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The Development of Biodegradable Fiber Tensile Tenacity and Elongation

Prediction Model Considering Data Imbalance and Measurement Error

Se-Chan Park” - Deok-Yeop Kim™ - Kang-Bok Seo' - Woo-Jin Lee™

ABSTRACT

Recently, the textile industry, which is labor-intensive, is attempting to reduce process costs and optimize quality through artificial
intelligence. However, the fiber spinning process has a high cost for data collection and lacks a systematic data collection and processing
system, so the amount of accumulated data is small. In addition, data imbalance occurs by preferentially collecting only data with changes
in specific variables according to the purpose of fiber spinning, and there is an error even between samples collected under the same
fiber spinning conditions due to difference in the measurement environment of physical properties. If these data characteristics are not
taken into account and used for Al models, problems such as overfitting and performance degradation may occur. Therefore, in this
paper, we propose an outlier handling technique and data augmentation technique considering the characteristics of the spinning process
data. And, by comparing it with the existing outlier handling technique and data augmentation technique, it is shown that the proposed
technique is more suitable for spinning process data. In addition, by comparing the original data and the data processed with the proposed
method to various models, it is shown that the performance of the tensile tenacity and elongation prediction model is improved in the
models using the proposed methods compared to the models not using the proposed methods.

Keywords : Data Imbalance, Outlier Handling, Data Augmentation, Tensile Tenacity and Tensile Elongation, Biodegradable Fiber(PLA)
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Table 1. Data Distribution and Ratio, Major/Minor Class
by Data Section

Data distribution by data section
) 250-253 | 254-257 | 258-261 | 262-265 | 266-268
Spin beam 50 0 0% | 43.3% | 10.7% | 9.9%
temperature
minor major major minor minor
1000-1200 1201-1500 1501-3500
Roller 1 3% 88.6% 8.4%
speed
minor major minor
4039 4105 4140-4520
Roller 2 6.5% 75.8% 17.7%
speed
minor major minor
95 100 105
Roller 2 6.9% 92% 1.1%
temperature
minor major minor
4000 4100 4200 4300 4400
FR © Ta03% | 15% | 64% | 49% | 49%
speed
major minor minor minor minor
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Table 2. Key Process Variable Data Unbalanced Ratio

Spin beam | Roller 1 | Roller 2 | Roller 2 F/R
temperature| speed speed [temperature| speed

Major | 55y 88% 76% 92% 82%
Ratio
Minor

) 35% 12% 24% 8% 18%
Ratio
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Fig. 1. Comparison of Box Plots after Box Plot Outlier Handling
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Fig. 2. Comparison of Box Plots after CBLOF Outlier Handling
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Mean-to-Distance Criteria

Table 3. Results by Each Distance Criteria

&8 H113 HM125(2022. 12)

Distance # of # of Outlier | Mean Absolute
criteria data | outlier ratio Error
- 816 0 0.0% 0.165
0.4 or more 796 20 2.5% 0.148
0.5 or more 806 10 1.2% 0.157
0.6 or more 811 5 0.6% 0.160
0.7 or more 813 3 0.4% 0.163
0.8 or more 814 2 0.2% 0.166
0.9 or more 815 1 0.1% 0.165
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(a) Original data 0.4 or more outlier handling

Fig. 4. Comparison of Box Plots after Outlier Handling based
on Mean-to-Distance Criteria
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Table 4. Before and After Comparison with ROS

Spin beam |Roller 1 [Roller 2| Roller 2 | F/R
temperature| speed | speed |temperature| speed

Major ratio |\ 0| goor | 76% | 92% | 82%
(before)
Major ratio |\ goor | 5gep | 41% | S0% | 75%
(after)
Minor ratio
33% 11% 24% 8% 18%
(before)

Minor ratio 18% 42% 59% 50% 25%
(after)

Table 5. Before and after Comparison with SMOTE

Spin beam |Roller 1 |Roller 2| Roller 2 F/R

temperature | speed | speed |temperature| speed

Major ratio 67% 89% 76% 92% 82%
(before)

Major ratio 829 58% 41% 50% 75%
(after)

Minor ratio 33% 1% 24% 8% 18%
(before)

Minor ratio 18% 4£2% 59% 50% 25%
(after)
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Table 6. Data Imbalance Comparison in Minor Data Among
Original Data, ROS and SMOTE

%ai;aofegtitonfci)? Original Data after Data after
atd data ROS SMOTE
Roller2_temperature
95°C 6.9% 44.3% 44.3%
105°C 1.1% 5.7% 5.7%

Table 9. Data Imbalance Comparison in Minor Data Among
Original Data, Complex Data Augmentation

Data section in minor Data after
data for Original data complex data
Roller2_temperature augmentation
95°C 6.9% 19.2%
105°C 1.1% 12.8%
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Table 7. Priority and Augmentation Ratio Considering Correlation
Coefficient and Imbalance for Tenacity

Spin beam |Roller 1|Roller 2| Roller 2 F/R
temperature| speed | speed |temperature| speed
Corr. -0.51 -0.42 0.13 0.33 0.09
Imbalance
(major, 67, 33 89, 11 | 76, 24 92, 8 82, 18
minor)
Priority 3rd st 2nd 1st 2nd
Apgmen—. _ 3 2 3 2
tation ratio

