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TOM TAT

Ro ri khi hydrocarbon |a nguy co dén dén chay nd nghiém trong
trén tau bién. Cac he thdng giam sét truyén thing dva trén
nguirng cd dinh theang han ché trong du bao sem va dé gay bao
dang gia do tac dang mai truang. Bai bao nghign ciru ing dung
ma hinh mang no-ron nhan tao nham nang cao higu qua nhan dién
va du bao ndng dg khi theo thiri gian thyc. Bang cach huan luyén
viri dit lieu da bign, he thang ca kha nang nhan dién cac xu hirdng
bét thuirng va dua ra canh bao sem trudc khi ndng do dat moc
nguy hiém. K&t qué da chang minh ma hinh dat da chinh xac cao
va thiri gian dap ang nhanh, gap phéan tdi vu haa quén Iy an toan
va gidm thiéu roi ro chay nd cho cac pheong tién thiy ngi dia va
tau vién duong.

Tir khéa: Mang no-ron nhan tao; khi hydrocarbon; an toan tau
bign; dy bao ndng da khi; an toan chay nd.

1.DAT VAN PE

Trong ky nguyén céng nghiép 4.0, ddm bao an toan chay né
trén tau bién |a yéu cau cap thiét va bat budc theo cac quy chudn an
toan hang hai quéc té [1]. Tuy nhién, thuc té van hanh cho thay cac
hé théng giam sat dua trén ngudng c6 dinh thudng boc 16 han ché
trong viéc du bao sém va dé gay ra bao dong gia do tac dong clia
moi trudng va 16i ky thuat tich 1ay [1, 2].

Nhdm chuyén d8i tir mé hinh “phén ting thu déng” sang “canh
bdo chu déng’, nghién clu nay dé xuat ing dung mang no-ron
nhan tao cau trac 3 I16p [1, 3]. Bang cach khai thac dong thai gid tri
ndéng d6 thuc té (X, ) va téc d6 bién thién (x, ) [4], m6 hinh mang
no-ron nhan tao cé kha nang xap xi cac ham phi tuyén phrc tap
[5], tr d6 boc tach nhiéu va du bdo chinh xac xu hudng tich tu khi
ngay tU giai doan khai phat [2, 6]. Viéc iing dung mang na-ron nhan
tao vao hé thong nhan dién va dy bao néng d6 khi hydrocarbon
trén tau bién khéng chi gitp loai bd hién tugng tréi gia tri thong
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ABSTRACT

Hydrocarbon gas leakage poses a severe risk of fire and explosion
on ships. Traditional monitoring systems based on fixed threshaolds
are often limited in providing early predictions and are prone to
triggering false alarms due to environmental factors. This paper
investigates the application of an Artificial Neural Network model
to enhance the effectiveness of real-time gas concentration
identification and prediction. By being trained on multivariate data,
the system is capable of recognizing anomalous trends and issuing
early warnings before the gas concentration reaches hazardous
levels. Experimental results demonstrate that the proposed
model achieves high accuracy and rapid response times, thereby
contributing to the optimization of safety management and the
mitigation of fire and explosion risks for both inland waterway
vessels and ocean-going ships.

Keywords: Artificial neural networks; hydrocarbon gas; marine
safety; gas concentration prediction; fire and explosion safety.

sO clla cdm bién nong dd khi hydrocarbon, ma con dat nén tang
quan trong cho viéc phat trién cac thé hé tau bién théng minh trong
tuong lai [7, 8].

2. HE THONG NHAN DIEN VA DU BAO NONG DO KHi

HYDROCARBON
2.1. C4u truc hé théng dé xuat
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Hinh 1. Cau tric hé théng gidm sat khi hydrocarbon
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Cau trac hé thong giam sat khi hydrocarbon dua trén su
két hgp gilta bo diéu khién kha trinh va mang nc-ron nhan tao
dugc trinh bay nhu Hinh 1. D liéu tu bd diéu khién kha trinh S7-
200 dugc truyén qua chudn RS485, sau d6 déng bd héa vao SQL
Database thong qua KepwareEX [9]. Toan b dit liéu dugc cau tric
héa va luu tri tai SQL Database nham phuc vu gidm sat thoi gian
thuc va huan luyén mang ng-ron. Tai tang x{ ly, thuat toan mang
ng-ron nhan tao trong MATLAB phan tich di liéu dé phan loai
trang thai an toan hodc nguy hiém, tit d6 phan héi tin hiéu vé bo
diéu khién kha trinh dé diéu khién coi, dén canh bao va hién thi
truc quan trén giao dién HMI.

