Tap chi Khoa hoc va Coéng nghé Giao théng Tap 6 Sé 5, 79-88

oLl

Tap chi dién tk

Khoa hoc va Céng nghé Giao théng
Trang website: https://jstt.vn/index.php/vn

Article info
Type of article:
Original research paper

DOI:
https://doi.org/10.58845/{stt.utt.2

Fault Diagnosis of Automotive Gasoline
Engines Using Time-Frequency Vibration

Image Analysis

Cao Huynh Minh Hieu
Faculty of Mechanical and Dynamic Engineering, Ba Ria - Vung Tau College
of Technology, Viet Nam

026.vn.6.5.79-88

"Corresponding author:
Email address:
hieuchm.brt@gmail.com

Received: 23/12/2025
Received in Revised Form:
22/07/2026

Accepted: 29/07/2026

Abstract: This study proposes a robust and reliable methodology for the non-
destructive fault diagnosis of automotive gasoline engines utilizing time-
frequency vibration signal image analysis. To overcome the limitations of
conventional non-stationary signal processing, continuous raw vibration data
were acquired from a 1.5L four-cylinder gasoline engine using a high-resolution
Gantner Instruments Q.series data acquisition system. The non-stationary
signals were mapped into two-dimensional space using Short-Time Fourier
Transform (STFT) to generate high-fidelity spectrograms. Key features,
including dominant frequencies, peak amplitudes, harmonic patterns, and
statistical distribution parameters (standard deviation and skewness), were
systematically extracted from the time-frequency domain. The diagnostic
framework was validated through extensive experimental profiles under normal
operation and three distinctly simulated fault conditions: cylinder misfire,
crankshaft bearing wear, and excessive valve clearance. The proposed
method demonstrated a robust average classification accuracy of 90.75%, with
the highest accuracy of 93.0% for misfire detection, while the total algorithm
execution time remained <0.04 s, satisfying real-time edge processing
requirements.

Keywords: Fault diagnosis, automotive gasoline engine, vibration signal
analysis, Gantner Instruments, MATLAB, time-frequency spectrogram.
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Toém tat: Nghién ctru nay dé xuat mot phwong phap luan dang tin cay cho quy
trinh chan doan 16i phi hly trén ddng co xang 6 té béng cach st dung k thuat
phan tich hinh &nh phé th&i gian - tAn sb cla tin hiéu dao déng. D liéu dao
déng tho lién tuc dworc thu thap tir ddng co xang 4 xi lanh dung tich 1.5L théng
qua hé thdng thu nhan dir liéu d phan gidi cao Gantner Instruments Q.series.
Céc tin hiéu khéng dirng sau d6 dwoc |ap ban d6 sang khéng gian hai chiéu
bang phép bién dbi Fourier thdi gian ngan (Short-Time Fourier Transform —
STFT) nham kh&i tao cac biéu d6 mat d6 phd nang lwong (spectrogram) dd
chinh xac cao. Cac dac trung cét 16i bao gdm cac tham sb phd va tham sb
phan phéi théng ké dworc trich xuit mot cach hé théng va dwa vao bd phan
loai k-Lang giéng gan nhét kNN (k-nearest neighbors). Khung cu tric chan
doan dworc kiém chirng théng qua cac hoé so thwe nghiém dién rong & ché do
van hanh binh thwdng va ba trang thai 16i mé phdng: bé may xi lanh, mon 6
d& truc khuyu va khe hé van vuot gi¢i han. Phuwong phap dé xuét dat do chinh
xac phan loai trung binh virng chac la 90.75%, trong dé dd chinh xac cao nhéat
dat 93.0% dbi v&i kich ban phat hién 16i bé may, ddng théi téng thdi gian thuwe
thi thuat toan luén duy tri <0.04 s, dap &ng yéu cau x ly tai bién theo thoi gian
thyec.

