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Tém tit

Nghién ciru nay mé phong cac dang hw hong cua
hop 50 ty dong trong diéu kién van hanh cia xe 6
16 tai Viét Nam bang phan mém Simulation-X, qua
a6 xdy dung b dir liéu vé ddc tinh van hanh va 16
thuwong gap. Trén co so do, hai nhom mo hinh hoc
may (Machine Learning) dva trén thudt toan K-
nearest neighbors (KNN) duwge phat trién: (1) mé
hinh phan loai hw hong voi do chinh xac la 92,2%
va (2) cdc mé hinh héi quy diw bdo mike hao tén co
khi hodc thiy lyc voi hé 56 xdc dinh R? xafp x1 1.0,
vieot xa cdc mé hinh héi quy tuyén tinh truyén
théng. Két qua danh gid cho thdy cdc mé hinh
KNN ¢6 kha ndng chan dodn va di béo hiéu qua,
dong thoi goi y tiém ndng ing dung trong gidm
sdt thoi gian thiee, ndng cao kha ndng chan dodn
s6m va toi wu héa bdo dwong, sira chita hp sé ti
dong trén xe 6 to.

Tw khéa: Hop 56 w dong, chan dodn, du bao,
KNN, phan logi, hoi quy.

Abstract

In this study, various failure types of automatic

transmissions  under  real-world  driving
conditions in Vietham were simulated using
Simulation-X software, thereby constructing a
dataset of operating characteristics and common
failures. Based on this dataset, two groups of
machine learning models using the K-nearest
neighbors (KNN) algorithm were developed: (1) a
classification model for failures diagnosis with the
accuracy of 92,2% and (2) a regression model for
predicting mechanical or hydraulic loss with
determination coefficients (R? close to 1.0,
significantly outperforming traditional linear
regression models. Evaluation results
demonstrate that the KNN models provide
effective diagnosis and prediction, highlighting
real-time

their  potential  application in

monitoring, early failures detection, and
optimization of maintenance and repair for

automotive automatic transmissions.

Keywords: Automatic transmission, diagnose,
prediction, KNN, classification, regression.

1. Téng quan vin dé nghién ctru

Céc hu hong cua hop sé 6 t6 dan dén giam hiéu
suét, tang chi phi bao tri va gdy mét an toan trong qué
trinh van hanh. Hién tugng mai mon hodc gy banh
rang thuong xay ra khi mo-men xodn vuot gidi han
thiét ké hodc do thiéu boi tron, bao tri (Gama va cac
cong su, 2023) [1]. Hién nay, c6 nhidu phuong phap
xac dinh hong hoc cua hop s6 tu dong, tir kiém tra co
khi dén ung dung tri tu¢ nhan tao (Al), véi cac uu
nhuoc diém riéng.

Hu héng cua hop s6 ty dong thuong lién quan dén
ba hé thong: Dién tir (phat hién 15i qua OBD), co khi
(phanh, ly hop - kho phat hién qua OBD) va thuy luc
(lién quan dén 4p suat dau). Nghién ctru nay tap trung
vao mo hinh chan doan hong hoc co khi va mat mat
thity luc cua hop sb ty dong thong qua cac tham sb
dong luc hoc co thé do luong dugc.

Céc phuong phap truyén thdng kiém tra thu cong
cac b phan nhu ly hop, banh rang, phanh; tuy hiéu
qua trong phat hién 131 rd rét nhung tén thoi gian, chi
phi cao va phu thudc k¥ nang cia ky thuat vién. Gama
va cac cdng su trong nghién ciru cua minh da st dung
thr nghiém d6 cing Rockwell, kiém tra thim thau va
quan sat dé phan tich hong hoc banh rang. Chen va
cac cong su (2012) khao sat phat hién 16i bang phan
tich ham luong kim loai trong dau hop sd, giup chin
doan hu hong theo phuong phap khong xam 14n nhung
v6i chi phi va yéu cdu chuyén mén cao [2].

