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TOM TAT
Bai bdo nay nghién cieu va dp dung tri tué nhan tao no-ron (Al) dé cai thién quda trinh gidm sdt

va chan doadn 16i dong co dién dua t~rén tin hiéu do rung. Muc tiéu cua nghién cvu la tw xay dung
mot mé hinh dé thu thdap dir liéu mau tir dong co va s dung 3 mang Al khac nhau trong nghién
curu nay bao gom YOLO (You Only Look Once), Resnet (Residual neural network) va SVM
(Support Vector Machine). Ung dung dé xdy dung cac mo hinh nhén dang doc lap co cung chung
tin hiéu dau vao la cjé rung dé xac dinh cac 1oi trong hé thong co su dung dong co, bai bao tdp
trung khao sat cac loi lién quan dén vong bi. Ket qua thie nghi¢m duwoc trinh bay trong bai bao cho
thay tinh chinh xdc cua viéc sw dung cac mang nay trong viéc chan doan 16i dong co va dwa ra
cac nhdn xét quan trong vé do chinh xdc cua cac mang Al va kha nang ap dung thuc té trong linh
vue bao tri va quan ly thiét bi cong nghiép.
Tir khoa: L3i dong co; YOLO; Resnet; SVM; Bién d6i Fourier STFT.

1. MO PAU

Hién tai, hau hét cac thiét bi giam sat va canh bao cho dong co trong cac nha may déu duoc lip
dat mot cach roi rac, chi giam sat mot vai thong s6 dién, hau nhu khong c¢6 thu thap dir ligu dé theo
ddi phan tich. Viéc kiém tra va theo ddi, giam sat phan tich cac thong sé dong co online chwra duogc
thuc hién mot cach thuong xuyén 1a lién tuc, khong c6 kha ning dua ra ké hoach bao tri dong co
tu dong, dan dén viéc khong phat hién ra cac hong hoc khong mong mudn, cac hong hoc ciia dong
co néu khong duogc theo ddi dung mirc s& dan dén pha hiy may ‘nghiém trong, doi hoi chi phi cao
trong sira chira hodc tham tri thay thé dong co mai. Tuy nhién, néu tinh trang duoc theo doi thudng
xuyén, cac hu hong tiém tang co thé duoc theo ddi va khac phuc sém, khi d6, viéc sira chira s& don
gian hon, nhanh hon va ré hon. Do vay, nghién ctru, thiét ké ché tao va thu nghiém hé théng kiém
tra, giam sat, du doan 18i cho dong co dién sur dung cong ngh¢ thong minh IOT (Internet of Things
technology) trong cac nha may la can thiét va thiét thuc. Bén canh d6, viéc thu thap dir lidu (cac
thong sb dién ning, d6 rung, am thanh, hinh anh,...) s& duoc luu trit dé bd sung dir liéu két hop
voi phén mém thong minh nhim phuc vu viéc chan doan, ung dung cac mo hinh tri tué nhan tao
va 1 xu huéng cua cudc cach mang cong nghiép lan thi 4.

Bai toan nhéan dang su cd dong co cé nhu cAu thuc tién cao, hién nay da co nhiéu cOng trinh
nghién ciru. Cac nghién ciru gan day [1- 3] da chi ra nhiing thach thic va co hdi lién quan dén viéc
phat trién cac k¥ thuét bao tri dwa trén may hoc manh mé, déc biét 1a dbi voihé thong truyén dong
lye tr dién nang thanh co nang, momen quay nhu 6 6 bi, dong co, hop s, gbi d5, cac thiét bi nay
hay bi hong hoc, néu khong duoc - phat hién som s€ gdy cac su ¢b cho cac dong co dién. Ung dung
nhiing cong nghé méi hién nay dé nang cao d6 chinh x4c ctia cac mé hinh may hoc va ting cuong
kha niang du doan sém dé c6 ké hoach bao tri 13 huéng nghién ctru c6 tinh thuc tién hién nay.
Trong cac nghién ctru [5-10] d& xuat mot phuong phép phét hién bat thuong cho dong co dién dwa
trén tin hiéu do rung két hgp v6i mang no-ron. Ho phat trién mot mo hinh gidm sat cho hai loai
dong co khac nhau: Bong co cong nghip mai va dong co cong nghiép cii. Ho nghién ctru ky ludng
vé hiéu suét ciia mé hinh trong viéc phat hién bat thuong cho ca hai loai dong co di chi ra ring nd
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c¢6 kha niang phat hién bat thuong cao nhat dbi véi cac diéu kién tiéu chuan héa cua dong co sir
dung cac dac trung dugc anh xa. Tuy nhién, ho hién dang chi c6 dir li€u tu diéu kién binh thuong
ctia dong co va thiéu thong tin vé dit liéu trong cac diéu kién 13i.

