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Tém tit

Do mon cua xéc mang trong dong co diesel la mot
Yéu t6 quan trong dnh hwéng dén hiéu sudt va tuéi
tho ciia déng co. Nghién ciu nay dé xudt mot
phuwong phap sw dung thudt toan Random Forest
(RF) dé dy bdo do mon ciia xéc mang dua trén
cdc théng sé van hanh cia dong co, nhw dp sudt
buéng dét, nhiét do khi xa, luwong nhién li¢u phun,
va d¢ rung dong. Tap dir liu dwoc thu thap tir cac
dong co hoat dong trong nhiéu diéu kién khdc
nhau va dwoc phan tich dé xdc dinh moi lién hé
gitka théng sé vdn hanh va dé mon. Két qua cho
thd'y mé hinh RF dat @6 chinh xdc cao, hé tro hiéu
qua cho viéc bao tri dy dodn va 16i wu héa hiéu
sudt déng co diesel.

Twr khoéa: Pong co dieqel, thudt toan phan logi,
xéc mdng, mon, thong sé van hanh.

Abstract

The wear of piston rings in diesel engines is a
critical factor affecting engine performance and
longevity. This study proposes a method utilizing
the Random Forest (RF) algorithm to predict
piston ring wear based on engine operating
parameters, such as combustion chamber
pressure, exhaust gas temperature, fuel injection
rate, and torsional vibration. The dataset was
collected from engines operating under various
conditions and analyzed to identify the
relationship between operating parameters and
wear. The results demonstrate that the RF model
achieves high accuracy, effectively supporting
predictive maintenance and optimizing diesel
engine performance.

Keywords: Diesel engine, Random Forest, piston
ring, wear, operating parameters.

1. Mé dau

Do mon ciia xéc mang anh hudng truc tiép dén
qué trinh d6t chay, tiéu hao nhién liéu, va luong khi
thai cua dong co. Dy bao chinh xac d6 mon cua xéc
mang gitp t6i wu hoa ké hoach bao tri va giam chi
phi van hanh. RF két hop dy doan tir nhiéu cay quyét

dinh khac nhau thong qua phuong phap 1y mau tong
hop (bagging) va bo phiéu (voting), lam giam nguy
co du doan sai do bi qua khdp (overfitting) tr mot
cdy don 1é. Didu nay gitip RF 6n dinh hon cac thuat
toan nhu cay quyét dinh, von dé bi trang lap khi dit
liéu huan luyén c6 nhidu hodc cac bién khong dong
nhat. RF cung cdp thong tin vé mirc d6 quan trong
clia timg dic trung, cho phép hiéu rd hon nhiing yéu
t6 nao anh hudng 16n nhét dén sy cb.

Mot sb nghién ctru da s dung thuét toan RF dé
du bao néng d6 khi xa cua dong co diesel nhu mo
hinh cia Karunamurthy [1] dwoc d& xuat st dung
thuat toan Random Forest Regressor va dugc huin
luyén véi 324 dir ligu thyc nghiém thu thap tur cac
thir nghiém thyc t&. M6 hinh dwgc danh gia bang
chi sb R2, dat gia tri 0,997 véi tap dir liéu dugc chia
theo ty 18 85:15 dé huén luyén va kiém tra. Cac dau
ra cua mo hinh dugc st dung dé tinh toan di lieu
dau ra cho bét ky gia tri mé&i nao cua cac thong sé
dau vao. Céc gia tri tdi wru cua cac thong sé dau vao
dé dat hiéu suat nhiét cao nhat va khi thai thip nhat
dugc tim thidy bang phwong phap t6i wu hoa
Lagrangian. Cac gia tri t6i wu la mo-men xoan
12,48Nm, luu lugng khi sinh hoc 8,29 lit/phat, ham
lvgng methane 72,8% va nhiét do khi nap 68,3°C.
Trong nghién ctru cia Viana [2] dy bao dong co
diesel bang cach danh gia gia tri tuyét ddi cua muc
d6 nghiém trong cua sy cb, sir dung cac md hinh
thuat toan phan loai (RF) va mang no-ron da 16p.
Mot co s dit liéu da duge xay dung vai 3500 kich
ban hong hoc nham khic phuc vin dé gay ra céac
hong héc pha huy trong dong co diesel. Céc tin hi¢u
hong hoc cia dong co diesel dugc phét trién bang
mo hinh nhiét dong luc hoc khong gian hai chiéu
bén trong xi lanh, két hop v6i mé hinh rung xoin
truc khuyu. Cac mang no ron nhan tao va mé hinh
hdi quy phéan loai ngiu nhién di duoc sir dung dé
phan loai va dinh luong cac 16i. Phuong phap nay
dugc ap dung cung véi mot moé hinh mé phong
dong co dé danh gia hiéu qua va do chinh xac. Két
qua hiéu suat phii hop nhat dat dugc v6i mo hinh
hdi quy rimg ngiu nhién véi gia tri RMSE 14 0,10 +
0,03%.
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Nghién ctru ndy nham phat trién mot mé hinh du
bao d6 mon cia xéc mang dua trén cac thong sb van
hanh cua dong co diesel, sit dung RF dé dat do chinh
xéc cao va kha ning du bao tot.

