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[Abstract]

This paper proposes a method for classifying the grade of stainless steel using a portable NIR(Near Infrared
Ray) spectrometer and a CNN(Convolutional Neural Network) deep learning model. Traditionally, methods
for classifying stainless steel grades have included chemical analysis, magnetic testing, molybdenum spot tests,
and portable XRF devices. In addition, a classification method using a machine learning model with element
concentration and heat treatment temperature as parameters was presented in the paper. However, these methods
are limited in their application to everyday products, such as kitchenware and cookware, due to the need
for reagents, specialized equipment, or reliance on professional services. To address these limitations, this
paper proposes a simple method for classifying the grade of stainless steel using a NIR spectrometer and
a CNN model. If the method presented in this paper is installed on a portable device as an on-device in
the future, it will be possible to determine the grade of stainless steel used in the product, and to determine

on-site whether a product made of low-cost material has been disguised as a high-cost product.
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I. Introduction
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Table 1. STS Grade Characteristic
STS L
Gl Characteristic

High molybdenum content provides excellent
corrosion resistance and heat treatment
316 resistance. Mainly used in seawater
environments and chemical industries, and as a
top-quality kitchen material.

High in chromium and nickel, good corrosion
resistance, excellent machinability. Used in
304 general environments such as kitchenware and
chemical containers, and is generally the most
widely used.

Low nickel content and high manganese content
make it prone to rust and corrosion. It has good
201 processability and cost-effectiveness, so it is
used in low-cost consumer products or products
where processability is important.
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II. Preliminaries

1. Related works
1.1 Domestic and international trends
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3.1 Spectrometer introduction
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Fig. 1. LinkSquare NIR spectrometer
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3.2 Collection of stainless steel NIR data
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Fig. 4. STS 316 grade product used for training
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. 5. Wavelength of 1600 samples of STS 201 grade
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Fig. 7. Wavelength of 1600 samples of STS 316 grade

3.3 CNN model for STS grade classification
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Fig. 8. Wavelength of one sample per STS
201,304,316 grade
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sparse_categorical_cross_entropyS ARE3SHCEH

2 % 1008 38 Alo] g 96.17% o],
Aol 0.1079% o]t

rp-

Training accuracy Training loss

— Training loss

—— Training accuracy

[ 20 0 60 80 100 3 20 a0 o0 80 100

Epoch Epoch

Fig. 10. Accuracy and loss during training
A9 HAE BT Bt 98.12%0]0

Aocuracy: 0,991 249932079071
W ——— 05 hs/ster

Confusion Matrix

300

stainless 201

250

200

Actual
uam!el&s 304

150

stainless 316

stainless 304
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Fig. 11. Evaluating STS classification model
performance using Confusion Matrix

IV. Experimental Results

4.1 STS classification model test
=% STS 27 ZE3 7HX4, oA Hafsel
STS 201, 304, 316 559 AHRIYA AF 2 7¥S A

Bisto] HAEZS Als¥atoict.

Fig. 12. STS 201 grade product used for testing

Fi

g. 13. STS 304 grade product used for testing

Fi

g. 14. STS 316 grade product used for testing

STS 5w 2= 27 2719 AE-2 100714, & 2007H
o] A& HolHE 24 sl &3 HolHE 714

T, STS £7 ez PC Aold E5E HYsigic). Ha
E ZAib= Table 29t ZTt.

Table 2. Test Result of STS Grade

STS Grade Test Result Percentage
201 (200/200) 100 %
304 (197/200) 98.5 %
316 (187/200) 935 %

Hat 97.3% 2he AL Uit

4.2 Test to identify products with disguised
STS grades using the STS classification model

STS 316 5= AlEolztal #7] =R, ok STS
316 559 AlE} vlwsl 714o] o] & AE VHE
Usto] B|AEES AlS¥s] Eoitt

Fig. 15. Products that are labeled as STS 316
grade, but are suspected to be STS 304 grade
spoon(up) and fork(down)
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Table 3. Test Result of spoon and fork

Gi;?e Product Test Result Percentage
316 fork (0/100) 0% V. Conclusions
316 spoon (0/100) 0%
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