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MO PAU
1. Tinh cép thiét ciia luin 4n

Hoi nghi 1an thr VIII Ban Chap hanh Trung wong Pang khoa XII da
ban hanh Nghi quyét s6 36-NQ/TW, ngay 22-10-2018, vé chién lugc phat
trién bén viing kinh té bién Viét Nam dén nam 2030, tim nhin 2045 trong do
xac dinh Viét Nam phai trg thanh qudc gia manh vé bién, giau tir bién, phat
trién bén virng, thinh vuong, an ninh va an toan.

Phat trién kinh té bién gén lién véi viéc bao dam an toan cho hoat
dong giao thong van tai trong do c6 giao thong hang hai, giao thong thuy nodi
dia. Pé lam dugc viéc do, hoat dong quan 1y, gidm sat tau bién phai duogc
tang cuong nhim bao dam an toan hang hai cho mdi con tau va dam bao luu
thong thong subt qua cac tuyén vén tai. Kinh t& cang phat trién, ning luc van
tai cang can phai ting cudng. Di cing véi né 1a viée ting cudng sd luong
phuong tién tham gia giao thong dac biét la trén cac tuyén vén tai ndi voi cac
trung tam kinh té. S5 luong phuong tién gia tang dan dén viéc theo doi, danh
gia nguy co dam va, huéng dan di chuyen cua cac tau thuyen nham dam béo
an toan cang tré nén kho khan. Véan dé nay gy ap luc 16n d6i véi khong chi
cac Didu hanh vién VTS va Giam sat vién VTS, nhiing nguoi quan 1y giao
thong hang hai ma con vdi ca cac hoa tiéu, cac thuyén truong dang tham gia
giao thong trén cac tuyén luong Duéi ap lyc cao cua cong viée, rat dé xay ra
céc sai st trong quan 1y diéu hanh, trong viéc phat hién va danh gia nguy co
dam va gitra cac tau thuyén, tir d6 c6 thé dan dén céc tai nan hang hai.

Dé dicu tiét giao thong hang hai, da phan cac Piéu hanh vién VTS va
Giam sat vién VTS diéu tiét giao thong can thu thap thong tin giao thong sir
dung céc thiét bi nhu radar, camera, AIS. bay la mot cong viéc co khéi luong
rat 1on dic biét la 6 nhing khu vyc quan 1y c6 mét do tau thuyén qua lai
d6ng, nhidu giao cit phirc tap. Ngudi s§ quan diéu tiét giao thong phai nim
duoc sy di chuyen khong chi cua cac tau thuyen v6i nhau ma con su di
chuyén qua cac diém can thiét trén cic doan ludng, su di chuyén qua céc béi
can, khu vuc neo va tham chi ca tau thuyén dang neo dau co bi tr6i dat hay
khong ciing phai ndm trong tim kiém soat. Mic du mét sé noi cé trang bi
tram VTS vé6i nhiéu tinh ning hd tro trong viéc theo ddi chuyén dong cua cac
muc tiéu nhung nhitng tinh ning nay doi hoi phai thuc hién nhiéu thao tac
theo ddi, bam sat dong thoi ciing c6 nhiéu muyc tiéu khéng cung cap thong tin
vé tuyén duong hanh trinh. Tuy vay, ddi vai céc tuyén luong can quan 1y dai,
mat do phuong tién va giao cat giao thong phirc tap, cac Vén dé vé phat hién,
xu ly thong tin giao thong s& cang phuc tap, gay ap luc rat 1on cho cac sy
quan quan ly giao thong. Tur d6, phat sinh nhu cau can c¢6 mot cong cu hd trg
cho cac sy quan quan 1y va diéu hanh giao thong hang hai nhim dam bao
hoat dong giao thong duge dién ra thong sudt.

Dbi véi cac cong cu hd tro hoat dong quan ly giao thong hang hai, nhu
dd dé cap o trén, cac thiét bi danh gia nguy co mat an toan hang hai déu da
¢6. Ngudi sy quan quéan 1y giao thong hang hai c6 thé sir dung cac trang thiét
bi nhu hé thong radar, AIS, camera, hai d dién tir hodc tham chi hé thong
VTS hoan chinh d& theo di, giam sat va diéu tiét giao théng. Mic du vay,
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khi can dit liéu cua phuong tién nao, danh gia cac nguy co déi voi phuong
tién do thi doi hoi phai tuong tac voi ting phuong tién d6. Thuong thi chi co
thé theo ddi dong thoi 2 muc tiéu, muon thém thong tin khac thi phai chuyén
sang muc ti€u khac. Mot sb chirc nang ty dong bao dong léch duong, bao
dong qua diém, bao dong di vao ving nguy hiém cia hé thong VTS c6 thé
lam giam di ap luc cong viéc cua nguoi sy quan nhung khong c6 kha nang
theo ddi dong thdi toan ving, toan bd cac tinh hudng giao thong dé tir d6 dua
ra cac canh bao sém cho phuong tién. Chinh vi thé, can thiét c6 mot cong cu
nao do6 co6 thé hd trg nguoi van hanh quan 1y, ndm bt tinh hinh giao thong
trén toan tuyén ludng va dwa ra khuyén cdo, bao dong véi nguoi diéu hanh,
giup giam tai cong viée dong thdi dam bao an toan khai thac tuyén ludng giao
thong. Cung véi sy phét trién cta khoa hoc cong nghé, cac ung dung cua tri
tué nhan tao c6 thé dua vao dé xur Iy cac bai toan giao thong nay. Cac tinh
huong giao thong dic biét s& dwoc phan tich, dinh nghia dé dwa vao cho hé
thong tu hoc, tir thyc tién hoc tp ciia may s& dua ra cac phuong an dénh gia
tinh hubng giao thong, phurong 4n xir 1y giao thong t6i uru trong thyc tidn. Két
qua hoc tép lién tuc s€ dugc st dung lam co s& dé khuyen cao cho nguoi sy
quan trong cong tac diéu hanh, quan 1y giao thong dam béo an toan.

Thong thuong, thong tin cua cac tau thuyén do VTS hay cac tau
thuyén khac thu thap dugc gan lién véi thong tin vé vi tri clia cac tau thuyén
trong khu vuce kiém soat, thong tin vé h¢ thong ludng lach tai khu vic va 1 s6
thong tin vé diéu kién khi tuong thuy van khac. Nhu vay, danh gia nguy co
dam va ¢ cac tuyén ludng khac nhau s& khac nhau. Do vay, can lua chon khu
vuc dé trién khai nghién ctru cho pht hop vira dam bao tinh cap thiét ma thuc
tidn doi hoi vira co thé duogc sir dung cho cac khu vuc khac sau nay.

Thanh phd H6 Chi Minh 1a dau tau kinh té cua ca nuée, Cuc Thong ké
Thanh phé H6 Chi Minh cho biét tng san phim trén dia ban GRDP cua
thanh phd nam 2023 wéc dat 1.621.191 ty dong, ting 5,81% so voi cing ky
nam 2022. DBé cé dugc két qua néu trén, cd mot phan khong nho 1a co su
dong gop cua giao thong van tai bién, vén tai thay trén tuyén ludng Sai Gon —
Viing Tau. Hon thé nita, tuyén ludng ndy con phuc vu cho cac hoat dong vén
tai cua cac dia ban lan cén. Trong 8 ndm qua, sO lugng tau thuyen (bao gdm
tau bién, phuong tién thiy ndi dia, tau, ~phuong tién pha song bién) vao, roi
khu vuc viing nudc cang bién Thanh phé H6 Chi Minh nhu sau:

Nim Ta;‘l;';;‘)ye“ GT DWT (tin)
Nam 2016 115.762 208.566.216 | 375.381.388
Nam 2017 124.508 257047201 | 392.141.160
Nam 2018 115.711 273177659 | 414.174.223
Nam 2019 113.639 208.669.076 | 450.386.747
Nam 2020 112.695 321462048 | 471.990.196
Nam 2021 102.162 206.158.037 | 438.582.734
Nam 2022 113.685 315.721.967 | 461.007.043
Nam 2023 112,569 347.001.101 | 497.423.606