2. Thuit toan dwgc sir dung dé huén luyén
dir liu
2.1. Thu thip div liéu va tién xir Iy div liéu

Dir liéu dugc thu thap tir cac dong co diesel 4 ky,
loai Yanmar TF 120M c6 4 xy lanh hoat dong trong
cac diéu kién thyc té. Cac thong sb do luong dugc thé
hién trén Bang 1.

Bing 1. Cic théng sé lam vigc ciia dpng co diesel

Cylinder Pressure | Cylinder Temperature | Fuel Injection Rate |Torsional Vibration
(kgf/cm®) (°c) (9/s) (mm/s)
104.9671415 220.6118918
98.61735699 176.8929047
106.4768854 2115087438
1152302986 187.6152308
97.65846625 193.4519439
97.65863043 200.9520853
115.7921282 197.610179
107.6743473
95.30525614
105.4256004
95.36582307
95.34270246
102.4196227
80.86719755
82.75082167
94.37712471
89.8716888

Wear Level

57.80920356
49.52885844
43.35232201
43.05680934
48.28674609
42.09740114
52.93574034
50.99086249
50.24759601
46.90318649 0.920599359
45.2755119 0.965567407
45.3365263 1.091710751
50.88418139 1.0414

51.01859193 1.045773862
48.24906934 1152537215
43.18921534 0.990094717
53.7373227 0.864643616

0.86001783

1.054782276
0.987923768
0.971673624
1076756922
0.956533127
1045773319
0.950772481
1025027888

166.4778872
227.6362404
222.6881844
197.0736701
218.6879725
192.0460968
180.3560511
201.0882603
176.6219428
212.1810125

olo|m|=|o|=lo]|ole|o|r|o|r|ale|ale

B6 dir liéu dugc thu thap qua 10,000 lan do thuc
hién trén dong co vdi cac thong sé nhu: Ap suit chay,
nhiét 6 khi x4, lugng nhién li¢u cép vao dong co va
d6 rung dong ctia dong co chay & 85% tai. Sy cd vé
do mon duoc xac dinh khi thay cac xéc mang bi mon
qua gi6i han cho phép va tién hanh thu thap dit liéu
trong trudong hop dong co lam viéc voi cac xéc mang
bi mon. Dir li€u sau khi thu thap s& duoc xur ly qua
cac budc sau:

Buée 1: Xt 1y dir lidu thiéu hoic khong ddy du:

Dir liéu thyc t& thuong c6 gia tri bi thiéu hodc
khong hop 18. Néu khong xt 1y, cac thuét toan s& gip
16i hodc tao ra dy doan khong chinh xac.

Buwée 2: Loai bo dit liéu nhiéu:

Céc gia tri ngoai lai (outliers) c6 thé anh hudng
dén hiéu sudt ciia mo hinh. M6 hinh st dung Z-score
dé phat hién va xir Iy gié tri ngoai lai.

Buwéde 3: Chuén hoa va can bang dir lidu:

Random Forest khong yéu ciu dir liu duge
chuén hoa, nhung ddi véi cic dic trung c6 khoang
gia tri qua khac biét, viéc chuén hoa c6 thé cai thién
higu suat.

Can bang dir liéu gitra cac 1op (vi du, s6 luong
mau giita cic trang thai mon "Normal", va "Wear")
gitip md hinh khong bi 1éch vé& mot 16p cu thé.