2.2. Xay dung thuat toan xu ly dir liéu

Quy trinh van hanh cla thuat todn mang no-ron nhan tao
dugc mo ta tai Hinh 2, thiét lap mot vong lap kin. DT liéu thai gian
thuc sau khi dugc thu thap sé truyén qua KepwareEX dé luu trit vao
SQL Database dudi dang chubi thai gian. Tiép theo, MATLAB thuc
hién tién x( Iy va s dung mé hinh mang no-ron nhan tao dé du bao
nong do khi dya trén cac dac trung phi tuyén. Cudi cling, gia tri dy
bédo dugc so sanh vai nguéng 5% LEL va 10% LEL dé kich hoat béao
dong, trang thai nay dugc duy tri cho dén khi nguai van hanh thiét
lap lai nham dam béo an toan hang hai.

Thu thap dir li¢u thoi gian
thyc tir cam bién qua PLC
$7-200

Truyén dit ligu qua
KEPServerEX (Giao thirc
MODBUS RTU qua RS485)

Luu trir dit ligu chudi thoi
gian vao co s dir ligu SQL
Lam sach dir liéu, loc nhiéu

va chuan hoa [0, 1] trong
MATLAB

i

M0 hinh dy bao dya trén
mang no-ron nhan tao (ANN)

l

Hinh 2. Thudt todn mang no-ron nhan tao dy bao ndng do khi hydrocarbon thai gian thuc

2.3. Xay dung mé hinh mang no-ron nhan tao du bdo néng
do6 khi hydrocarbon

2.3.1.50 d6 lubng tin hiéu

Mang no-ron thiét ké trong Hinh 3 vdi ciu tric 3 16p goém Iép
déau vao nhén 2 tin hiéu la gid tri cdm bién (x,) va t6c do thay ddi (x,),
IGp &n vai 10 no-ron thuc hién xt ly tinh toan chinh va 16p dau ra si
dung mét na-ron dé dua ra két qua du bao dudi dang xac suat trong

khoang (0, 1).
f = Sigmoid Lk

Hinh 3. S¢ d6 cau tric mang ng-ron nhan tao du bdo
Qua trinh x{ ly tai mbi no-ron don 1é thong qua viéc nhan di
liéu dau vao véi trong s6 (¥, ), cdng do léch (p) tai khéi téng va

Kich hoat bao
dong chinh (HMI,
Coi, PBen bao do)

N{‘mg do dy
béo 16n hon
10% LEL?.

Kich hoat canh
bao sém (HMI,
Hén bao vang)

Nong do dw
bao I6n hon
5% LEL2

Lép diu vao

x, : Gid tri cam bién

X, Gia tri Delta
(P bién thién)

dua qua ham kich hoat dé tao dau ra phi tuyén trinh bay trong Hinh 4.

Oa =

Hinh 4. S d6 lu6ng di cda dif liéu hé théng

2.3.2. Co's@ todn hoc cho mé hinh mang no-ron nhan tao
*Budc 1: Tinh téng trong s6:

Day la giai doan téng hgp dit liéu tai no-ron theo céng thic:

Z:Z(Wl.-xl.)+b (1)
i=1

Trong dé:

Z : Gia tri téng hgp trudc khi di qua ham kich hoat;

X, : Cac gid tri dau vao tif cdm bién;

W, :Trong s6 thé hién d6 quan trong ctia dau vao, dugc mang
no-ron nhan tao tu hoc;

b :Ngudng diéu chinh dé nhay ctia mé hinh, dugc mang no-
ron nhan tao t6i uu héa ty déng.

