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Tém tit

Trong nhitng nghién cuu trudc, tac gia da xay
dung mé hinh va thir nghiém thanh céng trong moi
truong mé phong dudi cdc kich ban diéu kién
ngoai canh phirc tap tac dong toi qua trinh lam
viée tai buong ldi ciia st quan dieu khién tau bién,
ciing nhw d¢ chinh xdc cua cac canh bao ma mé
hinh nghién ciru dwa ra. Nham muc tiéu danh gid
chinh xac d¢ tin cdy cia mé hinh nghién ciu,
trong bai bdo ndy tac gia tiép tuc ldp dat va img
dung mé hinh canh bdo hanh vi nguy hiém cho si
quan diéu khién tau bién trong méi truong thuc
nghiém trén tau hudn luyén VMU Viét-Han trong
thoi gian 6 thang. Pong thoi, theo doi song song
cing véi hé thong canh bdo truc ca buong ldi
BNWAS. Két qua irng dung mé hinh va so sanh véi
két qua hé thong BNWAS thu duwoc sé la thuée do
tin cdy dé danh gia hiéu qua hoat déng ciia mé
hinh nghién cuu.

Tiwr khoa: Nghién ciru thuc nghi,éfn, mo hinh giam
sat, canh bao hanh vi nguy hiém, danh gia do
chinh xac, BNWAS.

Abstract

In previous studies, the author successfully
developed and tested a model in simulated
environment under complex external conditions
affecting the work process in the bridge of ship's
deck officers, as well as the accuracy of
warnings provided by research model. To
accurately assess the reliability of model, this
paper continues to install and apply model for
warning of dangerous behavior to ship control
officers in an experimental environment on the
VMU VIET-HAN training ship for 6 months.
Simultaneously, it was monitored in parallel with
the Bridge Watch Warning System (BNWAS). The
results of applying model and comparing them

with the results obtained from the BNWAS system
will be a reliable measure to evaluate the
effectiveness of research model.

Keywords: Experimental research, monitoring

model, dangerous behaviors warning,
accuracy assessment, BNWAS.

1. Mé dau

Yéu t6 con ngudi duge xac dinh 13 nguyén nhan
chi phdi trong phan 16n céc tai nan hang hai nghiém
trong, dac biét lién quan dén hoat dong tryc ca buéng
lai cua si quan diéu khién tau bién [1], [2]. Céc trang
thai nhu mét moi, budn ngu va mét tap trung kéo dai
lam suy giam dang ké kha nang nhan thtc tinh hudng
va ra quyét dinh, ngay ca khi s quan van hién dién tai
budng 14i [3].

Nhim giam thiéu rai ro do mat canh giac trong qua
trinh truc ca, T6 chirc Hang hai quéc té (IMO) da yéu
cau trang bi hé thong canh bao tryc ca budng lai
BNWAS theo Cong udc SOLAS [4]. Tuy nhién,
BNWAS chu yéu giam sat sy hién dién va thao tac xac
nhén cua si quan tryc ca, chua phan anh dugc chét
luong hanh vi hay trang thai nhan thirc thuc su trong
qué trinh diéu khién tau [5].

Trong cac nghién ctru trude, tac gia da xay dung
va kiém chimg mo6t mé hinh canh bao hanh vi nguy
hiém cua si quan diéu khién tau bién trong méi trudng
mo phong, cho thay kha ning phat hién sém cac hanh
vi tiém 4n nguy co mat an toan [6], [7]. Tuy nhién, dé
danh gia mot cach khach quan do tin cdy va kha nang
g dung trong thyc tién, viéc kiém ching mé hinh
trong diéu kién khai thac tau thuc té 1a can thiét.

Do d6, nghién ctru nay tap trung trién khai mé hinh
canh bao hanh vi nguy hiém trén tau huén luyén VMU
Vi¢t-Han trong thoi gian 6 thang, van hanh song song
v6i hé théng BNWAS, nham so sanh va danh gia hiéu
qua hoat dong cua md hinh trong mdi truong thuc
nghiém.
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2. Tong quan nghién ciru lién quan

Nhiéu nghién ctru ¢4 chi ra rang cac hé thong gidm
sat truc ca truyén thong, trong d6 c6 BNWAS, tuy
dong vai tro quan trong trong viéc dam bao sy hién
dién cia si quan diéu khién, nhung khong dénh gia
dugc muc d6 cht y, mét moi hay chét luwong hanh vi
diéu khién [2], [8]. Thao tac xac nhan dinh ky c6 thé
mang tinh co hoc va khong phan anh dtng trang thai
nhén thirc ciia nguoi tryc ca [5], [3].