Buoc 4: Chia di liéu hop 1y:
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Chia dir liéu thanh tap huén luyén va kiém tra
(70:30) giup danh gid mo hinh chinh xac.

2.2. Thudt todn ciia Random Forest

Random Forest (RF) dugc dénh gid cao trong
viéc du bao su cd, dic biét 1a trong cac hé théng
phtre tap nhu ddng co diesel, vi cac ly do sau: RF 1a
mot thuat toan dua trén viéc két hop nhiéu cay quyét
dinh. Mbi cay hoc tir mot phan dir liéu khac nhau (k¥
thuat 1y miu ngiu nhién c6 hoan lai bootstrap
sampling), gitp giam thiéu d¢ léch va do phan tan.
So véi cac cdy quyét dinh don 1¢, RF c6 kha ning
giam tring lip nhd vao viéc téng hop du doan tir
nhiéu cay.

RF c6 kha nang xir 1y t6t cac mdi quan hé phi
tuyén gitra cac bién dau vao, didu nay rat quan trong
trong du bao sy ¢d, noi ma cac thong s6 hoat dong
ctia thiét bi thuong khong c6 mbi quan hé tuyén tinh.
RF c¢6 thé can nhic anh hudng cua cac nhan hiém (vi
du: Su cb hiém gip), nhd vao kha ning sir dung
trong s6 hodc k¥ thuat oversampling. RF xur 1y dir
lidu ¢6 sb luong 16n bién diu vao mot cach hiéu qua
ma khong yéu ciu giam sb chiéu dit liéu. Diéu nay
phul hop véi bai toan chan doan sy ¢d, noi ¢6 nhiéu
thong s6 hoat dong duoc ghi nhan. Ngoai ra, RF ¢6
kha ning loai bo nhiéu trong dit liéu vi mdi cay chi
hoc tir mot phéan dir lidu. Didu nay dam bao rang mo
hinh khong bi anh hudng qua murc boi cac dir liéu.

Khi tao mét cdy trong RF nhu trong Hinh 1, mot
tap con cua dir liéu huén luyén ban dau dugce chon ra.
Trong qué trinh 14y miu nay, mot mau dit lidu co6 thé
dugc chon nhiéu 1an, vi mdi lan lay déu dugc thuc
hién c6 hoan lai. Mdi cdy trong ring dugc huin
luyén trén mot tap dir liéu khac nhau. Diéu nay dam
béo rang céac cdy sé khong giéng hét nhau, giup ting
kha nang khai quat hoa cua RF. Nho sy da dang, mo
hinh c6 thé giam overfitting so véi viéc sir dung mot
cdy quyét dinh duy nhat. Phuong phap 1y mau ngau
nhién cé hoan lai bootstrap cho phép RF khai thac
toan by thong tin cua tap dir li€u huén luyén, trong
khi van tao ra nhiéu cay doc lap. Viéc téng hop du
doan tir cac cdy nay gitp giam sai sO tong thé.

Dir
ligu
Cay1l Ecéyz Cay3 E CayT
lKét qual lKé’t qua 2 l Kétqua 3 J Kétqua T
Téng hep
Két qua
cudi cling

Hinh 1. Thudt toan random forest [3]
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Mot s6 mau c6 thé xuat hién nhiéu lan trong mot
tdp mau ngau nhién c6 hoan lai bootstrap, giup mo
hinh tép trung hon vao cac dac trung quan trong hoac
xu 1y tbt dir liu hiém gap. Xay dung timg ciy quyét
dinh: V&i mdi tdp mau ngiu nhién c6 hoan lai
bootstrap khoi tao mot cay quyét dinh. Nguyén tic
lwa chon bién diu vao tai mdi nut phan chia:

- Thay vi st dung toan bd cac dac trung, chi chon
ngiu nhién m dic trung tir tap dit lidu (voi m < tong
s6 dic trung).

- biéu nay lam cho cac cay tré nén doc 1ap hon,
tranh overfitting va tang tinh da dang.