* Budc 2: Ham kich hoat:

Ham kich hoat nén gia tri z dé quyét dinh cudng do tin hiéu
dau ra. Ta ¢6 céng thic:

Output = f(z) =

Téng tich liiy: Nhén trong
s va Cong dd chéch
Long do che >

Zw,.x,.+b /()

1 )]
l+e~

Trong dé:

€:S6 Euler (xap xi 2.718)

Néu zratIén (duong) => Output tiém can 1, néu Zrat nhoé (am)
=> Output tiém can 0.

3.THU'C NGHIEM VA DANH GIA KET QUA

3.1. Ung dung thuc tién va kiém chiting béang sé liéu

Dé dam bao do tin cay cla hé théng, mé hinh mang ng-ron
nhan tao dugc danh gia thong qua chi sé sai sé binh phuong trung
binh (MSE). D6i véi tap di liéu gobm N = 2.675 mau, muc tiéu huan
luyén tap trung vao viéc téi thiéu hda ham hiéu suat dugc dinh
nghia trong céng thuc (3).

1 N
MSE:NZ(Q_)’,‘)Z (3)

Trong dé: {; dai dién cho cac giad trimuctiéuva y, biéu thi cac
két qua du bdo. Tap dit liéu ducc phan chia ngau nhién véi ty 1& 80%
danh cho hudn luyén va 20% danh cho kiém tra. K&t qua phan tich
héi quy trong Hinh 5 cho thdy dé chinh xac vugt trdi véi hé sé tuong
quan dat R=0,99363.

Test: R=0.99363

1 O Daa

Fit

Y=T

Output ~= 0.99*Target + -0.00037

Target

Hinh 5. Két qué phan tich héi quy mang no-ron nhan tao
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DPudng tuyén tinh xac nhan do chinh xac ctia mé hinh khi, dam
bao hiéu suat 8n dinh qua hai kich ban thuc té sau:

-Trudng hgp 1 (trang théi an toan): Dudi diéu kién néng do én
dinh (x,=4.000) va xung lugng bang khong (Ac = 0), hé théng chora
kétqua z =-10 va p ~ 0, xac nhan bau khong khi 6n dinh.

- Trudng hgp 2 (trang thai nguy hiém): Gia tdng néng dé nhe
(x,=4.050) cuing v&i véan téc tich liy cao (x, = 20) dan dén két qua
z=8va Jy =1, kich hoat bdo ddng cht ddng ngay lap tuc.

Nhing két qua nay xac nhan rang, hé théng tich hgp mang
na-ron nhan tao cung cap kha nang phat hién nguy hiém nhay bén
va tin cdy hon so véi cac cdm bién nguéng cé dinh théng thuong.

3.2. Két qua va thao luan

Hiéu qua mé hinh dugc phan tich chi tiét qua 4 kich ban th
nghiém tai Bang 1.

Bang 1. Danh muc céc kich ban thuc nghiém kiém ching hé théng

Tén trudng hop thu

nghiém Ghi chi néi dung thit nghiém

Hang muc

Kiém tra d6 6n dinh clia hé théng trong

Kichban 1 | Thirnghiém 6n dinh tinh diéu kién méi trudng binh thudng

Kiém tra kha ning phan héi va kich hoat

Kichban2 | Thtnghiém phathiénkhi'| . e khi hé théng phat hién c6 khi

Kich ban 3 Thi nghiém troi diém dat | Kiém tra kha nang chdng bao déng gia khi
’ cam bién tin hiéu cdm bién bi tréi do 16i ky thuat

Kich bn 4 Thirnghiém tong hop troi | Kiém tra kha ndng phan biét gitta hién tugng

cam bién va phat hién khi | tr6i cdm bién va nguy ca c6 khi thuc té

3.2.1. Phdn tich két qua thuc nghiém Kich ban 1: Thir nghiém 6n
dinh tinh

Tai Kich ban 1 thé hién & Hinh 6, tin hiéu duy tri trang thai xac
1ap 6n dinh vai nhiéu nén khong dang ké. Két qua nay minh ching
cho kha nang khang nhiéu ctia phan ciing va hiéu qua tién xt ly dir
liéu. Viéc xac lap chinh xac trang thai “binh thuong” gitp moé hinh
mang no-ron nhan tao dat do nhay t6i uu, nhan dién sém cac bat
thudng ma phuong phap ngudng truyén théng thudng bé qua.