Vi lugng hang hoa thong qua cang:

Nim Hang container Hang l6ng Hang kho
(TEUV) (tan) (tan)

Nam 2016 5.716.639 10.884.594 36.180.004
Ném 2017 5.956.810 12.143.645 36.924.903
Nam 2018 6.313.417 12.863.711 41.897.036
Ném 2019 6.587.070 12.405.673 51.152.892
Nam 2020 7.781.681 11.401.740 49.881.894
Ném 2021 7.891.104 10.966.175 54.267.537
Nam 2022 8.040.670 12.276.317 49.804.452
Nam 2023 7.908.855 12.741.317 54.155.580

(Nguon: Ciang vu Hang hdi Ho Chi Minh)

S6 lidu théng ké cho thdy tim quan trong cua tuyén ludng Sai Gon —
Viing Tau trong viéc dam bao két ndi giao thong cua dau tau kinh té voi cac
khu vuc khac dong thoi ciing cho thiy 13 sy gia tang ap lyc trong dam bao an
toan hang hai trén tuyen luong nay. Ngoai ra, tuyén luong Sai Gon — Viing
Tau 1a mot tuyén ludng dai, dia hinh giao thong phirc tap, két qua nghién ctru
v6i tuyén dudng nay s& co nhiéu kha ning ap dung cho céc tuyén ludng khac.

Xuét phat tir thue tidn néu trén, nghién ciru sinh dé xuit nghién ctru
thuc hién dé tai: Nghién cuu trng dung tri tué nhdn tao va dir liéu Iom trong
quan Iy giao théng hang hdi trén tuyén luong Viing Tau — Sai Gon.

2. Muc dich nghién ciru ctia ludn an

Ludn 4an duoc thuc hién nhim muc dich sau déy:

- Nghién ctru phuong phap danh gia nguy co ddm va trén ving bién
rong va trén luf)ng lach hep;

- X4y dung co so dit liéu danh gia nguy co dam va giira cac tau thuyén
trén tuyén ludng Sai Gon — Viing Tau;

- Ung dung Al trong danh gia nguy co dam va giita cac tau thuyén
trén tuyén ludng Sai Gon — Viing Tau.

3. P6i twong va pham vi nghién ciru ciia ludn an

bé dat dugc muc dich cua luén an, tap trung nghién ctru cac dbi tuong
sau:

- Céc tinh hudng giao thong hang hai va cic nguy co dan dén hoic
dugc danh gia 1a ¢6 thé dan dén tai nan hang hai;

- Panh gi4 ctia hoa tiéu dan tau ddi vai cac tinh hudng, chi s ma cin
clr vao d6 hoa tiéu xac dinh ton tai nguy co ddm va giita cac tau thuyén chay
trén tuyén Sai Gon — Viing Tau;

- Hoat dong diéu tiét giao thong cua sy quan hang hai tai Viét Nam.

Pé trién khai cac hoat dong nghién cuu, dé tai tap trung trién khai
nghién ciru cac ddi tugng lién quan dén tram VTS cua Viét Nam do cang vu
hang hai Thanh phd H6 Chi Minh quan 1y.

4. Phuong phap nghién ciru cia luin an

Nghién cttu sinh sir dung cac phuong phap nghién ctru sau day:

- Phuong phap phan tich sd liéu dé danh gia cac tinh hudng giao
théng;
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- Phuong phap chuyén gia phuc vu nghién ctru danh gid cac tinh
hudng mét an toan giao thong, phwong phap danh gia nguy co mat an toan va
xir Iy céc tinh hudng giao thong;

- Phuong phap thyc nghiém hoc may véi co s¢ dir liéu tinh hudng giao
thong nham danh gia nguy co ddm va giita cac tau thuyén dang hanh trinh
trén tuyén ludng Sai Gon — Viing Tau; ty dong phét hién nguy co dam va va
canh bdo cho hoat dong quan ly giao thong hang hai.

5. Y nghia khoa hoc, y nghia thuc tién ciia ludn an

Dé tai hoan thanh s& xay dung nén co so Iy thuyét nhan dién duogc cac
tinh hubng xay ra cac nguy co tai nan dam va giita cac tau thuyén trong hang
hai. Co s nay c6 thé sir dung trong cac nghién ctru khac lién quan dén xu ly
nguy co dam va dam bao an toan giao thong hang hai khong chi trén bién
rong ma ca trong pham vi giéi han ciia ludng lach hep.

Viéc xdy dung thanh cong hé hoc may s€ lam tang cuong kha nang
phat hién canh bdo nguy co xay ra tai nan trong hang hai lién quan dén dam
va gilra cac tau va gilta tau v6i cac myc tiéu co dinh, phat hién va canh béao
cac diém noéng vé giao thong gop phan giam tai cong viéc cho s§ quan quan
ly giao thong hang hai, ning cao kha ning an toan trong khai thac cang bién,
g6p phin dam bao thyc hién cac muc tiéu kinh té, xa hoi.

6. Cic két qua méi dat dwoc ciia luin 4n

ba xay dung dugc phuong an danh gia nguy co dam va giita cac tau
thuyén hoat dong trong luong lach hep néi chung va ludng Sai Gon — Viing
Tau néi riéng theo ETA ciia céc tau thuyén dén cac diém nong giao thong.

Kiém dinh két qua nghién ciru thong qua huin luyén mo hinh AI cho
thdy d6 chinh xéac cia mo hinh cao. Khiang dinh phuong phép nghién ctru va
thuat toan dé xuat hoan toan phui hop vdi thuc tién va cé ¥ nghia khoa hoc.

Chwong 1. NGHIEN CUU CO SO LY THUYET NHAN DANG,
PANH GIA NGUY CO PAM VA GIUA CAC THUYEN
TREN TUYEN LUONG SAI GON - VONG TAU
1.1. Toéng quan vé van dé nghién citu

Dbi voi hé théng VTS hién hanh, cac danh gia nguy co dam va c6 thé
dua vao cac quan sat truc quan voi cac vector chuyén dong ciia cac muc tiéu
tir 46 ngudi sy quan dua ra cac phan doan vé kha ning gip nhau cua cac tau
thuyén tai cac khu vuc c6 kha ning din dén nguy co dam va, kha ning di
léch duong cua cac muyc tidu hay kha nang muc tiéu di chuyén vao cac khu
vue nguy hiém. Viéc dénh gia trén cac cin cir nay c6 do chinh xac khong cao.
Néu c6 thé xay dung duoc phuong phép danh gid nguy co dam va truc tiép

giita 2 muyc tiédu thi s& tt hon phuong phap hién nay.
Bén canh danh gia nguy co dam va gitra cac tau thuyén st dung thong
tin do radar cung cép, ciing c6 nhiéu nghién ctru str dung thong tin tir AIS [2-
33]. Tuy vy, viéc danh gia nguy co dam va tir thong tin vi tri tau do AIS
cung cap s¢ bo lot cac tau thuyén nho khong trang bj AIS. Ngoai ra, con mot
s0 nghién ctru s dyng thuét toan phan cum va ly thuyét ham tin cy dé danh
gia rui ro xay ra dam va trén cac khu vuc ¢ dinh; mot s tap trung danh gia

-4-



rii ro d4m va theo ving bao quanh cac tau thuyén. Mot sé nghién ctru con bd
sung thém dénh gia nguy co dam va theo cac diéu kién khi twong thuy vin
khac ... Nhirng nghién ctru nay da dé xuét cac 1y thuyét danh gia nguy co dam
va va duoc kiém nghiém trén két qua mé phong. Tuy vdy, viéc trién khai
trong thuc tién van con nhitng han ché do ngudi sir dung can xir 1y nhiéu
thong tin trudc khi c6 thé dwa ra danh gia vé nguy co dam va. Trong thyc tién
dan tau, cac hoa tiéu va thuyén trudng cd cac phuong phap danh gia nguy co
dam va khac don gian va hiéu qua hon.

