6. SVM algorithm corresponding to the test set of Raman raw data recognition rate.
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Figure 7. Test recognition rate corresponding to each brand for Raman raw data.
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Figure 8. SVM algorithm corresponding to Raman preprocessed data test set recognition rate.
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Figure 9. RF algorithm corresponding to the original data each brand recognition rate.
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Figure 10. RF algorithm corresponding to Raman raw data test set recognition rate.
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Figure 11. RF algorithm corresponding to Raman preprocessing data for each brand recognition
rate.
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Figure 12. Test set recognition rate of RF algorithm corresponding to Raman preprocessed data.

In this study, the samples are labeled according to the brand serial number and
divided into test set and training set in the ratio of 7:3. After erasing the corresponding
labels of the test set, we use Support Vector Machine (SVM) and Random Forest (RF)
algorithms to detect the recognition effect on the test set, respectively. If the
recognition result matches with the real data categories, it is recognized correctly,
otherwise it is recognized incorrectly. After parameter tuning, the best recognition
effect of the test set under the SVM algorithm corresponds to a penalty parameter C of
1 and a kernel function coefficient g of 10; while under the RF algorithm, the best
recognition effect is achieved when the number of decision trees is 15 and the
minimum number of samples of leaf nodes min_samples leaf is 1. The results show
that after the preprocessing step, the recognition rate of SVM on the spectral data is
significantly improved from the original 57.63% to 90.27%, while the RF algorithm
also improves the recognition effect on the original data from 77.08% to 90.97%.
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5. Conclusions and Outlook

By combining Raman spectroscopy with machine learning algorithms, this study
realizes the accurate recognition of the brand of the printing color material, which
provides a potential and feasible scientific identification means for the future
document seal inspection and authenticity identification of documents. However, we
also realize that although the current recognition accuracy is already relatively high,
there is still some room for improvement. Constrained by the information limitations
of single spectra, new technological approaches need to be further explored and
researched in the future to enhance the recognition accuracy. The future research will
therefore focus on the exploration and application of spectral fusion technology,
aiming to provide more accurate and reliable technical support for the identification of
printing color brands by fusing information from different spectra.
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