Trong nghién ctru [16] trinh bay mét giai phap str dung cac dic trung cua tin hiéu rung dé lam
dau vao cho qua trinh dao tao mé hinh nhan dang. Twong tu nhu nhiéu nghién ciru khac, trong giai
doan tién xur 1y dir lidu, bai bao nay gidi thidu mot phuong phap goi 1a Median-based Outlier
Detection (MOD) dé phat hién ngoai 1¢ (cac mau dit liéu ma cac dic trung bi anh hudng boi cac
yéu t6 bén ngoai, khong phai do 15i va loai bo chung khoi qua trinh dao tao dé cai thién hiéu suét
md hinh). Tuy nhién, bai bdo nay khdng dé cap dén viéc phan loai cac loai 16i twong tu véi cac
kich thudc 16i khac nhau.

Trong nhiing nim gan day, voi sy phat trién cua hoc sau Deep Learning (DL) ngay cang nhleu
nha nghién ctru quan tam dén viéc sir dung cac phuong phap DL [5-12] dé giai quyet cac van dé
néu trén voi nhleu phuong phap da duogc ap dung dé chan doan 16i vong bi. Mang than kinh tich
chap (CNN) 1a cdu trac mang DL c6 dién, rat hitu ich cho viéc phan loai hinh anh [7, 8] va nhiéu
md hinh DL khéc [10-15] da dugc ap dung rong rai cho cac nhiém vu phat hién 16i vong bi. Tuy
nhién, trong cac md hinh DL c6 cac 16p sau hon, van dé bién mét d6 ddc s& xuit hién; nghia 1a,
cac mo hinh DL phai hy sinh hiu nang khi ching dugc huin luyén véi cac 16p sau hon. Dé giai
quyét nhitng van d& nay, Mang (SVM) dé duoc dé xuét [12] SVM str dung nguyén Iy két hop tuyén
tinh théng qua cé4c siéu phing, giup né hiéu qua trong viéc ddi mit véi dit liéu phirc tap va khong
gian da chiéu; Do d6, mot loat md hinh dua trén svm da duoc dua ra.

Phan tich tin hiéu rung 12 mot phwong phap mai dé phat hién/chan dodn sém cac sy c¢b cua
dong co. Bao bao nay tap trung xay dung mot thiét bi thu thap cac dir ligu vé do rung dong theo 3
chiéu X, Y, Z, xdy dung mot hé thong giam sat va canh bao mot sé truong hop sy ¢o cua dong co
dién online tir xa, khdo sat cac mang Al khac nhau dé khao sat tinh chinh xdc cua viéc chén doan
161, nghién ctru ti€n hanh phan tich 10i dya trén tin hi€u do rung. Két qua thir nghiém duoc trinh
bay trong bai bao cho thay tinh chinh xac cua cac mang thanh phan nay trong dé xay dung cac
phan mém chan doan 16i dong co.

2. NOI DUNG XAY DUNG HE THONG NHAN DANG SU CO PONG CO
2.1. B co s6 dir liéu
2.1.1. X&y dung mé hinh thir nghiém

Xay dung phén mém chén doan tir dong trén cac dong co hoat dong trong diéu kién thyc té dat
ra cac han ché do tinh phtic tap. Phuong phéap truyen thdng 1a sir dung tin hiéu dién nang nhu dién
ap U va dong dién I thuong chi phan anh cac su c6 dé xay ra, nhu qua tai va ngan mach, c6 thé sir
dung céc thiét bi bao vé cong nghiép nhu relay nhiét va aptomat. Tuy nhién, mét s6 su c¢b co the

khong thé hién rd qua céc tin hiéu dién nay ma thay vao do lai phan anh qua do rung va tiéng on
cua dong co, nhu:

- Sy mai mon: Céc bé mit tiép xuc trong dong co co thé ‘mon do str dung lau dai. Diéu nay co
thé tao ra dong luc khong déu, gay ra do rung va tiéng 6n khong binh thuong.