Trudc nhitng han ché d6, cac hudng nghién ciru
gan day da tap trung vao viéc tmg dung tri tué nhan
tao va phan tich hanh vi dé giam sat trang thai lam
viéc cuia ngudi van hanh trong cac hé théng co mirc
dd rui ro cao. Cac md hinh nay cho phép nhén dién
som cac hanh vi nguy hiém nhu mat tap trung kéo dai
hodc budn ngii thong qua dit liéu hanh vi thoi gian
thuc [9][10]. Tuy nhién, phan 16n cac nghién ctru méi
dung lai & mdi truong mo phong hoac thur nghiém
ngin han, chua c6 nhidu danh gia dai han trong diéu
kién khai thdc tau bién thyc té.

Bang 1 trinh bay so sanh khai quat gitta BNWAS
va cac mo hinh giam sat hanh vi dya trén tri tu¢ nhan
tao, 1am rd su khac biét vé nguyén ly tiép can va kha
nang phat hién hanh vi nguy hiém.

Bdng 1. So sanh BNWAS va cdac mé hinh Al giam sdt

hanh vi
Tiéu chi BNWAS M6 hinh AT
Su hién dién, Hanh vi va

Co so giam sat thao tac xac trang thai nhan

nhén thuc
Phat hién mét
moi / mét tap Khéng Co
trung
Kha néang canh A
L Han ché Cao
bao sém
Phan anh chat . ,
Khong Co
lugng truc ca
Mtic do tmg  Bat budc theo Chi yéu
dung hién nay SOLAS nghién ctiu

Tir tong quan trén co thé thay, khoang trong nghién
ctru nam & viée thiéu cac thu nghiém dai han trén tau
thuc va thiéu cac nghién ciru so sanh truc tiép voi
BNWAS trong cung diéu kién hoat dong, hay d¢ chinh
xac trong canh bao ciia hé thdng. Py chinh 1a trong
tdm ma nghién ctru nay hudng téi.
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3. Mo hinh nghién ciru va thiét l1ap thuc
nghiém trén tau T/S VMU Viét-Han
3.1. Mé hinh cinh bdo hanh vi nguy hiém ciia
sT quan diéu khién tau bién

Trong giai doan phat trién, md hinh dugc xay dung
dua trén nhan dién trang thai hanh vi cua si quan diéu
khién tau bién thong qua phin mém Matlab két hop
sir dung thuét toan KNN [6]. Sau d6, dwoc huan luyén
va thir nghiém lién tuc dudi nhidu kich ban diéu kién
ngoai canh phtrc tap, bao gom thoi tiét xdu, mat do
giao thong cao, ap luc cong viéc gia ting va céc tinh
hudng hang hai doi hoi mirc d6 tap trung cao tai budng
1ai [7]. Cac kich ban mo phong nay nham tai hién sat
nhit cac diéu kién khai thac thuc té, qua d6 danh gia
kha nang nhén dién va phat hién sém céc hanh vi tiém
4n nguy co mét an toan cua si quan diéu khién. Két
qua thir nghiém mo phong cho thdy mé hinh c¢6 kha
nang nhan dién chinh xac cac hanh vi nguy hiém nhu
mét tap trung kéo dai, giam muc do canh gidc va
khong phan tng ph hop trude tinh hudng, voi do
chinh xac dat t6i 98% [7].

