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Tém tit

Trong nghién ciru truée, nhém tdc gia da dé xudt
mot phwrong phap giam sat va canh bdo hanh vi
nguy hiém ciia si quan hang hai dwa vao nhdn dién
bang hoc mdy két hop voi thudt toan KNN. Dé
nang cao do tin cdy va mo rong kha nang ung
dung cho mé hinh d@é xudt, trong bai bdo nay,
nhom tdc gia thuc hién ap dung mo hinh theo doi
va giam sat hanh vi cia si quan hang hai trong
méi trieong mé phong duéi cdc diéu kién ngoai
canh khdc nhau, nham theo déi va danh gid kha
nang nhdn dién chinh xdc cua mo hinh trong
nhitng diéu kién bat thiong. Két qua ciia nghién
cieu ndy s€ minh chitng cho hiéu qua thiét thue ciia
mé hinh dé xudt, mo ra kha ndng dp dung tich cuc
trong thuec tién.

Tw kh(’)i}: Mo hinh giam sat, canh bao hanh yi
nguy hiém, d:dnh gida do chinh xac, st quan diéu
khién tau biél?, moi truong mo phong, diéu kién
ngoai canh bat lgi.

Abstract

In previous research, the authors proposed a
method for monitoring and warning of hazardous
behaviors in ship deck officers using machine
learning combined with the K-Nearest Neighbors
(KNN) algorithm. To enhance the reliability and
broaden the applicability of the proposed model,
this study applies the behavior monitoring system
in a simulated maritime environment under
various external conditions. The aim is to assess
the model's accuracy in recognizing behaviors
under abnormal scenarios. The results of this
study demonstrate the practical effectiveness of
the proposed model, highlighting its potential for
maritime

real-world  implementation  in

operations.

Keywords: Monitoring model, dangerous
behaviors warning, accuracy assessment, deck
officers, simulation environment, adverse weather
conditions.

1. it van dé

Phan 16n tai nan hang hai toan ciu xay ra boi anh
huéng ciia yéu té con ngudi (chiém xap xi 80%) [6].
Trong d6, ngudi diéu khién tau dong vai tro then chét
quyét dinh dén kha ning khai thac, diéu dong an toan
clia toan tau véi cac van dé trong yéu nhu kha ning
chuyén mén, ning lyc diéu dong dan tau, tranh va,
tryc ca, thong tin lién lac va lam viéc nhom trén cabin
budng lai tau...[6]. Boi vy, viéc han ché t6i da cac
hanh vi lo 14, thiéu tip trung hay mét moi cua si quan
diéu khién tau nhu si quan boong, thuyén truéng, hoa
tiéu, thuy thu 1ai,... (trong nghién ctru nay goi chung
1a si quan hang hai) c6 thé gop phan khong nho dén
néng cao an toan cho khai thac, didu dong tau.

Trong nghién ctru trude, nhoém tac gia da sir dung
thuat toan KNN két hop vai cac cong cu theo ddi giam
sat truc tiép va phan mém hoc may dé dé xuat mot
phuong phap canh bao nhiing trang thai cia si quan
hang hai duy tri vuot qua thoi gian cho phép véi cac
kich ban danh cho nhom tng vién mé phong thay doi
hanh dong ¢ 3 mic d¢ khac nhau: Cham - Nhanh -
Theo 1énh [9]. Két qua cho thdy mé hinh d3 hoat dong
t6t voi do chinh x4c huan luyén tdi thiéu 1a 97% va toc
d6 thay d6i hanh dong tdi wu tir 5s tro 1én [9].

Trude khi ¢6 thé dua vao thuc nghiém, can hoan
thién kha nang nhan dién va danh gia ciia mé hinh dé
Xuét, trong nghién ctru nay, nhom tac gia dy kién tién
hanh ap dung mo6 hinh trong moi trudong mo phong véi
cac diéu kién ngoai canh khac nhau ngau nhién, hau
hét 1a cac kich ban bét lgi. Két qua ciia nghién ciru nay
s& giup nhom nghién ctru hoan thién mé hinh dé xuét
va danh gié dugc kha nang ap dung cua md hinh trong
mdi truong thuc nghiém sau nay.
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2. Ly thuyét xAy dung phwong phap nghién ciru
2.1. Ly thuyét thuc hién nghién ciru

Ly thuyét thuc hién nghién ctru dugc mé ta nhu
Hinh 1.

