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TOM TAT

Nghién ciru nay trinh bay phirong phdp phdt hién va phdn tich 16i bé mdt thép diea trén hoc
may (ML) két hop véi gidi thich mé hinh (XAI). Bé dir liéu Steel Plate Defects dwoc sie dung dé
hudn luyén dong thoi nam mé hinh ML gom Logistic Regression, Decision Tree, Random Forest,
XGBoost va LightGBM. Két qud cho thdy cdc mé hinh boosting (XGBoost, LightGBM) dat hiéu
nang vuot troi voi Fl-score va AUC cao ¢ hau hét cac logi 16i. Bén canh dé, SHAP va LIME duwgc
tich hop nham gidi thich co ché dw dodn, giup xdc dinh cac dac trung quan trong tac dong dén tieng
loai 16i. Hé thong dwoc dé xudt gép phan néang cao tinh minh bach va hiéu qua trong kiém sodt chat
liwong bé mat thép theo dinh hdng Cong nghiép 4.0.

T khéa: Hoc mdy,; XAI; Léi san xudt; LightGBM; XGBoost; SHAP; LIME; Kiém sodt chdt
luong.

ABSTRACT

This study proposes a machine-learning-based approach for detecting and analyzing steel
surface defects combined with explainable artificial intelligence (XAI). The Steel Plate Defects
datasetis used to train five ML models: Logistic Regression, Decision Tree, Random Forest, XGBoost,
and LightGBM. Experimental results show that boosting models (XGBoost and LightGBM) achieve
superior performance with high Fl-scores and AUC values across most defect types. SHAP and
LIME are applied to interpret model decisions, revealing key features associated with each defect
category. The proposed framework enhances transparency and supports intelligent quality control
for steel surfaces in Industry 4.0 environments.

Keywords: Machine learning; XAI; Industrial Faults, LightGBM; XGBoost; SHAP; LIME,
Quality control.
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1. MO DAU

Trong bi canh chuyén ddi s6 trong san
xudt theo dinh huéng Cong nghiép 4.0, yéu cau
vé kiém soat chat lugng ngay cang tré nén quan
trong nham giam phé pham, han ché 15i cong
doan va duy tri 6n dinh quy trinh. Trong cac
day chuyén can thép tim, cac khiém khuyét bé
mit nhu xude, vét 16m, vét ban hodc bién dang
hinh hoc thuong xuét hién do diéu kién thiét bi,
nguyén li¢u hodc sy thay ddi cua thong sb cong
nghé. Viéc phat hién 16i chu yéu dua trén kiém
tra thi cong khién kha ning bo sot cao, thiéu on
dinh va khé mo rong trong san xuat cong suét
16n.

Su phat trién cua hoc may (Machine
Learning - ML) d& mé ra hudng tiép can méi
cho du doan va phén loai 15i bé mat dua trén di
ligu. Céc thuat toan nhu Logistic Regression,
Decision Tree, Random Forest, XGBoost va
LightGBM c6 kha ning xir Iy dir liéu da bién
va md hinh hoa tot cac mdi quan hé phi tuyén
trong qua trinh san xuat. Tuy nhién, hau hét
cac mo hinh ML hoat dong nhu “hop den” va
khong dua ra giai thich cho du doan, gay kho
khéan cho k¥ su khi x4c dinh nguyén nhan gay
16 va trién khai cai tién.

Pé khéc phuc han ché nay, cac phuong
phap giai thich mé hinh (Explainable Al - XAI)
nhu SHAP va LIME duoc str dung nham lam rd
mirc do anh hudng cua timg dic trung dbi véi
quyét dinh ctia mo hinh. SHAP cung cip anh xa
toan cuc vé tim quan trong cua dac trung trong
toan bd mo hinh, trong khi LIME giai thich tai
cap do ting mau, giup xac dinh 1d dic trung
nao da khién mé hinh dy doan san pham 1a 13i.
Bai bao nay tap trung g dung ndm mo hinh
ML dé dy doan bay loai khiém khuyét bé mat
trong bo dir liéu Steel Plates Faults (Dataset
A). M6 hinh ¢6 Fl-score cao nhat cho ting
loai 16i duoc Iya chon dé phan tich bang SHAP
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va LIME. Viéc két hop ML va XAI khong chi
nang cao hiéu qua phat hién 16i ma con giap
hiéu r& nguyén nhan anh hudng dén chit luong,
tir d6 hd tro ra quyét dinh cai tién trong quy
trinh san xuat.