Twr khéa: Chan doan 16i, dong co xang 6 t6, phan tich tin hiéu dao déng,
Gantner Instruments, MATLAB, phé thoi gian - tan sb.

1. Giéi thiéu

Pong co dbt trong (Internal Combustion
Engine — ICE) trén 6 t6 1a cac hé théng co khi da
vat thé phurc tap, lién tuc chiu tai trong chu ky mang
tinh qua dd cao vé nhiét va co hoc. Viéc ddm bao
tinh nguyén ven vé mat cau tric va dd tin cay van
hanh cta déng co dét trong la tiéu chi hang dau
doi véi cac hé thdng chan doan trén xe hién dai
cling nhw cac chién lvgc béo tri theo tinh trang
(Condition-Based Maintenance — CBM). Trong sb
cac phwong phap chan doan phi hdy hién nay,

phan tich dac tinh dao dong (vibration signature
analysis) da tré thanh ky thuat nén tang do cac dao
doéng cAu trac ludn ma hoa cac thdng tin phong phu
vé tinh trang clia cac cAu kién bén trong ma khoéng
yéu cau ra may [1]. Cac dang suy gidm chirc ndng
van hanh va cu truc phd bién trén déng co xdng
— nhw bd may xi lanh, mon 6 d& truc khuyu va khe
h& van bét thwong — déu gay ra nhitng thay doi
dac trung vé do clrng cuc bd, lwe can va lwc kich
thich, tlr d6 biéu hién rd rét qua cac dao déng cau
tric béat thwong [2].
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Tuy nhién, cac tin hiéu dao dong nay vén cé
ban chat khong dirtng (non-stationary), phi tuyén
cao va bj che 14p b&i nhiéu nén da nguén tr qua
trinh chay hay sy va dap co hoc noéi tai [3]. Diéu
nay khién cac phwong phap truyén théng dwa trén
chi sé théng k& mién thdi gian hoac phép bién déi
Fourier nhanh (FFT) thwdng that bai trong viéc co
lap 16i qua dd khi van tbc va tai trong thay ddi lién
tuc [4]. Nham giai quyét triét dé gi¢i han dinh vi thoi
gian cla phan tich tAn sé kinh dién, phép bién déi
Fourier ngan han (STFT) dwoc trién khai nhw mot
giai phap hiéu qua giup bét tron dic tinh tién hoa
ddng thoi clia tin hiéu trén biéu dé mat do phd ndng
lwong anh phd thdi gian—tan sb hai chiéu [5]. Méac
du vay, viéc rng dung thanh cbéng ky thuat phan
tich anh thoi gian - tan sb nay trong méi truéong
coéng nghiép doi héi mét hé théng thu thap di liéu
ddng bd, tbc dd cao dé tranh hién twong méo pha
hay chdng phd [6]. D& giai quyét khoang trng vé
cac ng dung giam sat cau truc dé phan giai cao,
nghién clru nay phat trién mot khung chan doan
tich hop str dung phan cirng Gantner Instruments
Q.series két hop véi mai trweng tinh toan MATLAB
[7]. Cac déng gop cbt 16i clia nghién ciru bao gébm
viéc thiét 1ap mé hinh thwc nghiém lién két dong
lwe hoc 16i v&i sw dich chuyén nang lwong phd, tbi
wu héa vector dac trwng tinh gon tr ma tran anh
2D, va kiém chirng mét quy trinh chan doan hiéu
nang cao, do tré thAp hudng ti kha nang trién khai
thuwe té tai bién.

2. Phwong phap nghién ctru
2.1. Co’ ché kich thich vat ly cac trang thai 16i

Cao

Débi voi kich ban 16i bd may xi lanh, sy gian
doan dét ngét clia qua trinh chay lam triét tiéu lwc
khi nén so cap tac dong I&n dinh pit téng trong ky
sinh céng. Hién twong sut gidm mod-men xoan tic
thdi nay dan dén sy méat can bang dong nang
nghiém trong gilra cac xi lanh, kich thich cac dao
déng van téc goc bién do I1én cla hé truc khuyu va
sinh ra dac tinh dao déng xoén d&c truwng tai tan sb
danh Ira co ban cung cac thanh phan da hai bac
thap lién ké [1], [5].