Caché théng hién dai nhu hé théng chan doan trén xe
(OBD) phan tich mé-men xoén, toc d6, ap suat dau dé phat
hién 16i. Merkisz (2008) cling nhur Avinash va cac cong sur
(2025) nghién ctru cac hé thong OBD tién tién tich hop
nhiéu giao thirc truyén dit liéu nhdm nang cao kha ning
chén doén, quan Iy doi xe va tbi wu bao tri [3], [4].
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Zhang va cac cong su (2024) trong nghién ctru ctia
minh d3 chan doén hu hong dya trén dao dong sir dung
gia toc ké va microphone ghi nhan tiéng 6n, dao dong
bét thuong, 4p dung bién d6i GHM da song va giai
thuat gidi lién hop dé phat hién 15i banh ring véi do
chinh x4c cao [5]. Zufiiga va cac cdng su (2024) su
dung bién d6i Fourier nhanh dé phan tich dao dong
banh rang, trong khi Chengyun va cac cong su (2024)
kiém tra chét luwong am thanh hop s6 trén bang thur [6],
[7]. Cac phuong phap nay hiéu qua nhung yéu cau xir
1y tin hi€u phtrc tap.

Cong nghé tri tu¢ nhan tao (Al) trong nhitng ndm
gan day duoc ap dung manh mé trong viéc chin doan
hu hdong trén xe 6 t0. Aditya va cac cong su (2024) su
dung mang no-ron nhan tao dé chan doan 13i ly hop
ma sat kho véi d6 chinh xac cao [8]. Haibing va cac
cong su (2024) cai tién mé hinh mang No-ron tich
chap (CNN) YOLOVS nham phat hién khuyét tat bé
mat banh ring, nang cao do chinh x4c va tdc do phat
hién [9]. Badiger (2024) phat trién mo hinh du doan
tudi tho dau hop sb theo thoi gian thyc dya trén dac
tinh dau va tham s6 van hanh, nham ngan ngira chi phi
sira chira 16n va cai thién hiéu suét [10].

So sanh cac phuong phap cho thiy, trong khi k§
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thuat truyén thong van hitu ich va van dang dugc ap
dung rong rii vi nhitng uu diém cua minh, cc mé hinh
Al mang lai d¢ chinh xac, kha nang tu dong hoa va du
doan vuot trdi, hira hen s& dan thay thé cac phuong
phap truyén thong.

Tuy nhién, viéc xdy dyng mo hinh chan doan va
du bao hu hong cho hop sb tu dong trong diéu kién
van hanh dic thu tai Viét Nam van chua dugce quan
tam dung muc. Nghién ciru nay déng gop bang viée
(i) thiét 1ap bo dir liéu md phong toan dién cac dang
hu héng hop sb tu dong bang phan mém Simulation-
X, (ii) phét trién hai nhém mo hinh hoc may dua trén
thuat toan KNN cho chén doan va du bao hu hong, va
(iii) danh gia kha nang ung dung trong giam sat thoi
gian thyc va t6i wu hoa bao dudng. Nhimng diém méi
nay gitp bo sung khoang trong nghién ctru, dong thoi
goi m& hudng trién khai Al vao thuc tién khai thac,
bao dudng xe 6 td vdi hop $6 tu dong tai Viét Nam.

2. Phuong phap nghién ciru

2.1. Mé phéng hw héng ciia hdp sé tw dong va
tao bg dir li¢u cho nghién ciru

Tai Viét Nam, cac phuong tién st dung hop s6 tu
dong chiu anh huéng boi nhiéu yéu t6 nhu khi hau
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Hinh 1. Tir trén xué'ng dwdai, tir trdi sang phdi: Mt cit doc, so do dong hoc va mé hinh mé phong dwgc xdy dung

béing phin mém Simulation-X ciia hgp sé tw dpng (C1, C2, C3 - ly hop; B1, B2 - phanh)
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nhiét d6i gi6 mua voi nhiét d cao, dd 4m 16n, tao didu
kién cho bui ban xdm nhdp gdy mai mon chi tiét co
khi; co sé ha téng giao thong kém va diéu kién van
hanh phtic tap, yéu cau thay ddi ty sb truyén lién tuc;
cung v6i ché d bao dudng han ché. Cac hu hong hop
s6 cht yéu xuat phat tir hién twong mai mon banh rang,
truc truyén, ly hop; 1o ri dau hodc s dung dau kém
chét lugng; va 16i cam bién, mo6-dun didu khién, phén
mém xir 1y tin hi¢u.

