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Abstract: In industry, companies have traditionally relied on scheduled maintenance, the inspection of
the internal parts of machines at scheduled intervals to keep them running. But that is not necessarily
the most cost-effective way for businesses. With many businesses starting to move towards all things Al,
predictive maintenance using machine learning has become the focus of attention these days.

In this article, the author delves deeper into modern predictive maintenance systems and addresses the
challenges of applying machine learning-based solutions.
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1. Pit van dé

Béo tri dy doan (BTDP) 14 mét cach tiép can chi
dong dé bao tri (BT) thiét bi, str dung cong nghé hoc
may dé thy true nhitng hu hong c6 thé xdy ra nham
gilip ngdn ngira thoi gian ngimg may gay ra ton that
16n cho doanh nghi¢p. Cong viéc BTDD cho ching
ta biét chinh x4c khi nao no can duge chu y sta chira,
bao dudng ngay trudc khi co sy ¢b xay ra.

Heé thong BTDD hoat dong gidng nhu mot nhém
“thanh tra vién” theo ddi thiét bi dang hoat dong 24/7,
thu thap va xir Iy khdi luong dir liéu (DL) khong 15
trong thoi gian thuc. N6 co thé phat hién ra nhimg
diém bat thudong nho nhét, canh bao cho chiing ta vé
nhitng rui ro tiém 4n true khi ching tro thanh nhiing
van dé nghiém trong.

Véi BTDD béng hoc may, thiét bi s& duoc giam
sat lién tuc voi sy trg gilip cua cac cam bién duoc gén
vao may mot cach c¢é chién luge ngay tir dau. Tét ca
DL sau d6 duoc gui dén bd ndo cua hé théng duoc
hd tro boi thuat toan hoc may. Dua trén DL lich sir
hu hong, lich su stra chita, cac yéu tb moi truong va
s6 liéu hiéu suat dugc thu thap trong thoi gian thyc,
bd ndo tim kiém cac mau co thé bao hiéu sy ¢b sép
X4y ra.

Hinh 1.1. M6 hinh BTDD duya trén hoc may

Néu duoc trang bi nhimng hiéu biét ¢6 gia tri nay,
nhom BT c6 thé tham gia thyuc hién cac cong viéc sua
chira can thiét va ngan chin su ¢d sip xay ra dbi véi
tat ca cac loai may moc duoc giam sat. Pay chinh 1a
noi bit ngudn tiém ning tiét kiém chi phi cia viéc
BTDD bing may hoc.

2. Noi dung nghién ciru
2.1. Mjt s6 truwong hop si dung BTDD Al
2.1.1. Trong san xudt ché tao

Trong san xuét theo quy trinh va riéng biét, BTDD
bang Al t6 ra vo gia ddi voi nhidu loai thiét bi. Viéc
trang bi cho cdc may ndy cam bién rung va phan tich
chi s6 cam bién dua trén DL 13i lich st ¢6 thé gitip
phat hién do Iéch va dau hiéu mon trong truc chinh
ctia méay. Theo ddi nhiét d, c6 thé nhén thay cac dau
hiéu qua nhiét bao hiéu ring c6 thé dang xay ra su
¢d, va c6 thé thuc hién duge nhiéu van dé hon nira.

Vori may ép thuy luc c6 thé dugc theo ddi dé phat
hién tic nghén va ro ri dong thuy lyc, cam bién s&
gui tin hidu vé sy ¢b cho chung ta biét. Ngoai ra,
thong qua viéc giam sat nhiét do lién tuc, cac giai
phap BTDD c6 thé phat hién cac d4u hiéu qua nhiét,
bao dong do cho cac van dé sap xay ra trong hé théng
thuy luc.

Pbi v6i hé thong bang tai, phan mém BTDD co
thé do do cing cua dai dé ngin ngira mai mon som.
Bing cach giam sat tai dong co, nd c6 thé dam bao
hiéu qua va phat hién bat ky dau hiéu ric rdi nao c6
thé gy ra thoi gian ngimg hoat dong khong mong
mudn.