K |

g 2

] 2

Bl e 53

S SIQUAN NGOAI =

g HANG HAI CANH =3
gid dinh gia dinh

MO HINH
GIAM SAT
CANH BAO

Thu thap két qua

Hinh 1. Luu db 1y thuyét thue hién nghién citu

Cu thé, dau tién, mot moi truong md phong budng
lai dugc sir dung va cai dat v6i nhidu trudng hop dé
thu thap dir liéu khac nhau gém céc si quan hang hai
gia dinh - 12 nhitng d6i twong nhu da trinh bay & trén,
va ap dung nhiing truong hop moé phong ngoai canh
khac nhau xung quanh budng 1ai. Sau d6, théng qua
céc thiét bi giam sat theo ddi ctia mod hinh giam sat
canh bao da trinh bay ¢ nghién ciru trude dé thu thap
va danh gid d¢ tin cdy cling nhu hi¢u qua hoat dong
clia m6 hinh dé xuét.

2.2. M6 hinh giam sdt canh bdo dwoc ap dung

Nhirng nim gan day, hoc may (machine learning)
tro' thanh mot cong cy manh mé trong viéc tu dong
héa cac tac vy nhan dang va phan tich hanh vi con
ngudi, dic biét trong cac linh vuc yéu cdu giam sat
lién tuc. Hoc méy cho phép cac hé théng tu hoc tir dit
liéu dé phat hién cac mau hanh vi phirc tap ma cac
phuong phap truyén théng khé nhan dién duoc.

Mot trong nhitng thudt toan co ban va d& trién khai
trong hoc may 1a KNN (con goi 1a K hang xém gin
nhit). KNN 1a mot phuong phap phan loai dva trén
khoang cach trong khong gian dic trung: Ddi voi mot
dau vao moi, thuit toan s& xac dinh K diém di liéu
gan nhét trong tap huin luyén va gan nhin cho dau
vao dya trén da sb nhin cua cac diém nay. Uu diém
chinh caa KNN 14 tinh don gian, khong yéu ciu gia
dinh phan phéi dir liéu, va hiéu qua nho kha nang xu
1y tot cac tap dit liéu gan nhan tir hinh anh hodc chudi
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hanh vi da dugc dinh nghia trude. Trong mé hinh dé
Xuét nay, cac tap dit liéu nhan hanh vi dugc phan loai,
huén luyén va kiém tra nhu mé ta trong Bang 1 - bao
gom 4 trang thai chinh: Dimg - Cai - Ngdi - Nam.

Bdng 1. Phan logi hanh vi

DPing Cui Ngbi Nim
Léi tau Viét Viét Mét moi
Quan sat Quan sat Quan sat Nghi
B§ dam B¢ dam Mét moi

bi lai Mét moi Nghi

Nghi

Mo hinh canh bao 4p dung trong nghién clru mo
phong 1an nay 13 mo hinh da dwgc huan luyén, kiém
tra va dat d6 chinh xac dén 98%.

2.3. Cdc nghién ciru gan diy trong méi truwong
mé phéng hanh vi ngwoi diéu khién

Vi muc ti€u tranh trung 1ap trong cac nghién ctuu
tuong tu, nang cao tinh minh bach cua nghién ctru.
Nhoém téc gid tién hanh thong ké va thu thap nhitng tai
liéu, cong trinh nghién ctru, bai bao/ bao cdo khoa hoc
¢6 lién quan dén van dé nay, dic biét 1a mo phong
hanh vi cia si quan hang hai. Két qua nhu sau:

Mic du sé lwong cong bd riéng 1é vé van dé con
ngudi hay str dung méi trudng mé phong cabin budng
14 tau dé phuc vu nghién ciru 1a kha nhiéu, nhung viée
sir dung song song ca hai muc tiéu nay dé thu thap dit
lidu nghién ctru xdy dung mé hinh dénh gia con nhiéu
han ché. Cu thé, c6 thé n6i mot phén tuong df‘)ng voi
nghién ciru nay khi tap trung vao dbi twong si quan/
thity thu trén budng 14 mé phong dé thu thap dir liéu
va danh gia la c6, nhung phuong thice thyc hién va
muc tiéu danh gia hoan toan khac nhau, nhu:

- Brandsater, A. va Madsen, A. nam 2024 da trinh
bay mot phwong phap tiép can dya trén mo phong dé
kiém tra va danh gia nang luc va hiéu sudt cia nguoi
van hanh trong viéc gidm sat tau ty hanh, ma ddi
tuong chu yéu & ddy 1a hoa tiéu [2].

- Ciing nghién ctru chii yéu vé d6i turong hoa tiéu,
nam 2019, Yim, J.B. va cong su da phat trién mot
phuong phap nhan dang khach quan vé hanh vi ciia hoa
tiéu trong tinh hudng va cham bang cach thu thap hanh
dong ctia nguoi tham gia, sir dung trinh mo phong diéu
d6ng tau trong mot tinh hudng nhat dinh [10].

- Kandemir, C. va cong sy nam 2021 da phan tich o
tin cdy cua con nguoi trong vén hanh tau & moi truong
md phong khi yéu cau cac sinh vién ctia minh phai tao ra
cac 16i khac nhau dé quan sat va danh gia [4].

-Ronca, V. va cong sy ndm 2023 mo ta khach quan
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trang thai tam 1y cua thuy thu, tic 1a khdi lugng cong
viéc tinh than, cing thing va su chu y, thong qua phan
tich tin hiéu dién ndo dd khi nghién ctru 26 thuy thu
trong budng 14i md phong & ving nudc dong duc, tiém
4n nhiéu rai ro va cham [7].

- Nam 2021, Kim, H. va cdng sy da phat trién mo
hinh hanh vi si quan tau dya trén tac nhan, nham muc
dich ndm bit cac kiéu hanh vi ciia si quan tau trong
tredng hop va cham tau [5].

Ngoai ra, it lién quan hon, mot s6 nghién ciru qudc
té ciing sir dung ddi twong con ngudi va phong mod
phong dé thuc hién cac nghién ciru cua riéng minh
nhung muc tiéu la hoan toan khac biét [1], [8]. Va &
Viét Nam cling chua c6 cong trinh nghién ctru nao
turong dong v6i ¥ twong va phuong phap thuce hién cia
nhoém tac gia.

Nhu vay, nghién ctu hoan toan minh bach va cé
gia tri khoa hoc ciing nhu thuc tién cao.

3. Méi truwong mé phong

Nghién ctru mé hinh trong moi trudng méd phdéng
va thu thap dir liéu duoc thuc hién tai Phong thuc hanh
mod phong budng l4i toa nha C1 Truong Dai hoc Hang
hai Viét Nam, S6 484, Lach Tray, Ngé Quyén, Hai
Phong. Cac thong sb ky thuat cua phong thue hanh mo
phong budng 14i dwge mé ta nhu Hinh 2.
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Hinh 2. Ciu triic phong thie hanh mé phéng buéng lii

3.1. Phong thwe hanh mé phéng buong ldi

bé phuc vu thyc hién x8y dung kich ban va thu
thap dir liéu, nhom tac gia st dung hai khu vuc chinh:
1. Phong diéu khién (Instructor Room) - dé xdy
dung va trién khai kich ban

Phong diéu khién 1a khu vuc diéu khién chung ciia
toan bo hé thong mé phong budng 1ai dudi sw quan Iy
giam sat ciia nguoi didu khién va dam bao cac yéu cau
cua huén luyén vién, dugc thé hién trong Hinh 3.
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Hinh 3. Phong diéu khién chung ciia hé thong mé

phéng buong ldi

Phong diéu khién c6 chirc nang thuc hién cac thao
tac diéu khién chung cho hé thong mo phong budng
14i, thiét 18p cac thong sb cho kich ban mo phong, cai
dat hé théng, tao su thuén loi cho muc tiéu dao tao
huan luyén hoc vién sat voi thuc té nhat.