N
s

MO-DUN THU THAP DU LIEU

B¢ cam bién Bothu | |
chuyén dong hinh anh i

Bo xtr ly
dix liéu
Bo SO~SéI~1h V\‘/\é‘l MXO[}}?E'{N
lIuu trir dir liéu DU LIEU
! B didu
| chinh

E B phat tin hiéu
! canh bao
i

Hinh 1. Nguyén ly thu thdp va xir ly dir liéu trong

thwe nghiém moé hinh nghién ciru

CAu tao md hinh gém ba md-dun chinh nhu moé ta
trong Hinh 1 gém:

- Mb-dun thu thap dir liéu gdm: Bo cam bién
chuyén dong (thu thap thong tin di kém tir hé thong
BNWAS) va B6 thu nhan dién hinh anh g(“)m cac
camera thanh phan.

- Mé-dun xur 1y dit liéu gdm cac thanh phan: Bo xir
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ly dit liéu (may tinh, ing dung theo doi xur 1y va quan
ly dit liéu), BO so sanh va luu trit dit liéu, B diéu
chinh. Md-dun nay st dung chinh mo hinh thuét toan
mo phong di thiét ké va str dung trong méi trudng md
phong, dugc thyc hién va trinh bay trong nghién ciru
trudc [7].

- Mo-dun phat tin hi¢u bao dong phéan cép gom:
Thiét bi phat anh sang, am thanh canh béo, bd cép
ngudn va ngung bao dong. Mo-dun phat tin hiéu phan
cép sir dung tryc tiép tir hé thong bao dong trén tau.

Phia mii tau

Cam bién chuyen dong

-Cam 1

]:I]\ Ban 4n phim va tu chinh hai db

Bang diéu khién

. BNWAS
Cam 2
EXIt T tai ligu, 4n pham ‘ Cam4

Hinh 2. Céu tricc buong lai tau VMU Viét-Han va vi

tri dat cdac camera theo doi ciia mé hinh nghién ciru

Khu vyc dleu khién tau
Cam 3

171 Sugnq iq 1np
Suen Sunp ns ona nyy|

Céu trac va vi tri lip dat cac thanh phan cua mo
hinh nghién ctru tai cabin budng lai ciia tiu VMU
Viét-Han dugc mo ta nhu trong Hinh 2.

Camera giam sat K\V2

Hinh 3. Dt camera gidm sdt va cam bién chuyén dpng

tai buong ldi tau VMU Vigt-Han
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Trong qua trinh thyc nghiém trén tau VMU Viét-
Han, c6 gi6i han vé kinh phi va giam thiéu nhing chi
phi phat sinh khong can thiét ma khoéng anh huong
dén két qua nghién ctru, tac gia da sir dung mot so thiét
bi sdn c6 trén tau bao gdm: Cam bién chuyén dong,
béo dong bang thiét bi cam bién chuyén dong va hé
thong bao dong sin co ciia hé thong BNWAS trén tau.

Vi tri lép dat mot sé camera giam sat va cam bién
chuyén dong dugc thé hién trong Hinh 3.

Giao dién mo hinh theo ddi va canh bao nhu Hinh 4.

3.2. M6 hinh BNWAS sir dung trén tau VMU
Viét-Han

Hé thdng BNWAS trang bi trén tau VMU Viét-
Han (sau day goi tit 1a hé théng BNWAS) bao gém
c4c thanh phan chinh sau:

- Bang diéu khién (Hinh 5);

- B6 cam bién chuyén dong gém nhidu mét than
cam bién chuyén dong;

- B6 phat tin hiéu bao dong sir dung hé thong loa
am thanh bao dong trén tau.

Céc thong s6 ky thuat cuia hé théng BNWAS dugc
md ta nhu trong Bang 2.

Nguyén 1y canh bao cua hé théng BNWAS duoc
thé hién nhu tron.
3.3. Thiét lgp cai dat thwe nghiém va thu thép
dir ligu

Viéc thu thap dir liéu thyc nghiém trén tau T/S

Man hinh Trang thai hanh Mirc d¢ anh
giam sat vi hién tai hwong ngoai canh

Hién thi thoi
gian bit dong

Peén bo dong
tryre quan
Tét bao dong
Khoi dong
mo hinh

Hinh 4. Giao di¢n gidm sdt, diéu chinh ciia mé hinh

nghién ciru

Hinh 5. Bing diéu khién hé thong BNWAS trang bi
trén tau VMU Viét-Han
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VMU Viét-Han trong vong 6 thang (180 ngay) duogc
thuc hién thong qua cac mo-dun thu thap dir liéu va
xir Iy nhu da trinh bay & phan trudc.

