KHOA HOC CONG NGHE :=%...0..

R IR S il R i

Ap dung YOLOVS8 dé nang cao dd chinh xac
trong viéc chan doan su c6 cla dong co diesel
trén tau bién

B PGS.TS.TRAN HONG HA%; ThS. BUI QUOC TU; ThS. NGUYEN KIM ANH
Truong Pai hoc Hang hai Viéet Nam
Email: “tranhongha@vimaru.edu.vn

TOM TAT: Poéng co diesel st dung frén tau bién
khi hoat déng phu thudc vao nhiéu théng sé dau
vao nhu luong khi nap, thoi gian phun nhién liéu,
nhiét @6 lam mat xi-lanh, t6c d6 cla déng co hodc
lugng nhién liéu cung cdp & cac ché dé tai. Khi
cac théng s6 dau vao khéng dadp Ung duoc véi yéu
ciu cla dong co & cac ché dé lam viéc sé lam cho
hiéu suat clia déng co bj suy gidm hodc cac théng
s& dau ra nhu khi thai khéng dap Ung duoc theo
fieu chudn cla Té chuc Hang hai Quéc t& (IMO).
Bai bao nghién clu xay dung phan mém si dung
YOLOV8 dé chan doan chinh xac su cé cda doéng
co diesel khi cac théng sé dau vao cla déng co
khéng ddp Ung duoc yéu ciu. DI liéu hudn luyén
duoc thu thap tU két qud du bao cla phdn mém
moé phdng trang thai lam viéc cla déng co diesel
COMLEX. Két qua du bao cho thay dé chinh xac
dat duoc 70% cao hon so véi két qud huan luyén su
dung hoc may la 63% va cé thé chan doan chinh
xac dugc ting truong hop su cd cu thé khi thay déi
cac théng sé dau vao clia ddng co giup cho ngudi
khai thdc déng co phat hién sém duoc cac su cd
dé cé bién phap diéu chinh va khic phuc kip thoi.

TU KHOA: Dong co diesel, hoc may, su cé dong co.

ABSTRACT: Operation of Diesel engine on board
ship depending on many input parameters such as
intake air volume, fuel injection time, cylinder cooling
temperature, engine speed or fuel supply in different
load regime. When the input parameters do not
meet the requirements of the engine in operating
modes that cause the engine's performance to
be reduced or the output parameters such as
emissions does not meet the standards of the
international maritime organization IMO. This article
researched software using YOLOvV8 that is trained to
accurately diagnose diesel engine problems when
the engine's input parameters does not meet the
requirements. Training data is collected from the
prediction results of the software that simulates the
working modes of diesel engine named COMPLEX.
The results show that the prediction accuracy
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is 70%, which is more accurate than the training
results using machine learning which is 63% and
can accurately diagnose each specific incident
case when changing the input parameters of the
machine that helps engine operators detecting
problems early to have corrective and preventive
measures
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troubles.

engine, machine learning,

1.DAT VAN BE

Trong két qua nghién ctiu & bai bao trudc clia nhom tac
gia [1] c6 79 d( liéu anh dugc dua vao hoc may trén ngon
ng(r [ap trinh Python. Két qua cho thay phan mém du béo
dugc véi d6 chinh xac 13 63% va chi chdn doan dugc hai
truding hop lam viéc binh thudng va su ¢é, con déi véi tiing
su ¢8 cu thé thi phan mém chua chan doéan duoc chinh xac
duoc loai su ¢ do nguyén nhan gi. D€ nang cao dé chinh
xac clia phan mém chian doan cé thé chan doan dugc chinh
xac dugc su ¢ va nguyén nhan ctia sy c6, nhém nghién ctu
da thuthap thém dirliéu vé cac su c6 clia dong ca diesel trén
phan mém COMLEX va stir dung YOLOVS8 dé huan luyén. Vi
thuat toan cia YOLOVS c6 thé nhan dién dugc rd va chinh
xac dugc cac déi tugng trong anh. Mét s6 nghién ctu trong
nganh Hang hai da sit dung YOLOV8 dé huan luyén va xay
dung mé hinh phat hién dugc chinh xac cac déi tugng trong
anh. Trong nghién ctu cla Song dung YOLOvV8 dé huan
luyén mé hinh giam sat tau thuyén qua lai trong cang [2]
m& hinh da cai thién dugc kha nang nhan dién chinh xac cac
dé6i tugng nho hon la cac tau thuyén & khoang cach xa véi
d0 chinh xac trung binh (mean average precision-mAP) téi
95%. Trong nghién ctiu ctia Zhao [3] da cai tién thuat todn
clia YOLOS8 dé€ phét hién dugc chinh xac cac vu chay trén
tau bién. Hiéu qua chan doan vugt qua 0,93, ca vé dé chinh
xac va kha nang thu héi dé phat hién chay va khoi trén tau.
Ngoaira, mMAP@0,5 dat khoang 0,9. Mdc dui ¢6 su cai thién vé
d6 chinh xac, Ship-Fire Net cling c6 it tham s6 hon va FLOP
thap hon so véi ban goc lam tang t6c d6 phat hién ctia no.