Nguworc lai, 16i mon 6 d& truc khuyu tao ra cac
diéu kién bién déng hoc phi tuyén tinh do viéc gia
tang khe h& huwéng tam thém +0.15 mm tai cd truc
chinh. Biéu nay lam suy gidm nghiém trong do
crng virng dong lwc hoc ctia mang dau bbi tron
thay déng, khién cé truc khuyu bi mat én dinh va
thwe hién cac chuyén dong quy dao da hwéng bat
thuwong. Sy va dap va tiép xic co hoc truc tiép kiéu
kim loai - kim loai dién ra lién tuc, kich thich cac
ché d6 dao dong tw nhién tan sé cao clta than may
va tao ra dai nang cao ning lwong phd rong dac
trwng [2], [3].

DPéi v&i sy cb khe hé van vwot gi¢i han khi
khe h& nhiét co cidu phan phéi khi bi n&i rong vuwot
qua théng sé dinh mie (>0.3 mm), quy luat dong
hoc déng mé cla xupap bi thay ddi, khién viu cam
va dap vao con doi van véi van toéc va cham Ién.
Qua trinh nay sinh ra cac xung lyc co hoc cdé ham
Delta dang chu ky, kich thich cac tan sé dao déng
tw nhién ctia cau tric ndp may dinh vi trong dai tan
sb trung binh [4], [7].

2.2. Kién tric thwe nghiém va thu thap div liéu

Cam bién gia téc ap dién

(dd nhay 100mV/g)

Bo diéu khién

Module
Gantner
Instruments
Q.series X

Bé thir dong co
chuyén dung

Q. Series X
-G - &
Kétndi — L% B
T Ethernet . Luu dudi
May tinh dang file
Diéu khién csv
bang phan
mém Gantner
Q.Station

Hinh 1. So d6 hé thdng thiét bi thwc nghiém va vi tri bé tri cdm bién gia toc trén than doéng co xang
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Quy trinh thwc nghiém dwoc trién khai trén
bé thtr déng co chuyén dung I&p d&t dong co xdng
6 t6 hat khi tw nhién, 4 xi lanh thdng hang, dung
tich 1.5 lit. M6t cdm bién gia téc ap dién cong
nghiép c6 d6 nhay dinh mc cao 100 mV/g duoc
cb dinh chac chan bang két ndi ren truc tiép trén
khéi xi lanh gan vi tri xi lanh s6 1 nham téi wu hoa
dwéng truyén séng ngan nhat tir cac ngudn khuyét
tat da diém [8]. Cac thdng sb ky thuat cta dong co

Cao

va diéu kién thu nhan tin hiéu dwoc trinh bay 1an
lwot trong Bang 1 va Bang 2.

Trong suét qua trinh thwe nghiém, ciu hinh
do, vi tri 13p dat cdm bién va diéu kién van hanh
dwoc gitr khong ddi nhdm bao dam tinh nhat quan
cua b6 di¥ liéu va kha nang tai lap ctia nghién clru.
Toan bd dir liéu dwoc thu nhan bang hé théng
Gantner Q.series va x& ly trong mdi trwong
MATLAB [8], [9].

