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The sensory stimulation of a cosmetic product has been deemed to be an ancillary aspect until a decade ago. That point

of view has drastically changed on different levels in just a decade. Nowadays cosmetic formulators should unavoidably meet

the needs of consumers who want sensory satisfaction, although they do not have much time for new product development.

The selection of new products from candidate products largely depend on the panel of human sensory experts. As new product

development cycle time decreases, the formulators wanted to find systematic tools that are required to filter candidate products

into a short list. Traditional statistical analysis on most physical property tests for the products including tribology tests and

rheology tests, do not give any sound foundation for filtering candidate products. In this paper, we suggest a deep learning-based

analysis method to identify hand cream products by raw electric signals from tribological sliding test. We compare the result

of the deep learning-based method using raw data as input with the results of several machine learning-based analysis methods

using manually extracted features as input. Among them, ResNet that is a deep learning model proved to be the best method

to identify hand cream used in the test. According to our search in the scientific reported papers, this is the first attempt for

predicting test cosmetic product with only raw time-series friction data without any manual feature extraction. Automatic product

identification capability without manually extracted features can be used to narrow down the list of the newly developed candidate

products.
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<Figure 1> Schematic Diagram of TESAN
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<Figure 2> Time-varying Signal of VC Load Acquired
from TESAN with a Cosmetic Sample

4. 2MUY

4.1 Had

A Bato] Ao npEe A dolH: ) 4F
otk 1 ogkell Wyt Tk ol Wl = B tsha,
2% folEE gEow FALS u, AFNALS o}
ol AGol AHga BAYES BRE Ao ¥ A9

Aot} weba FoA AT AAE i A=
& Uk AAY 27 2AE Ast] g
& 5 A7) g
Aol o} Aeld AERE EEAA FW 2
(end-to-end) o] 7Fsg ofe] Held o] AbE Sk
[7, 9, 15, 25, 26]. &71%¥ UCR/UEA2] AIAE ©lo]E] A&
o]-gato], At 1Y Held HEHAE vjudh A4
Fully Convolutional Network(FCN)£} Residual Neural
Network(ResNet) 7} 7Hg A5 0] F2 02 HIEATHS,
25]. ool ¥ Ao A= FCNI} ResNetS AR&3HC)
FCNE Al e 3 &5& 7, &4 3 552
<Figure 3>} o] F3 d#olof, vjx] A5f3l, ReLU 43}

ResNet 3]
=

BN+RelU
BN+ReLU

= =]
=i =1
9 ]
o] 4
+| +
Z| =z
o o

BN+ReLU
BN+RelU
BN+ReLU

<Figure 3> Network Structure of FCN and ResNet[25]



Deep Learning—based Approach for Classification of Tribological Time Series Data for Hand Creams 101

-2 FAET 4 doloje He9 S A R128,
256, 1285 721, FH 9 Alo]=E= T3 Holo] SAHE
8,5, 30tk Al WAl 3 E59] 82 BE A7l tiste]
HiS F8l Global Average Pooling(GAP) #lo]o]2 91
) GAP #lo]o]e] &2 Softmaxe] Yoz Foj7irh
FH AU Z(layer)S O #om 5ol dgH ol
A& UESAE 7dE F Stk sARE AAR o= A%
1 2o IEY A= 233 Vanishing gradient A
ol A7t A= o] FojA|A] gFof Adso] v "ol
t} 201510 #EE ResNet[11]9]4 &= A 3S E 3kl
H38) 5% A5 Z(shorteut) S THEO] o]H S TAIE A3}
Ak £ Aol A] AE-gF ResNet> 37112 Residual &5}
GAP #o]o] ¥ Softmax® T-AE o] At} ZF Residual ==
< <Figure 3>} 2o] 370¢] T3 #olo|2 P E59]
8L 0 %%0 P} e 24 th Residual E59]
i So|A TH #lolole] I = FY3}
o, }eﬂi 64, 128, 1280|t}. 2} EFo A HE] Alo]==
SR 8, 5, 30|t}