Phong diéu khién gém cac thanh phan:

- 01 may chua server, tmg dung phan mém mo
phong TRANSAS cua Nga trang bi tir nam 2013 dé
phuc vu cac kich ban mé phdng;

- 01 may diéu khién chuyén dung, dé thiét 1ap cac
bdi canh hay bai tap phuc vu huin luyén nhu: cap cau,
tha neo, chay ludng, tranh va trong cac tinh huéng mé
phong véi cac ving chay tau khic nhau, cac diéu kién
thoi tiét khac nhau;

- 07 may tinh chay hé diéu hanh Window xuét hinh

anh mé ta khung canh trudc budng 1ai.
2. Phong mé phong buong ldi chinh (Main
Bridge Simulator) - méi truong mé phong buong
ldi cho cac st quan hang hai gia dinh cong viéc
cuia minh

Phong mé phong budng i chinh dugc mo ta trong
Hinh 4.

Hinh 4. Phong mé phong buong ldi chinh ciia hé
thong mé phong
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Nhiam muc tiéu mé phong mot budng 1ai tau chan
thuc nhat, phong mé phong budng 1ai chinh ¢ cdu
trac gom:

- 07 man hinh chuyén dung chay hinh anh tir
phong diéu khién mo ta bdi canh méi truong xung
quanh cabin budng l4i tau va;

- Trang bi day du trang thiét bi hanh hai budng lai
nhu Radar, ECDIS, GPS, may lai, diéu khién may
chinh va cac hé théng chi bao.

Tai phong mé phdéng nay, nhém nghién cuu s€
trién khai ldp dat cac thiét bi giam sat va thu thap dir
liéu. Hinh anh vi tri dit camera va cam bién giam sat
tai phong mo phong duogce thé hién nhu Hinh 5.

Hinh 5. Dt thiét bi gidm sdt st quan hang hdi tai
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Bdng 2. ST quan hang hdi gida dinh

z % S Thai lugn
Kiéu si quan hang So lwgng . wong
a0 g 5 moi kich
hai nguoi  kich .t
A ban
ban
Thuyén truéng 2 5 10mins
Hoa tiéu 2 5 10mins
Si quan (C/0, 2/0, .
5 10mins
3/0)
Thuy tht/ Thuc tap .
5 10mins
SQ
Sinh vién thuc tap SQ 10 5 10mins

3.2. ST quan hang hdi gid dinh

Nhu dé dé cap trong phan Ly thuyét, nhdim mang
lai hiéu quéa dénh gi t6i wu, si quan hang hai gia dinh
phuc vu cho muyc tiéu cua nghién ctru va céc thong tin
lién quan dugc mo ta nhu Bang 2.
3.3. Kich ban mé phong

IMO Model Course 1.22 khuyén nghi st dung méi
truong mo phong da diéu kién nham kiém tra nang luc
quan 1y sir dung tai nguyén budng 1ai, dic biét trong
cac tinh hudng c6 yéu té bét ngo, ap luc thoi gian, 16i
hé thong va han ché cam nhén [3]. Duéi day la Bang
hoach dinh 5 nhém kich ban khic nghiét tiéu biéu,