Bang 1. Thong sé ky thuat clia dong co thtr nghiém

Chi tiét thong sé ky thuat / Cau

STT Tham sé hé thén s Giatri xac la
? thong hinh phan cing 1xaciap
. Pboéng co xang 6 t6 dong 4 xi lanh
1 Cau hinh déng co . g N g 9 Dung tich: 1.5L
thang hang
. Téc dd s6 hoa dir liéu ctia phan cin
2 Tan s6 4y mau (f.) ' Fuciap 9 10kHz
Gantner
) Cam bién gia téc kiéu ap dién con
3 Loai cam bién 1 oen g P AIeN CONG 56 nhay: 100 mV/g
nghiép [8]
. Than may dong co (Gan vi tri xi lanh .
4 Vi tri lap dat s61) y dong ( ’ C0 dinh co hoc bang ren
Dai van hanh mién A g . .. Van téc: 1000-3000 RPM:;
5 A Bién thién toc d6 quay va mo-men tai ..
bién Tai: 0-50%
N ) Phan mém thu mau va méi trwudng Gantner  Q.station  [9];
6 Nén tang tinh toan A
X ly hau ky MATLAB R2017b [10]
. Thé&i gian thu di¥ liéu lién tuc cho méi .
7 Ctra sO thoi gian g i i 30 giay

lwot thir

Bang 2. Cac trang thai hw héng dwoc khao sat trong nghién clru

Trang thai ky . o . S6 lwong
STT ) Phwong phap moé phong khuyét tat thwec nghiém <
thuat g phap o] g yet te LPC NgNie mau
s Pong co van hanh & trang thai tiéu chuan dinh méc cla
1  Trang thai chuan .. A 50
nha san xuat
.. Ngat tin hiéu kich xung dién cuén day danh Itra cta xi lanh
2 Bo may xilanh . 50
s61
3 Mon 6 d& truc Thay thé bac I6t b bi gdi truc chinh v&i khe hé gia cdng tang 50
khuyu thém +0.15 mm
4 Khe hé van vwot Diéu chinh co hoc khe hé con déi xupap néi rong vwot 50
gi¢i han ngwdng >0.3 mm

Kién tric thu thap di liéu ciu tric bao gébm
moé-dun phan clrng cdp cdng nghiép Gantner
Instruments Q.series X két ndi véi bd diéu khién
trung tam Q.station [9]. Tin hiéu tr cdm bién dwoc
ldy mau dbng bd song song véi tan sb sb hoa
fs=10 kHz nhdm théa mén dinh ly gi¢i han Nyquist

dbi véi dai tan sb clu truc khao sat (1en dén 5 kHz).
Dé& dam bao tinh dai dién vé mét thdng k&, ma tran
thwe nghiém duoc cau hinh trén dai van hanh réng
ttr 1000-3000 RPM va tai trong tir 0-50%, thu thap
t6ng cong 200 lwot thdr nghiém doc ap voéi thoi
gian ghi mau lién tuc la 30 giay cho méi lwot. Cac
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kich ban 16i chi tiét dwoc tdbng hop cu thé tai Bang
2.
2.3. Tién xt ly div liéu va thuat toan STFT

Céc chubi di liéu thoi gian thé dwdi dang
dién ap (V) lwu trir qua phdn mém Gantner
Q.station dwoc dwa vao dudng dng thuat toan cla
MATLAB dé lap ban db chuyén dbi sang dai lwong
gia téc cAu truc tuyét déi (a) théng qua biéu thirc
quan hé tuyén tinh dong:

a=2x9.81 (m/s’) (1)

Theo céng thire (1), tin hiéu dién ap thu dwoc
tir cdm bién dwoc chuyén déi sang gia toc tuyét ddi
trwéc khi tién hanh xt ly tin hiéu.

Trong d6, S 14 hé s6 dd nhay dinh mirc cua
cam bién gia téc (100 mV/g) va 9.81 1a hang sb gia
tdc trong trweng [10]. Mot bo loc ky thuat s théng
dai Butterworth dang khéng léch pha (zero-phase
implementation) vé&i dai thong hiéu dung tw
20 Hz=f<5 kHz dwoc trién khai trén chudi thoi gian
dé triét tiéu nhiéu nén [10]. Tin hiéu sau khi lam
sach x(t) dwoc anh xa truc tiép sang khoéng gian
hai chiéu thoi gian - tAn sé bang phép Bién dbi
Fourier ngan han (STFT) theo mé hinh toan hoc
[11]:

STFT{x®}(z,H= [ x Hw(t-T)e??™dt (2)

20

Vibration of Car Engine

Cao

Theo cong thire (2), tin hiéu sau khi loc dwoc
biéu dién trong mién thoi gian—tan sb théng qua
phép bién déi STFT.