180 ~ 720 giay 15 giay | 15 giay 90 ~ 180 giay

Khoang thoi gian bt dong

Lua chon tryc quan

Béo dong 4m thanh budng 14i lan 1

Bio dong am thanh tir xa lin 3

Hinh 6. Nguyén Iy cinh bdo ciia hé thong BNWAS
trang bi trén tau VMU Viét-Han
Bing 2. Théong s6 ky thudt hé thong BNWAS
trén tau VMU Vi¢t-Han

Hang muc Mo ta
Size (High X Wide X 350X 300X 150
Depth) [Mm]
Main Power Supply 100~240v AC/50/60Hz
Emergency Power Supply 24V DC

Comsumption Power Below 10 Watts

Operating Temperature -20 ~ +700c

Passive Infrared

Sensor Type
Sensor
Sensor Performance 12M / 84
External Serial Interface
VDR
Output
o Emergency Call, Auto
Digital Input .
Pilot
Contact Point Output AMS. Emergency Call

Thoi gian thu thap dir liéu dugc thiét 1ap nhu Bang 3.

Bdng 3. Cai dat thoi gian cho mé hinh nghién ciru

va BNWAS
Anh Mo hinh nghién ciru
. | huéng
Thoi gian
.| cta 5 . |BNWAS

thue hién . | Pung| Cii | Ngoi | Nam

ngoai

canh
90 ngay | Muac 1 | 600s |450s|360s|180s| 600s
60 ngay | Muc 2 | 360s | 180s | 240s | 60s | 360s
30 ngay | Muc 3 | 180s | 180s | 180s | 30s | 180s

Tién trinh thir nghiém mo hinh trén budng i tau
VMU Viét-Han duoc thé hién nhu Hinh 7.
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Pidu kién ngoai canh - Mtrc 1
90 ngay Mirc 2
60 ngay Muc 3

Giai doan thyc hién thir nghiém 30 ngay

180 ngay

Hinh 7. Tién trinh thyc hign thiv nghiém mé hinh

nghién ciru

Véi cac giai doan thoi gian khac nhau, mdi giai
doan s¢€ thay ddi lai thoi gian canh bao dya trén muc
d6 anh huong ctia ngoai canh, két hop véi hé thong
BNWAS trén tau, dam bao rang cac tham s6 thoi gian
khong thap hon murc tdi thiéu dwa ra canh bao cua hé
thong BNWAS dua trén khao sat sé lugng 16n ¥ kién
clia cac si quan va thuy thu kinh nghiém di bién lau
nam, dé ngin ngira nhimg canh bao khong can thiét
hodc qua nhanh c6 thé anh huéng dén tam Iy 1am viéc
clia s quan diéu khién tau, ngoai trir truong hop canh
bao Nam la yéu t6 rat nguy hiém va khéng mang tinh
chét lam viéc, nén canh béo s& dugc dit thép hon khi
yéu té ngoai canh anh huéng nhiéu hon.

Trén co s& d6, md hinh canh bdo hanh vi nguy
hiém duogc trién khai lép dat va van hanh trong méi
truong thyc nghiém trén tau huan luyén VMU Viét-
Han bao dam khong lam anh huong dén hoat dong
khai thac, hudn luyén va nhiém vu hang hai thudng
xuyén cua tau.

Trong sudt thoi gian thuc nghiém, cac dir lidu lién
quan dén hoat dong canh bao ciia mé hinh bao gém
thoi diém phat hién, loai hanh vi dugc nhan dién duoc
thu thap va luu trir c6 hé théng. Déng thoi, cac tin hiéu
canh bao tir hé thdng BNWAS ciing duoc ghi nhan dé
phuc vu cho muc tiéu ddi chiéu va danh gia hiéu qua.
3.4. Phwong phdp danh gid va so sanh mé hinh
voi BNWAS

Pé danh gia va so sanh hiéu qua gitra hai hé thong,
nghién ctru sir dung cac nhom chi sb dinh lwong sau:

(1) S6 lwong va tan sudt canh béo

Chi sb nay phan anh muc d§ nhay cua hé théng
trong qua trinh giam sat truc ca, bao gom:

- Tong sb canh bao phat sinh trong mdi ca truc;

- Téan suét canh bao theo thoi gian.