Dbi voi cac nghién ctru sir dung tri tué nhan tao trong phong tranh
nguy co d4m va hién khong c6 nhidu cong trinh nghién ctru. Nam 2019, hang
Fujitsu di cong bd nhiing thong tin ban dau vé nghién ctru tinh toan nguy co
dam va va du doan cac diém nong trong kiém soat giao thong hang hai.
Trong céc thdng bao cua minh, Fujitsu gidi thi€u ung dung cong nghé cé tén
Human Centric Al Zinrai [21] trong xac dinh nguy co dam va va du doan cac
ving ma c¢é nguy co dam va tdp trung. Tuy nhién, cac thong tin nay chi
chung chung va chua cong b thong tin vé co s 1y thuyét dé c6 thé ung dung
trong cac cong trinh nghién ctru khac. Pac biét, ddi véi viee kiém soat giao
thong hang hai ¢ Viét Nam thi mang nghién ctru ndy van con bo ngo.

Céc nghién ciru danh gia nguy co ddm va, rui ro ddm va phan nhiéu
dugc giéi han trén cac ving bién rong, it co cic nghién ciru trong cac khu
vuce luéng lach hep. Bén canh d6, viéc kho duogc tiép can véi thong tin di
chuyén cua tau thuyén tai cdc tram VTS, danh gia nguy co dam va trén hé
théng 1u6ng lach tai Viét Nam phuc tap, han ché vé co so vat chét phuc vu
nghién cu, ... ciing 1a rao can khong nho d6i véi cac nha nghién ciru. Do do,
viéc nghién ctiru ting dung tri tu¢ nhan tao va dir li¢u 16n trong x1r ly, xac dinh
nguy co dam va giita cac tau thuyén dé tir d6 hd tro cac sy quan quan 1y giao
thong hang hai hién nay trong viéc duy tri, ddm bdo an toan giao thong hang
hai 1a mot hudng di méi, mang tinh thyc tién cao tai Viét Nam.

1.2. Panh gia nguy co dim va trong hang hai va trén tuyén ludng Sai
Gon - Viing Tau

He¢ thdng quan 1y hanh hai ludng Sai Gon — Viing Tau (sau day goi tat
1a h¢ théng VTS) ban dau bao gdbm 03 tram Radar chuyén dung dit & Nui
Lén — Viing Tau, Can Gio va Quéan 7 - TP Ho Chi Minh, 01 tram AIS dat &
Nui Lén va 04 Camera dat & khu vuc c6 mat do luu thong 16n nhét khu vuc
1a tir Nha Bé dén cang Sai Gon. Thay dugc hiéu qua thiét thuc ciia hé thong,
Cuc Hang hai Vi¢t Nam da kién nghi v6i Bo Giao thong van tai trinh Chinh
Phu dé dau tu, lip dat va hoan thién dy an VTS ludng Cai Mép — Thi Vai,
tich hop véi hé théng VTS Sai Gon — Viing Tau. Muyc dich dé bao phu toan
b6 khu vuc tuyén ludng Cai Mép — Thi Vai ciing nhu ting cudng phat hién
cac muc tiéu nho hoat ddng trong khu vuc VTS. Hé théng VTS khu vuc cang
bién Viing Tau — TP HCM — Ddng Nai — My Tho hién nay bao gdm 06 Radar
TERMA chuyén ding, 07 Camera, 02 tram thu AIS, 03 thiét bi do gio.

Véi trang thiét bi hién c¢6 hé thong VTS c6 thé phat hién muyc tiéu &
nhitng khu vuc tir ngoai hai dang Viing Tau 15 hai ly tré vao bao trum toan
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bd tuyén ludng séng Sai Gon, Soai Rap, song Dinh, song Cai Mép — Thi Vai
(khu vuc VTS).

Ludng Sai Gon — Viing Tau c6 thé phan ra 2 khu vuc voi cach danh
gi4 nguy co ddm va giita cac tau thuyén véi nhau. Tai khu vuc dau ludng tir
bién vao, khong gian van dong giita cac tau rong, nguy co dam va co thé xac
dinh theo CPA va TCPA.

1.3. Két luan chuwong 1

Trong chwong 1, co so Iy thuyét vé danh gia nguy co ddm va trén bién
rong va trong hé théng ludng lach hep da duoc xay dung. Dbi vé6i ludng Sai
Gon - Viing Tau, c6 thé danh gia nguy co dam va giira cac tau thuyén trén
bién theo cac thong s6 CPA va TCPA trude khi cac tau nhap ludng. Doan con
lai, can xac dinh cac diém nong giao thong cua ludng va danh gia nguy co
dam va theo ETA cua cac tau dén cac diém nong giao thong d6 dam bao 2 tau
khong ddng thoi xuat hién tai cac diém néng vé giao thong giy mét an toan.

Chuong 2. TONG QUAN VE DPANH GIA NGUY CO PAM VA
GIUA CAC MUC TIEU TREN VUNG BIEN RONG VA TRONG
LUONG CHAY TAU

2.1. Panh gia két qua thuc nghiém xac dinh nguy co dim va giira 2

tau thuyén trén ving bién rong dwa trén két qua quan sat tir tram VTS

Twr vi tri cua tau chu va tau muc ti€u so voi 4 tram VTS do dugc ghi
lai trong qué trinh thuc nghiém, céc thong tin quan sat tir tram VTS s&€ dugc
tinh toan dé danh gia nguy co dam va.

Déng thoi véi viée ghi lai thong tin vi tri cua tau muyc ti€u, tau chu,
cac thong tin CPA, TCPA cua tau muc tiéu trén man hinh radar (hinh 2.4)
cling dwoc ghi lai phuc vu danh gia do chinh x4c cta cong thic 1y thuyét
trong phan 1.2. Cac thong tin thyc nghiém ghi lai thé hién trong bang 2.2.

___tessare

12:04:55 11/08/2021

Hinh 2.4. Man hinh radar cua tau chu
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Bang 2.2. Két qua thuc nghiém

0s TS
CPA | TCPA Time

Lattitude Longitude Lattitude Longitude

20| 37.946| 106 | 52.359| 20 | 38.05 | 106 | 5457 | 0.1 10 12:02:33 | t1

20 | 38.142 | 106 | 52.507| 20 | 38.17 | 106 | 5437 | 0.1 9.4 12:03:49 | t2

20 | 38.307 | 106 | 52.633| 20 | 38.32 | 106 | 54.27 0.1 8.4 12:04:55 | t3

20| 38.449| 106 | 52.739| 20 | 38.48 | 106 | 54.18 0.1 7.4 12:05:56 | t4

20| 386 | 106 |52.853| 20 | 3861 | 106 | 5411 | 0.1 6.4 12:06:56 | t5

20| 38.745| 106 | 52.963| 20 | 38.74 | 106 | 54.01 | 0.1 5.4 12:07:58 | t6

20 | 38.912| 106 | 53.09 | 20 | 38.89 | 106 | 53.95 | 0.1 4.3 12:09:03 | t7

20 | 39.026 | 106 | 53.176| 20 | 39.01 | 106 | 53.86 0.1 3.5 12:09:52 | t8

20 | 39.144 | 106 | 53.266| 20 | 39.13 | 106 | 53.8 0.1 2.6 12:10:43 | t9

20 | 39.283 | 106 | 53.373| 20 | 39.25 | 106 | 53.72 0 1.7 12:11:41 | t10
20| 39.378 | 106 | 53.448| 20 | 39.34 | 106 | 53.67 0 1 12:12:20 | t11
20| 39.492| 106 | 53.535| 20 | 39.44 | 106 | 53.61 0 0.3 12:13:03 | t12