Trong nghién ctru nay, dbi tuong khao sat 1a hop
sd tw dong lap trén xe KIA Morning Si AT doi 2016.
M6 hinh hop s6 dugc xdy dung trén phan mém
Simulation-X, tai hién ddy du cdu trac truyén dong,
md hinh dong hoc chuyén dong tinh tién cua xe va
tuong tac giita 16p voi mat dudong (Hinh 1). M6 hinh
mo phong bao gdm ECU diéu khién chuyén sd, cic bd
truyén banh rang hanh tinh, hé théng thuy lyc, hé
thong phanh va ly hop dé diéu khién dong/mé cac cum
banh ring, ciing nhu hé théng thu thap dit liéu dau ra
nhu thoi gian ting tdc, van tdc cudi ciing va cong suat
dau ra hop s6. Ngoai ra, cac yéu t6 161 nhu ton thit co
hoc tai cac cum phanh va ly hop, 10 ri dau trong h¢
thdng thuy lyc ciing duoc dua vao mé phong nhim
phan tich, chdn doan va xac dinh nguyén nhan hu
hong cta hop $6 tu dong.

Két qua md phong cho thay dang hu hong dic
trung cua hop sb tw dong duge dic trung boi ba thong
) dong hoc cua xe nhu sau:

« 100 (s): Thoi gian tang toc ciia xe tir 0 dén 100
km/h;

«v30 (m/s): Vin téc xe sau 30 gidy;

« P30 (kW): Cong sudt ciia xe sau 30 gidy.

Bién dau ra thé hién dang hu hong cua hop $6 tw
dong, dwroc phan logi thanh mét trong 12 nhom sau:

« Normal: Piéu kién hoat dong binh thuong,
khéng cé hao ton co khi dang ké va/hodc khong mat
mat thuy luc;

« TorqueConverter: Hur hong bé bién mé;

«MechanicClutchC1: Hao ton co khi ly hop CI;

« HydraulicClutchC1: Mat mat thiy lyc ly hop CI;

« MechanicClutchC2: Hao ton co khi Iy hop C2;

* HydraulicClutchC2: Mat mat thiy lyc ly hop C2;

« MechanicClutchC3: Hao ton co khi Iy hop C3;

* HydraulicClutchC3: Mat mat thiy lyc ly hop C3;

« MechanicBrakeB1: Hao tén co khi phanh Bl ;

« HydraulicBrakeB1: Mat mat thity lic phanh Bl ;

« MechanicBrakeB2: Hao tén co khi phanh B2;

« HydraulicBrakeB2: Mat mat thity lyc phanh B2.
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Gan hao ton co khi va mat mat thuy luc tai cac ly
hop va phanh chuyén s6 vao 11 vi tri trén mé hinh mé
phong vdi cac gia tri ngudng. Bang cach ting dan muc
hao ton ta thu duogc dir lidu cudi cing bao gdbm nim
cdt voi cac thude tinh sau:

* failure: Bién phan logi dai dién cho logi hw hong,
dwoc phdn vao mot trong 12 danh muc,

« t100: Bién s6 lién tuc dai dién cho thoi gian tang
téc tir 0 dén 100 km/h;

«v30: Bién sé lién tuc dai dién cho van téc xe sau
30 gidy;

« P30: Bién s6 lién tuc dai dién cho cong sudt xe
sau 30 giay;

« L: Hao tén co khi hodc thiy lyc twong iing voi
logi hur hong.

Bo dir liéu sau d6 duoc x4o tron ngau nhién va chia
thanh 70% ding cho huan luyén va 30% ding cho
kiém tra. Trong qua trinh huén luyén, mot phan dit liéu
dugc ding cho xac thuc chéo 3-folds nham danh gia
khach quan d6 chinh xac. Do dit liéu gdc c6 khoang
1.000 diém cho mdi loai hu hong (téng hon 12.000
diém), quy mo nay vira dam bao y nghia théng ké vira
nang cao do tin cdy va d¢ chinh xac ctia cac mo hinh.
2.2. Thudt todn KNN trong gidi quyét bai todn
phan logi va bai todn héi quy

Trong nhimg nim gan day, hoc may (Machine
Learning) - mot nhanh cua tri tu¢ nhan tao - phat trién
manh v6i nhiéu thuat toan giai quyét hai bai toan cot
16i: Phan loai va hdi quy. Phan loai gan méu dir liéu vao
cac nhan xac dinh trudce (& day gdm 12 loai hu hong
hop sb tw dong, dua trén ba bién dau vao 1a t100, v30,
P30), trong khi hdi quy phan tich mdi quan hé giira bién
phu thude va doc lap dé cho ra gia tri lién tuc.