Mac du da c6 nhimg nghién ctru 4p dung YOLOVS dé thuc
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hién viéc du bao va chan doéan trong nganh Hang hai nhung
van chua cé nghién ctiu nao chan doén su ¢6 dong ca strdung
do thi trién khai clia ap sudt theo goc quay truc khuyu ng
dung cong nghé Al. Hién nay da c6 nhiéu tau da lap hé thong
giam sat dong co thong qua viéc do ap sudt chdy trong tiing
xi-lanh va xuat ra két qua la cac do thi chay trién khai nhu hé
théng trén tau Mitsui clia cong ty tau bién Nhat Ban NSS [4].
Viéc du bao chinh xac su ¢ bat thudng clia dong co diesel
théng qua do thi trén sé gitp cho ngudi khai thac kip thai phat
hién dugc nhiing bat thudng va c6 nhiing bién phap dé phong
tranh kip thai, ngan nglfa dugc nhimg héng hdc 16n ¢é thé xdy
ra déi véi dong ca diesel trong qua trinh khai thac.

2.THU THAP VA TIEN XU LY DU LIEU

The diesel engine combustion simulator

COMLEX ,

Hinh 2.1: Giao dién phdn mém COMLEX [5]
Bang 2.1. Cc théng sé cda déng co diesel

Tham sb Gid tri Don vi
Loai dong co I84TF
S ky 2
Céng suat déng co 2861 kW
Vong quay dong co 64,6 Vong/phut
Puong kinh xi lanh 0,84 m

S6 liéu dugc thu thap tir phan mém COMLEX nhu trong
Hinh 2.2. DG liéu dugc luu dudi dang anh dudi jpg dugc
chup tir man hinh ctla may tinh khi chay phan mém. Cac
théng sé dau vao cta dong co diesel trong Bdng 2.1 dugc
thay ddi dé€ tao ra cac tinh huéng su c6 cho dong cd nhu:
Ap suat khi tang ap, thoi diém phun nhién liéu, lugng nhién
liéu phun, nhiét d6 nudc lam mat so-mi xy-lanh va t6c do
cla dong co. Khi thay d6i cac théng s6 dau vao, két qua dau
ra dugc xuat dudi dang hinh anh d6 thi trién khai ap suat
qua trinh chdy trong xy-lanh theo géc quay cda truc khuyu.
S8 trudng hgp thay déi la 8 trudng hgp véi ché dé tai cta
doéng co & 50% va 75% tai, di liéu anh xudat ra la 223 anh.

Tap di liéu anh dugc dua vao phan mém Pycharm nhu
trong Hinh 2.2, nhém nghién ctru xay dung thuat toan bang
ngén ngl Python dé dinh dang lai kich thudc 223 anh tu
déng theo chuan xu ly anh cGia YOLOV6 véi chiéu réng anh
la 640 mm, con chiéu cao dugc stia tu déng dam bao dugc
dé nét clia anh khi dua vao huan luyén.

Hinh 2.2: Hinh duoc gan nhén tuong Ung va déi sang dudi .txt
Tap di liéu sau d6 dugc dua vao phan mém makesense.

Al trén website d€ gan nhan tucng ting vdi tiing trudng hop
thay déi cac thong s6 clia dong co diesel va hinh anh dugc
tu déng chuyén file tir jpg sang dudi txt. Sau d6, cac tap di
liéu dugc dua vao colab clia google dé huan luyén mé hinh.