2. CO SO LY THUYET VA TONG QUAN
NGHIEN CcUU

Viéc ung dung cac phuong phép hoc
may trong nhan dién 16i bé mat da duoc nghién
clru rong rii trong nhiéu linh vuc cong nghiép.
V& mit Iy thuyét, cac thuat toan hoc may dang
phan loai (classification) duoc sir dung nham
hoc mo6 hinh anh xa gitra bd dac trung dau
vao va nhan 16i. Cac thuat toan nhu Logistic
Regression, Decision Tree, Random Forest,
XGBoost va LightGBM déu c6 kha ning mé
hinh héa mdi quan h¢ gilra cac thudc tinh hinh
hoc cta thép tim va nguy co xuét hién khiém
khuyét. Logistic Regression dai dién cho mb
hinh tuyén tinh d& dién giai, trong khi Random
Forest, XGBoost va LightGBM str dung ciu
tric cay quyét dinh dé mo ta quan hé phi tuyén,
thudng cho hiéu suat cao hon trong cac bai toan
16i bé mit c¢6 nhiéu tuong tic dic trung.

Song song véi d6, khung tiép can XAI
(Explainable AI) duoc xem 1a can thiét khi
trién khai ML trong san xuat. Cac phuong phap
nhu SHAP (SHapley Additive exPlanations)
va LIME (Local Interpretable Model-Agnostic
Explanations) cho phép hiéu 16 co ché hoat
dong ctia mo hinh. SHAP cung cdp tim quan
trong cua dic trung dua trén 1y thuyét gia tri
Shapley trong tro choi hop tac, cho phép giai
thich mac d§ dong gdép cua tung dac trung
trong toan by mo6 hinh. Nguoc lai, LIME tap
trung vao giai thich cuc bd bang cach xay dyung
moé hinh tuyén tinh don gian xung quanh mot
mau cuy thé, gitp k¥ su hiéu vi sao mo hinh du
doan san pham d6 14 18i hay khong 13i.
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Céac nghién ctru qubc té gan day da
chung minh hi€u qua rd rét cua cac mo hinh hoc
may trong nhan dién va phan loai 16i. Huang et
al. (2022) [1] cho thay céac thuat toan ML c6 thé
tir dong phat hién khiém khuyét trén bé mat kim
loai hinh tru v6i do chinh xac cao, nho kha nang
hoc déc trung truc tiép tr hinh anh cam bién.
Trong linh vuc san xudt thép tim, Dorbane et
al. (2025) [2] dé xuat khung giai phap két hop
gitra thudt toan hoc may giai thich dugc va ky
thuat xir Iy mat can bang dir liéu SMOTE, qua
do cai thién dang ké d6 nhay (recall) trong nhan
dién 16i hiém gip, mot thach thirc von rat phd
bién trong nha may can thép. Wang et al. (2025)
[3] chimg minh rang LightGBM, khi dugc t6i
uu bang Bayesian Optimization va két hop véi
chién lugc resampling, co thé du doan chinh
xac su xuét hién cua cac vét nut doc trén slab.
Mo hinh cho thdy kha ning hoc siu cac mdi
quan hé phi tuyén gitra ddc trung qua trinh va
su hinh thanh khuyét tat, gitip nang cao do tin
ciy trong canh bao 16i sém. Song song voi su
phat trién ciia cac mé hinh dy doan, xu hudng
ung dung Al giai thich dugc (XAI) trong san
xudt cong nghiép ciing ngdy cang quan trong.
Lundberg va Lee (2017) [4] da gidi thiéu SHAP
nhu mot phuong phap giai thich théng nhét, cho
phép dinh lugng mirc d6 dong gop cua tung dac
trung vao quyét dinh du doan. Pay 1a nén tang
giup tang minh bach cho cac mo6 hinh phuc tap
nhu LightGBM hay XGBoost. Tiép ndi hudng
nay, Wang et al. (2024) [5] phat trién mot mo
hinh hoc may c6 kha ning giai thich dé du doan
tinh chat co hoc cua thép can ndng, nghién ctru
cho thiy viéc két hop XAI giup xac dinh duoc
cac thugc tinh quan trong nhat, tir d6 hd tro ky su
ra quyét dinh va t6i wu hoa quy trinh san xuét.

