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Aim:
To evaluate the feasibility of using ultrasound technology combined with latent-based ML models to assist in the detection of FB in jelly-based products.

Materials & methods
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Figure 1. Statistical classification performance of ML models

Table 1. Results of foreign bodies detection by using latent-based ML models

Samples and foreign bodies Experimental set up and signal adquisition Image processing and ML modeling

d = 1 cm
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1 x 1 cm
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Polystyrene

Silicone

Jelly concentration

1% w/v

5% w/v

10% w/v 

(CAS9000-70-8, 

Sigma-Aldrich, USA) 
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Design of Experiment (3222):

Factor 1: gelatin concentration (1%, 5% and 10%).

Factor 2: package material (polystyrene and silicone).

Factor 3: type of foreign body (metal, soft plastic and hard plastic pieces).

Factor 4: two foreign body’s sizes (medium and small). 

• SVM and RF were the best models in the detection of FB within jellies (Acc>98%).

• RF used less NLVs compared to SVM.

Food 4.0

1 x 1 cm

0.5 x 0.5 cm

Metal Soft plastic Hard plastic

DoE 3222 = 36 × 3 = 108 Out-of-Control (OC) samples

108 Control samples (without foreign bodies)

Ultrasound technology

• Non-destructive and non-invasive 

• Robustness in industrial environments

• High sensitivity

• Rapid testing capabilities

• Capability to detect “soft” foreign 

bodies (FB)

.

Machine Learning (ML) Potential inline quality inspection

Introduction

Control Out of Control (OC)

3D hypercube

• Signal amplitude

• Square norm

• Integral

• Signal variance

• Kurtosis

• Skewness

Conclusions

• RF model provided the most accurate classification of jellies with and without FB,

proving reliable tool for real-time quality inspection based on ultrasonic

measurements.

• The methodology proposed in this work can be considered as a feasible tool for the

reliable, rapid, and accurate detection of FB in jelly-based products packaged in

different materials, as well as its further industrial application.

Control images OC Images

SVM RF
NB

LDA QDA

Principal Component Analysis (PCA) Latent based ML modeling

Support Vector Machines (SVM)

Random Forest (RF)

Naïve Bayes (NB)

Linear Discriminant Analysis 

(LDA)

Quadratic Discriminant Analysis (QDA)

• Kernel function

• Type

• Regularization parameter (C)

• Number of latent variables

• Number of trees (NTs)

• Number of latent variables

• Laplace smoothing

• Number of latent variables

• Number of latent variables

• Number of latent variables

Model training (75%)

Model validation (25%)

• Accuracy

• Sensitivity

• Specificity

Optimized models

SVM 

(NLVs=88)

RF

(NLVs=73)

NB

(NLVs=80)

LDA

(NLVs=18)

QDA

(NLVs=16)

Goodness of fit

Accuracy (%)

Training

100.00 ± 0.00

Validation

98.52 ± 1.91

Training

100.00 ± 0.00

Validation

98.52 ± 1.46

Training

97.04 ± 2.17

Validation

97.04 ± 2.65

Training

81.24 ± 2.31

Validation

82.20 ± 4.75

Training

81.24 ± 2.31

Validation

82.20 ± 4.75

Sensitivity

Training

0.99 ± 0.01

Validation

0.99 ± 0.02

Training

1.00 ± 0.00 

Validation

0.99 ± 0.01

Training

0.99 ± 0.01 

Validation

0.98 ± 0.02

Training

0.84 ± 0.03

Validation

0.83 ± 0.08

Training

0.84 ± 0.03

Validation

0.83 ± 0.08

Specificity

Training

1.00 ± 0.00

Validation

0.98 ± 0.02

Training

1.00 ± 0.00

Validation

0.97 ± 0.03

Training

0.96 ± 0.04 

Validation 

0.94 ± 0.04

Training

0.78 ± 0.02

Validation

0.82 ± 0.09

Training

0.78 ± 0.02

Validation

0.82 ± 0.09

• Increase in the number of latent variables (NLVs) led an improvement in accuracy (Acc) results.

• Statistical performance was highly influenced by the ML model’s parameters.

Results and discussion

Feature extraction
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