2.2. Xac dinh diém noéng giao thong trén khu vuc ludng Sai Gon -

Viing Tau
Xuét phat tir hai d6 ctia Hai quan nhan dan Viét Nam ty 1& 1:100000

tai vi tuyén 16° vé so dd, vi tri cac diém c6 nguy co mét an toan giao thong
trén tuyén ludng Viing Tau - Sai Gon, nghién ciru sinh di xéac dinh 10 vi tri
duogc danh gia 1a c6 nguy co trén tuyén luong nay. Chi tiét 10 diém nhu sau:

e Khu vyc phao s6 0
Khu vue phao GR
Khuc cua An Thanh (Tiéu 31)
Khic cua Coude Lest (Tiéu 38)
Khic cua Houlde Lest (Phao 40)
Khuc cua B4 Han (Phao 48)
Miii O ro (Phao 55)
Ngé ba Nha Be (Phao 58)
Khtic cua Mili dén do

e Khuc cua Hai 1y 3 (Phao 68)

Néu tinh theo s6 phat chénh nhau ctia ETA gitra 2 tau, thong tin nay kho
dua ra dugc cam nhan tryc quan nhu khi so sanh khoang cach giira cac tau tai
thoi diém 1 tau da dén diém noéng giao thong, 1 tau con cach diém d6 mot
khoang tuong tmg v&i dd chénh ETA. Dé danh gia ki hon, ching ta can xem
xét dja hinh mot s diém néng sau: Khic cua Hai Ly; Khuc cua Mili Bén Do;
Nga ba Nha B¢; Khuc cua miii O Ro; Khuc cua Pa Han; Khic cua An Thanh

Theo dbi cac khic cua trén thuc té ta théy, khi d§ chénh ETA khoéang 5
phut tuong mg véi khoang cach INM giita 2 tiu thi van kha ning 2 tau
thuyén gip nhau trén doan ludng kho khin cho viéc tranh va. Trong khi do,
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d6 chénh khoang cach 2NM (img véi dd chénh ETA khoang 10 phut) c6 thé
cho phép 2 tau khong gap nhau trén cac khuc cua nay. Néu lya chon d6 chénh
ETA 16n hon thi nguy co ddm va s& duoc danh gia sém hon dong nghia véi
viéc canh bao nhiéu hon. Néu canh bao nhidu quéa s& c6 thé dan t6i qué tai
cho hé théng VTS. Vi véy, chon d¢ chénh ETA khoang 10 phut 1am gi¢i han
danh gia nguy co dam va (cling gan véi gia tri trung binh ma céc hoa tiéu dua
ra) la mot Iua chon hop 1y.
2.3. Xay du’ng cdng thirc tinh toan xac dinh nguy co' dim va theo ETA
téi cac diém nong giao thong trén tuyen ludng Sai Gon - Viing Tau
Thoi gian dyu kién dén diém cin dén duoc tinh nhu sau:
ETA =2 (2.12)
Véi cac hé cong thirc néu trén ta tinh toan duoc ETA cua cac tau dén
tirng diém néng giao théng. So sanh ETA ciia CAc tau téi cac diém nong giao
thdng ta xay dung dugc co so dit ligu dé danh gid nguy co dam va giira céc
tau thuyén trén luong Sai Gon - Viing Tau phuc vu cho huan luyén Al.
2.4. Két luan chwong 2
Trong chwong 2, nguy co dim va gitra cic tau thuyén dang di chuyén
trén ludng Sai Gon - Viing Tau ciing nhu tai khu vue ddu ludng duoc xac
dinh theo 2 diéu kién: mot 1a tinh toan theo CPA va TCPA: hai 1a theo ETA
dén cac diém nong giao théng. Cac cong thire tinh toan da duge xac dinh qua
viéc gidi cac bai toan hinh hoc va kiém tra so sanh véi két qua mo phong tai
hé thong mé phong budng 14i cua Trudng Pai hoc Hang hai Viét Nam. Di
sanh cho thiy cac hé cong thirc dam bao dé xay dung co s& dit liéu vé nguy
co dam va trén tuyén ludng Sai Gon - Viing Tau phuc vu huén luyén cac mo
hinh hoc may.

Chuong 3. SUDUNG Al PANH GIA NGUY CO PAM VA GIUA HAI
TAU THUYEN TAI KHU VU'C PAU LUONG SAI GON - VONG TAU

3.1. Dir li¢u tinh toan xac dinh nguy co dim va trén vang bién rong
Dit liéu dau vao Ia;
- Thoi diém t1: Tau 1 (X11; Y11) Tau 2 (Xz1; Ya1)
- Thoi diém t2: Tau 1 (X1z; Y12) Tau 2 (X22; Y22)
Dé thuan tién cho viéc 1ap trinh trén may tinh, ta chuyén déi khai bao
cac dir liéu nhu sau:
Xu= pal; Y =1al; Xo1 = pbl; Yo =1bl;
Xo1 = pa2; Ya = la2; X2 = pb2; Y22 = Ib2.
M6 ta dit liéu hun luyén model nhu sau:
Dataset = {(X, y)}, trong do:
e X =1]t1, pal, lal, pbl, Ibl, t2, pa2, la2, pb2, 1b2]: Théng tin vi tri
cua hai tau A, B ¢ hai lan quan sat t1, t2:
o Lan quan sét t1:
m  Vitritau 1: pal, lal
m  Vitritau 2: pbl, Ibl
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o Lan quan sét 2:
m Vitritau 1: pa2, la2
m Vitritau 2: pb2, Ib2
e vy (nguy co dam va - ncdv): 0/1
o 0 - Hai tau khong c6 nguy co ddm va
o 1 -Hai tau c6 nguy co dam va
Mién xac dinh:
e Delta-t=12-11: [1, 5]
e pal, pbl, pa2, pb2: [10, 12] - vi d6 giGi han khu vyc Sai Gon - Viing

Tau

e lal, Ibl, la2, Ib2: [106, 108] - kinh dd gi¢i han khu vuc Sai Gon -
Viing Tau

e ncdv:0,1

Trén co s6 xac dinh dit liéu diu vao va dau ra cua hé thong, gii han
mién xac dinh ta tién hanh xay dung bd co sé dit liéu cua céc tinh hudng
c6/khdng c6 nguy co ddm va gitra cac tau thuyén.

3.2. Panh gia bd dir liéu phuc vu huan luyén mé hinh trén vang bién
rong

Trudc khi huén luyén mé hinh, bude phan tich va tién xir 1y dir liéu
dugc tién hanh. Dir liéu huin luyén gom 30240 mau, bang 3.1 thé hién 5 mau
dit liéu dau.

Bdng 3.1. Dit liéu ban ddu

—
=

pal lal pbl bl t2 pa2 a2 pb2 b2 n

Q
Qo
<
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olo|o|o|o
=1}
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Hinh 3.1. Do chénh léch gitra cac output
Chuyén cac dit liéu kinh d9, vi do sang dang thap phan:
x = d¢ + phut/ 60
Chuén hoa dir liéu:
z=(X - u)/s,
trong do: u, s la gia tri trung binh va d¢ 1éch chuén.




Bang 3.2. Mét s6 mau di liéu sau khi chudn héa

tl | pal lal | pbl | Ibl t2 pa2 la2 pb2 | b2 | ncdv
00 |13 | -14 | 21 | -16 | -141 | 137 | -143 | 209 | -14 0
0013 | -14 |21 | -16 | -071 | 138 | -143 | 2.08 | -14 0
00 |13 | -14 | 21 | -16 0.0 139 | -143 | 207 | -14 1
00 135 | -14 | 21 | -16 0.71 14 | -143 | 2.06 | -14 1
00 ] 135 | -14 | 21 | -16 141 | 142 | -143 | 205 | -14 1

Bang 3.2 thé hién 5 mau di liéu dau sau khi chuan hoa (di lam tron
v6i d6 chinh xac hai chir s6 sau ddu phdy). Gia tri trung binh va do léch
chuén sau khi chuin hoa di liéu dugce thé hién trong Bang 3.3.