Tong hop cac nghién ctru trén cho thiy
ML khéng chi c6 kha ning du doan 16i chinh
xac ma con c6 thé két hop voi XAI dé cung
cAp minh bach, hd tro ki su chit luong hiéu rd
nguyén nhan gdc ré va cai thién quy trinh mot

cach hiéu qua. Toéng quan cac nghién ctru cho
thiy ML c6 thé mang lai d chinh x4c cao trong
dy doan 18i, trong khi XAI gitip 1am 13 vai tro
cua tung ddc trung va tang cudng tinh minh
bach ctia m6 hinh. Tuy nhién, mdi loai mé hinh
¢4 wu/ nhuoc diém riéng, va viéc lya chon thuat
toan phit hop ciing nhu co ché giai thich rd rang
1a diéu can thiét khi trién khai trong thyc té.

3.DU LIEU VA PHUONG PHAP NGHIEN
cuu

Nghién curu st dung Steel Plates Faults
Dataset do Secom Data cong bd, chira dit
liéu do tir hé théng kiém tra bé mat thép cong
nghi¢p. Dataset gdom 1941 miu véi 27 dic
trung hinh hoc va 7 nhan 16i (Pastry, Z-Scratch,
K-Scratch, Stains, Dirtiness, Bumps, Other
Faults). Cac dic trung bao gdm thong sb hinh
dang (perimeter, area), toa d§ bién theo truc
X-Y, gia tri cyc tri (min, max) va céac chi )
hinh dang phtc tap hon nhu edge indices va
logarithm of area.

Dir liéu phan bd mat can béng manh,
trong d6 céac loai 16i nhu Stains va Dirtiness
chiém dudi 5% tong sb mau, trong khi nhom
no-fault chiém ty trong 16n. Mt can bang nay
dit ra yéu cau danh gia mo hinh bang F1-score
thay vi Accuracy dé dam bao phan anh dung
hiéu qua du doan 1i.

Bdng 1. Mét s6 cdc bién ciia Steel Plates Faults
Dataset

Tén bién Y nghia

X_Minimum | Vi tri do thap nhat theo tryc X

X_ Maximum Gia tri 16n nhét theo truc X

Length Chiéu dai tim thép

Height Chiéu cao tim thép

Outside s A a1 R X
Global Tndex Chi s0 sai 1éch tong thé
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Trudce khi hudn luyén, dit liéu duge xtr Iy
theo cac budc chuan hoa thong dung trong hoc
may. Trudc hét, cot ID duoc loai bo do khong
lién quan dén dic trung k¥ thuat. Cac dic trung
lién tuc dugc chuin hoa béng StandardScaler,
dua vé phan phdi c6 trung binh bang 0 va do
léch chuan bang 1, giup mé hinh hdi tu nhanh
va on dinh hon. StandardScaler gitp mé hinh
hoc may hoi tu t6t hon, tranh viée dic trung co
d6 16m 16n ap dao cac dic trung khéc, dong thoi
dam bao hiéu qua d6i v6i cac mo hinh tuyén
tinh va khoang cach nhu Logistic Regression,
SVM, kNN va ca cac thuat toan boosting.