Table 8. Before and After Comparison with
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Table 10. Results by Each Distance Criteria

Complex Data Augmentation Distance # of # of Outlier Mean Absolute

Spin beam | Roller 1 | Roller 2 | Roller 2 /R criteria data | outlier ratio Error

temperature| speed speed |temperature| speed - 816 0 0.0% 1.860

M?kj)zgoii;io 67% 89% 76% 92% 82% 4.5 or more 796 20 2.5% 1.681

Major ratio o . . . o 5.5 or more | 803 13 1.6% 1.707

(after) 6.5 or more 808 8 1.0% 1.754

Vot | B | e | 2 & | 8% Toormore | | 0.5% 1.789
Minor ratio 85 or more

(after) 26 | 3| S0% 326 | 32% 95 or more | 815 | 1 0.1% 1.865
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Fig. 6. Comparison of Box Plots after Outlier Handling
based on Mean-to-Distance Criteria
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Table 11. Priority and Augmentation Ratio Considering Correlation
Coefficient and Imbalance for Elongation

Spin beam [Roller 1| Roller 2 | Roller 2 F/R
temperature speed | speed |temperature| speed

Corr. -0.08 0.59 -0.25 -0.20 -0.24

Imbalance |07 55 189 11| 76,24 | o928 |82 18
(major, minor),

Priority 3rd 1st 2nd Ist 2nd

Augmentation
ratio

- 3 2 3 2

Table 12. Before and After Comparison with
Complex Data Augmentation

Spin beam | Roller 1 | Roller 2 | Roller 2 F/R

temperature| speed speed  ftemperaturel speed

Major ratio 67% 89% 76% 92% 82%
(before)

Major ratio 77% 70% 53% 71% 67%
(after)

Minor ratio 33% 1% 24% 8% 18%
(before)

Minor ratio 23% 30% 47% 29% 33%
(after)
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Table 13. Polynomial Model Performance Comparison

DEQof & oloje Z& M113 HM125(2022. 12)

# of data
Data Mean | Mean within
Prediction|processed for| Adjusted allowable
. Absolute| Square
target prediction |R-square Error | Error error
target (ratio to
test data )
Original 72
data 0.511 0.161 | 0.050 (87.5%)
After outlier 71
handling 0.571 0.148 | 0.038 (89.2%)
T it After data 109
enacity augmentation 0.760 0.139 | 0.040 (89.7%)
After outlier
handling & 109
data 0.811 0.128 | 0.030 91.1%)
augmentation
Original 70
data 0.469 2.016 | 7.620 (84.9%)
After outlier 70
handling 0.491 1.870 | 6.169 (87.0%)
El i After data 103
ongation augmentation 0.772 | 2.086 | 8.727 (84.4%)
After outlier
handling & 102
data 0.814 1.810 | 5.750 (88.2%)
augmentation

Table 14. KNN Model Performance Comparison

43 MLP 2Y

MLP 22 HHEEES of2] Fo= F3Hot A
olE| 2R E ARFS FE5= Bdolrh. AREEH MLP 1
o] FA|Z<Q1 F4 EE Table 159 Yepdct Z+ glolgof
gk QI FAE MLP d& 2E9] 4% Bl 7= Table
169 vepdlict.
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Table 15. MLP Model Information

# of Hidden # of Activation . Cross
. . Optimizer o

layer layer unit | function Validation
2 64 / 64 RelLU Adam 5-Fold

Table 16. MLP Model Performance Comparison

# of data # of data
Data within Data within
Prediction | processed for | Adjusted Mean | Mean allowable Prediction | processed for | Adjusted L
- Absolute| Square o Absolute | Square
target prediction |R-square Error | Error error target prediction | R-square E E error
target (ratio to target rror 0T | (ratio to
test data ) test data )
Original 67 Original 70
data 0.584 0.190 | 0.071 81.7%) data 0.479 0.165 0.047 (85.4%)
After outlier 65 After outlier 72
handling 0.610 0.169 | 0.047 (81.3%) handling 0.496 0.148 0.045 (89.4%)
Tenacit After data 107 Tenacit After data 110
1y augmentation 0.806 | 0.137 | 0.037 (87.7%) w augmentation 0.782 0.132 1 0.031 (91.6%)
After outlier After outlier
handling & 114 handling & 101
data 0.811 0.117 | 0.023 (95.0%) data 0.789 0.120 0.027 (92.4%)
augmentation augmentation
Original 71 Original 73
data 0.730 | 1.969 | 7.230 (86.6%) dnta 0.494 1.860 | 6.686 (88.8%)
After outlier 73 After outlier 73
handling 0.851 1.654 | 4.727 (91.3%) handling 0.519 1.681 | 4.836 91.4%)
Elongation| After data 110 Eloneation| After data 110
8 augmentation 0.836 | 1.452 | 3.654 (90.2%) 8 augmentation 0.796 1813 | 6.921 (89.8%)
After outlier After outlier
handling & 112 handling & 106
data 0.864 | 1.238 | 2.434 (96.6%) data 0.824 1.677 | 5.329 91.0%)
augmentation augmentation
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