3.PHUONG PHAP PUQC SU DUNG DE HUAN LUYEN
DU LIEU

3.1. Phuong phap mé ta dac trung

Trong mé hinh clia YOLOV8 ¢6 st dung phuong phap
mé ta dac trung dua vao cach chia hinh anh thanh cac anh
nhé han, sau d6 tinh toan cac biéu do6 clia anh dé téng hap
va dua ra cac vector dac trung tuong Uing véi tling d6i tugng
nhu trong Hinh 3.1. Phuong phap mé ta dac trung si dung
cacthong tin vé dé phan bé ctia cudng doé trudng cac vector
hoac cac hudng ctia mép bién mé ta cac doi tugng trong
cac anh. Thuat toén trong phuong phap nay chia buic anh
thanh cac viing nho hon, cac vung nay dugc goi la té bao
(cell). Trong méi té bao dugc tinh toan mot biéu dé cot theo
trudng vector ddi vai cac diém trong cac té bao. Ghép cac
bi€u d6 cot nay lai sé thanh bic dnh ban dau. P& nang cao
hiéu qua khi nhan dang, cac biéu d6 hinh c6t dugc chuédn
héa vé dé tuang phan bang cach tinh mot nguéng cudng
dé & moét trudng 16n hon céac té bao do la mét khéi (block).
Ngudng nay dugc st dung dé chuan hoa cho tat ca cac té
bao cla anh. Sau khi chuin hoéa sé dugc mot vector dic
trung co tinh bat bién khi cac diéu kién vé anh sang thay déi.

Input image Finding i idil I
peeEny Gradient: !
(128x64) to 8x8 cel

Feature Forming Grouping 2x2 Cells
Vector Feature Vector to form Overlapping
Normalization of each block Blocks

Collecting all
Feature Vectors to
get HOG Feature

HOG Feature Vector

Hinh 3.1: Kién tric hé théng mé t3 dic trung [6]

Class Bounding box
prediction prediction

Binary class
prediction

'
'
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Bounding box q—‘ !

NMS prediction Anchor box :
'

'

'

|

Region proposal network

Hinh 3.2: M6 hinh mang no-ron tich chdp nhanh [6]

3.2. Mang no-ron tich chap theo vuing

Mé hinh clia clia YOLOvV8 stif dung mang na-ron tich
chap theo vuing Faster R-CNN, day la mé hinh phéat hién doi
tugng cai tién trén Fast R-CNN bang cach s&r dung mang dé
xuat khu vuc (RPN) véi mé hinh CNN. RPN chia sé cac tinh
nang tich chap hinh anh day du véi mang phat hién, cho
phép dé xuat vung gan nhu mién phi. D6 la mét mang tich
chap hoan toan c6 kha nang du doan dong thai cac gidi
han déi tugng va diém s6 déi tugng & mai vi tri. RPN duoc
dao tao tur dau dén cudi dé tao ra cac dé xuat khu vuc chat
lugng cao, dugc Fast R-CNN st dung dé phat hién. RPN va
Fast R-CNN dugc hgp nhat thanh mét mang duy nhat bang
céch chia sé cac tinh nang tich chap ctia ching: Thanh phan
RPN cho mang théng nhat biét noi can tim.
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M6 hinh Faster-RCNN nhu trong Hinh 3.2 ¢6 thém moét
mang con la mang dé xuat cac viung dac trung (Region
Proposal Network - RPN), mang nay dung dé 1dy ra cac viing
¢6 kha nang chua cac doi tugng & trong anh nhu trong Hinh
4.3.Thai gian tinh toan clia mang RPN gidm d6i véi méi anh la
10 ms. Mang RPN gidm thai gian tinh toan dé trich chon viing
dac trung, thudng la 10 ms cho méi hinh anh. Mang nay bao
g6bm cac I3p tich hop ma tir do c6 thé thu dugc cac dac trung
can thiét thong qua tling I6p tich chap lién tiép nhau. D€ dua
ra cac vung dac trung, cac hop neo co cac ti I§, kich thudc
va dé 16n khac nhau dugc st dung. Trong cac hop neo, viéc
phan 16p nhi phan dugc st dung dé phan loai ra cac ving
dudgc trich ra, cac viing d6 c6 kha nang chia déi tugng nhan
dang va qua cac hop khung gidi han tuong tng. Sau do, cac
vung trich chon sé dugc dua qua 1 bd loc (Non maximum
suppression - NMS) dugc st dung dé loai bd cac hép gii
han du thita hodc khong chinh xac sau khi cdc du doan da
dugc thuc hién. Bau ra ctia bd loc dugc cho qua 1 16p goi la
vling dugc quan tdm (Region of Interest - ROI) dé c6 dinh kich
thuéc dau ra clia cac viing dac trung da trich chon dugc. Sau
d6 dugc dy dodn theo I6p (class prediction) va dugc du dodn
theo hép dudng bién (bounding box prediction).