Dir liéu duoc bién doi vé phan phdi c6
trung binh bang 0 va phuong sai bang 1:

Qua trinh huin luyén tuan theo chuan
danh gia m6 hinh véi dit liéu thuc té, trong d6
dataset dugc chia thanh 70% tap huén luyén va
30% tap kiém tra bang phuwong phép train-test
split. Chi tap kiém tra duoc str dung dé danh gia
moé hinh nham tranh hién twong overfitting.

Pé dam bao tinh khach quan va tranh
phu thudc vao mot thuat toan duy nhat, nghién

ctru trién khai dong thoi ndm mé hinh hoc may
thuong dugc st dung trong bai toan phan loai
16i cong nghiép, bao gdm Logistic Regression,
Decision Tree, Random Forest, XGBoost va
LightGBM. Nam mo hinh nay dai di¢n cho ba
nhom thuat toan khac nhau: (i) mé hinh tuyén
tinh, (ii) mo hinh dya trén ciy quyét dinh va
(ii1) mo6 hinh boosting hién dai. Viéc lua chon
da dang thuat toan nham khai thac day du wu thé
cua tirng nhém, dac biét trong bdi canh dit liéu
16i bé mit thép co quan hé phi tuyén, tuong tac
thudc tinh phirc tap va phan b mat can bang.

Tét ca cac md hinh duge huin luyén
va d4nh gia trén ciing mot tap kiém tra dé bao
dam kha ning so sanh cong bang. Cac thudc
do hiéu nang duogc str dung bao gdm Accuracy,
Precision, Recall, F1-score va AUC. Trong boi
canh dit liéu c6 mirc 40 mat can béng cao, F1-
score duogc lra chon lam ti€u chi chinh cho viée
xac dinh mo hinh t6i wru, vi chi s6 nay can bang
ddng thoi gitta Precision va Recall, giup phan
anh tot hon kha nang phat hién 15i thuc sy cta
mé hinh. Di véi mdi loai 18i, md hinh dat F1-
score cao nhat s& dugc sir dung & giai doan giai
thich bang XAI, bao dam rang cac phan tich
SHAP va LIME duoc thuc hién dua trén mo
hinh c6 chét lugng du doan tt nhat.

Bdng 2. So sanh gitra cac thudt todan trong mo hinh

Ay < . £ an X Lo A . . Kha nang XAI
M6 hinh Pac trung chinh Toc do Dieén giai | Do chinh xac (SHAP/LIME)
Logistic L, . £ Lz . Kernel SHAP cham,
Regression Tuyén tinh, don gian | Rat nhanh Rat tot Trung binh LIME tbt
Decision Tree | Cu tric cdy, dé hiéu | Rét nhanh Tét Trung binh | Tree SHAP, LIME t6t
Nhiéu cay, giam s . Tree SHAP manh,
Random Forest overfitting Trung binh | Trung binh Cao LIME t6t
XGBoost Gradient boosting t0i Trung binh | Trung binh Rét cao Tree SHAP rét tot
uu, manh
LightGBM BooAstlng tot ‘Eoc Nhanh nhét | Trung binh Rét cao Tree SHAP rét t6t
d9, chia theo 14
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Bén canh viéc du doan 16i, nghién ctru
chi trong kha ning giai thich nham hd tro ki
su hiéu rd nguyén nhan gay loi. Hai phuong
phap XAI dugc st dung 1a SHAP va LIME,
moi phuong phédp mang lai géc nhin bd sung
cho bai toan phan tich chat luong. SHAP dinh
lugng muc dong gép cua ting dac trung vao
quyét dinh ctia mo hinh. Trong nghién ctwu,
SHAP duoc ap dung ¢ dang summary plot cho
tng mo hinh tot nhat theo F1-score, cho phép
xac dinh dac trung nao tac dong manh nhat téi
viéc phat hién tung loai 16i. P61 véi mo hinh
cay (Random Forest, XGBoost, LightGBM),
TreeSHAP dugc dung vi hi¢u nang cao va tinh
chinh xdc. V&1 mo hinh tuyén tinh (Logistic
Regression), KerneISHAP duogc su dung trong
pham vi 100 mau dé dam bao toc dd tinh toan.
LIME cung cap giai thich cuc by cho tirng
mau cu thé, cho biét moi dac trung lam tang
hay giam x4c suat 16i. Phuong phip nay dic
biét hitru ich cho k¥ su chat lugng khi phan tich
nguyén nhan cua tirng san pham 10i cu the trong
day chuyén.