V6i nén ting BTDD dua trén Al duoc ap dung,
cac doanh nghi€p da co6 dugc kha nang gidm sat
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nhiéu day chuyén san xuét va nhan duoc cic béo cao
riéng 1¢ cho ting loai may trong mot nén tang duy
nhat Diéu nay cho phép ho theo ddi va so sanh hi¢u
suét, dong thoi cung cap thong tin chi tiét ban dau
cho nhom BT vé cac su ¢b va 16i ¢6 thé xay ra.

2.1.2. Trong cong nghiép ¢ t6. Nganh Cong nghiép
6 t0 phu thudc rat nhidu vao hoat dong BTDD dua
trén may hoc dé nang cao d tin ciy va giam chi phi
bao hanh. Bang cach giam sat DL cam bién tir cac
phuong tién tai hién truong, cac nha san xuét 6 to co
thé phat hién cac van dé tiém an trude khi chung trg
thanh 18i. Mot s cong ty 6 to da chuyén sang BTDD
dé doan trudc cac co hoi BT, khuyén khich nguoi
dung tim kiém dich vu BT tir mang ludi chinh thirc
ctia nha san xudt 6 to.

2.1.3. Trong linh vwc dau khi: Nganh dau khi ndi
tiéng voi cac thiét bi phirc tap va dat tién, duogc
hudng loi rat nhiéu tir hoat dong BTDD dua trén may
hoc. Thong qua viéc giam st lién tuc cac thong sd
nhu ap suit, nhiét do va téc do dong chay, cac thuat
toan BTDP ¢6 thé phat hién nhimg diém bat thuong
va dy doan (DD) cac 16i sép xay ra. Bang cach ap
dung céch tiép can chu dong, cac cong ty co thé tranh
dugc viéc ngung hoat dong ngoai ké hoach, t6i wu
héa hiéu suat thiét bi.

2.2. Xay dung gidi phap BTDD: Viéc lwa chon phu
thudc vao mot sé tiéu chi:

- Ngdn sdch hién c6: Phin mém c6 sin thuong co
chi phi tra truéc thap, trong khi viéc xay dung mot
giai phap tuy chinh c6 thé doi hoi muc du tu ban
dau cao hon. Céc cong ty c6 ngan sach han ché co
thé thiy phan mém co san hap din hon, chi phi it hon
trong khi nhitng cong ty c6 nguon lyc dang ké co thé
nghiéng vé cac giai phap tiy chinh cho chirc ning
phu hop véi hoat dong cua nha may.

- Thoi gian trién khai: Phan mém c6 sin c6 thé
duoc trién khai nhanh chong vi né duoc xdy dung
va thir nghiém trude. Nguoc lai, vige phat trién mot
giai phap tiy chinh c6 thé mét nhiéu thoi gian hon,
tuy thudc vao mirc do phirc tap va pham vi cta du an.

- Yéu cdu danh riéng cho tirng nganh: Céc nganh
khac nhau thuong c6 nhu cau va quy trinh lam viéc
riéng doi hoi cac giai phap BTDD ¢6 cdc tinh nang
cu thé. Phan mem c6 san khong hoan toan phu hop
v6i cac yéu cu nay va can dugc tiy chinh. Vi véy,
nhitng doanh nghiép c6 nhu cdu chuyén mén cao
hodc nhitng doanh nghiép dang tim kiém loi thé canh
tranh thong qua cac giai phap dugc thiét ké riéng c6
thé di theo con dudng tity chinh.

- Co's6 ha tang va tich hop hién cé: Cac giai phap
san c¢6 co thé mang lai kha ning twong thich tét hon
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v&i mot sd luong han ché céc thiét bj hodc cong nghé
phd bién, trong khi cac giai phap tiy chinh c6 thé
duogc didu chinh chinh xac dé phu hop vdi co so ha
tang da thiét lap.

- Khd nang mé réng: Phan mém c6 sin co thé
cung cp cac tuy chon co thé mé rong dé thich img
v6i cac yéu cau thay doi. Khi duoc thiét ké phu hop,
cac giai phap tiy chinh ciing ¢6 thé mang lai kha
nang mo rong va tinh linh hoat.