Xac dinh cach chia (split) t6t nhat dya trén céac
dic trung dwoc chon ngau nhién. Tiép tuc phan chia
dén khi dat diéu kién dimg (ching han s6 miu nho
hon ngudng hoic dat do sau tbi da). Trong RF mirc
dd quan trong cua cac dac trung phu thudc vao do
khong thudn khiét cua ddc trung d6 giam hay ting
khi n6 dugc chon lam déc trung phan tach. Mtc do
quan trong cua mét dac trung X tinh theo cong thic
sau [3, 4]:

1
Xj = Ezlbg=1 Yte nodes A (t) (1)

Trong do:

- Al(1): mirc giam d6 khong thuan khiét tai nat ¢
khi str dung déc trung Xj;

- B: téng sd cdy trong rimg;

- Nodes: tap hop cac nut trong cdy b noi X; dugc
st dung.

Trong mo hinh ddc tinh quan trong cta cac dir liéu
Feature Importance 1a thudc do dinh luwgng muc do
dong gop cua tirng déc tinh vao viéc du doan muyc tiéu
trong mot mo hinh Random Forest.

Random Forest

Torsional Vbration

o jecton ke

Cylinder Temperature

Cylinder s

o0 [ o ol 020 s
mportance

Hinh 2. Dac tinh quan trong ciia cdc di liéu huén luyén

Biéu d6 trong Hinh 2 hién thi gi4 tri Feature
Importance cua tung dac tinh. Nhitng dac tinh quan
trong (Feature Importance cao) c6 anh huong 16n
dén dd chinh xéc cua du bdo. Trong d6 d0 quan trong
cua cac thong s6: Tortional vibration 1a 0,245; fuel
injection rate la 0,252; Cylinder temperature la
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0,253; Cylinder pressure 1a 0,242. Chi st dung cac
ddc tinh quan trong nhit dé giam thoi gian huén
luyén va tang hiéu suat. Phan tich sdu hon vé mdi
quan hé giita cac dic tinh quan trong dé hiéu rd
nguyén nhan gdy mon. Viéc xac dinh va st dung dac
tinh quan trong dung cach giup Random Forest dat
d9 chinh xac cao hon trong duy doan d¢ mon xéc
mang va so mi dong co diesel.

Biéu dd phan tan nhu trong Hinh 3 hién thi va
phan tich mdi quan hé giira hai bién s6. Truc X dai
dién cho mét bién doc lap 1a ap suét chay cua dong
co. Truc Y dai dién cho mét bién doc lap 1a do rung.
Mdi diém trén biéu dd biéu dién trang thai cia xéc
mang 1a binh thuong hodc bi mon. Scatter plot giup
x4c dinh xem c¢6 mdi quan hé giira hai bién khong,
mdi quan hé d6 1a phi tuyén tinh (non-linear).

Cylinder Pressure vs Torsional Vibration with Wear Labels

144 Wear Level

Torsional Vibration (mm/s)
s 5

o
=

061
) ) 100 120 10
Cyhnder Pressure (bar)
Hinh 3. Biéu do phan tan vé moi quan hé giva dp

sudt chay, d¢ rung voi dp mon ciia xéc mang

Luu db thuat toan cua Random Forest nhu trong
Hinh 4 1a mét thuat toan hoc may c6 giam sat, cuc ky
phé bién va dwoc sir dung cho cac bai toan phén loai
va hdi quy trong hoc may. Mot khu rimg bao gom rét
nhiéu cdy, va sé lugng cdy cang nhiéu thi khu rimg
cang bén vimng. Tuong ty, so lugng cdy trong thuat
toan Random Forest cang 16n thi d¢ chinh xac va kha
ning giai quyét vin dé cua nd cang cao.

Thu thip dif li¢u

Xir Iy dit lidu

Phit trién ca,c md hmh}_' Kiém dinh m hinh
dy bio N
e Sy
Ma hinh dy bao

Cic tiéu chi danh gia
md hinh

Hinh 4. Luu db thudt toan Random Forest [5]
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Luu dd thuat toan Random Forest, dugc mo ta
mot cach tong quét nhur sau:

Buéce 1: Nhap dir liéu ddu vao (dit liéu huin
luyén va nhan).

Buwéc 2: Tién xtr 1y dit liéu:

- Xir Iy cac gia tri bi thiéu;

- Ma hoéa dit ligu (néu can);

- Chia dir liéu thanh tap huan luyén va tap kiém tra.

Buwéc 3: Tao cic ciy quyét dinh.