N
0{

o

£

i
i)
_N
m1m

4.2 malzld

Tribology A &olA A2 raw dataZHE b3 22
5712 EAS FE3L 72t 549 A= <Table 1>0

el o™, <Figure 4> 13 o2 vERRATH
{Table 1> Definition of Manually Extracted Features
Extracted Features Definition
Peak of VC load . P
(PEAK) Maximum of static friction force
Time to peak .
(PEAK-1) Time to peak of VC load
Area under the curve 1 | Area under the curve from start to the
(AUC-1) peak of VC load
Area under the curve 2 | Area under the curve from the peak of
(AUC-2) VC load to the end of the curve
Increasingfriction rate .
(IFR) AUC-1 divided by PEAK-t

1 — VCload[N]
PEAK-t

B auca
[ auc2

VC load[N]

Timel[s]

<Figure 4> Description of Manually Extracted Features
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Data Class Predicted as True Predicted as False
True TP (True Positive) FN (False Negative)
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{Table 3> Metrics for Multi-class Classification
Metrics Formula Description
isi Ly i 1 f lass 1 ith f a classifi
Precision T(izlm An average per-class agreement of the data class labels with those of a classifiers
1E 7R
Recall }7;m An average per-class effectiveness of a classifier to identify class labels
2% ision X recall
Fl-score precision = rea The harmonic mean of the precision and recall
precision +recall

K denotes the number of class.

au, b B wAlA MR TE Ry & 3E
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97FA1 8] d==Agls ARgsto] whE AIAD HolH &
Ade= AdellA vk AAE dHolHREFE ojH A=Ay
9 AHHYEAS oZa= FAIS SVM, kNN, RF,
GB, XGBoost, FCN, ResNet 28-S Al-&3lo] =33}%
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nhZd A AE ARZ2HY FE53 57 SARAE ARES
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{Table 4> Statistics of Manually Extracted Features for Each Hand Cream Product

Product A B C D E F G H |

Mean 0.2099 0.1637 0.1705 0.2821 0.1348 0.1555 0.1398 0.1210 0.1045

PEAK SD 0.1180 0.1303 0.1187 0.2590 0.1109 0.1063 0.0844 0.0505 0.0575
Mean 0.4673 0.5387 0.4916 0.5086 0.4965 0.5648 0.4749 0.4652 0.4681

PEAKA SD 0.2424 0.2758 0.2586 0.2602 0.2581 0.2932 0.2484 0.2587 0.2793
Mean 21.451 26.533 29.672 36.967 20.232 27373 15.554 20.001 17.298

AU SD 22.969 23.785 33.284 36.746 19.119 27.246 17.255 26.675 25.749
Mean 143.658 110.109 210.569 214.277 153.925 124.289 93.801 154.764 113.98

AU SD 40.663 33.711 64.354 109.696 101.009 54.572 31.869 47.721 35.256
Mean 37.945 43.582 49.034 69.955 34.881 40.424 26.893 29.784 24.573

FR SD 23.489 28.139 39.886 56.002 26.123 28.092 20.038 29.605 24.605
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<Table 5> Performance Results of Each Model

7H8 % 870 AE(B~D)e] vhE AIAL HolEE AHE-dhaL,

3L o A o dlo 2 A8 359
Model Precision Recall F1-score Testﬂdatai Al Al mH ]j] 2 HlolH & ARkt
=
SVM 0.5408 0.5020 0.5011 L AIZ <Table 6>of e,
k-NN 0.4950 0.4950 0.4948 -
RF 08163 08160 0.8158 <Table 6> Classification Results of a New Product A
GB 0.6741 0.6728 0.6719 Product RF XGBoost FCN ResNet
XGBoost 0.7787 0.7769 0.7771 B 0.31 0.28 0.18 0.16
FCN 0.8207 0.8054 0.8056 C 021 0.22 0.08 0.09
ResNet 0.9187 0.9161 0.9157 D 0.02 0.04 0.11 0.05
E 0.03 0.05 0.00 0.00
97h4 D= AFE FlA AP A& AFS B F 0.08 0.08 0.00 0.03
N - G 0.18 0.16 0.34 0.31
Z= A o -5‘_} EM nao] =S Fl d4E Ay
A ] ljo 4 28 AN f? H 0.07 0.07 0.15 0.19
HResNet 1 091572 7FF 539t tggo=w " 009 008 007 o1
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