- Ho tro-va cdp nhat: Phan mém c6 sin thuong di
kém v6i su hd tro do nha cung cip cung cap va cip
nhat thuong xuyén, dam bao giai phap luoén duoc cap
nhat. Cac giai phap tiy chinh c¢6 thé yéu cau nd luc
hd tro va BT lién tuc dé dam bao chirc ning cia no.

- Xay dung gidi phap BTDD dua trén Al tir ddu:
Xay dung giai phap BTDD dya trén may hoc tuy
chinh ngay tir dau mang lai sy linh hoat t6i da va cho
phép diéu chinh hé théng mot cach chinh xac theo
nhu cau riéng cta minh.

2.3. Qud trinh xdy dwng phan mém BTDD dwa trén
Al
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Hinh 2.1. Cac buéc xdy dung phan mém BTDP
dua trén Al

Viéc tao ra mot giai phap BTDD vé co ban tap
trung vao viéc dao tao mo hinh phat hién va moé hinh
DD, dong thoi tich hop chung vao mét giai phap
chinh thurc; thuong thyc hién cac budc sau:

Buéce 1: Thu thap DL: Khi tao thuat toan BTDD,
budc dau tién 1a thu thap du DL dé huén luyén cac md
hinh. Cac loai DL can thu thap:

- DL cam bién cho biét tinh trang va hiéu sudt
ctia may moéc theo thoi gian thyc. Bao gdm thong tin
chudi thoi gian duoc thu thap tir tat ca cac loai cam
dugc gin vao may.

- DL 15i gdm thong tin vé cac 18i thiét bi trong qua
khir, ngay, gio va tinh chét ctia 15i.

- Hd so BT, bao céo dich vy, 1énh san xuat va tai
liéu khac lién quan dén lich st BT thiét bi.

- DL van hanh, gém thoi gian bat dau, dimg, toc
d6 san xuét, cong sut va kiéu sir dung.

- DL m6i truong, gém cac yéu t6 nhu nhiét do, do
am va cac diéu kién bén ngoai khac c¢6 thé anh huong
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dén tinh trang cua thiét bi.

- DL lién quan khac co thé cung cp thém thong
tin chi tiét vé cac kiéu hu hong.

Bwac 2: Xw I DL: Xt ly truéc DL 1a mot bude
thiét yéu trong viéc xay dung giai phap BTDD tuy
chinh dua trén AL Mot s ky thuat phd bién duoc st
dung dé xir Iy DL:

- Tong hop: Két hop nhiéu diém DL tho dé tao ra
céc tinh nang tong hop co thé cung cap cai nhin & cap
dd cao hon vé hoat dong cua thiét bi.

- Phan tich dua trén thoi gian thuc: DL chudi
thoi gian thuong chira cac mau thoi gian c6 gia tri.
Viée tao cac dic diém dua trén thoi gian nhu thoi
gian trong ngay, ngay trong tudn hodc cdc mau theo
mua c6 thé gitip mé hinh nim bét dugc cac hanh vi
dinh ky.

- Phan tich tin hiéu: Ap dung cac k¥ thuat xtr 1y tin
hiéu c6 thé giup trich xudt cac thanh phan tan s6 hoic
phat hién cac mau trong DL chudi thoi gian.

- Phan tich twong quan: Banh gia DL nao tac dong
nhiéu nhit dén do chinh x4c ctia DD va loai bo nhiing
diém DL it quan trong hon khi dao tao moé hinh.

- Ky thuat trich xuit tinh nang danh riéng cho
mién: Kién thirc vé mién co thé dan dén chuyén doi
tinh ndng chuyén biét.