Chon s6 lugng cdy (n_estimators). Véi mdi cay
ldy mau dir liéu sir dung phwong phap Bootstrap
Sampling dé chon ngdu nhién dir liéu (co hoan lai).
sau d6 chon tap con dic trung: Chon ngiu nhién mot
s6 dic trung (feature) dé xay dung cay.

Budc 4: Xay dung cdy quyét dinh: Phan tach tai
moi niat dua trén tiéu chi (nhu Gini Impurity, Entropy).

Bwéc 5: Danh gia md hinh bang cach st dung tap
kiém tra dé danh gia do chinh xac (Accuracy, MSE).
Tinh chinh siéu tham s (Hyperparameters) néu can
(nhu s6 lugng cdy, do sau cay).

Buwéc 6: Xuét két qua dy doan va mo hinh.

Dé danh gia do chinh xac, mé hinh st dung sai s6
binh phuong trung binh Root Mean Square Error
(RMSE) 1a mét chi s phd bién dung dé do luong
murc d§ chinh xac ctia cac mo hinh dy doan trong cac
bai toan hdi quy. RMSE biéu thi d6 léch trung binh
chuén gifra cac gia tri thyc té va gia tri dy doan cia
mo hinh [6].

1 o~
RMSE = |3, (yi = 3)? @
Trong do:
n: S6 lwong mau trong tap dir liéu;
v+ Gia tri thue té ciia mau thi i;

P

¥, : Gia tri du doan ctia mau thir 7.
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RMSE cang nhé thi mé hinh dy doan cang chinh
xéc, tuc 13 sai s gitra du doan va thyc té cang thip.
RMSE 14 mét lua chon tét khi mé hinh héa dit ligu
sao cho cac gid tri du doan sat vdi thuc té. RMSE do
ludong sai s6 cua mé hinh hdi quy, nhdn manh vao
cac 161 16n. Mot chi s6 RMSE thap hon thudng cho
thdy mé hinh t5t hon.

3. Huén luyén mé hinh

Dau vao: Tap dir liéu D c6 kich thudc 100,000
dir lidu, chira cac gia tri ctia cac bién du doan [Ap
suét chay trong xy lanh (Cylinder pressure), Nhiét do
khi xa (Cylinder temperature), Luong nhién li¢u
(Fuel injection rate), Muc d6 dao dong (Torsion
vibration)].

Péu ra: Cac gia tri dugc du doan cho cac bién
phéan hdi dua trén cac dau vao tir cac bién dy doan.

Phwong phap:

Tao mdt random forest theo cac budc sau:

Tao mot mau bootstrap D’ tir tap dir liéu D.

Xay dung mot cdy quyét dinh (decision tree) cho
mau bootstrap. Cac budc (a) va (b) duoc lip lai ‘n’
lan, trong d6 ‘n’ 1a sé luong cdy con yéu cau hodc co
thé tao ra. Tinh toan gia tri dy doan tir mdi cay. Gia
tri trung binh cua cac gié tri du doan dai dién cho
dau ra.

Khi thay ddi gia tri max_depth mot tham s quan
trong trong md hinh huin luyén tir 10 dén 40 nhu
trong Bang 2, cac gi4 tri khac gitr nguyén khong doi.
N6 quy dinh d6 sau tdi da ciia mdi cay quyét dinh
trong mo hinh. D6 sdu cua cdy quyét dinh 1a sb mirc
phan nhanh tir gbc dén 1a cdy c6 do siu nhit.
Max_depth giéi han s mic nay dé kiém soat do
phure tap cla cay.

Anh huéng ciia max_depth: Néu max_depth nho
(gidi han thap): Cay s& nong, khong du kha ning