4. XAY DUNG MO HINH CHANPOAN VATHUCNGHIEM

4.1. Xay dung mé hinh chan doan

M6 hinh s& dung md hinh toan coco128.yml cla
YOLOV8N ¢6 cdu trac nhu Hinh 4.4 d€ huan luyén cac di
liéu 1a cac anh d6 thi ap suat qua trinh chdy cta dong co
diesel dugc gan nhan. B6 dit liéu bao gom 22 danh muc d6i
tugng, bao gém cac déi tugng nhu: Boost-50N, Boost-50S,
Boost-70N, Boost-70S, EFL timing-50N, EFL timing-50S, EFL
volume-50N, EFL volume-50S, Jacket coolant-50N, Jacket
coolant-50S, Jacket coolant-75N, Jacket coolant-75S, Piston
coolant-50N, Piston coolant -75N, Fuel-50N, Fuel- 508, Fuel-
75N, Fuel-75S, Speed-50N, Speed-50S, Speed-75N, Speed-
75S. COCO cung cap cac s6 liéu danh gia dugc tiéu chuén
hoéa nhu dé chinh xac trung binh (mAP) dé phat hién déi
tugng va gia tri thu héi trung binh (mAR) dé phan doan déi
tugng va lam cho né phu hgp dé so sanh hiéu sudt mé hinh.
Tap d{ liéu COCO dugc chia thanh ba tap hgp con:

Train2017: Tap hgp con nay chda 223 hinh anh dé dao
tao cac mé hinh phat hién, phan doan va tao phu dé.

Val2017:Tap hgp con nay cé hinh anh 50 dugc st dung
cho muc dich xac thuc trong qua trinh dao tao mo hinh.

Test2017: Tap hop con nay bao gém 20 hinh anh dugc
st dung dé kiém tra va do diém chudn cho cac mé hinh
dugc dao tao.

Trong thai gian huan luyén mé hinh qua moi vong lap
sé xuat hién cac 16i gém co hai 16i chinh la phat hién doi
tugng trong khung gidi han d6i tugng trong anh va 16i khi
phan 1&p dgi tuong clc_loss.

Danh gia hiéu qua mé hinh thudng lién quan dén hai
tiéu chudn dé danh gia mé hinh la cac diém manh va gidi
han clia mé hinh. D6 nhay, dé chinh xac va dé chinh xac
trung binh (MAP) dugc st dung nhu la thudc do dé danh
gia kha nang phat hién ctia mé hinh. Cac thudc do dung dé
danh gia t6c d6 phat hién va do phc tap trong tinh toan
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cia mé hinh bao gém cac tham sé nhu gia tri thudng ducc
st dung dé thé hién dd phuc tap cta thuat toan (Floating
point operation-FLOPS) va s6 lugng khung hinh trén giay
(Frames per second-FPS). Trong mé hinh nay, d6 chinh xac
dugc st dung lam yéu t6 quyét dinh dé danh gia tinh chinh
xac ctia mo hinh, D6 chinh xéc dugc dinh nghia la ty lé s6
truding hop du bao khdp mau duong (positive predictions-
TP) trén téng s6 lugng két qua trudng hap du bao khép mau
ctia mé hinh (TP + FP). M6 hinh bi anh hudng dang ké bai
su hién dién vé mét sé lugng trudng hap du bao khép méau
16i (False positive-FP). Gia tri trong pham vi 0-1 da dugc tinh
toan chinh xac bang cach st dung phuong phap sau [7]:

TP
TP+FP ( 1 )