Bang 3.3. Gia tri trung binh va d¢ léch chudn sau khi di chudn héa div lidu

tl | pal lal pbl bl t2 pa2 la2 pb2 b2
me (0. 6.368532 égggggg B.505663 |1.191063 0.0 9.16971 |3.826407 6.229760 égggggg
an |0 (4283389 08e-13 1050575 (7085663 ’ 4333818 (5182914 (0573194 08e-13
07e-14 57e-15 | 809e-14 37e-14 |356e-14 |164e-15

[L.000016 [1.000016 [1.000016 |1.000016 {1.00001 {1.00001 |1.000016 |1.000016 [1.000016
std |, (5348017 (5348017 (5348016 |5348016 (6534801 [6534801 |5348016 [5348015 |5348017
55 875 243 203 6248 4514 228 708 875

o O

Dé hudn luyén moé hinh, ta chia dit liéu thanh 3 tip: training set,
validation set va test set theo ti 1¢ 3:1:1 (day la ty 1€ chia theo kinh nghiém
thong thuong khi huan luyén model khi bd co s dir liéu khong 16n 1am).

e Training set: (18144, 10), (18144)

e Validation set: (6048, 10), (6048)

e Test set: (6048, 10), (6048)

3.2. Xay dyng md hinh mang no-ron dé huan luyén
Trong phan tinh toan xac dinh nguy co ddm va tau thuyén trén ving
bién rong, cu thé 1a ving dau ludng tai cira Viing Tau. Nghién ciru sinh Iya
chon mang no-ron nhan tao, can cur vao ditr liéu da dugc thiét 1ap o trén, so dd
cAu trac mang lya chon dugc thé hién nhu hinh 3.2 duéi day:
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Do dir liéu c¢6 sb lugng dic trung (input features) va sé luong miu
(training samples) it nén mang multi-layer feed-forward network duoc lua
chon dé huin luyén, so dd mang dugc thé hién trong hinh 3.2.

Do dir liéu c¢6 sb lugng dic trung (input features) va sé luong miu
(training samples) it nén mang multi-layer feed-forward network [5] dugc lua
chon dé huin luyén, so do mang dugc thé hién trong hinh 3.3.
input: | [(None, 10)]
output: | [(None, 10)]

dense_input: InputLayer | float32

input: | (None, 10)
output: | (None, 32)

dense: Dense | float32

input: | (None, 32)

dropout: Dropout | float32
output: | (None, 32)

input: | (None, 32)

dense 1: Dense | float32
output: | (None, 32)

input: | (None, 32)
output: | (None, 2)

dense_2: Dense | float32

Hinh 3.3. Théng sé chi tiét ciia mé hinh
Céu triic mang bao gém 4 layers: 1 input layer, 2 hidden layers, va 1
output layer. Giira hai hidden layer st dung dropout [6] dé ting kha ning
téng quat hod cua mé hinh va tranh hién twong overfitting [7]. M6 hinh duoc
t6i wu sir thudt toan Adam [8], v ham muc tiéu (objective function/ loss
function): BinaryCrossEntropy:

Locs = = T (i * logy] + (1= 1) *log (1 = ¥)).

trong d6: n - 1a s6 lugng mau, y; 1 dau ra thuc té (y_true), y; 1a dau ra cua
md hinh (y_predicted). Qua trinh huan luyén s& uéc lugng cac tham sb ciia
mo hinh nham muc tiéu ti thiéu héa ham loss.

Kich thudc hai 16p hidden layers dwgc chon dua trén thuc nghiém
trong khoang 16 - 64. Thyuc nghiém cho thay huan luyén mang v&i kich thude
hai 16p hidden layers 16, mo hinh khong dat dugc d¢ chinh xac cao (xdy ra
hién tuong underfitting), voi kich thudc [32, 64) bit dau xay ra hién tugng
overfitting). Mang dat két qua tot nhit véi kich thudc hai 16p hidden layers 1a
32. Thong sb chi tiét cua mo hinh sau khi t6i vu duoc mé ta chi tiét trong
hinh 3.3.
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3.3. Panh gia két qua huin luyén mo hinh mang no ron nhan tao trén
vung bién réng
model accuracy

— ftrain
wal SN A

accuracy

10 20 30 40 50 60 n 80
epoch

=

Hinh 3.4. B¢ chinh xdc cia mé hinh trén tdp training va validation
model loss

—— frain

loss

o 10 20 k] 40 50 &0 70 80
epoch

Hinh 3.5. Ham loss trén tdp training va validation

Normalized confusion matrix

Tue label

o »
Predicted label

Hinh 3.6. Normalized confusion matrix trén tdp test set
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Két qua trén test set:

189/189 [ = ] - Os 1ms/step

- loss: 0.3516 - accuracy: 0.8515

Precision, Recall va F1 (macro) trén tap test set:

0.8883345859055505, 0.8895823013058037, 0.8888411682892907

Confusion matrix trén tap test set nhu trong hinh 3.6.

Phan tich dit liéu danh gid nguy co dam va trén tap test set sau khi
dugc chuan hoéa néu trén ta thdy gia tri du doan nguy co dam va/khéng co
nguy co ddm va c6 do chinh xac dén gan 90%. V&i bo dir lidu hién hanh, sd
lugng hon 30000 dir liéu duogc coi 1a tuong dbi nho so véi cac co s dit liéu
huén luyén Al Két qua trén 1a twong ddi tot véi cac du doan ciia mdy tinh.
Hon thé nita, danh gi4 nguy co ddm va khong chi qua 2 ldn quan sat, no la
mot chudi cac 14n quan sat lién tuc cho nén kha ning dy doan nguy co dam
va s& cang ting cudng 1én sau nhiéu 1in quan sat va qua d6 tranh duoc cic
hién twong bo lot nguy co ddm va gitra cac tau thuyén. Do chinh x4c nhu trén
ctiia mé hinh du doan nguy co dam va hoan toan c6 thé chap nhan dugc.

3.4. Két luan chwong 3

Trong phan nay, viéc nghién ciru danh gia nguy co dam va dya trén
gi4 tri quan sat vi tri ciia 2 tau thuyén trén bién sir dung mang no ron don
gian dugc huin luyén trén tap dit liéu hon 30 ngan mau da dat duoc két qua
kha quan.

Két qua nghién ctru nay cho thay g dyng trf tu¢ nhan tao trong dénh
gia nguy co dam va giira cc tau thuyén trén bién nham phat hién mot cach ty
dong nguy co ddm va va dua ra canh bao dbi véi ngudi diéu khién phuong
tién phuc vu quan ly an toan giao thong hang hai 1a kha thi.

Két qua nghién ctru ndy ciing ¢6 thé dugce sir dung trong phat trién cac
chuong trinh ty dong diéu khién tau v6i cic mod hinh hoc may khéc.