phong mé phong duoc mo phong tir hudng dan cia IMO.
Bdng 3. Xdy dung kich bdn mé phong
Kich bén Muc tiéu Cai dat
N . P Suong mu day, tAm nhin duéi 0,3 hai ly.
£ Tam nhin han ché va diéu dong .. 2 A AL aA
So1 trone khu viee he Di chuyén trong luong hep véi mat do tau cao.
g e nep Gidi han téc d6 8 knots, yéu cau lién tuc hiéu chinh hudng.
s 2 Gi6 I6m, bién dong, madt tin hiéu Gi6 cap 7-8 Beaufort, song cao 4-5m, tau lac manh.
dinh vi Mit tin hiéu GPS va AIS.
Bio dé " P Tau cé/cano bat ngd cit ngang miii & khoang céch ngén.
Sé3 a0 dong VZ Ca;”” Yatan car o dong CPA/TCPA phat lién tuc.
gang Cén lién lac VHF nhung tin hiéu nhiéu.
S8 4 Ca trye dém kéo dai va mat tgp  Thoi diém mé phong: 02:00-04:00 sang (gio' d& budn ngn).
trung Tinh hudng don gian nhung l3p lai, d& gdy mét canh gic.
65 Mt diéu khién déng e hoc M:lt la} hodc I,nat may;chlr}h trong kl‘n tau,dang ré.
Gan vung nudc can/cau cang hodc tau khac.
Bing 4. Bang mé td tiéu chi danh gia dp chinh xdc ciia mé hinh nghién ciru
Tén N2 . .
STT " , Mo ta Pon vi/ Thang do Cach do
tiéu chi
1 Accuracy Ti 1€ nhan dién diing trén toan b hanh vi %(0-100) So sanh v6i nhan chuin
2 Precision Ti 1€ canh bao dung trong cac canh bao %(0-100) TP/(TP + FP)
3 Recall Ti 1€ hanh vi nguy E:grrln thuc té dugc phat %(0-100) TP/(TP + FN)
4 FI1-Score Trung binh gitra Precision va Recall Gia tri tir 0 dén 1 2PR/(P +R)
5 False Alarm Rate Ti 1€ canh bao sai % FP/(FP+ TP + FN)

Ghi chu: TP - Phat hién/canh bao dung; FP - Phat hién/canh bao sai; FN - Khong phat hién duogc.
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3.4. Tiéu chi danh gia do chinh xdc

Dé danh gia 6 chinh x4c ctia mo hinh nghién ciru
va thuan tién trong viéc xay dyng ma 1énh tinh toan
cling nhu xuét két qua nghién ctru, nhom nghién ctru
da xay dung cac tiéu chi dinh lugng va dat tén theo
chuan 1énh hoc may tinh toan. Céc tiéu chi ciing nhu
thong tin vé mo ta, don vi va phuong phép do luong
dugc thé hién trong Bang 4.

Ngoai ra, dé tang tinh toan dién cho higu qua ciia
mo hinh nghién ctru, nhém tac gia ciing thu thap bd
sung thém mot sb két qua danh gia dinh tinh tir khao
st chinh nhitng s quan hang hai gia dinh sau khi tham
gia vao qué trinh mé phong gdm:

- Tinh kip thoi ctia canh béo - Hé thong phat hién
sém hon hodc tré hon nguoi that?;

- Mtrc d6 tin cdy - Nguoi didu khién co tin tuong
canh béo tir hé thong khong?;

- Mtrc d9 hai long - Hé thdng c6 gay éap luc trong
qué trinh xir 1y tinh huéng khong?.

Céc muc d6 duoc ap dung thang do don gian véi
cau tra 161 C6 hodac Khong.

4. Két qua mé phong va danh gia
4.1. Cic két qua

Thuec hién nghién ctru mé phong, két qua thu duoc

Biéu dé canh bao hanh vi - $1: Tdm nhin han ché

1}

Tat ca canh bao (TP + FP)
Canh bao dung (TP)

08}

06}

04F

Canh bao

02+

0

0 50 100 150 200 250 300
Thei gian

Hinh 6. Tong hop canh bdo hanh vi véi
kich bdn 1 - Tam nhin xa bi han che
Biéu dé'r canh l?éo hanrh vi - S?.: Bao qﬁng va

1t Tat ca canh bao (TP + FP)
Canh bao dung (TP)
08f
8 06/
<]
=
G 04+
Q
0.2}
0

0 50 100 150 200 250 300
Thei gian

Hinh 8. Tong hop cinh bdo hanh vi véi
kich bdn 3 - Giao thong phirc tap
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nhu sau:

- Déi vai kich ban 1 (S1) - Cac si quan hang hai
gia dinh thyc hién cong viéc trong diéu kién tim nhin
xa bi han ché, két qua tong hop mo ta trong Hinh 6.