P(precision) =

Kha ndng ctia mé hinh dé xac dinh tat ca cac trudng
hgp clia cac d6i tugng trong hinh anh (recall-R) la ty lé cac
trudng hop du bao khdp mau duang tinh (True positive) so
VGi téng s6 trudng hop du bao khdp mau. Viéc thu héi cé
thé dugc xac dinh bang cach st dung biéu thiic toan hoc
sau [7]:

TP
(Recall) = e

)

Két qua F1 dugc xac dinh bang dé chinh xéac va kha nang
nhé lai, cung cap danh gia can bang vé hiéu suat ctia mé hinh
trong khi xem xét ca duong tinh gia va am tinh gia [7]:

PXR

F]_:ZXm (3)

Gia tri AP tinh toan dién tich dudi dudng cong thu hoi
chinh xéc, cung cdp moét gia tri duy nhat géi gon d6 chinh
xac va hiéu suat thu héi cia mo hinh [7].

AP = [} P(R)AR (4)

Dé& danh gia do chinh xac ctia mé hinh, mé hinh tinh gia
tri mAP la m& rong khai niém AP bang cach tinh toan cac gia
tri AP trung binh trén nhiéu I6p d6i tugng. Diéu nay rat hiu
ich trong cac tinh hudng phat hién déi tugng nhiéu 16p dé
cung cap danh gia toan dién vé hiéu suat cia mé hinh [7].

mAP =~ Y3 AP, (5)

train/box_loss train/cls_loss train/df_loss

—— results
smooth

0 50 100 0 50 100 0 50 100 0 50 100 0 50 100
metrics/mAP50(B) metrics/mAP50-95(B)

val/box_loss valfcls_loss val/dfl_loss
16

[ 50 100 0 50 100 0 50 100 0 50 100 0 50 100

Hinh 4.1: Két qud sau khi hudn luyén mé hinh YOLOv8

M6 hinh dugc hudn luyén qua 100 vong ldp nhu trén
Hinh 4.1 cho thdy cac d6 thi ki€ém tra 16i huan luyén nhu box_
loss, cls_ loss va cdl_loss trong qua trinh huan luyén giam 16i
xuéng thap, xu hudng cac d6 thi cé xu hudng di xudng téi
gia tri thap box_loss gidm tir0,219 dén 0,1446, cls_loss giam
tur 1,901 dén 1,032, cdl_loss giam tur 0,8836 dén 0,8248.
Trong qua trinh dao tao, md hinh sau khi dugc hoc sé du
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bédo dua trén dir liéu thuc té co ban dugc gan nhan.

Trong giai doan xac thuc lai d6 chinh xac ctia mo hinh,
né tinh todn chat lugng ctia mé hinh sau khi dao tao bang
cach st dung cac hinh anh tu tap di liéu xac thuc. Chi s6
chat lugng co gia tri nhat la mAP50-95, day la d6 chinh xac
trung binh. M6 hinh hoc héi va cai thién, dé chinh xac tang
dan tur vong lap nay dén vong lap khéac nhu trong Hinh 4.3
6 thé thdy n6 tang dan: tir 0,513 dén 0,697. Sau 100 vong
lap, d6 chinh xac ciia mé hinh véi mAP50-95 bang 0,697
dugc chdp nhan. Ngoai ra, mé hinh c¢é thé diéu chinh cac
thong s6 khac nhu batch, Ir0, Irf hodc thay d6i trinh t6i uu
héa dang sir dung. D6 trung ldp gilia cac déi tugng dugc
mo ta nhu trong Hinh 4.2, cac d6i tuong c6 do trung lap
nhau kha nhé, do vay mé hinh c6 thé phan biét va chan
doan dugc chinh xac cac doi tugng riéng ré.

radien

Hinh 4.3: Két qu3 huan luyén trong YOLOv8

Ngoai cac s6 liéu dugc hién thi trong qua trinh dao tao,
mo hinh con ghi rat nhiéu s6 liéu thong ké vao bé nhdé. Khi
qua trinh dao tao bat dau, né sé tao thu muc con trong thu
muc hién tai va sau moi vong lap, né sé ghi cac tép nhat ky
khac nhau vao dé. M6 hinh dugc dao tao sau méi vong lap
sang tép /runs/Detect/train/weights/last.pt va mo hinh c6
dd chinh xac cao nhat sang tép /runs/Detect/train/weights/
best.pt. Vi vay, sau khi dao tao xong c6 thé |ay tép best.pt dé
st dung trong chén doan.