Viéc phan tich gitp danh giad kha ning phat hién
hanh vi bat thuong ciing nhu nguy co canh bao du
hodc thiéu.

(2) Thoi gian phat hién va canh bao

Chi s6 nay phan anh kha nang phat hién sém cta
hé théng nhim muc tiéu giam thiéu rui ro, dugc xac
dinh thong qua:
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- Khoéng thoi gian tir khi hanh vi nguy hiém xuét
hién dén khi hé théng phat tin hi¢u canh béo;

- So sanh d¢ tré canh bao gitta mo hinh nghién ctru
va BNWAS trong cling tinh hudng.

(3) DB chinh xdc phdt hién hanh vi nguy hiém

Céc canh bao dugc ddi chiéu véi trang thai hanh
vi thyc té cta si quan diéu khién dé phan loai thanh:

- Canh bao phu hop (TP-True Positive);

- Canh bao khong phu hop (FP-False Positive),

- Hanh vi nguy hiém khong dugc phat hién (FN-
False Negative).

Trén co s& d6, cac chi sb do chinh xac, ¢ nhay va
dd tin cay ctia md hinh dwoc xac dinh va so sanh véi
BNWAS.

(4) So sanh song song giitta mé hinh va BNWAS

Pé dam bao tinh khach quan, viéc so sanh dugc
thuc hién theo phuong phap song song theo thoi gian,
trong d6 mdi ca truc déu duoc ghi nhan dong thoi tin
hiéu canh bao tir ca hai hé théng. Cac tinh hudng duoc
phén loai thanh ba nhém chinh:

- Ca hai hé thong cling phat canh bao;

- Chi md hinh nghién ctru phat canh bao;

- Chi BNWAS phat canh bao.

Viéc phan loai nay cho phép xac dinh rd nhitng
truong hop mo hinh phat hién dugc hanh vi nguy hiém
ma BNWAS khéng nhén dién dugc, cling nhu nguoc lai.

Céc két qua so sanh thu dwogc tir khung phuong
phap nay dugc sir dung lam co s¢ dé danh gia hiéu
qua hoat dong ctia md hinh nghién ctru va thao luan
kha niang tmg dung trong thyc tién khai thac tau bién.

4. Két qua va thao luin
4.1. Tong quan két qud thu thip trong giai doan
thuc nghié¢m

Trong sudt thoi gian 6 thang trién khai thyc
nghiém trén tau huan luyén VMU Viét-Han, mo hinh
canh bao hanh vi nguy hiém va hé thong BNWAS
dugc van hanh song song va ddc lap trong cung diéu
kién khai thac. Dit liéu thu thap bao gdm cac sy kién
canh bao, thoi diém phat hién, loai hanh vi lién quan
va phan tmg cua si quan diéu khién tai budng lai. Cac
két qua thu dugc mé ta trong Bang 4 theo tiéu chi thir
nhét da trinh bay trong phan trudc (muc 3.4).

Tir két qua thu dugc thé hién trong Bang 4, xay
dung biéu @6 truc quan ty 1& hanh vi trong cac canh
bao thu thap dugc trong Hinh 8.

Cé hai hé théng déu hoat dong 6n dinh trong toan
b thoi gian thyc nghiém, khong ghi nhan sy c¢b ky
thuat anh huong dén qua trinh thu thap dit liéu.
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Theo tiéu chi th\r hai, phan loai dya trén thoi gian

phat hién. Dit liéu canh bao hanh vi nguy hiém thu

Bing 4. Téng hop két qud cinh bdo ciia mé hinh
thwe nghiém trong thoi gian 180 ngay