Dir liéu Kaggle (A, B)
Kiém tra cau tnic & dinh dang
Lam sach dix liéu (cleaning)
!
Tién xit I (preprocessing)
1
Chia tap Train/Test
!
Huéan luyén mo hinh ML (LR, DT, RF. XGBoost, LightGBM)
Panh gia mo hinh (chi s6 hiéu qua)
1
Ap dung XAI (SHAP. LIME)
Rut trich tri thire & de xuét cai tién
Hinh 1. Luu d6 Data Pipeline

Hinh trén trinh bay kién trac téng thé

cua Data Pipeline duoc sir dung trong nghién

ctru nham dam bao dir liéu duoc chuan hoa,
lam sach va chuyén do6i ding céach trude khi

dua vao mé hinh hoc may. Quy trinh gdbm bdn
nhom budc chinh, lién két theo dong chay dir
liéu tr trén xudng duoi.

Pau tién, dir lidu thoé dugc tiép nhan tir
ngudn dau vao va dua vao giai doan tién xir ly
(Preprocessing), bao g6m lam sach dir liéu, loai
b6 cac thudc tinh du thira va xir Iy cac gia tri bat
thudng hodc thiéu hut. Cac bién dau vao sau do
duoc chuan hoa béng thuat toan StandardScaler,
nham dua tat ca ddc trung vé cung thang do dé
dam bao sy 6n dinh cta mé hinh.

Tiép theo, dir liéu sau khi chuan hoa
dugc chia thanh hai phan: tap huin luyén va
tap kiém tra theo mot ty 1€ ¢d dinh. Tap huén
luyén dugc dua vao module Machine Learning
Training, noi ndm mo hinh khac nhau (Logistic
Regression, Decision Tree, Random Forest,
XGBoost va Light GBM) dugc hudn luyén song
song. Két qua dénh gia trén tap kiém tra dugc
téng hop theo cac chi sb Accuracy, Precision,
Recall, Fl-score va AUC nham lua chon mo
hinh t6i vu cho tirng nhom 15i.

Cudi cung, mo hinh tdt nhat duoc
chuyén sang module XAI (Explainable Al),
trong do hai ky thuat SHAP va LIME duogc str
dung dé phén tich mirc do anh hudng cua cac
dic trung 1én quyét dinh dy doan cua mé hinh.
Céc biéu d6 giai thich gitip xac dinh cac thudc
tinh quan trong, hd trg phan tich nguyén nhan
gbc ré va dua ra goi y cai tién quy trinh san
Xudt.

Nhu vay, Data Pipeline dam bao toan
b6 qua trinh tir dit liéu tho dén mo hinh va giai
thich du doan duoc td chirc mot cach khoa hoc,
c6 thé kiém tra va tai 1ap, dp ung yéu cau cia
mot nghién ctru thyc nghiém trong linh vuyc
chat luong cong nghiép.
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4. KET QUA VA THAO LUAN

]