Trong d6, w(t-r) biéu thi ham clra sé thoi
gian trwgt Hamming chiéu dai 256 diém; chiéu dai
phép bién déi Fourier nhanh (Ngg7) 12 1024 diém;
va ty 1& chéng Ian (overlap ratio) dat dung 50%
nham bao toan tinh lién tuc ciu tric cla cac vét
nang lwong phd [11].

3. Két qua va thao luan
3.1. Phan tich dic trwng phé thoi gian—tan sé
cua tin hiéu dao dong

DPé danh gia kha ndng nhan dién céac trang
thai hw héng clia dong co, tin hiéu dao déng sau
khi xt ly bang bién déi STFT dwoc biéu dién dusi
dang anh phé thoi gian—tan sb. Khac véi tin hiéu
trong mién thodi gian, phd thdi gian—tan sb cho
phép mb ta déng thoi sw phan bd nang lvong theo
thoi gian va tan sé, tir d6 1am ndi bat cac dac trwng
dao dong twong ng véi tirng trang thai lam viéc
cua dong co.

Déi v&i trang thai van hanh chuén thi ma tran
phd thoi gian—tan sé hién thj mot cu trac phan bd
nang lwong co tinh ddng déu cao, 6n dinh theo thoi
gian va chu yéu khu tra & dai tn sb thap va trung
binh (Hinh 2).

=
T
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- (=]
T
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Frequency (Hz)
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Spectrogram of Car Engine
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< s — -
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cpodtmte ~ S SEZEU,
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Time (s)
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Ngudn: Hanly [8]
Hinh 2. Anh phd thoi gian—tan sé cda tin hiéu dao doéng & trang thai van hanh chuan
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Khi kich ban 16i bd may xi lanh dwoc kich
hoat, ndng lwong phd bién dang va tap trung
nghiém ngat thanh cac vét phd cé cwéng dd dong
ndng lwong cuwc dai trong dai tdn sb thap tw
50 Hz < f£100 Hz, nhv dwoec mo ta & Hinh 3.

Dai nang lwgng nay trung khép hoan toan
v&i tan sb quay co ban cla dong co (f,=RPM/60)
va cac thanh phan da hai bac thap lién ké (2fy,3f;)

Cao

[1], [5]. Di v&i kich ban 16i mon gbi d& 6 & chinh
truc khuyu, ma tran phd thwc nghiém (Hinh 4) ghi
nhan mét sw gia tdng nang lwong phd trén dai tAn
rong bao phi toan bd ving tdn sbé cao tw
1000 Hz<f<2000 Hz. Sy vdng mét hoan toan cua
cac vét hai roi rac ré rét chirng minh két ciu than
may dang bi kich thich b&i cac xung lwc va sat
ngau nhién cwdng dd cao [2], [3], [6].

(a) Tin hiéu trong mién thai gian

04

0.3
O
© 0.2
@
® ot

0.0

0.0 0.2 0.4 0.6 0.8 10
Thal glan (s)
(b) Phé tan sé (Spectrogram)

300 =

250 -60 __
- o
¥ 200 3
- s O
2 150 0 $
- - g
w0 D
F 100 -100 3
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: p— -120
0.2 04 0.6 08

Thoi gian (s)

Hinh 3. Anh phd thoi gian—tan sé cda tin hiéu dao dong khi xay ra 16i bd may xi lanh

(a) Tin hiéu trong mién thdi gian

0.10
o 005F
< I
2 0.00
-0.05
0.0 0.2 0.4 0.6 0.8 1.0
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Hinh 4. Anh phd thoi gian—tan sé cua tin hiéu dao dong khi xay ra 16i mon 6 d& truc khuyu