Ngoai M6 hinh nghién ciru
. 5 5 T 1 BNWAS
cianh |Pung | Cui | Ngoi | Nam | Loi | Tong
Murc
| 18 5|21 3 0| 47 15
Mirc
) 12 | 2| 16 4 1| 35 10
Mirc
7 3 8 4 0| 22 7
3
Téng
37 10 | 45 11 1 104 32
hop
Ngbi
cli 43%

i \
O
\

d
\‘ A

—

Pung Lbi
35% 1%
= Ping ~ Cli - Ngbi = Nim ~ L&i

Hinh 8. Ty I¢ hanh vi xudt hi¢n trong cdc cinh bdo

thwe nghiém

<

-<--Ding ——Cii -~ Ngsi =-+=Nim

[T

S6 luong canh bao

o

=}

Khung gior

Hinh 9. 86 lwong cinh bédo thu thip theo khung gio

thap duoc trong thoi gian thuc nghiém duoc tong hop
va phan bd theo 12 khung gio trong ngay, thé hién
trong Hinh 9.

Dit lidu canh béo ciia md hinh nghién ctru dé xuét
(MHDX) duoc thu thap song song v6i hé thdng BNWAS
sin c6 trén tau, nhdm thé hién 16 va so sanh nhimg két
qua ctia 2 mo hinh véi nhau trong cung khung gio trong
ngay, tac gia tng hop va thé hién trong Hinh 10.

Két qua cu thé, tuong quan giira cac loai canh bao
thu thap dugc trong diéu kién ngoai canh binh thuong
(murc 1) nhu Hinh 11.

Diéu kién ngoai canh ¢ muc trung binh (muec 2), it
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10 = @®=MHDX «=e—BNWAS »

S0 hrgng canh bao

5 >
6.y &y 0 10, L /\r_/\( lq. Is /6. I8 I,y_\,” .//_33 \)_34

Khung gi¢

Hinh 10. Dit li¢u cdnh bdo twong quan giita MHDX

va hé thong BNWAS
Ngdi
46%
Cui
6%
Puing
34%

CUi =Ngdi =Nam ~ Lbi

Pung

Hinh 12. Ty I¢ cdnh bdo thwc nghiém thu thdp duwoc

trong dieu kién ngogi cinh mirc 2

100%% 0
° 1%

98% 58

96%

94%

92%

90% :

SQTT SQVH SQQL Tong hop
® Canh bioPing  © Canh béo Sai

Hinh 14. Ty I¢ cinh bdo chinh xdc véi méi nhém si

quan hang hdi ciia mé hinh nghién ciru

nhiéu c6 anh huéng tiéu cuc dén khai thac tau. Két
qua thu thap dugc mé ta trong Hinh 12.

Va tuong quan giira cac loai canh bao thu thap dugc
trong diéu kién ngoai canh bét thuong, c6 nguy co rai
ro cao (muc 3) & moi truong thyc nghiém nhu Hinh 13.

Thtr ba, @6 chinh xac phat hién hanh vi nguy hiém
trong canh bao ctia md hinh nghién ctru dbi véi timg
nhém dbi twong si quan hang hai nhu Hinh 14.

Do chinh xac canh bdo cua mod hinh nghién curu
d6i voi timg diéu kién ngoai canh nhu Hinh 15.

Cubi cung 1a két qua so sanh song song giita mo
hinh nghién ctru va hé thong BNWAS trén tau. Két
qué nay dugc thé hién trong Hinh 16.
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Hinh 16. So sanh thywc nghi¢m mé hinh nghién ciru
va hé thong BNWAS trang bi trén tiu
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4.2. Thdo ludgn

Duya vao két qua thu thap trong thoi gian thuc
nghiém trén tau VMU Viét-Han d3 duoc thé hién
trong Bang 4 va cac hinh thanh phan, nhan xét nhu
sau:

- Mo hinh chi ghi nhén 1 13i trén tong s6 104 canh
béo thu thap dugc, chiém ty 1& gan 1%, cho thdy mo
hinh nghién ctru c6 d6 tin cay rat tich cuc (d6 chinh
xac dat trén 99%).

- Canh bao lién quan dén hanh vi Ping va Ngbi
chiém ty 1¢ rat cao trong hau hét cac diéu kién ngoai
canh (trung binh 35% dén 45% sb luong canh bao),
gép khoang 3-4 14an sb lugng canh bao cua 2 hanh vi
con lai Chi va Nam (trung binh 5-15%). Phan anh
thyc trang lam viéc trén budng lai tau cua si quan
hang hai.