Chuong 4. SUDUNG AI PANH GIA NGUY CO PAM VA TAI
KHU VU'C CHAT HEP CUA LUONG SAI GON - VONG TAU
4.1. Dir ligu vé nguy co ddm va trén ludng lach hep dwa vao mé hinh
tinh toan
Dir liéu gém ¢o cac sheet name: "WPO01", "WP05","WP06", "WP55",
"WP64", "WP67" "WP79", "WP94", "WP98", "WP110", "WP125"
- Céc gia tri ban dau gdm co: ty, tp, Xal, yal, xbl, ybl, xa2, ya2, xb2,
yb2, Wpx, Wpy
-Diurala ETA Wpa, ETA_Wpb, ETA
Goi tau thtr nhit 1 A, tau tht hai 1a B. Trong d6:
ty, to 1a thoi gian tai 2 thoi diém
(xal, yal), (xa2, ya2) la toa d6 clia tau A tai thoi diém ti, t
(xbl, ybl), (xb2, yb2) 12 toa do ctia tau B tai thoi diém ty, t
Wpx, Wpy 1a toa do cta diém nong WP (c6 11 diém néng)
ETA_Wpa, ETA_Wpb la thoi gian wée tinh dén diém nong
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e ETA la thoi gian udc tinh va cham cia 2 tau A, B dugc tinh béng tri

tuyét ddi cua hiéu gitra ETA_Wpa va ETA_Wpb:
ETA=|ETA Wpa- ETA Wpb |
Néu ETA > 10 thi két luan 2 tau ¢6 nguy co va cham, ngugc lai thi
két luan 2 tau khong c6 nguy co va cham.

- Chia dit liéu thanh 2 phan:
Tap hudn luyén gom c6 80488 dir liéu (9 diém nong sau: "WPO1",
"WP05","WP06", "WP55", "WP64", "WP67", "WP79", "WP94",
"WP98"™)
Tap kiém tra gdm c6 55744 dir liéu (2 diém néng sau: "WP110",
"WP125)

4.2. Phan tich dir liéu

4.2.1. Truc quan hoéa di ligu
- Xem xét khai quat dix lieu

Scatter Plot - X_normal vs X_anomaly

Legend
® MNormal
. & Anomaly (Sheet 4.5,6)

Hinh 4.1. Hinh anh dit liéu nhiéu
Cham xanh 13 cac dit liéu c6 su phan bd gidng nhau va cham do cac
cac dir liéu c6 sy phan bd rat khac & céac sheet tha 4, 5, 6. C6 thé the"iy, dir liéu
nhidu 13 cic gia tri rit khac so voi tong thé cia dir liéu nhung lai chiém s6
luong rat 1on. Diéu nay din dén khi xdy dung mo hinh, kha nang tong quét
héa cia mo hinh s€ kém di.
- Xem xet khai quat cac lop (O va 1)

Hinh 4.2. Hinh anh phdn bé [6p ciia tieng WP
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Céac 16p 0 va 1 dang bi mét can bang. Lop 1 (tc co nguy co va
cham) chiém da sé so véi I6p 0 (Khong c6 nguy co va cham).
+ O cac WP01, WP64, WP79, WP98 c6 16p 1 nhiéu hon 16p 0
+ O cac WP05, WP67, WP94, WP110 c6 Iép 0 nhiéu hon 16p 1
+ O cac WP06, WP55 gan nhu chi ¢6 16p 1
+ O WP 125 chic6 I6p 1
4.2.2. Tién xir ly dé ligu
+ Tinh van toc va hudng cia tau A va tau B
Goi Va, Ca, Vb, Cb la van toc va hudng cia tau A, B

Va = acos(sin(radians(xal))*sin(radians (xa2)) + COS(radians
(xal))*COS(radians (xa2))*COS(radians (ya2)- radians (yal))) *
6371000/1852*60/5 4.1)
Trong do:
acos la ham arc cosine.
radians chuyén dbi gi4 tri tir 6 sang radian.

Ca =degrees(atan2(cos(radians (xal))*sin(radians (xa2))-sin(radians
(xal))* cos (radians (xa2))* cos (radians (ya2)- radians
(yal)),sin(radians (ya2)- radians (yal))*cos(radians (xa2))))+360

4.2)
Trong d6:
degrees chuyén dbi gia tri tir radian sang do.
atan2 1a ham arctang cua hai bién.
+ Tinh khoang céch Euclid toa d6 giira vi tri cta tau véi diém nong (vi tri ciia
tau A - diém nong va vi tri clia tau B - diém nong)
Cong thuc Euclid:
Distance = /(x; — x3)2 + (y; — ¥2)? (4.3)
4.2.3. Pj do sir dung
Dé dam bao viéc danh gia chinh xac cac mé hinh sau khi hudn luyén,
can st dung d6 do phu hop duéi déy.
C6 4 trudng hop cua du doan co thé xay ra:
- True Positive (TP): thyuc té 1a ¢co nguy co va cham va mé hinh dy
doan ding la c6 nguy co va cham.
- True Negative (TN): thuc té 1a khong c6 nguy co va cham va mo
hinh du doan dung la khong c6 nguy co va cham
- False Positive (FP): thyc té 1a khong c6 nguy co va cham, mo hinh
du doan sai la c6 nguy co va cham
- False Negative (FN): thuc té Ia c¢6 nguy co va cham, mo hinh dy
doéan sai 1a khong c6 nguy co va cham.
Dua vao cac du doan trén, su dung cac d6 do sau cho bai toan phan
loai c¢6 nguy co va cham hay khong:
- Accuracy duoc dinh nghia 14 ty 18 phan trim dy doan ding cho dit
lidu thir nghiém. N6 duoc tinh bang cach chia sé 1an du doan dung cho tong
s6 1an dy doan.
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- Precision s& cho biét thuc sy ¢6 bao nhiéu dy doan Positive that sy 1a
dung so véi thuc té (True).
- Recall do luong ty 1€ du bao chinh xac cac truong hgp positive trén
toan by cac miu thudc nhom positive
- Fl-score, 1a ky vong harmonic (harmonic mean) cua Precision va
Recall. F1-score 16n khi ca 2 gia tri Precision va Recall déu 16n. Nguoc lai,
chi can 1 gia tri nho s& lam cho F1-Score nho. F1-Score cang 16n cang tot.
Khi Iy twdng nhit thi F1-score = 1 (khi Recall = Precision=1).
Ngoai ra, c6 thé sir dung cac do do sai sb sau:
- Mean Squared Error (MSE) dugc dinh nghia 13 trung binh tong
binh phuong sai s giita dau ra du doan va két qua thyc.
MSE = 31 (i = 9))° (4.8)
- Mean Absolute Error (MAE) duogc dinh nghia 1a trung binh tong tri
tuyét dbi sai sb gitra dau ra dy doan va két qua thuc:
MAE = 3 1y = 9il° (4.9)
MSE va MAE c¢6 mién gié tri tir [0, +o0]. Trén ciing tap dit liéu, MSE
va MAE cang nho thi c6 d§ chinh xac cang cao.
4.2.4. Sy qué khap (Overfitting)
Dau hiéu cua overfitting bao gdom:
- Hiéu suét t6t trén tap huan luyén nhung kém trén tap kiém tra.

- M6 hinh c6 d6 phuc tap cao.
Good Fitting Over Fitting
—— Model —— Model
True function True function
® Samples e Samples
s ° ]\
\
[ BN
o 'f o=
% 1
°
L] L]
° \.r\ ®
L] L]
ol @
. [ gl ] . (]
X X

Hinh 4.3. Vi du vé Good Fitting va Over Fitting
Hinh bén trai (Good Fitting) cho thiy mé hinh dugc huén luyén rat
gidng véi mé hinh thuc té. Hinh bén phai (Over Fitting) cho thdy mé hinh
dugc huan luyén khac so v6i md hinh thuc té, vi mé hinh nay ¢6 géng di qua
tat ca cac diém dir liéu (ké ca dir liéu nhiéu).
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Do dit liéu ctia chung ta dang bi nhiu 16n nén rat dé xay ra hién tuong
overfitting ndy. Dudi day, chung ta s€ di thir nghiém cac mo hinh va xem xét
mo hinh nao dé bi overfitting va cach dé tim dwoc mo hinh tot nhat