- Hong hoc vong bi: Néu vong bi trong dong co bi 16ng I¢o hodc hong hoc, n6 co thé tao ra cac
rung dong khong déu va tiéng 6n. Cac biéu hién nay thuong xuat hién & toc d6 cao va c6 thé
duoc nghe ro tur xa.

- Thiéu can bang: Su thiéu cin bang trong cac by phén quay co thé gay ra dong luc khong déu
khi dong co hoat dong, dan dén do rung va tleng on.

- Léch tryc: Néu truc ctia dong co khong duge lap dat dang cach, n6 co thé dan dén dong luc
khong déu khi quay, tao ra d6 rung va tiéng dn khong mong mudn.

Nhiing biéu hién nay thuong la déu hiéu cua van dé cy thé trong dong co va can dugc kiém tra
va stra chira kip thoi dé tranh hong hdc nghiém trong va dam bao hoat ddng 6n dinh ctia ddng co.
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Bai bao nay lya chon sir dung tin hiéu d¢ rung dé xur ly va chan doan 13i cua dong co, dé thyc hién
duoc nhom nghién ctru can xay dung mot mo hinh dé lay mau tin hiéu d6 rung, xay dung b co sd
di liéu, phu vu cho bai toan nhan dang [16].

Thiét bi do
dd rung

Truc déng
co

\ 2B /
Go6i dé truc

Hinh 1. Hinh anh mé hinh thir nghiém, vi tri dat thiét bi do.

Déi tugng nghién ciru thir nghiém co thong sb nhu sau:

- Dong co v6i 2 gdi d truc (nhw hinh 1). q

- B0 phanh dién tir d€ tao phu tai cho dong co, c6 the md-men hdm 0-100% twong (g voi tin
hi¢u diéu chinh tir 0-20VDC. ‘ 7 )

- Thiét bi do d0 rung, luu trir trén thé SD va truyén tai thong qua cdc tiéu chuén giao tiép WIFI
dé dao tao mo hinh tri tué¢ nhan tao, vdi tan so lay mau la 2 kHz.

2.1.2. Xay dung thiét bi thu thap dir liéu
Dua trén cac yéu cau cong nghé va chire ning ciia bd thu thap dir lidu, bai bao xay dung thiét

bi ¢6 so d6 khoi nhu sau:
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Hinh 2. So dé khéi ciia thiét bi.
Thiét bi bao gom cac khdi chinh sau:
o Cam bié:n: Luya chon cam bién do d6 rung ADXL335 GY-61. .
o Khoai diéu khién trung tdm: Str dung ESP32 c6 chitc nhung tuong tac voi céc nén tang IoT
va c6 tinh bao mat cao hon ESP8266.
o The nhé SD: Thiet bi s€ sir dung cac the nh¢ dung lugng cao 8 Gb.
o Khoi pin: Lya chon sir dung 04 qua pin 18650 sac lai duoc, loai 3.7 VV 2000 mAh.

- ADXL335
'. \; oy g -
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] Acamp DEMOD

I
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Hinh 3. Cam bién gia toc ADXL335 GY-61 va so' do khéi chire nang.
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ADXI335 c6 thé do gia toc trén 3 truc X, Y, Z tao thanh hé tryc toa d6 3D. ADXL335 ¢ kha
nang do gia tde tir -3 g dém +3 g trén moi truc, cac gia tri do dugc sé duoc phan anh & dang Analog.
Vi sai sd thép ADXL335 c6 d6 chinh xac cao trong do gia tde, do rung. Chan X, Y, Z lan luot 12
dau vao analog cua kich thudc truc X, Y, Z. Chan nay cép tin hiéu dau vao analog cho bd diéu
khién dugc do bai gia toe ké ADLX 335.

]
ADC2 0, 2,4, 12415, 25.27
mow
AT
Q¥ e
H on
B ey
m
fol sTeason v R -
2ol STRIR VN - o
L 3
o .
e verzsarwr Y—m— i =5 P
verzsaPwR X s g
a5 - i
el s
L evafled VI
el DN SCTKC
25 sl san
25
DAt
11 [ T
S sncarn =[5
TRRTLA T . . 1
AT

ATDDRTES

l ARTI l ARTY 'T(“I 'I(“}.
\.‘\T) \.\T) L'\TJ L‘\TJ
UART 12C

re ot
wvla

GND o OUT

RAT

104 aas

POWER SWITCH

= battery and halder - 4
ATy IR 124

Hinh 4. Thiét ké so do nguyén 1y ciia thiét bi do.