- Dua vao két qua trong Hinh 14 cho thiy, mé
hinh nghién ctu trong moéi trudng thuc nghiém véi
cic nhom ddi tugng si quan hang hai dat do chinh
xac 99% cao hon so véi 97% trong moi trudng mo
phong [7].

- Dya vao két qua trong Hinh 15 cho thiy, mo
hinh nghién ctu trong moéi trudng thuc nghiém véi
cac diéu kién ngoai canh dat do chinh xac 99% ciing
cao hon so v61 97% trong moéi truong mo phdng [7].

- Ty 1€ sai sot trong cac canh bao cua mo hinh
nghién ctru trong méi trudng thye nghiém xap xi 1%
tdt hon so voi 3% trong méi trudng mod phong [7].

- So sanh két qua ciia mé hinh nghién ciru véi
mo hinh BNWAS thuc té dang dugc ap dung trén
tau. Tir két qua tong hop trong Hinh 16 cho thay,
mo hinh nghién ciru thu thap dugc sé luong canh
béo gép khoang 3 1an so v&i sé lugng canh bao tir
BNWAS trén tau (lan luot 1a 105 1an va 32 1an). Dic
biét 1a sy chénh léch vé canh béo trong cac khung
gi0 mudn nhu 22-24 va 0-2 mo hinh nghién ciru ghi
nhian sb canh bao rit cao (10-11 15i), nhung
BNWAS chi phat hién 1-2 18i (Hinh 10). Sy chénh
léch nay thé hién kha ning giam sat tich cyc cia mo
hinh nghién ctru trong qué trinh hoat dong ban dém
cuia céc si quan si quan hang hai c6 thé gip kho khan
vé su tinh tao va chu .

Su chénh 1éch v& canh bao gitra 2 hé thong khong
phan anh tinh ngiu nhién, ma xuit hién trong cac
tinh hudng si quan diéu khién van hién dién tai budng
lai nhung biéu hién dau hiéu mat tap trung kéo dai
hodc giam muc d§ canh giac. Trong khi cac canh bao
tir BNWAS chu yéu gén véi cac truong hop khong
c6 thao tac xac nhan trong khodng thoi gian quy dinh,
phan 4nh trang thai mat phan hoi hon 1a chit luong
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hanh vi diéu khién. Két qua nay cho thiy sy khac biét
1 rét vé ban chét tiép can giita hai hé thong.
5. Két luan

Nghién ciru da trién khai va danh gia thuc nghiém
mo hinh canh bao hanh vi nguy hiém cua si quan diéu
khién tau bién trong méi truong khai thac thyc té trén
tau huin luyén VMU Viét-Han trong thoi gian 6
thang, v4i viéc van hanh song song cing hé thdng
canh béo truc ca budng lai BNWAS.

Két qua nghién ciru cho thiy mé hinh ¢ kha ning
phét hién sém va phi hop cac hanh vi tiém an nguy co
mat an toan, ddc biét trong cac tinh hudng ma BNWAS
khong phan 4nh ddy di chat lwgng hanh vi cua si quan
diéu khién. Cac phan tich so sanh cho thdy m hinh hoat
dong on dinh, c6 do nhay cao va mang lai gia tri b tro
15 rét cho hé théng canh bao truyén thong.

Nghién ctru cung cdp bang chtng thuc nghiém
quan trong vé tinh kha thi va hiéu qua ctia mo hinh
canh bao hanh vi nguy hiém trong diéu kién khai thac
tau bién thyc té. Két qua nay gbp phan lam 15 vai tro
ctia cac hé thong giam sat hanh vi trong nang cao an
toan tryc ca budng lai va md ra huéng nghién ciru
tiép theo nham t6i uu hoa thuat toan, mé rong pham
vi thtr nghi€m va tich hgp vdi cac hé théng hd tro an
toan hang hai khéc.

Trong nhitng nghién ciru tiép theo, tac gia sé trién
khai thyc nghiém moé hinh trén nhiéu loai tau khac
nhau va trong thoi gian dai hon véi hi vong phat hién
dugc nhimg thiéu s6t cia mé hinh nghién ciru, nang
cao tinh hoan thién va tng dung thuc tién tdi vu cho
mo hinh.
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