Hinh 2. Két qua ma trgn nham lan doi véi 7 16

Két qua ma tran nham I4n cho bay loai
16i trong b dit liéu Steel Plates Faults cho thay
mirc d6 khac biét dang ké giita cac mo hinh ML
khi xtr 1y cac dac trung hinh hoc bé mit. Nhin
chung, ca LightGBM va XGBoost déu cho
hiéu suét cao & cac 18i ¢6 mau dit lidu tuong
dbi can bang, trong khi Logistic Regression
chi thé hién tot & cac 16i co ranh giéi phan
16p tuyén tinh 16 rang. D4i véi 18i Pastry, mo
hinh LightGBM du doan chinh xac 539/546
truong hop thudc 16p “khong 16i”, song van bo
sot 15 mau 15i that (FN = 15). Diéu nay phan
anh viéc mo hinh uu tién gidm FP hon la tang
kha nang phat hién 16i hiém — mot thach thic
phé bién trong dit liéu mat can bang. Vi 16i
Z Scratch, LightGBM dat d6 chinh xac rét cao
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véi 519/520 mau “khong 16i” dugc phan loai
dung va chi 2 trudng hop 16i bi bo sét. Pidu nay
cho thiy cac dic trung hinh hoc lién quan dén
vét xude truc Z d3 duge md hinh nhan dién tbt
va ranh gi6i phan loai tuong déi 16 rang. Ddi
véi 16i K_Scatch, XGBoost thé hién hiéu suit
vuot tri khi phat hién diing 115/120 mau 16i va
chi tao ra sé luong FP tdi thiéu. Piéu nay phu
hop véi dic diém manh cia XGBoost trong
viéc hoc quan hé phi tuyén va tuong tac manh
giita cac nhom dic trung bién dang. Ldi Stains
lai c6 ban chat myén tinh hon so vdi cac loai
16i khéac, do d6 Logistic Regression dat hiéu
suat du doan rat cao (TP = 22/23; FP = 1). biéu
nay cho thay cac thong sé hinh hoc lién quan

dén vét ban c6 sy phan tach tuyén tinh kha 16 <~
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trong khong gian dic trung. Trong truong hop
16i Dirtiness, XGBoost tiép tuc cho két qua 6n
dinh v&i 12/15 mau 16i duoc phan loai diing va
khong tao ra truong hop duy doan sai loai (FP =
0). Piéu nay cho thay mé hinh hoc dugc bién
gidi phan 16p sic nét va it bi nhiu boi cac dic
trung kém quan trong. Nguogc lai, 16i Bumps
12 mot trong nhitng 16i kho phan loai nhat. Két
qua tir LightGBM cho thdy mé hinh van gip
nhiéu nhdm 14n (FN = 43, FP = 26). Diéu nay

c6 thé xudt phat tir sy chong 14n dic trung hinh
hoc gifta 16i “gd ghé” va cac loai 16i hinh dang
khéc, lam giam kha nang tach bi¢t cia mo hinh.

Cubi cung, 16i Other Faults — von bao
gdém nhiéu dang 16i khéng dong nhat — dugc
XGBoost du doan twong ddi tot, nhung van con
ty 1¢ nham 1an dang ké (FN = 79; FP = 31).
Diéu nay phan anh tinh chat phirc tap, da dang
va kho m6 hinh héa ctia nhom 16i nay.

Hinh 3. Puong cong ROC ciia mé hinh hoc mdy 7 16

Cac duong cong ROC dugc xay dung
cho timg loai 16i nham danh gia kha niang phan
biét (discriminative ability) cia mo hinh ML
tdi wu duge lua chon theo tiéu chi Fl-score.
Két qua cho thiy hau hét cic mo hinh déu dat
dién tich duéi dudong cong (AUC) rat cao, phan
anh kha nang phan tach rd rang giira san pham
16i va khong 15i. Déi v6i 16i Bumps, mé hinh
LightGBM cho két qua tot voi AUC =0.925, thé