So do thiét ké mach in thiét bi Thiét ké vi tri ldp dat pin
Hinh 5. Thiét ké mach in cia thiét bi.
2.1.3. M6 hinh thuwc nghiém va két qua do

Hinh 6. Hinh anh mé hinh thir nghiém va vi tri ddt thiét bi do.
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Bai bao x4y dung tap mau tin hiéu do rung, hoat dong binh thuong (N) va 3 truong hop 16i
nhu sau:

- MI: Léch tryc c6 thé tao ra mé-men xoan khong déu va gay rung dong.

- IR: Vong bi c6 khuy€t ranh bén trong.

- OR: Vong bi khuyet ranh bén ngoai.

Céac 6 d& truc véi bi va cc ranh bén trong va bén ngoai bi h}r hai trép mét diém véi dudng kinh
0.2 mm. Cac tin hi€u rung dong dugc ghi lai st dung cam bién gia toc lap dat tai vi tri nhg trén
hinh 6. Cac tin hiéu dugc ghi lai trong thoi gian khoang 5 phit, tan so lay mau 2 kHz, dat ¢o dinh
mO-men ham 1a 50%. Dit liéu thu thap dugc miéu ta cu thé ¢ bang 1 sau:

Bdng 1. Dir li¢u thu thdp tir mo hinh thuc nghiém.

Logi 1di | Tan sé trich mdu (Hz) t?_?cil”%%% Thei gian mai trich mdu (phat)
N 2000 10 5
Ml 2000 10 5
IR 2000 10 5
OR 2000 10 5
Du¢i day 1a mét hinh anh cta bd dir liéu thu thap sau khi dugc biéu dién tai mién thoi gian:
N (Binh thuong)- MI (Lenh truc)
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Hinh 7. Biéu do thé hién tdp dir liéu trong mién thoi gian.
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Hinh 8. Biéu dién trén mién tan sé FFT (Fs = 2000 Hz).
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Ta c6 thé nhan théy tur cac hinh vi du duéi sy khac biét rd rang vé biéu dién cua 4 dd thi. Bd
thi & trang thai hoat dong binh thuong va 18i vong bi c6 bién do thép va khong cé cac diém véi
bién do tang vot 1én gia tri cao nhung biéu db 16i vong bi c6 bién do trung binh cao hon. Tir déy,
ta thdy rd rang, du 1a véi mét thuong va bo dit liéu th chwa dugc chay qua bo loc hay phép bién
d6i nao thi ta van c6 thé phan biét rd rang cac trudng hop khac nhau.

Bai bao sir dung bién d6i STFT (Short-Time Fourier Transform) dé chuyén dbi tin hiéu tir mién
thoi gian sang mién phd, qué trinh nay thudng bao gdm cac budc sau:

- Chia tin hiéu thanh cdc khung thoi gian: Tin hi€u dugc chia thanh cac phan doan nho, goi 1a
khung thoi gian, béng cach st dung cira s6 truot trén toan bd tin hiéu. Mdi khung thoi gian
thuong ¢6 do dai ¢ dinh.

- Ap dung cira so Trong mdi khung thoi gian, tin hiéu dugc nhén véi mot ham cira so chang
han nhu ctra s6 Hanning hodc cira s6 Hamming, dé giam thiéu hién tugng 10 ri tan s6 va dam
bao rang tin hiéu dugc xir Iy muot ma.

- Thuee hién bién doéi Fourier: Sau khi ap dung cira so bién doi Fourier dugc thuc hién trén
tung khung thot gian de chuyen d6i tin hiéu tir mién thoi gian sang mlen tan s6. Két qua la
mot pho anh, trong do, moi cot dai dién cho mot khung thoi gian va mdi hang dai dién cho
mot tan so.