Trong nghién ciru nay, dya trén ba tham sé dau vao
la ¢100, v30, P30, thuat toan phan loai dugc stir dung
dé xac dinh cac hu hong nhu 13i b bién mo, hu hong
co khi hodc thuy luc cua ly hop va phanh, con thuat
toan hoi quy dugc ap dung dé wdc tinh mirc hao ton
co khi hodc mat mat thuy luc (theo %).

Sau khi so sanh mét s6 thuét toan hoc may, nghién
ctru lya chon K-Nearest Neighbors (KNN) dé phat
trién mo hinh phén loai va mé hinh hoi quy cho hop
$6 tu dong.

Mo hinh KNN dugc minh hoa don gian trong Hinh
2 [11]. Gia st co ba 16p trong khong gian déc trung
hai chiéu, mdi 16p dugc biéu dién bang mot mau khac
nhau. Vi mot diém chua xéc dinh, thuat toan xét cac
“lang giéng gan nhit”; diém nay s& dugc phan loai vao
16p c6 sb lang giéng chiém da s6, chiang han thugc 16p

SO 84 (11-2025)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161
g z
KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHN(

mau xanh 1a cay (loai 3) khi c6 2 trong 4 lang giéng
gan nhit. Gia tri k quyét dinh s6 lang giéng dugc xem
xét (vi du k = 1 thi diém s& nhan 16p cua lang giéng
gan nhat). P chinh xac phéan loai duoc tinh bang ty
1¢ giita s6 du doan ding va tong s6 du doan.

y
Y @

K-Nearest ® Category 1
Neighbors |' & CatsEo2
\
.‘\ ® Category3

Hinh 2. Mo td nguyén ly thudt todan phdn loai KNN

Ngoai viéc st dung dé giai bai toan phan loai,
thuat toan KNN c¢6 thé duoc su dung dé giai bai toan
hdi quy trong cac trudng hop nhan dit liéu 1a céc bién
lién tuc thay vi bién roi rac. Nhin duogc gan cho diém
truy van duoc tinh dua trén gi tri trung binh cta cac
nhin tir cac lang giéng gan nhat, nhu minh hoa trong
Hinh 3 [12].

KNeighborsRegressor (k = 5, weights = "uniform’)

1.04 data
—— prediction

KNeighborsRegressor (k = 5, weights = 'distance’)

data
— prediction

o 1 2 3 4 s
Hinh 3. Mé td nguyén Iy thudt todn hdi quy KNN

Céc tac gia sir dung thu vién ma ngudn mé Scikit-
Learn dé phéan tich di liéu, huén luyén va t8i wu hoa
mo hinh. Véi thuat toan KNN, s6 lang giéng k quyét
dinh d¢ phuc tap ciia mo hinh: & 16n gitp giam phuong
sai nhung dé gy “Underfitting”, trong khi k nho tao
ranh gi6i quyét dinh cuc bd hon nhung cé nguy co
“Overfitting” [12]. Cac gia tri k dugc khao sat trong
tap:

k € {1,23456,7,8910,11,13,15,17, 20,
25, 30, 40, 60, 80, 100}.

Qué trinh xay dyng mo hinh ¢ diéu chinh siéu
tham s6 nay nham t6i uu hoa d¢ chinh xac phan loai
16i hop s6 tu dong, déng thoi nang cao hiéu qua dy
b4o hao ton co khi va mat mat thuy lyc.
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3. Két qua nghién ctru
3.1. Giai doan tién xiv Iy div liéu

Trong giai doan tién xur 1y, cac diém dir liéu phat
sinh 16i trong md phong da bi loai bo nham bao dam
d0 tin cay ciia mo hinh. Tép dit liéu sau loc duoc kiém
tra phan bd bién va tién hanh phan tich kham pha di
liéu (EDA) bang hé s twong quan Pearson dé danh
gia mdi quan hé giita cac dic trung. Muc tiéu 1a nhan
dién céc cip bién co trong quan manh, cé nguy co gy
da cong tuyén va lam sai léch két qua mo hinh thdng
ké, nhét 1a trong cac phuong phap hoi quy. Két qua
phan tich dugc truc quan héa qua ban d6 nhiét tuong
quan (Hinh 4) dé 1am co s& lua chon va loai bo dic
trung du thura.
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Hinh 4. Ma trin twong quan cdc bién dic trung