- Ddi véi kich ban 2 (S2) - Cac si quan hang hai
gia dinh thuc hién cong viéc trong diéu kién song to
gi6 16n, bi han ché tin hi¢u dinh vi, két qua tong hop
mo ta trong Hinh 7.

- Ddi véi kich ban 3 (S3) - Cac si quan hang hai
gia dinh thuc hién cong viéc trong diéu kién giao
thong hang hai dong dtc, thuong xuyén nhan dugc
béo dong va cham, két qua tong hop cua kich ban nay
dugc mo ta trong Hinh 8.

- Péi vai kich ban 4 (S4) - Cac si quan hang hai
gia dinh thuc hién cong viéc trong diéu kién di ca dém,
két qua tong hop mo ta trong Hinh 9.

- Péi vai kich ban 5 (S1) - Cac si quan hang hai
gia dinh thyc hién cong viéc trong diéu kién gﬁn nhu
mat kha ning diéu dong do mat 14i hay chét may chinh,
két qua tong hop mo ta trong Hinh 10.

Ngoai ra, mot biéu db két qua tong hop gia tri canh
béo trung binh cta tit ca cac kich ban ciing duoc
nhom tac gia thu thap va thé hién trong Hinh 11.

Va ti 1& canh bao chinh xac theo timg nhom dbi
tuong sT quan hang hai gia dinh nhu da d& cap trong

Biéu dé canh bdo hanh vi - $2: Séng gi6

1}

Tat ca canh bao (TP + FP)
Canh bao ding (TP)

08}

06}

04F

Canh bao

(|

0 50 100 150 200 250 300
Thei gian

Hinh 7. Tong hop cinh bdo hanh vi véi
kich bdn 2 - Song to, gio lon
Biéu qé cénhrbéo hé'nh vi - 54: Di ca dém

Tat ca canh bao (TP + FP)
Canh bao ding (TP)

08

0.6

Canh bao

0.4

0.2

0

0 50 100 150 200 250 300
Thei gian
Hinh 9. Tong hop cinh bdo hanh vi véi
kich bdn 4 - Di ca dém
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Mat khac, mot bang Kkét qua khao sat cac nhom ddi
tugng si quan hang hai gia dinh tham gia vao qua trinh

Bang 2 ciing dugc mé ta dudi dang biéu dd dé thuan
tién so sanh trong Hinh 12.
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Biéu dé canh bao hanh vi - S5: Mt diéu khién
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Hinh 10. Téng hop cinh bédo hanh vi véi
kich bdn 5 - Mat khd nang diéu dong
Téng hop tit ca canh bdo qua 5 kjch ban
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Hinh 11. Tong hop cinh bdo hinh vi véi
toan bg kich bin xdy dung
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Hinh 12. Ty I¢ nhdn dién chinh xdc hanh vi theo
nhom si quan hang hdi gid dinh
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Hinh 13. Ket qud khdo sat 3 tiéu chi
v6i cdac nhom si quan hang hdi gid dinh

mod phong nham dénh gia 3 tiéu chi: Kip thoi - Tin cay
- Hai long nhu da trinh bay & Muc 3.4 ciing dugc
nhém tac gia thuc hién, thu thap va tong hop trong
Hinh 13.

4.2. Ddinh gii

Nhin chung, hau hét cic biéu dd déu cho thiy hé
thdng canh bao hanh vi trong céc kich ban khac nhau
déu hoat dong hiéu qua vdi phin 16n canh bao déu
dting (dudng TP tring v6i dudng tong TP+FP).

Mat d6 canh bao tip trung tai mot sd thoi diém
nhit dinh, phan anh kha ning nhan dién t&t cac hanh
vi nguy hiém phat sinh khong lién tuc. S6 lwong canh
béo sai (FP) rét it cho thiy do chinh x4c cao va hé
thdng it gay nhidu cho nguoi van hanh. Pay 13 minh
ching tich cuc cho tinh ttng dung ctia mé hinh trong
cac diéu kién gidi han khéac nhau.