Bing 2. Anh hwéng ciia gid tri Max-depth t6i dp chinh xdc ciia mé hinh

n-estimator Max-depth Test_size Precision RMSE

0 0.9

100 10 0.2 0.49
1 0.1
0 0.9

100 15 0.2 0.39
1 0.09
0 0.9

100 20 0.2 0.34
1 0.11
0 0.9

100 25 0.2 0.32
1 0.15
0 0.9

100 30 0.2 0.32
1 0.19
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Bing 3. Anh hwéng ciia gid tri Test-size va n-estimator t6i dp chinh xdc ciia mé hinh

n-estimator Max-depth Test_size Precision RMSE

0 0.9

100 10 0.2 0.49
1 0.1
0 0.9

100 10 0.3 0.49
1 0.11

100 10 0.4 0 09 0.49
1 0.1
0 0.9

150 10 0.2 0.49
1 0.1
0 0.9

200 10 0.2 0.48
1 0.1
0 0.9

250 10 0.2 0.48
1 0.1

biéu dién dir liéu phuc tap. MO hinh co thé bi
underfitting (khong hoc du thong tin tir dir liéu). Néu
max_depth 16n (gioi han cao hoac khong gidi han):
Cay s& rat sau, dan dén viéc mé hinh hoc qua nhiéu
chi tiét va nhidu trong dir liéu. M6 hinh c6 thé bi
overfitting (qua khép véi dir liéu huan luyén, kém
hiéu qua trén dir liéu kiém tra). Chon gié tri phi hop
cho max depth: Khong gioi han (None hodc
max_depth rat 16n): M6 hinh tu do phat trién ciy dén
khi tt ca cac 14 déu "thudn" (pure), hodc khong con
dit liéu dé phan chia.

Thay ddi n_estimators tir 100 dén 250 nhu trong
Bang 3 cho thiy sb cdy cang 16n, md hinh cang
manh trong viéc giam thiéu phuong sai va cho ra két
qua 6n dinh hon, nhung thoi gian huin luyén ciing
tang 1én. Néu chon gi4 tri n_estimators thap thi mo
hinh c6 thé khong du phtc tap dé hoc dir liéu. Néu
chon gi4 tri n_estimators cao thi mo hinh co thé
overfitting hodc mat qua nhidu thoi gian dé huén
luyén.cho thiy 1a mot tham sé quan trong trong céc
thudt toan hoc may lién quan dén mé hinh tap hop.
N6 quy dinh s lwong mé hinh con (hodc ciy quyét
dinh) duoc sir dung trong mo hinh tong hop va sb
luong cay quyét dinh trong rimg.

Trong mo hinh huin luyén, test size 1a mot tham
sO trong cac ham phan chia dir lidu, thuong dugc sir
dung trong train-test split, nhu trong ham
train_test split tir thu vién scikit-learn. N6 xac dinh
ty 1€ hoac $6 luong mau cua tap dir licu s€ dugc su
dung 1am tap kiém tra (test set), phan con lai s& dwoc
dung 1am tap hudn luyén (train set). N6 biéu thi ty 18
phan trim ciia dir liéu danh cho tap kiém tra. Danh
gid md hinh: Gitip tach mot phan dir liéu dé kiém tra
xem mo hinh hoat dong tdt thé nao trén dir liéu chua

ting thay. Can bang dir liéu: Mot ty 18 hop 1y (vi du:
70-30, 80-20) gitra tip huin luyén va tap kiém tra
gitip dam bao rang mo hinh ¢6 du dir lidu dé hoc va
ciing ¢6 du dir lidu dé kiém tra hiéu nang.

Céac thong s6 dugec chon Test-size=0,2 va
n-estimator=100 va Max-depth=15 cho d chinh xac
d6i v6i truong hop binh thudong 13 0,9 va bi mon la
0,09, sai s6 RMSE=0,39 dugc chip nhan voi mo
hinh huén luyén.

Dé cung cdp cai nhin tryc quan hon vé viée xéac
dinh 18i, Hinh 5 cho théy ma trdn nham 14n
(confusion matrix) cia md hinh phéan loai v&i hai
16p: Normal (Binh thuong) va Wear (Mon). Ma tran
cho biét mbi quan hé gilra cac gia tri thuc té va du
doan ciia mo6 hinh.

Confusion Matrix

16000

14000

1217

Normal

12000

10000

Actual

- 8000

- 6000

1874 116 _ 4000

Wear
'

-2000

l .
Normal Wear
Predicted

Hinh 5. Ma trdn nham lin

S6 liéu trong ma tran:
- True Negative (TN): 16,793 (Thyc té la
"Normal" va dugc du doan dung la "Normal").
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- False Positive (FP): 1,217 (Thyc té 1a "Normal"
nhung bi du doan nhdm thanh "Wear").

- False Negative (FN): 1,874 (Thuc té 1a "Wear"
nhung bi du doan nham thanh "Normal").