Trong nghién curu nay, cac tac gia giir lai toan bo
céc dic trung cho phan tich tiép theo mic du quan sat
thiy mdi trong quan cao gitta v30 va P30, nham giit
tbi da thong tin. Quyét dinh cudi cung vé viée loai bo
dic trung s& dwoc dua ra sau khi ¢6 két qua phén tich
dd quan trong hoan vi (Permutation Importance).
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Hinh 5. Minh hoa khéng gian ddc trung phan logi

Trong khong gian ba chiéu véi ba bién dau vao
(¢100, v30, P30), viéc truc quan hoa (Hinh 5) cho thay
12 16p hu hong hop s6 tu dong phan 16n duoc tach biét
nhung van ton tai mot ) vung chéng lén, dac biét gitra
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cac trang thai mét cong sudt va ro ri thuy lyc nhe, goi
¥ nguy co phan loai nham do ranh gii quyét dinh
khong rd rang. Phan tiép theo s& trinh bay két qua
huén luyén va diéu chinh siéu tham s cho mé hinh
KNN trong phan loai cac loai hu hong, cling nhu xay
dyng mo hinh KNN hdi quy dé dy béo ton that co khi
hodc mat mat thay lyc.

3.2. Xdy dwng mé hinh phén logi dé chin dodn
hw hong ciia hp so tw dong

Trong qué trinh t6i wu siéu tham s6, @ chinh xéac
xac thuc (Validation Accuracy) ciia mo hinh KNN dat
cuc dai & 91,3% khi sb luong lang giéng téi wu (k)
bang 7, nhu minh hoa trong Hinh 6.

-4~ validation accuracy
—4— Train accuracy

Accuracy

n_neighbors
Hinh 6. Két qua t6i wu siéu tham sé k khi phén logi

Khi s6 lang giéng k ting 1én vuot qua 7, d6 chinh
xac cia mo hinh giam do hién tugong “Underfitting”.
Céc tac gia st dung do chinh xac xac thyc (Validation
Accuracy) 1am chi sb chinh trong qua trinh tinh chinh
mo hinh dé dam bao danh gia dang tin cay vé kha nang
khai quat hoa ciia KNN trén dit liéu mai.

Sau khi xé4c dinh duge mé hinh KNN t6i wu voi sb
hang xom &t nhat (k = 7), md hinh dugc danh gia trén
tap dir lidu kiém tra. Trong truong hop nay, d6 chinh
xac trén tap kiém tra cia mé hinh KNN dat 92,2%.

Phan tich ma trdn nham 14n chuén hoa (Hinh 7) da
bd sung thém thong tin chi tiét vé d6 chinh xac phan
loai ctia mé hinh trén tit ca cac loai hong héc hop sb
6 t6. Phan tich nay cho thiy mé hinh KNN dat do
chinh xé4c phan loai cao, khién n6 thanh phuong phap
day tiém ning dé phan loai cac hong hoc hop s 6 to
dva trén ba dic trung dau vao (¢100, v30 va P30).
Trong qua trinh kiém tra, mo hinh KNN cho két qua
phan loai hoan hao (d6 chinh xac 100%) ddi véi ba
nhoém sau:

- Mt mat thity luc & Iy hop Cl;

- Hao tén co khi & phanh BI;

- Hao tén co khi 6 ly hop CI.

Ngoai ra, v6i mot s6 nham 13n nho, mé hinh KNN
van c6 thé phan loai dang tin cy (d6 chinh xac 99%):

- Mdt mat thiyy lye & phanh BI;
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- Mdt mat thiyy hee & ly hop C2;

- Hao tén co khi ¢ Iy hop C3.

Mic du vdy, mé hinh gip khé khin véi hao tén co
khi & phanh B2 khi chi dat dg chinh xac 53%, chui yéu
bi nham thanh hao ton co khi cua ly hop C2 (40%).

Normalized confusion matrix

Hinh 7. Ma trin nham lin chudn héa ciia mé hinh

3.3. Xdy dwng cdc mé hinh héi quy dw bdo hao
ton co khi hodc mat mdt thiiy luc ciia hu hong

Trén co s két qua phéan loai hu hong va xac dinh
vi tri xay ra hu hong, cic tac gia tién hanh xay dung
c4c mo hinh hdi quy st dung thuat toan KNN nhim
du bao hao ton co khi (hodc mét mat thuy lyc) L tai vi
tri da xac dinh.