Trong khi d6, 16i khe h& van vwot gi¢i han
cho phép sinh ra cac xung Iwc co hoc ¢ ham Delta
chu ky, kich thich manh cac ché d6 dao dong tw

nhién ctia ndp may dinh vi trong dai tAn sé trung
binh tlr 200 Hz<f<500 Hz nhw dwgc mo td & Hinh
5. Do truc cam van hanh véi van tc géc bang mot
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nlra van téc truc khuyu, cac vét phé xung tinh nay
xuét hién 1ap lai mo6t cach tuan hoan nghiém ngat
sau mdi hai chu ky quay ctia déng co [4], [7]. Nhin
chung, méi trang thai hw héng tao nén mét phan
bd nang lwong déc trwng trén mét phang thoi gian—
tan sé. Trong khi 16i bd may xi lanh lam t&ng nang
lwong & vung tan sbé thap, 16i mon 6 d& truc khuyu

Cao

chd yéu anh huwéng dén dai tan s cao, con 16i khe
h& van tao ra cac xung néng lwong tudn hoan trong
vung tan sé trung binh.

Sw khac biét nay cho thay anh phé thoi gian—
tan s chira thong tin dac trwng da dé& hé tro qua
trinh trich xuét dac trweng va phan loai trang thai
déng co bang thuat toan hoc may.

(a) Tin hiéu trong mién thai gian (Khe hd van bat thudng)

0.4

03

0.2F

0.1

Bién do

0.0

-0.1

-0.2

0.0 0.2 0.4

0.6 0.8 1.0

Thei gian (s)

Tan so (Hz)

(b) Phé tan sé (Spectrogram) - Khe hd van bat thudng

Cuding dé (dB)

Thai gian (s)

1000

-40

-50

—-60

-70

400 _80

200 =a0
—100

£5%0a 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Hinh 5. Anh phd thoi gian—tan sé cua tin hiéu dao dong khi xay ra I6i khe hé van vwot gi¢i han

3.2. Phan tich khéng gian vector dac trwng

Dé& chuyén ddi div liéu hinh hoc trwc quan
sang ma tran s6 hoc dau vao cho thuéat toan hoc
may, nhém nghién ctru thiét 1ap mét vector déc

trwng ndm chiéu tinh gon F=[F4,F5,F3,F4,Fs] trich
xuét t» ma tran anh phé thdi gian—tan sb 2D. Mé
hinh tinh toan chi tiét cta tirng thanh phan dac
trwng dwoc chuan héa tai Bang 3.

Bang 3. Céac dac trwng trich xuét tir &nh phd thoi gian—tan sb

Tham s6 Y nghia ky thuat Vai trd chan doan I6i
Fy Tan sb phd wu troi Xac dinh dai tan sé tap trung nang lwong chinh
Fs Bién do dinh tuyét dbi Phan anh cwong do xung va dap co hoc cyc dai
Fs Ty & phd da hai Nhan dién 16i chu ky pha thoi gian (Misfire)
Fu Do léch chuén phd Do lwdng mirc d6 phan tan cia ndng lwong phd
Fs Hé sbé do léch phd Danh gia tinh bat déi xing ctia phan phéi tan sé

Quy trinh anh xa toan hoc chuyén dbi 200
mau thwc nghiém thanh cac toa dé khéng gian 5D
chirng minh tinh hiéu qua vwot trdi. Cac cum dir
liéu wng va&i 16i bd may xi lanh va 16i mon 6 d& truc
khuyu phan tach hoan toan doc lap nho sy khac
biét tuyét ddi vé& dai tan sb6 hoat dong nén. Tuy
nhién, mét hién twong chdng 1an nhe da dwoc ghi
nhan gitra cum 16i khe hé van va trang thai van
hanh nén binh thwong & dai tébc do6 thap