V& mit cu thé, nhitng canh bao dugc hé théng phat
hién va dua ra ciing thé hién 13 rang ting moi truong
ngoai canh tac dong khac nhau anh huong dén trang
thai hanh vi cta si quan hang hai. Chang han nhu cac
kich ban S2 va S4, cac canh bao xuét hién mot cach
kha déu dan do tinh anh hudng lién tuc cua diéu kién
ngoai canh (song to gidé 16n, hay ca d€m mét mai kéo
dai), trong khi v6i S1 va S3 (tim nhin xa han ché va
giao théng xung quanh phirc tap), canh bao xuét hién
réi rac khong déu nhau va thuong don dap vao mot
thoi diém nhat dinh nao do, rd rang c6 thé nhan dinh
dugc d6 1a nhitng thoi diém canh bao va cham bat ngd
xuét hién khién si quan hang hai gip van dé vé tam ly
khi xtr 1y tinh huéng. Cubi cing 1a kich ban S5 - mét
kha ning diéu dong, canh bao thuong xuit hién vao
thoi diém ban dau do kha nang thich nghi véi truong
hop nay, cling vi thé ma canh bao gidn dan trong cac
thoi diém vé sau.

Miit khac, cac két qua danh gia dinh lwong d6 chinh
xac va dinh tinh khéa nang thich nghi, 4p dung ctia mé
hinh nghién ctru trong cac Hinh 11, 12 va 13 ciing mang
lai nhimng déu hiéu rét tich cuc cho viéc trién khai mé
hinh trong thuc nghiém. Ti I€ canh béo sai rat thép so voi
mit bang chung, chiém chua t&i 2% sb lugng canh bao
dugc dua ra (m6 ta trong Hinh 11 va Hinh 12). Mitc do
tin cay va tinh kip thoi cia mo hinh trong khéo sat dinh
tinh dat 98% va murc d¢ hai long cta s quan hang hai gia
dinh khi tham gia vao qua trinh &p dung mo hinh trong
mo phong dat 92% (Hinh 13).

Nhing két qua tich cuc trén 1a minh chimg rd rang
cho hi€u qua ap dung, d6 tin cay cia mo hinh va trién
vong trién khai mé hinh trong méi truong thuc té.
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5. Két luan

Két qua md phong bao gdm ci dinh tinh va dinh
luong trong nghién curu da chirng minh tinh hiéu qua,
d6 chinh xac va d9 tin cay cao cua mo hinh nhan dién
va canh bao hanh vi nguy hiém d6i v6i s quan hang
hai. Thong qua 5 kich ban dugc xay dung duya trén cac
tinh huéng ngoai canh thyc tién nhu tim nhin han ché,
thoi tiét xau, giao thong hdn loan, tryc ca vao thoi gian
dé gay mét moi va ap luc xtr ly didu dong - tit ca déu
duoc xdy dung phu hop theo huéng dan cia IMO
Model Course 1.22. Biéu d6 két qua cho thiy hé thong
¢6 kha nang phén biét chinh x4c hanh vi nguy hiém,
vé6i ty 18 canh bao sai rat thap va phan bd hop 1y theo
dién bién cua tinh hudng. Ngoai ra, phan tich theo vai
tro cho théy hé théng hoat dong 6n dinh véi cac cép
bac chirc danh khac nhau trong td chirc buéng 141, dac
biét dat d9 chinh xdc 100% ddi v6i Thuyén truong va
Hoa tiéu. Nhitng két qua nay cho thdy mé hinh d¢ xuat
khong chi dap tng dugc yéu cau k¥ thuat trong moi
truong mo phong ma con co tiém ning cao dé trién
khai trong moi truong thuc nghiém, ho tro tich cuc
cho cong tac giam sat hanh vi, nang cao an toan hang
hai. Pdng thoi, nghién ctru ciing da hoan thanh day du
cac muc tiéu dat ra vé mat khoa hoc va ung dung.
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