Viée xay dung cac mé hinh hdi quy c6 thé duoc
thuc hién béng thu vién Scikit-Learn nhu d6i véi
truong hop xdy dung cdc mo hinh phan loai ¢ trén.
Ngoai ra ¢6 nhiéu phan mém tich hop sin chtc ning
xdy dung cic mo hinh nay, trong bai viét cac tac gia
sir dung phan mém ma ngudn mé JASP dé xay dung
va téi vu mo hinh, ddng thoi xdy dung cac mé hinh
tuyén tinh dé 1am co so so sanh.

Vé&i mdi loai hu hong, cac tac gia tién hanh xay
dung md hinh va t8i wu siéu tham sd &, voi muc tiéu
1a giam thiéu tdi da sai s trung binh binh phuong
(Mean Square Error - MSE).

Két qua xay dung m6 hinh hdi quy xac dinh gia tr
mét mat thy lyc tai vi tri phanh B/ (Hinh 8), cho thay:

- Gié tri ti wu cua siéu tham sb k 12 3;

- Tai gia tri k£ = 3, MSE dat gia tri rat nho, va hé sb
xac dinh cia mé hinh (R?) x4p xi bang 1, sai sb phan
tram tuyét di trung binh (MAPE) bang 0,31%. O day
ta cling phan biét sai s6 MSE trong qu4 trinh xac thuc
trén bo dir lidu xac thuc (Validation MSE) va sai sb
trong qua trinh kiém tra trén bo dir liéu kiém tra (Test
MSE). Trong d6, Validation MSE 14 tham s t6i wu, con
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Nearest neighbors Weights Distance n(Train)

n(Validation) n(Test) Validation MSE

Test MSE

3 rectangular Euclidean 543

136 290 0.0000037954

0.0000017041

Note. The model is optimized with respect to the validation set mean squared error.

- - Training set — Validation set

7e-06 —
6e-06
5e-06 —
4e-06 —
3e-06
2e-06 —
le-06 —
0e+00

Mean Squared Error

Number of Nearest Neighbors

Model Performance Metrics ¥

Value
MSE 0
MSE(scaled) 0
RMSE 0
MAE / MAD 0.001
MAPE 0.31%
R? 1

Hinh 8. Két qud xdy dung mé hinh hoi quy dw bdo hao ton thiiy lwc tai phanh Bl

Test MSE la thudc do khach quan sai s6 cia mé hinh.

Tuong tu, cdc mo hinh véi dd chinh xac rit cao (R?
xap xi bang 1) cling da duoc xdy dung d¢ xac dinh
mat mat thiy luc tai phanh B2 va ly hop C3, hao ton
co khi tai ly hop C2, C3 va tai bién mo.

Ngoai ra, vdi cac vi tri hu hong con lai ciing xay
dung dugc cac md hinh hoéi quy dung thuat toan KNN
cho d¢ chinh xac twong ddi cao:

- Mét mat thy lyc tai ly hop CI véi R?= 0,772,

- Mt mat thuy lyc tai ly hop C2 véi R*= 0,778,

- Hao ton co khi tai phanh B2 véi R*= 0,840,

- Hao ton co khi tai ly hop CI véi R?= 0,781;

Dé so sanh v6i cac md hinh hdi quy truyén thong,
nhom tac gia xay dung mo hinh héi quy tuyén tinh cho
4 truong hop cd d9 chinh xac twong doi cao & trén:

L =a+by.ty99 + by.v39 + b3. P3g (1)

Trong d6, L 1a ton hao co khi hodc mat mat thuy
luc (%), a 1a h€ so tu do, b;, b> va bs 1a cac hé so hoi
quy tim dugc bang phuong phép téng binh phuong
nho nhat trén bo dir liéu dau vao.

Két qua cho thdy cac mé hinh xay dung bang thuat
toan KNN c¢6 d6 chinh xac vuot trdi, cu thé 1a véi cac
mb hinh hdi quy tuyén tinh truyén théng:

- Mat mat thity luc tai C1 ¢6 R’= 0,702<0,772;

- Mét mat thiy lyc tai C2 véi R?= 0,48<0,778;

- Hao tén co khi tai B2 voi R°= 0,739<0,840;

- Hao tén co khi tai CI v&i R*=0,762<0,781.