4.3. Lwa chon va thwc hanh huin luyén mé hinh Al cho ludng lach
hep
4.3.1. M6 hinh héi quy da thirc két hop Lasso (Polynomial két hep véi
Lasso)
M5 hinh Lasso dat két qua tot nhét véi alpha = 1.
Véi alpha = 2 hay alpha = 0.5 thi ta thdy cac mé hinh c6 ddu hiéu qua khép
(overfitting). Trong d6 chi dat két qua twong dbi tap trén huén luyén nhung
trén tap kiém tra dbi v6i 16p 0, mé hinh khong du doan dung bit ky miu
nao thudce 16p 0.
Do d6, ta nén két hop vai hdi quy da thie (Polynomial regression)
Dudéi day 1a két qua thir nghiém mé hinh két hop Polynomial véi Lasso
(alpha = 1) vai cac bac Degree khac nhau, lan luot 12 2, 3, 4.
Polynomial (Degree = 3) két hop véi Lasso (alpha = 1)
+ Do do sai s6 nhu sau:

MSE Tap huan luyén Tap kiém tra
tau A 5.58716 2.27946
tau B 5.12589 3.24671
Ta c6 bang d6 do chinh xac nhu sau:
+ Tap huan luyén
precision recall fl-score support
0 0.95 0.62 0.75 15421
1 0.89 0.99 0.94 49373
accuracy 0.90 64794
macro avg 0.92 0.81 0.85 64794
+ Tap kiém tra
precision precision fl-score support
0 0.76 0.89 0.82 328
1 1.00 1.00 1.00 55416
accuracy 1.00 55744
macro avg 0.88 0.95 0.91 55744
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Mic du d6 do sai sb cua tau A va tau B chua dat két qua nho nhit so
V6i céc thir nghiém trén nhung d6 do su chinh xéc lai cho két qua kha
quan. Trén tap huan luyén, du doan nhan 0 dat 75% f1-score va nhén
1 dat 94%. Bong thoi f1-score trén tap kiém tra du doan dung nhéan 0
nao tirc 12 82% va nhan 1 1én téi 100% F1-score. Két qua chung véi
F1-score trung binh (macro avg) ciia 2 16p 1a 85% trén tap huan luyén
va 91% trén tap kiém tra cho thdy mé hinh hoc kha tét tir dir liu va
két qua hua hen.

Polynomial (Degree = 2) két hop véi Lasso (alpha = 1)

+ Do do sai s6 nhu sau

MSE Tap huan luyén Tap kiém tra
tau A 6.71096 0.17897
tau B 6.32211 1.66528
Ta c6 bang d6 do chinh xac nhu sau:
+ Tap huan luyén
precision recall fl-score support
0.90 0.67 0.77 15421
0.90 0.98 0.94 49373
accuracy 0.90 64794
macro avg 0.90 0.83 0.86 64794
+ Tap kiém tra
precision recall fl-score support
0.00 0.00 0.00 328
0.99 1.00 1.00 55416
accuracy 0.99 55744
macro avg 0.50 0.50 0.50 55744

Mic du do do sai so trén tap kiém tra cua tau A va tau B cho két qua
khé tét song do chinh xac lai cho két qua chwa cao. Trén tap huan
luyén, du dodn nhin 0 dat 77% fl-score va nhan 1 dat 94% véi F1-
score trung binh 1a 86%. Nguoc lai, f1-score trén tap kiém tra du doan
dung nhan 0 lai 1a 0% va nh@n 1 I&n téi 100% F1-score. Két qua
chung vai F1-score trung binh (macro avg) cua 2 16p |1a 86% trén tap
huan luyén va 50% trén tap kiém tra cho thiy mé hinh bi overfitting
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nén da thire hdi qui bac 2 khdng hiéu qua cho bai toan phat hién nguy
co va cham.
Polynomial (Degree = 4) két hop véi Lasso (alpha = 1)
+ Do do sai s6 nhu sau

MSE Tap huan luyén Tap kiém tra
tau A 5.22354 6.53838
tau B 4.40549 9.57899

Ta c6 bang d6 do chinh xac nhu sau:
+ Tap huan luyén

precision recall fl-score support
0 0.93 0.69 0.79 15421
1 0.91 0.98 0.94 49373
accuracy 0.91 64794
macro avg | 0.92 0.84 0.87 64794

+ Tap kiém tra

precision recall fl-score support
0 0.45 0.99 0.61 328
1 1.00 0.99 1.00 55416
accuracy 0.99 55744
macro avg 0.73 0.99 0.81 55744

Do do sai sb trén tap kiém tra cua tau A va tau B cho két qua khong
t6t bang da thirc hoi quy bac 3 va bac 2. Trén tap huan luyén, duy doan nhin 0
dat 79% f1-score va nhin 1 dit 94% véi Fl-score trung binh 1a 87%. Dong
thoi f1-score trén tap kiém tra dy doan dtng nhén 0 lai 1a 61% va nhan 1 1én
t6i 100% F1-score. Két qua chung véi F1-score trung binh (macro avg) cia 2
I6p 12 87% trén tap huan luyén va 81% trén tap kiém tra cho thiy mé hinh
tuong dbi tot nhung chua tét bang da thac hoi qui bac 3.

Polynimial két hop véi Lasso (alpha = 1) dat két qua tét nhat khi bac
cta Polynomial 1a 3. M6 hinh dat F1-score trung binh (macro avg) cua 2 16p
1a 85% trén tap huin luyén va 91% trén tap kiém tra va tét véi ca 2 16p 0 va
1. Trong d6 véi 16p 1 md hinh dy doan gan nhu hoan toan chinh xac. Ngoai
ra, d6 do sai s6 trén ca tap huan luyén va tap kiém tra déu twrong déi nho va
can bang nhau mic di day chua phai 1a d6 do sai s6 nhé nhét trong 3 Ian thu
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nghiém md hinh két hop nhung lai dat dugc két qua tét nhat.
4.3.2. Phén tich va danh gid
4.3.2.2. Bé xudt mo hinh
Dé xuat sir dung mé hinh két hop giira Polynomial va Lasso. Két qua
t6t nhit 1a mé hinh da thirc héi quy bic 3 két hop véi Lasso (alpha = 1) v6i
Fi-score trung binh (macro avg) cta 2 16p trén tap huan luyén dat 85% va
trén tap kiém tra dat 91%.

+ MO hinh két hop nay da giai quyét duge van dé overfitting & hau hét
cac mo hinh thtr nghiém trude do.

+ MO hinh két hop nay c6 d6 do sai s6 tot nhat trong tit ca cac mo hinh
thir nghiém trudc do, can bang & ca 2 16p trén tap kiém tra va tap huan
luyén.

+ MO hinh két hop nay du doan dugc 16p 0 trén tap kiém tra trong khi
cac md hinh trude d6 gan nhu khong du doan ding 16p 0 nao trén tap
kiém tra.

- Céc d6 do can dugc xem xét (néu trong phin 3 muc IT). Trong d6 can
cha ¥ dén macro avg (1a F1-score trung binh (macro avg) cuia 2 16p)
dé dam bao c6 nhan xét tdng quat nhat vé két qua.

F1-Score cho cac WP (Khdng V,C)

0.4943 0.4992

WPOL1 WPO5 WP06 WP55 WP64 WPE7 WP79 WP94 WP98  WP1l0 WP125

Hinh 4.7. F1-Score trung binh cho cac WP
- Mo hinh cho két qua dy doan chua tdt & cac WP06, WP55, WP64,
WP67, WP79 (dudi 60% Fl-score) do tinh chat mat can bang cua dit
liéu.
4.3.3. Pdnh gid dé tin cdy ciia mé hinh dé xudt trén tip di liéu lén
Dé xac nhan do tin cdy (reliability), khda m& (scalability) va tinh khai
quat (generalization) d6i voi mé hinh da thicc hoi quy bdc 3 két hop véi
Lasso (alpha = 1), nghién ctru sinh da thu thdp thém 1 tap di li¢u 16n voi
746.379 méu dir liéu (16n hon 20 14n so véi b dit liéu da thir nghiém & trén)
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voi dit liéu da dang, phirc tap hon. Sy phéan bd dit lidu duge trinh bay trong
hinh 4.8 dudi day:
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Hinh 4.8. Phan bé dir liéu giira cac WP trén tap diz liéu lon
Phan bb dit liéu di duogc trinh bay trén hinh 4.8, nhu da thay, dir liéu kha mat
can bang, dic biét 1a cac WP74, WP79 va WP110 (sb lugng dit liéu nguy co
dam va it hon rit dang ké so vé6i s6 luong dit liéu khong c6 nguy co dam va).
Diéu nay phan anh tap dit liéu 16n ciing twong ddi phu hop so véi cac tinh
hudng trén thyc té.