Budce 3: Lua chon va dao tao mo6 hinh

- Lua chon moé hinh: Viéc chon thuat toan hoc
may hodc mé hinh DD phu hop 1a didu can thiét cho
truong hop st dung BTDD cuy thé cua doanh nghlep
Céc mo hinh khac nhau ¢6 diém manh va diém  yéu
khac nhau va viéc Iya chon phu thudc vao cac yeu to
nhu ban chat ciia DL, mirc do phurc tap cua van dé va
muc do dién giai mong mubn. Thuong st dung cac
mo hinh gom: Hoi quy loglstlc cay quyét dinh, rimg
ngau nhién, may vecto hd trg, .

- Bao tao mo hinh: Pao tao mo hinh bao gém viée
str dung DL lich sir dé day mé hinh BTDD hoc may
nhiam nhan biét cac md hinh va mdi quan hé giita cac
tinh nang va bién muc tiéu. DL duoc chia thanh hai
phén: tap huan luyén va tap kiém tra. M6 hinh hoc tir
DL huén luyén va c6 kha ning dua ra DD dya trén
cac mau ma né xéac dinh dugc trong khi huén luyén.

Sau khi dugc dao tao, mo hinh s€ dugc dua vao
thir nghiém trén tap DL thir nghiém. Xac thuc mo
hinh dé danh gia mo hinh hoat dong tét nhu thé nao
trén DL khong nhin thay dugc va udc tinh kha ning
DD cua né.

Budc 4: Tich hgp va trzen khai: Tuy thudc vao dac
diém cu thé cua phan mém BTDD hoc may, 6 mot s6
tiy chon trién khai nhu sau:
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- Trién khai trén dam may: Chon trién khai dua
trén dam may néu ching ta dang xur Iy khdi lugng 16n
DL duoc luu trir trén dam mdy. Bing cach chay cac
thuat toan hoc may truc tiép trén ddm may, c6 thé loai
b6 nhu cau truyén DL qua lai giita cac may cuc bd va
dam may dé tién lugng va theo ddi tinh trang ciia may
méc, thiét bi dugc sir dung.

- Trién khai bién: C6 thé chay thudt toan trén cac
thiét bi nhung nim gan thiét bi hon. Cach tiép can nay
cho phép cap nhat va thong bao ngay 1ap tirc vé tinh
trang thiét bi ma khong co bét ky su cham tré nao.

- Trién khai két hop: C6 thé két hop giira ddm may
va bién. Céach nay s€ tdn dung dugc ca hai tuy chon,
hiéu qua lién quan dén viéc trién khai ¢ bién va sirc
manh xt Iy dua trén dam may.

2.4. Nhiing thdch thivc trong qud trinh phdt trién
phin mém BTDD dya trén Al

Trién khai giai phap BTDD bang Al c6 thé gip
phai mét sb thach thirc nhét dinh nhu:

- Thiét bi cii: Vi trudng hop nay c¢6 thé can trang
bi thém cam bién hodc sir dung cong IoT dé thu thap
DL cén thiét.

- Thiét 1ap cac thong s6 chinh xac: Didu nay doi
hoi su hiéu biét siu sic vé may moc va cac dang hu
hong ciia nd dé dam bao DD chinh xac.

- Chét luong va tinh sin c6 ciia DL: DL khong diy
du hodc khong dang tin cdy c6 thé dan dén cac quyét
dinh BT khong chinh xac. Thiét 1ap cac bién phap
quan tri DL va dau tu vao co sé ha tang DL 1a nhiing
budc can thiét dé vuot qua thach thirc nay.

3. Két luin

BTDD dua trén Al mang dén co hoi thay ddi van
ménh cho céc cong ty, doanh nghi¢p hoat dong trong
cac nganh st dung nhiéu thiét bi hodc phu thude nhiéu
vao may moc, thiét bi. Bang cach ap dung phuong
phap BT chii dong, cac to chic co thé giam dang ké
thoi gian ngimg hoat dong, tdi uu hoa chi phi BT va
nang cao hiéu qua hoat dong. Cho du bang céach tuy
chinh phan mém co san hay xay dung giai phap tiy
chinh tir du, viéc BTDD bang may hoc ¢c6 thé glup
cac doanh nghiép phat huy hét tiém ning cua thiét bi.
Tai liéu tham khao
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