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Research on monitoring method of dripping pills dripping process
based on laser detection and multivariate data analysis technology
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Abstract: At present, the digitalization and intelligence level of dripping pills production process is low, and
there is a lack of process monitoring methods, which makes it difficult to effectively control the quality of dripping
pills. Therefore, this paper proposed an online monitoring method for the dripping process of dripping pills based
on laser detection technology and multivariate data analysis (MVDA) technology. Firstly, the width data of the
falling droplets during the dripping process of the dripping pills were collected by the laser detector at a high
frequency. Secondly, based on the width data, the nodes were selected for each droplet and the features were
extracted. Then, the principal component analysis (PCA) model was established based on the feature dataset under
normal process conditions, and Hotelling's T* or DModX statistic was selected to determine whether the droplets in
the dripping process were abnormal, and the abnormalities were classified and diagnosed by the principal
component score map combined with K-nearest neighbor (KNN) algorithm. In this study, the feasibility of this
method was investigated by taking the dripping process of Ginkgo biloba leaf dripping pills as an example. The
results showed that the obtained model has good detection and diagnosis ability for abnormal valve opening,

abnormal liquid temperature, and abnormal liquid volume. This method can provide some reference for the industrial
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production of dripping pills.
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principal component analysis
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Figure 1 Acquisition, division, and nodes selection of droplet width data. A: Continuous width data captured by laser detector; B: Droplet

partitioning and nodes selection; C: Droplet width data acquisition process; D: Actual positions of the droplet corresponding to the selected

nodes

Table 1 Sample classification, experimental conditions, and dataset partitioning. The samples in training set were used for establishment of

PCA model, and samples in validation set were used for validation of PCA model. PCA: Principal component analysis; NOC: Normal opera-

tion condition; AOC: Abnormal operation condition. “The normal dripping conditions were as follows: the liquid temperature was 80 °C, the

liquid weight was 130 g, and the dripper valve was opened to 100%

Sample set Classification Experimental condition Dataset Sample number
Training set NOC Normal dripping conditions® NOC/Train 599
Validation set AOC Dripper valve opening reduced to 50% AOC/Valve 400

Liquid temperature reduced to 65 °C AOC/TempL 400
Liquid temperature increased to 100 °C AOC/TempH 400
Liquid weight increased to 330 g AOC/Liquid 400
NOC Normal dripping conditions NOC/Val 100
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Figure 2 Flow chart of the establishment procedure of dripping pill dripping process monitoring method and application procedure of the

proposed monitoring method
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Table 2 Features and calculation methods

Feature Calculation method
Droplet width at point B (d}) Droplet width at point B
Droplet width at point C (d) Droplet width at point C
Length of AB segment (/,) Number of data points between nodes A and B
Length of BC segment (/) Number of data points between nodes B and C

Slope of AB segment (k,, = ld—B)
AB

Ratio of droplet width at point B to the length of AB segment

Slope of BC segment (kg = ldi) Ratio of droplet width at point B to the length of BC segment
BC
Half peak width of AC segment (w) Number of data points between the points corresponding to the half maximum width
within AB segment and BC segment
Droplet widths at the third equidistant points of the Droplet widths at the third equidistant points of the number of data points within AB
AB segment (d % e d % AB) segment
Droplet widths at the third equidistant points of the Droplet widths at the third equidistant points of the number of data points within BC
BC segment (d%Bc, d% BC) segment
Droplet spacing (s) Number of data points between point A of the current droplet and point A of the

previous droplet

—— Hotelling's T? or DModX statistic
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------ 99% Confidence limit
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Figure 3 Hotelling's T and DModX control charts for samples in each dataset. A: Hotelling's T* control chart for samples in training set;

B: DModX control chart for samples in training set; C: Hotelling's T control chart for samples in validation set; D: DModX control chart for

samples in validation set. The 5 denoted regions of C and D contains data of different datasets. a: NOC/Val; b: AOC/Valve; ¢: AOC/TempL;

d: AOC/TempH; e: AOC/Liquid
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Table 3 False alarm rate or missing report rate of PCA model on

each dataset

NOC false
Statistical index alarm rate/%
Train  Val Valve TempL TempH Liquid

95% Hotelling's T 2.00 3.00 025 0.00 0.00 2.50

AOC missing report rate/%

95% DModX 8.68 12.00 0.00 0.00 0.00 0.00
99% Hotelling's T>  0.33 0.00 0.25 0.00 0.00 5.75
99% DModX 2.17 3.00 0.00 0.00 0.00 0.00

oK, A E G RS AR TR AR, A RE
AR AR, WIS B 99% B {5 E T 1) Hotelling's T 4% il
B, 5 B OC VR U A 2, TR I PR 99% B AE B T Y
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Figure 4 PCA score plots of samples in validation set. A-F are the combinations of different principal components

Table 4 Dataset partitioning, misclassified sample number and prediction error rate of K-nearest neighbor (KNN) model on each data set

Sample number

Misclassified number

Prediction error rate

Abnormal class

Training Validation Training Validation Training Validation
Valve 320 80 0 0.00% 0.00%
TempL 320 80 0 0.00% 0.00%
TempH 320 80 0 0.00% 0.00%
Liquid 320 80 0 0.31% 0.00%
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Figure 5 Loadings score plot of P[3] vs P[4]
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Figure 6 Contribution scores of each droplet feature to each

abnormality
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