Str dung bién d6i STFT, ta ¢ thé thu duoc mot biéu dién pho ctia tin hiéu, gitip hiéu rd hon vé
thanh phan tan s va bién dong cua tin hiéu theo thoi gian. Pidu nay rat hitu ich trong viéc phan
tich va xtr 1y tin hiéu trong nhiéu ng dung khac nhau nhu xtr Iy 4m thanh, xir Iy hinh anh va truyén
thong. Dir liéu tir mién thoi gian (hinh 7) s& duoc bién d6i STFT, dugc cac tap mau tuong duong
dang hinh anh, dugc thé hién trong cac hinh dudi day:

N (Binh thuong)-STFT MI (Lenh truc)-STFT
6 % 6
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Hinh 9. Hinh anh sau chuyén doi STFT tir diF liéu trén hinh 8.
2.2. Sir dung mang no-ron dé xay dung phan mém chin doan 15i dong co
2.2.1. Mang SVM
May hd tro Vector (SVM) 1a mot thuat toan hoc may giam sat phd bién duoc st dung rong rii
cho ca nhiém vy phan loai va hoi quy. Trong ngir canh cua viéc phan loai hinh anh, SVM dugc
biét dén va str dung rong rii vi higu suat ciia né trong viée xir ly dir li¢u da chleu lam cho n6 thich

hop cho phan tich dir liéu hinh anh. SVM nham tim ra mat Qhang phan chia t6t nha,t giita cac 1op
trong khong gian dac trung da chiéu. SVM tim kiém mat phang phan chia sao cho t6i da hoa ranh

Bien do
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Pawerlfrequency (dB/Hz)
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gidi, tirc la khoang cach gitra mat phang phén chia va dlem gan nhét tir mdi trong hai 16p. Mot
ranh giéi 1on thuong dan dén kha ning tong quat va hiéu suét tét hon. Trong bdi canh ciia van dé
cua chiing ta, 1a bai toan phan loai da 16p, ching ta s€ sit dung phuong phap One-Versus-Rest.
’M(:)i hinh’énh duoc biéu dién duc’rj dapg mot vector dac trung dya trén cac dic trung da trich
xuat. T;;ip huan luyén dugc stt dung d€ huan luyén SVM. Céc vector dac trung da trich xuat tir hinh
anh huén luyén cung voi nhan twong tng cia chiung dugc dua vao SVM. SVM hoc cach tim ra
siéu phang tot nhat phan tich cac vector déc trung dua trén nhan cua ching.
2.2.2. Mang YOLO

YOLO (You Only Look Once) duoc huan luyén trén toan bo hinh anh, t6i wu héa truc tiép kha
ning phat hién ctia nd. M6 hinh thong nhat nay cung cip mét sé uu diém so véi cac phuwong phap
phat hién dbi tugng truyén thong. Ddi véi phéan loai hinh anh, kién tric ¢ thé dwoc diéu chinh dé
phuc vu muc dich phan loai hinh anh dau vao vao cac 16p dugc x4c dinh trudc. Trong YOLO
truyén théng, hinh anh duoc chia thanh mot ludi, va mdi 6 ludi du doan cac bounding box va xéac
suit 16p. Tuy nhién, didu nay co thé dugc giam xuéng mot 6 ludi duy nhit chira toan bo hinh anh
cho muc dich phan loai hinh anh. Thay vi du doan bounding box va xac suat 16p cho mdi 6 ludi,
chung ta diéu chinh 16p dau ra dé chi du doan xac suét 16p. Piéu nay 6 nghia la loai bo khia canh
du doan bounding box tir 16p dau ra cudi cung. Mang dy doan xéac suat 16p cho cac 16p duoc xac
dinh trudc tryc tiép. Mdi 10p co6 mot xac suét lién quan cho biét kha ning hinh anh dau vao thudc
vé 16p do.

2.2.3. Mang ResNet-50

ResNet-50 1a mot kién tric hoc sau duge cong nhan va c¢é anh hudng rong rai, dac biét trong
linh vuc thi gidc may tinh. N6 thudc vao ho md hinh ResNet (Residual Neural Network). ResNet-
50 1a mot kién tric mang no-ron siu duoc st dung rong rai trong linh vyc thi giac may tinh. No la
mot phan ctia ho cic mo hinh ResNet (Residual Neural Network) dugc thiét ké dé giai quyét van
de ctia viéc huan luyén cac mang no-ron sau voi sO 16p ngay cang tang. Kién trac ResNet-50 bao
g6m mot loat cac khdi residual (khdi con goi 14 identity blocks) ma trong d6 cac két ndi tét (shortcut
connections) dugc str dung dé tranh hién tuong vanishing gradient va giip huén luyén cac mang
sau tré nén dé dang hon. Cu thé, ResNet-50 c6 50 16p, trong d6 bao gdm cac 16p convolution, 16p
pooling va cac khdi residual. ResNet-50 di duoc chirg minh 12 hiéu qua trong nhiéu nhiém vu thi
gidc may tinh nhu nhan dang vat thé, phan loai hinh anh.