hién kha ning nhan dién cac bat thuong dang
g0 noi kha 6n dinh. Mic du dit liéu 16i Bumps
mat cin bang manh, LightGBM van duy tri d6
phan biét cao, cho thiy thuat toan boosting xir
1y tot cac quan hé phi tuyén trong dir lidu hinh
hoc. Véi 16i Other Faults, m6 hinh XGBoost
dat AUC = 0.892, thip hon so v6i cac loai 15i
khac nhung van nam trong ngudng “t6t”. Diéu
nay hop 1y vi nhom 16i “Other” c¢6 ban chat da
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dang, bao gom nhiéu dang khiém khuyét kho
phan loai, 1am giam d6 dong nhat cua dit liéu
huan luyén. Doi véi 161 Pastry, LightGBM thé
hién hi€éu nang vuot trdi (AUC = 0.951), chung
minh rang cac dic trung geometric-based trong
dataset co kha niang mo ta rit rd cac truong
hop 16i dang banh nhan. Két qua an tuong nhat
ghi nhan & 16i Z Scratch, noi LightGBM dat
AUC = 1.000, toc kha nang phan biét hoan
hao giira dir liéu 16i va khong 16i. Tuong tu,
mo hinh XGBoost cho 16i K_Scatch dat AUC
=0.999, phan anh ring hai loai 15i nay c6 dic
tinh hinh hoc rat dic trung va dé nhan dién boi
moé hinh boosting. P6i véi 18i Stains, Logistic
Regression dat AUC = 0.993, cho thdy ngay
cda md hinh tuyén tinh ciing c6 thé phan loai
xuat sic khi bién dang dit liéu khong qua phic
tap va phén tach tuyén tinh tot. Diéu nay dong

thoi khang dinh rang khong phai moi loai 15
déu can dén mo hinh phuc tap. Cubi cung, 16i
Dirtiness dat AUC = 0.963 voi XGBoost. Day
1a mirc rat cao va phan anh kha ning nhan dién
6n dinh d6i véi cac 16i dang “ban bé mat”, von
thudng c6 bién thién khong déu.

Tong hop toan bo két qua ROC cho thiy
cac mo hinh Boosting (LightGBM, XGBoost)
c6 xu hudng vuot troi hon so voi cac mo hinh
tuyén tinh va cay don, ddc biét voi nhimg 15i
¢6 bién dang phi tuyén manh. Dong thoi, gia
tri AUC cao & tat ca cac 16i khang dinh ring
quy trinh chuan hoa dir liéu, phan tach tap huin
luyén — kiém tra va lwa chon mé hinh theo F1-
score 1a phu hop véi bdi canh dir liéu mét can
bang cua steel plate fault prediction.

Hinh 4. Két qua ciia mé hinh LIME cho 7 16
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Sau khi chay phuong phap SHAP,
phuong phap LIME duoc sir dung nham phan
tich tdc dong cuc bd cua tung dac trung lén
quyét dinh dy doan ctia mé hinh tai timg miu
16i cu thé. Két qua cho thdy mdi loai 15i bé mat
déu chiu anh huéng boi mot to hop dic trung
riéng, phan anh ding ban chat hinh hoc va phan
bb diém anh cia timg dang khiém khuyét.

Dbi voi 16i Pastry, cac dic trung hinh
hoc nhu Edges Y Index, Length of Conveyer
va cac bién logarit (Log X Index, Log Y
Index) gop phan manh mé& vao viéc diy du
doan sang 16p 16i. Nhitng dic trung nay phan
anh sy thay d6i vé hinh dang va bién cua ving
anh, pht hop v6i ban chit bé mit bi bién dang
kiéu cuc bd cua 15i Pastry. Vi 16i Z_Scratch,
dac trung vat liéu (TypeOfSteel A300) va cac
yéu t6 hinh hoc nhu Steel Plate Thickness,
X Maximum va Maximum_ of Lum1n051ty
dong vai tro noi bat. LIME chi ra rang cic mau
cO gia tri cao 0 nhu’ng dac trung nay thuong
nghiéng vé phia c6 13i, cho thay méi lién quan
gitra do day thép, do sang vung bién va kha
nang xuat hién vét xudc dang Z. Tuong tu, 16i
K_Scratch chiu anh huong chi yéu tir Sum_
of Luminosity, Pixels Areas va Edges Index.
Diéu nay cho thiy 16i dang vét xudc K tao ra
thay d6i dang ké trong mirc sang tong ving anh
va phan bd diém anh, phan anh dung cu trac
tuyén tinh dic trung cua dang 18i nay. Dbi voi
16i Stains, cac bién lién quan dén dién tich nhu
LogOfAreas, SigmoidOfAreas cung voi céc
chi s6 bién (Edges Index, X Maximum) co tac
dong manh. Diéu nay hop ly vi vét ban thuong
tao ra su thay doi dot ngot vé dién tich vung t6i/
sang trong anh, khién mé hinh ghi nhan day la
yéu td phan biét quan trong. Ldi Dirtiness cho
thay su chi phdi boi cac ddc trung hinh hoc (X_
Minimum, Y Minimum, Square Index) ciing
nhu cac dac trung do do sang. Cac gia tri gidi
han nay mé ta sy bat thuong vé hinh dang cua
ving 161, thuong xuat hién & mép hodc ria bé