Két qua xay dung mo hinh hdi quy tuyén tinh xac
dinh mat mat thuy luc tai ly hop C! trong 2 truong
hop déu cho két qua 1a d6 chinh x4c mé hinh (R?) thap
hon so v6i mé hinh dugc xdy dung bing thuit toan

SO 84 (11-2025)

Bing 1. Két qud xdy dung mé hinh héi quy tuyén tinh
du bdo mat mdt thiiy luc tai ly hop CI

Yéu t6 Hé s6 hdi quy p-value
Hé 56 tu do -4,294 <0,001
100 0,099 <0,001
v30 0,108 <0,001
P30 -0,031 0,059

R?=0,703 (p-value < 0,001)

Nguén: Téc gia
Bing 2. Két qud xdy dung mé hinh héi quy tuyén tinh
dw bdo mét mdt thiiy lwc tai ly hop CI véi mikc ¥

nghia 0,05
Yéu tb Hé s hdi quy p-value
He¢ 56 tw do -4,999 <0,001
100 0,099 <0,001
v30 0,083 <0,001

R’=0,702 (p-value < 0,001)

Nguén: Téc gid

KNN. O trudong hop thir nhat mé hinh hdi quy tuyén
tinh truyén théng si dung phuong phap tong binh
phuong nhé nhat va chép nhan tit ca cac yéu t6 dau
vao (khong st dung murc ¥ nghia p-value) dé toi da
gi4 tri hé sb x4c dinh, ta thu dwoc R?= 0,703 (Bang 1).
Phuong trinh héi quy ¢6 dang nhu sau:

L = —4,294 + 0,099. t;0 + 0,108. 75 — 0,031. P3;
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R? = 0,703 )
Trong d6, bién dau vao P30 c6 mirc y nghia (p-
value = 0,059) khi kiém dinh bang bai kiém dinh t-
test. Trén co so d0, & trudng hop thi hai, mo hinh hoi
quy tuyén tinh véi muc y nghia p-value < 0,05 (loai
b6 bién P30) cho hé s6 xac dinh R2 = 0,702 (Bang 2).
Phuong trinh héi quy ¢6 dang nhu sau:
L = —4,999 + 0,099. t;00 + 0,083. v3;
R? = 0,702 (3)
Qua so sanh céc gid tri R? ¢ hai truong hop cho
thiy viéc loai bo bién P30 khong lam giam chét lugng
mo hinh hdi quy tuyén tinh mot cach dang ké.

4. Két luan

Nghién cuu d3 mo6 phong cac dang hu hdng thiay
lyc va co khi trong hdp s6 tu dong cua xe 0 to trong
diéu kién van hanh tai Viét Nam, st dung ba dac
trung dau vao (1100, v30, P30) dé xay dung md hinh
KNN phan loai véi d chinh xac dat 92,2%. Phan
tich hoan vi dic trung cho thy /00 c6 anh hudong
16n nhét, trong khi v30 va P30 tuy tuong quan cao
van dong vai trd can thiét. Dya trén dir liéu nay, 11
md hinh hdi quy st dung thuat toan KNN da duogc
phat trién dé du bao hao tén co khi hodc mat mat
thuy lyc tai vi tri hu hong; trong d6 7 m6 hinh dat R?
xép xi 1 va 4 md hinh con lai dat R? tir 0,77 - 0,84,
cho thiy hiéu qua vuot troi so voi hdi quy tuyén tinh
truyén théng.

Cac hudng nghién ctu tiép theo bao gom: (i)
kiém chimg cac mo hinh di x4y dung trong nghién
ciru nay bang céac két qua thuc nghiém dé nang cao
d9 tin cay; (ii) so sanh KNN v i cac thuat toan hoc
may khac nhu (Support Vector Machine) SVM,
Random Forest, Gradient Boosting ciling nhu cac
thuat toan hoc sau (Deep Learning) dé lya chon giai
phép t6i wu. Két qua nghién ctru ciing goi mo kha
ning phat trién module phan mém giam sat thoi
gian thyc, tich hop vao hé thdng dién tir cua xe dé
theo ddi tinh trang ky thuat hop sé tu dong, canh
bao sém cho nguoi 1ai va hd trg cong tac bao dudng,
sta chita. Ngoai ra, co s& dir liéu va mé hinh dé
xuat c¢6 thé dugc sir dung trong thiét ké gia thir
nghiém phuc vy dénh gia tinh trang k¥ thuat hop sd
trude va sau stra chira.
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