3. KET QUA VA THAO LUAN
3.1. Xay dung tap co sé dir li€u
Chung t6i da tién hanh chuyén d‘é)i dit liéu mién thoi gian tu bang 1 sang dit liéu hinh anh twong
ung, s€ thu dugc mot tap dir liéu gom 10000 hinh anh cho moéi danh muc, bgo gom N, MI, IR va
OR. Cac hinh éph nay duo’cqchia thanh ty 1€ 7-,3, twong ung voi cac tap huan luyén, xa’gc thuc va
kiém tra cho moi 1op. Cg the, 79% cho viéc huan luyén mang no-ron, 30% cho viéc kiém tra, bd
co s& dir liéu duoc liét ké chi tiét tai bang 2 dudi day:

Bdng 2. Bang phan chia so lwong mau hoc va mau kiém tra.

Logi | Téngsémau | So mau S6 mau kiém
loi hoc tra

N 10000 7000 3000

Ml 10000 7000 3000

IR 10000 7000 3000
OR 10000 7000 3000
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3.2. Két qua chin do4n 15i va phan tich so sinh sau qua trinh huin luyén cho mdi mé hinh
Bing 3. Cdc thong s6 ddanh gid chat heong ciia 3 mé hinh.
Loai mé 12 chinh xac Dévchinh Xac
hinh huan luyén (%) | kiém tra (%)

YOLOvV8x 99.591 98.921
Resnet50 96.527 93.381
SVM 97.684 96.297

Bang cung cap mot danh gia toan dién vé cac chi s6 hidu suét kiém tra va validation cho cac
mo hinh thi gidc may tinh khac nhau, gdbm YOLOvSx, ResNet50 va SVM. Péang cht y, YOLOvS8x
ndi bat trong mot sd khia canh quan trong. YOLOv8x dtng dau giita 3 md hinh v6i do chinh xac
huan luyén 4n tugng 1 99.591% va do chinh xéac kiém tra 1a 98.921%. Do chinh xac dang ké nay
cho théy su uu viét ciia nd trong viéc phat hién va nhan dang dbi tuong so véi ResNet50 va SVM.
Trong khi ResNet50 va SVM ciing hoat dong tdt, v&i dd chinh xac kiém tra 1a 93.381%, va
96.297%. Do chinh x4c kiém tra cia YOLOV8x cao hon dang ké, cho thay kha nang higu qua ctia
n6 trong viéc xac dinh d6i tuong chinh xéc trong hinh anh.

4. KET LUAN

Thuat toan hoc sdu mang lai nhleu loi ich cho viéc chan doan 15i may méc, bao gom ca dong
co, bién ap,... Chiing t6i dy doan vé su gia ting nhanh chong trong cac nghién ctru vé chan doan
16i dong co va vong bi voi dau vao 1a tin hidu do rung bang cac mang no-ron méi bay gid. Pong
g6p chinh ciia bai bio nay nam & viéc tao ra mot bo dir lidu v6i 3 loai 16i 6 truc va kiém thir né voi
nhiéu mang no-ron thong dung hién nay. Két qua nghién ciru ddc biét nhan manh vu diém cua
mang YOLOV8x trong nglt canh nay, md ra nhiing kha nang mai cho cac nhiém vu phan loai.
Trong tuong lai, chiing t6i c¢6 ké hoach mo rong va hoan thién hon bd co sé dir licu.
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ABSTRACT
Application of neural networks in diagnosing engine faults based on vibration signals

This paper investigates and applies artificial intelligence (Al) to improve the
monitoring and diagnosis process of electrical engine faults based on vibration signals.
The research aims to build a model to collect sample data from engines and utilize three
different Al networks in this study, including YOLO (You Only Look Once), Resnet
(Residual neural network), and SVM (Support Vector Machine). By applying these models
to independently identify faults using the common input signal of vibration, particularly
focusing on bearing-related faults in engine systems, the paper concentrates on exploring
various faults. The experimental results presented in the paper demonstrate the accuracy
of using these networks in diagnosing engine faults and provide important insights into
the accuracy and practical applicability of Al networks in the field of industrial equipment
maintenance and management.

Keywords: Engine error; Yolo; Resnet; SVM; Short-Time Fourier Transform STFT.
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