(1000 RPM), noi nang lwong kich thich va dap cta
xupap chwa du Ién dé& vwot qua nguéng nhiéu nén
két cAu, dat ra yéu cau kiém chirng qua bd phan
loai hoc may [11], [12].
3.3. Panh gia dinh lwong hiéu nang cé lap 16i
cua thuat toan

Cac bd dir liéu khdong gian dac trwng sau do
dwoc dwa vao hé théng phan loai thong minh dwa
trén thuat toan kNN. Trong qua trinh phan loai, mirc

85



JSTT 2026, 6 (5), 79-88

do twong déng gitra mau kiém chirng va cac mau
trong tap huan luyén dwoc xac dinh théng qua
khoang cach Euclid trong khéng gian dac trung
ndm chiéu, dwoc tinh theo cong thire (3).

d(uv)=|Z24u-v)?  (3)

Trong do: u va v la hai vecto dac trwng; u; va
vila phan tlr thl icla cac vecto twong (ng;
d(u,v) la khoang cach Euclid gira hai vecto dac
trwng.

DPé nang cao kha nang tdng quat héa ctia md

Cao

hinh, han ché hién twong qua khép va giam thiéu
sai léch do phan chia di liéu, siéu tham sé k cua
thuat toan kNN dwoc xac dinh & gia tri téi wu k=5
la gia tri siéu tham sb cla thuat toan kNN. théng
qua quy trinh kiém ching chéo 10 phan doc lap
[12]. Hiéu nang phan loai cia md hinh dwgc danh
gia dwa trén cac chi s6 dinh lwong, bao gdbm dd
chinh xac, chi s6 F1 (F1-score) va thoi gian tré xi
ly trung binh, trén toan b dai diéu kién van hanh
cla dong co. Két qua danh gia dwoc tbng hop
trong Bang 4.

Bang 4. Két qua danh gia hiéu nang cia md hinh phan loai kNN

, D6 chinh xac phan D2 eXwly ,
STT Trang théai ky thuat hé thong ) loai (%) trung binh Chiso F1
) (Giay)
1 Trang thai chuan 93.0% 0.03s 0.925
2 bd may xi lanh 93.0% 0.03 s 0.934
3 Mon & d& truc khuyu 89.0% 0.04s 0.887
4 Khe hé van vuwot giéi han 88.0% 0.04 s 0.879
Hiéu nang trung binh toan hé
- 90.75% 0.035s 0.906

théng

Dwa trén cac két qua dinh lwong tai Bang 3,
khung phwong phap dé xuét chirng minh mét nang
lwc chan doan cuc ky viktng chac véi d chinh xac
trung binh toan hé théng dat 90.75% va cé chi sb
F1 dat 0.906. Hé thdng dat do tin cay tuyét dbi doi
v&i 16i bd may trong qua trinh chay (93.0%) nho sw
xuét hién cta cac vét nang lwong hai tan sé thap
c6 bién do vwot troi han so v&i nén nhiéu ciu tric
co hoc.

Nguwoc lai, d6 chinh xac ghi nhan mic giam
nhe d6i v&i kich ban 16i mon 6 d& truc khuyu
(89.0%) va 18i khe hé van (88.0%). Bién Iuan khoa
hoc cho s sut giam nay nam & hién twong che 14p
phd dién ra tai cac vung van hanh tai trong thap
(0-10%). Trong diéu kién &p suét chay va van tbc
goc nhd, cac lyc xung kich co hoc sinh ra do va
dap khe hé bac 16t hoac con ddi van cé bién do
twong déi bé, dan dén viéc cac thanh phan tan sb
khuyét tat dac trwng dé bi hoa 1an hodc che khuét
b&i cac dao ddng ngau nhién phan tan to cac co
céu phu tro khac cla bé thir [4], [13].