- True Positive (TP): 116 (Thyc té la "Wear" va
duoc du doan dung 13 "Wear").

- Tong s6 mau = TN + FP + FN + TP = 16,793 +
1,217 + 1,874 + 116 = 20,000.

Véi d6 chinh xac ciia moé hinh 1a 84,5%. Do
chinh xac cao ctia mo hinh gitp giam thiéu céac
truong hop bo sét va phéan loai nham.

4. Két qua dy doan va théo luin

Sau khi hu4n luyén, m6 hinh duoc kiém tra lai do
chinh x4c ctia mo hinh khi chuén doan cac truong hop
sur ¢d clia dong co diesel & cac truong hop khai thac
khéc nhau. B dit liéu duoc do & ché do dong co chay
& 85% tai dé danh gia do chinh x4c ctia mé hinh nhu
trong Hinh 6.

Hinh 6. Code tao by dit liéu mai ciia dong co
diesel

Cylinder Pressure Torsional Vibration
159.048393 ... 1.667229
133.146027 .211981

97.939849 . 741356
.555650 .400093
.952690 .115416

[5 rows x 4 columns]
Predicted Wear Levels: [@8 @ 0 ... 0 1 0]

precision recall fl-score support
o] 0.90 0.93 18009

1, 0.10 0.07 - ALl

accuracy . 20000
macro avg 0.50 0.50 5 20000
weighted avg 0.82 0.84 . 20000

Root Mean Square Error (RMSE): 0.40

Hinh 7. Két qui dw dodn doi véi tip dir liéu moi

Két qua kiém tra cho thiy mé hinh chuin doan
duogc do chinh xac 1a 84% nhu trong Hinh 7. Ty 1€ du
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doan ding tong thé kha cao (16,800/20,000 miu
dung). Tuy nhién, diéu nay bi anh hudéng boi sy mat
can bang 16p (16p 0 chiém wu thé 16n hon 16p 1).
Precision, Recall, va F1 déu la 0,50, chi ra réng mo
hinh viéc xir 1y 16p it xuat hién (16p 1) nho hon do
thu thap vé dir lidu cac truong hop dong co bi su cb
khi xéc mang bi an mon qua gidi han cho phép chua
du nhiéu. RMSE phan anh sai s6 trung binh cia mo
hinh. Véi gia tri 0,40, muc sai s6 nay c6 thé chép nhan
dugc d6i v6i mé hinh dw doan.

5. Két ludn

Két qua duogc trinh bay trong bai bao nay ching
minh kha nang ap dung cho mét ) tap dir liéu va mo
hinh ¢6 thé anh xa tuong tu trong khong gian dic
trung, tir d6 mang lai hiéu suat t6t cho ca phan
loai/chdn doan va du doan. Cac k¥ thuét duoc ap
dung & ddy cho dong co diesel ciing c6 thé duoc ap
dung cho cac hé thdng ky thuét phirc tap khéc, noi
dit liéu van hanh va cam bién duoc thu thap boi cac
hé thdng diéu khién va giam sat.

M6 hinh RF dat @6 chinh xac cao d6 chinh xac t6i
84%. trong viéc phan loai cac mirc do mon cia xéc
méing va so mi xy lanh. Thuét toan RF khéng chi 6n
dinh ma con c6 kha nang xac dinh mtrc 46 quan trong
clia tmg ddc trung, gitp cac nha nghién ctru hiéu rd
hon vé tac nhan chinh gdy mon. Mo hinh RF c6 tiém
nang ap dung trong thyc t& dé giam sat va bao dudng
dong co diesel, giap dy doan sy ¢d trude khi chung
xay ra, giam thoi gian chét may va chi phi bao tri.

Nghién ctru trong tuong lai sé& tap trung vao viéc
diéu tra kha ning thu thap dir liéu day da hon, thong
qua cac quy trinh thu thap di liéu dugc cai thién
hodc lam sach dit liéu t6t hon, dé tao ra cac bd phéan
loai hoc may c6 tinh gidi thich dugc, thuc té va hitu
ich cho viéc du doan 15i trén cac dong co diesel 16n.

Lo1i cam on

Nghién clru nay duoc tai trg bai Truong Pai hoc
Hang hai Viét Nam Dé tai ma s: DT24-25.20.
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