mat. Cudi cung, véi 161 Bumps, cac dic trung
Edges Y Index, Minimum of Luminosity,
TypeOfSteel A300 va Steel Plate Thickness
la quan trong nhét. Sy xut hién cua céc bién
lién quan dén vat liéu va hinh dang cho thiy
céc vét g6 1én (bumps) co6 méi lién hé manh véi
tinh chit thép va dic trung ving bién.

Nhin chung, cic biéu d6 LIME cho
phép nhan dién rd cac dic trung giai thich tai
timg mau cy thé. Piéu nay khong chi gitp xac
nhan lai nhitng phat hi¢n tur SHAP ma con cung
cap thém goc nhin cuc bd vé nguyén nhan gay
16i hd tro k¥ su chit lwong xac dinh yéu té rui
ro theo timg trudng hop va 1ap ké hoach cai tién
quy trinh phu hop hon.

5. KET LUAN

Nghién cuou da xay dung va danh gia
mot hé théng phan tich 16i bé mat thép dua
trén hoc may két hop giai thich XAL sir dung
dir liéu tir bo Steel Plate Defects (Dataset A).
Két qua thuc nghiém cho thiy cac mé hinh hoc
may hién dai c6 kha ning nhan dién 16i voi do
chinh xac cao, dic biét trong cac nhoém 16i co
dic trung hinh hoc rd rang. Trong s nim mo
hinh dugc thir nghi¢m, LightGBM va XGBoost
thé hién uu thé vuot trdi & hau hét cac loai 10i,
véi cac chi sd Fl-score va AUC dat tir 0.88 dén
gan 1.00. Piéu nay khiang dinh hiéu qua cia
cac thuat toan boosting trong xur Iy quan hé phi
tuyén va twong tac phic tap gitra cac thudc tinh
hinh anh sau tién xr 1y.

Bén canh hi€u nang du doan, vi¢c tich
hop SHAP va LIME gitip 1am 13 co ché ra
quyét dinh cua mo hinh, cho phep truy vét cac
yéu t6 anh huong truc tlep dén timg loai 16i.
SHAP cung cap cai nhin tong quat vé muc do
quan trong cua cac dac trung, trong khi LIME
cho phép phan tich cu thé ¢ timg mau 16i.
Céc két qua giai thich cho thay cac thudc tinh
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nhu Edges Index, Edges Y Index, Length
of Conveyer, Pixels Areas, Log X Index,
hodc dac tinh vat liu (TypeOfSteel A300,
TypeOfSteel A400) c6 tac dong nodi bat dén
xéc sudt xay ra 16i. Piéu nay mo ra kha nang tdi
uu quy trinh san xuat dua trén nhitng dic trung
quan trong nhéat ma mé hinh nhén dién.

Két qua nghién ctru khong chi ching
minh tiém ning ctia ML trong kiém soat chat
lwong thong minh, ma con nhdn manh vai tro
ctua XAl trong nang cao tinh minh bach va mtrc
d6 tin cay cua hé théng. Nho kha ning giai
thich nay, doanh nghiép c6 thé sir dung mo hinh
nhu mot cong cu hd trg quyét dinh — khong chi
dé phat hién 161, ma con dé hiéu nguyén nhan
va dé xuét hudng cai tién quy trinh. %
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