4.2. Thuc nghiém mo hinh

Sau khi hudn luyén, mé hinh dugc kiém tra lai dé chinh
xac clia mé hinh khi chidn doan cac trudng hop su ¢b cla
doéng co diesel & cac trudng hgp khai thac khac nhau. S6
lugng anh dugc st dung dé danh gia mé hinh 1a 30 anh,
cac anh nay khéng trung véi cac anh dugc dua vao huén
luyén mo hinh.

Testipg X
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Hinh 4.4: K&t qua chan doan ctia mé hinh

K&t qua ki€ém tra cho thdy mé hinh chdn doan dugc
chinh xéc cac trudng hgp su ¢ nhu trong Hinh 4.4. Cac su
¢6 dugc chan doan boost_50S, EFL_timing_75S va fuel_50S
véi d6 0,93, 0,98 va 0,96 tuong Ung. 6 chinh xac cdia mo
hinh dugc huan luyén tuong déi tét.

5.KET LUAN

Mb hinh chan doén su c6 déng ca diesel dua vao dé
thi trién khai ctia 4p suat qua trinh chay theo géc quay truc
khuyu dua vao két qua huan luyén trén phan mém YOLOvS8
cho thay:

Tap hgp di liéu dang anh véi 223 hinh anh & 22 truong
hgp lam viéc khac nhau ctia déng co diesle 2 ky trén phan
mém dao tao vé déng co diesel COMPLEX. Cac anh dugc
dinh dang lai kich thuéc theo kich thudc tiéu chuan cla
YOLOVS va dugc gan nhan trén méi anh theo tiing trudng
hgp lam viéc binh thudng hoac su c6 clia dong ca.

M6 hinh dugc huan luyén c6 giam sat theo mé hinh
toan coco128.yml clia YoLov8 véi 100 vong lap dé dat dugc
d6 chinh xac trung binh mAP gan 69,7% vdi cac 16i trong
khi giGi han déi tugng va I6p déi tuong nho sau khi huan
luyén box_loss: 0,1446, cls_loss: 1,023

Mé hinh sau khi dugc huan luyén da dugc thir lai kha
nang du bao vdi tap hinh anh test cho thdy mé hinh chén
doan chinh xac dugc ting trudng hap su ¢6 cu thé véi do
chinh xac 14 0,99 va mé hinh cé thé giam sat theo thai gian
thuc dé thi trén man hinh dé cdnh bao cho ngudi khai thac
khi co6 bat thudng xay ra déi véi dong ca diesel.

LGi cam on: Nghién ctu nay dugc tai trg bdi Truong
Pai hoc Hang hai Viét Nam, Dé tai ma s6 DT23-24.23.

Tai liéu tham khao

[1]. Tran H6Ng Ha, BUi Quoc Ty, Nguyén Kim Anh (2024),
Ung dung tri tué nhén tao dé chudn dodn su c6 cia déng co
diesel trong qud trinh khai thdc.

[2]. Xuemeng Zhao and Yinglei Song (2023), Improved
Ship Detection with YOLOv8 Enhanced with MobileViT and
GSConv, Electronics.

[3]. Ziyang Zhang, Lingye Tan and Robert Lee Kong
Tiong, Ship-Fire Net (2024), An Improved YOLOv8 Algorithm
for Ship Fire Detection, Sensor.

[4]. Tau Mitsui, Cong ty Nippon Steel Shipping Co.Ltd
(2024), Dir liéu thu thap tur hé théng gidm sdt mdy chinh
cua tau.

[5]. Khoa May tau bién, Phdn mém mé phéng qud trinh
chdy COMLEX, Truong Pai hoc Hang hai Viét Nam.

[6]. Vinbigdata (2022), Gidi thiéu mét s6 thudt todn phdt
hién déi tuong phé bién.

[7]. Jacob Solawetz and Francesco (2023), What is
YOLOvS.

a R
Ngay nhan bai: 23/02/2024
Ngay nhan bai sifa: 08/3/2024
Ngay chap nhan dang: 18/3/2024

& )

123