b i v G

L ke iy
P

2 5 i mean

Hinh 6. Két qué thir nghiém hé thong trong Kich bén 1

3.2.3. Phan tich két qua thuc nghiém Kich ban 2: Thirnghiém phdt
hién khi

Tai Kich ban 2, hé thong phat hién khi ré rét tai r =13s. Khac
vGi bo diéu khién kha trinh bi tré do ngudng ¢ dinh, mé hinh mang
na-ron nhan tao nhan dién sy ¢ ngay khi sai léch tang manh. Nhg
phan tich dac trung phi tuyén va dao ham, hé thong bat dugc van
téc tdng trudng cuc dai tur giai doan khéi phat, gitp canh bao sém
va tao "thdi gian vang" iing pho.
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Hinh 7. Két qué thi nghiém hé thdng trong Kich ban 2

3.2.3. Phan tich két qua thuc nghiém Kich ban 3: Tha nghiém tréi
diém dcit cam bién

Tai Kich ban 3, tin hiéu tang dan do hién tugng tréi gia tri
thong s6 clia cdm bién. Trong hé théng truyén théng, gia tri cham
ngudng sé gay bao dong gia. Ngugc lai, mé hinh mang ng-ron nhan
tao phén tich dong thai X, va x,. Do van téc tang trudng thap, mang
ng-ron nhan tao nhan dién day la sai s6 ky thuat tich Iy, thay vi ro ri
thuc té. Kha ndng phan biét nay gitp loai bé bao déng gia, dam bao
tinh van hanh lién tuc cho hé thong.
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Hinh 8. Két qué thit nghiém hé thdng trong Kich ban 3

3.2.4. Phan tich két qua thuc nghiém Kich ban 4: Thirnghiém téng
haop tréi cam bién va phat hién khi

Tai Kich ban 4, mé hinh mang no-ron nhan tao giai quyét triét
dé€ bai toan ro ri khi trén nén tin hiéu dich chuyén. Trong khi phuong
phap nguéng c6 dinh dé bao dong gid hodac tré su ¢é, thuat toan
mang no-ron nhan tao tu thich Ung véi dudng nén bién thién va
béc tach chinh xac tin hiéu thuc thong qua bién sai léch (x,). Két
qua nay khdng dinh tinh bén viing tuyét déi cia mang ng-ron nhan
tao trudc su gia hoa cam bién va moi trudng van hanh khac nghiét.
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Hinh 9. Két qué thir nghiém hé thdng trong Kich ban 4
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3.2.5.Bdnh gid su tuong quan gitta mé phong va thuc té

Mo hinh thuc nghiém hé théng gidm sat khi hydrocarbon dugc
trinh bay nhu Hinh 10, dé kiém ching két qua gitta mé phéng va
thuc té tai 4 kich ban. Khi ndbng d6 khi hydrocarbon bién dong hoac
xay ra hién tugng tréi, hé théng dén béo va HMI hién thi chinh xac
trang thai theo du bao tir mang no-ron nhan tao. Diéu nay khéng
dinh thuat toan c6 dé tin cdy cao, hoan toan kha thi khi trién khai
thuc té trén tau bién.

Hinh 10. M hinh thyc nghiém hé thdng gidm st khi hydrocarbon thuc té

4, KET LUAN

Nghién ctu da trién khai thanh céong hé théng giam sat khi
hydrocarbon (ing dung mang no-ron nhan tao. Hé théng thu thap
dir liéu thdi gian thuc qua bd diéu khién kha trinh va truyén théng
én dinh v&i giao thic OPC. Thuat todn mang no-ron nhan tao du
béao chinh xac néng d6 khi hydrocarbon, kip thai canh bao sém tai
ngudng 5% LEL va 10% LEL. K&t qua khang dinh, hé théng hoat
déng tin cay, chinh xac, chi phi thap, kha thi d& nhan rong cho doi
tau bién. Huéng phat trién tiép theo sé t6i uu héa mang na-ron hoc
sau va tich hgp Internet van vat dé giam sat tu xa.

L&i cdm on: Nghién cliu nay dugc tai trg béi Truong Dai hoc
Hang hai Viét Nam trong Dé tai ma s6 DT25-26.72.
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