Tuy nhién, duwéi géc do trién khai coéng

nghiép, tdng thdi gian thwe thi thuat toan ludn duy
tri 6n dinh dwéi ngudng <0.04 gidy. Chi sb d6 tré
cuc thap nay la mét minh chirng khoa hoc manh
mé, khang dinh hiéu suét tinh toan téi wu ctia md
hinh dé xuét, hoan toan thda man cac diéu kién
bién nghiém ngét cho bai toan chan doan thai gian
thwe truc tiép tai bién trén cac hé théng diéu khién
nhung clia phwong tién 6 t6 hién dai [6], [9], [13].
4. Két luan va hwéng phat trién

Nghién ctru nay da dé xuadt mét phwong
phap chan doan 16i déng co xang dua trén phan
tich anh phé thi gian—tan sé cla tin hiéu dao dong
két hop v&i thuat toan phan loai kNN. Quy trinh
nghién clru duwgc xay dwng bao gébm thu nhan tin
hiéu dao déng bang hé théng Gantner Q.series, xt
ly tin hiéu bang bién d6i STFT, trich xu4t cac dac
trwng tlr &nh phd va phan loai trang thai 1am viéc
cla dong co.

Két qua thyc nghiém cho thdy méi trang thai
hw héng tao ra dac trwng phan bb ndng lwong khac
nhau trén anh phd thdi gian—tan sb. L&i bdé may xi
lanh biéu hién rd & ving tan sb thap, 16i mon 6 d&
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truc khuyu 1am gia téng nang lwong trong dai tan
sb cao, trong khi 16i khe hé van vwot gi¢i han xuét
hién cac thanh phan nang lwong tuan hoan trong
ving tan sb trung binh. Nhitng khac biét nay tao
co s& dé xay dwng bo dic trwng phuc vu phan loai
trang thai déng co.

M6 hinh kNN dat d6 chinh xac phan loai
trung binh 90.75%, chi s F1 trung binh 0.906 va
thoi gian x& ly nhé hon 0.04 giay dbi véi toan bo
céc trang thai khao sat. Cac két qua nay cho thay
phuwong phap dé xuét cé kha ndng nhan dang hiéu
qua cac hw hdng dién hinh ctia déng co xéng, dong
thdi dap tng yéu cau xt ly gan thoi gian thuwe, phu
hop vé&i cac hé théng giam sat tinh trang va hd tro
bao tri theo tinh trang

Bén canh nhirng két qua dat dwoc, nghién
clru van con modt sé6 han ché do div liéu thuc
nghiém méi dwoc thu thap trén maét loai ddng co
va sb lwong trang thai hw hdng con gidi han. Trong
cac nghién ctru tiép theo, co s& dir liéu sé& dwoc
mé& rdng v&i nhiéu ché dd van hanh va nhiéu loai
dong co khac nhau, dbng thoi khao sat kha ndng
rng dung cac mé hinh hoc sau dé khai thac truc
tiép dac trung tlr &nh phd thoi gian—tan sé nham
nang cao do chinh xac va kha nang tbng quat hoa
cta hé théng chan doan.

L&i cam on

Téac gia bay té long cdm on sau séc dén Ban
lanh dao Khoa Co khi dong lwc, Truérng Cao dang
Ky thuat Céng nghé Ba Ria - Viing Tau vi da hé tro
co s& ha tang bé thir ddng co’ dé thuwc hién nghién
ctu nay. Bong thdi, tac gia tran trong cdm on cdng
ty Gantner Instruments da ho tro’ ky thuat xac thuc
phan clrng va tap doan MathWorks da cung cap
moi tridng bién dich xt ly tin hiéu.

Tuyén b6 vé viéc str dung Al tao sinh

Trong qué trinh chuén bj bai bao nay, tac gia
da str dung ChatGPT (OpenAl) nham cai thién kha
nang doc hiéu, dién dat ngdn ngir. Sau khi st dung
céng cu nay, cac tac gia da ra soat, kiém tra va
chinh stra toan bd néi dung, déng thdi chiu hoan
toan trach nhiém vé tinh chinh xac va noi dung
khoa hoc cta bai bdo dwoc cong bd.
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