Training Result
precision recall fl-score support

0 0.94 0.95 0.94 185302

1 0.94 0.94 0.94 175195

accuracy 0.94 360497
macro avg 0.94 0.94 0.94 360497
weighted avg 0.94 0.94 0.94 360497

Hinh 4.9. Két qud thir nghiém mé hinh da thirc hoi quy béc 3 két hop véi

Lasso (alpha = 1) véi da liéu hudn luyén trén tap da liéu Ién
Két qua thir nghiém mo hinh da thirc hdi quy béac 3 két hop véi Lasso (alpha
= 1) voi bd dir liéu 16n dugc trinh bay trong hinh 4.9 cho thay do chinh xac
(precision), 6 nhay (recall), va Fl-score déu dat 94% trén tip hudn luyén
(training). Tirc 1a hiéu suat phat hién nguy co dam va tiu cao hon so vdi tap
¢6 it dir liéu hon. Piéu nay ching t6 khi mo hinh dugc huan luyén véi nhidu
dir liéu hon dang ké thi vin chua bi qua khop, va vi vAy md hinh c6 dé tin
cy ciing nhur tinh khai quat tot.
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Testing Result

precision recall fl-score support

0 0.91 0.73 0.81 15478

1 0.97 0.99 0.98 127047

accuracy 0.96 142525
macro avg 0.94 0.86 0.89 142525
weighted avg 0.96 0.96 0.96 142525

Hinh 4.10. Két qud thi: nghiém mé hinh da thirc hoi quy bdc 3 két hop véi
Lasso (alpha = 1) vdi di liéu kiém thi trén tap diz liéu lén

Két qua thir nghiém moé hinh da thirc hdi quy bac 3 két hop véi Lasso
(alpha = 1) véi dit liéu kiém thir trén tap dit liéu I6n trén hinh 4.10 cho két
qua do chinh xéac, d6 nhay, va Fl-score déu dat 96%. Két qua nay cho thiy
khi tang dit liéu hudn luyén thi do chinh xac phat hién nguy co dam va tau
cling dugc cai thién. M6 hinh d& xuat phi hop véi bai toan phét hién nguy co
dam va trong vung hep.

M6 hinh hoi quy da thirc bac 3 két hop véi Lasso (alpha = 1) ciing cho
két qua tot nhat véi Fl-score trung binh (weight avg) cua 2 16p 1én t6i 94%
trén tap huén luyén va 96% trén tap kiém tra va t6t déu trén ca 2 16p 0 va 1.
Ngoai ra, d6 do sai s6 trén tap huan luyén 13 2.03 vé6i tau A, va 1.94 véi tau B
va tap kiém tra déu cho két qua RMSE nho hon 0.6. Pidu nay chimg to md
hinh hdi quy da thirc bac 3 két hop Lasso cho két qua dang tin cdy trén cac
tap dir liéu c6 quy mo khac nhau.

4.4. Két luan chwong 4

Trong phan nay, mot s mo hinh hoc may hdi quy duoc khio sat va
thir nghiém; két qua céc thir nghiém cho thidy mo hinh hoi quy da thirc bac 3
két hop vai Lasso cho két qua véi Fl-score trung binh (macro avg) ctia 2 16p
trén tap hudn luyén dat 85% va trén tap kiém tra dat 91%. Cac tham sO clia
md hinh hdi quy da thiic két hop Lasso da giai quyét hidu qua bai toan xac
dinh nguy co ddm va tai diém nong d6i v6i cac cap tau muc tiéu bat ky, trén
co s¢ dir liéu thuc dugc cung cap theo thoi gian thuc. Céac dir liéu dugc gia
lap, rat gon hon, thuédn loi hon cho qué trinh tinh todn so véi kho dir li¢u
duogc luu trir trong hé thong VTS cua ludng hang hai.
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KET LUAN VA KIEN NGHI
1. Két luan

Luan an da dat dugc muc tiéu ban dau vé nghién ctru img dung tri tué
nhan tao va dir liéu l6n trong quan ly giao théng hang hai trén tuyén ludng
Sai GoOn - Viing Tau. Cac dir liéu vé danh gia nguy co dam va giira cac tau
thuyén trén ving bién rong, danh gia nguy co ddm va giita cac tau thuyén
trén 1u6ng lach hep da duogc nghién cuu, tao 1ap co so dir liéu, kiém tra dir
liéu va st dung co s& dit liéu dé hun luyén mo hinh AT nhim muc tiéu sir
dung tri tué nhan tao trong phat hién sdém nguy co dam va gilta cac tau
thuyén, phuc vu tot hon cong tac quan Iy an toan giao thong trén tuyén ludng
Sai Gon - Ving Tau.

Bén canh danh gia nguy co ddm va trén khu vuc bién rong (phit hop
v6i khu dau ludng Viing Tau theo CPA va TCPA, ludn an di @& xuét va khao
sat cac hoa tiéu lam viéc tai khu vuc nay dé xay dung phuwong an danh gia
nguy co dam va giita cac tau thuyén hoat dong trong ludng lach hep noi
chung va ludng Sai Gon - Viing Tau noi riéng theo ETA cua céc tau thuyén
dén cac diém nong giao thong. Két qua khao sat ciing xac dinh duoc 10 diém
néng giao thong (vi tri c6 nguy co dam va cao giira cc tau thuyén trén tuyén
ludng Sai Gon - Viing Tau).

Két qua huan luyén mo hinh Al cho thiy d6 chinh x4c ctia mé hinh
dat khoang 90%. Gia tri ndy c6 thé chip nhan dugc trong du doan nguy co
dam va vi vo6i viéc lién tuc du doan theo thoi gian, vi tri cac tau thay ddi lién
tuc, két qua du doan ciing sé thay ddi, s& xéa duoc cac diém den noi khong
thé dyu bao duoc chinh xac. Hon thé nita, néu dua vao thuc té, cac thong tin
dit liéu lién tuc duoc bd sung s€ kéo theo md hinh hoc may s& duogc huén
luyén lién tuc va tré thanh cong cu phat hién dam va tau véi d6 chinh xac
ngay cang duogc cai thién.

2. Kién nghj

Két qua nghién ctru cho théy viéc huin luyén Al da dugc thyc hién tot
voi dir li€u gia lap. Dé c6 thé trlen khai ap dung trong thuc té, co so dir lieu
can dugc két ndi voi thong tin vé sy di chuyen thuc té trén tuyén ludng Sai
Gon - Viing Tau. Viéc 1am nay vira dé kiém chtng thuc té, vira tao thém co
s¢ dit liéu dé huan luyén AL Kién nghi cac co quan quan 1y tao diéu kién cho
nghién ctru sinh tiép can, két ndi v6i hé thong VTS dé tién hanh phat trién
g dung ctia két qua nghién ctru vao thyc tién.

Két qua nghién ctru c¢6 thé dugc ap dung khong chi nang cao hiéu qua
quan 1y an toan hang hai tai cac tram VTS ma con c6 thé ap dung cho cac hoa
tiéu, thuyén truéng dan tau trén tuyén ludng nay. Mot khi ndm 3 tinh hinh
giao thong tai khu vuc, ho cé thé diéu chinh hoat dong cua con tau dang diéu
khién, tranh phai chd VTS thong tin méi hanh dong.
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