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MO PAU

1. Tinh cép thiét ciia luéin an

Hoi nghi lan tha VIII Ban Chap hanh Trung wong Pang khoa XII di ban
hanh Nghi quyét sb 36-NQ/TW, ngay 22-10-2018, vé chién lugc phat trién bén
viing kinh té bién Viét Nam dén nam 2030, tAm nhin 2045 trong do xac dinh
Viét Nam phai tro thanh quéc gia manh vé bién, gidu tir bién, phat trién bén
viing, thinh vurong, an ninh va an toan.

Phét trién kinh té bién gan lién voi viéc bao dam an toan cho hoat dong
giao thong van tai trong d6 c6 giao thong hang hai, giao thong thuy noi dia. Dé
lam duogc viée do, hoat dong quan 1y, gidm sat tau bién phai duoc ting cudng
nham bao dam an toan hang hai cho mdi con tiu va dam bao luu thong thong
sudt qua cac tuyén van tai. Kinh té cang phat trién, ning luc véan tai cang can
phai ting cuong. Pi ciing voi no 1a viée ting cudng sé luong phuong tién tham
gia giao thong dic biét 1a trén cac tuyén van tai nbi voi cac trung tim kinh té. S6
luong phuong tién gia ting din dén viéc theo doi, danh gia nguy co dam va,
huéng dan di chuyén cua cac tau thuyén nham dam bao an toan cang trd nén kho
khan. Van dé nay gay ap luc 16n d6i v6i khong chi cac Piéu hanh vién VTS va
Gidm sat vién VTS, nhitng ngudi quan 1y giao thong hang hai ma con véi ca cac
hoa tiéu, cac thuyén trudng dang tham gia giao thong trén cac tuyén ludng. Dudi
ap luc cao cua cong viéc, rat dé& xay ra cac sai sot trong quéan 1y diéu hanh, trong
viéc phat hién va danh gia nguy co dam va giira cac tau thuyén, tir d6 c6 thé dan
dén céc tai nan hang hai.

Viéc quan ly an toan giao thong hang hai duogc giao cho cac can bd cang vu
hang hai. O nhimg noi c6 tram VTS, cong viéc ndy dugc giao cho cac Diéu hanh
vién VTS va Gidam sat vién VTS. Cac can bo nay thuc thi hoat dong quan ly,
diéu tiét giao thong hang hai trén cac tuyén ludng ra vao cac cang bién dam bao
an toan hang hai. Trong thuc thi cdc hoat dong nay, nhitng ngudi nay phai xac

dinh dugc cic nguy co xay ra tai nan dam va, cac tinh hudng giao thong phuc



tap c6 thé xay ra giita cac tau thuyén dé trién khai cac hoat dong diéu tiét nham
dam bao an toan cho cac phuong tién, cac tuyén ludng giao thong.

Pé diéu tiét giao thong hang hai, da phan cac Diéu hanh vién VTS va Giam
sat vién VTS diéu tiét giao thong can thu thap thong tin giao thong sir dung cac
thiét bi nhu radar, camera, AIS. Can clr cac thong tin nay, cac quyét dinh hudng
dan, diéu tiét giao théng duoc dua ra nhim dam bao an toan cho giao théng
hang hai. Pay 1a mot cong viéc co khdi luong rat 16n dic biét 13 ¢ nhitng khu
vuc quan 1y c¢6 mat do tau thuyén qua lai dong, nhiéu giao cét phirc tap. Ngudi
sy quan diéu tiét giao thong phai nam duoc su di chuyén khong chi cia cac tau
thuyén véi nhau ma con sy di chuyén qua cac diém can thiét trén cac doan
ludng, su di chuyén qua cac bii can, khu vyc neo va tham chi ca tau thuyén dang
neo ddu c6 bi troi dat hay khong cling phai nam trong tam kiém soat. Mic du
mét sb noi cd trang bi tram VTS v&i nhiéu tinh ning ho trg trong viéc theo ddi
chuyén dong cua cac muc tiéu nhung nhiing tinh nang nay doi hoi phai thyc hién
nhiéu thao tac theo ddi, bam sat déng thoi ciing c6 nhiéu muc tiéu khong cung
cap thong tin vé tuyén duong hanh trinh. Tuy vay, d6i véi cac tuyén ludng can
quan ly dai, mat d6 phuong tién va giao cat giao thong phirc tap, cac van dé vé
phat hién, xtr Iy thong tin giao thong s& cang phirc tap, gy ap luc rat 1on cho cac
sy quan quan 1y giao thong. Tt d6, phat sinh nhu cau can c6 mot céng cu hd tro
cho cac sy quan quan 1y va diéu hanh giao thong hang hai nhdam dam bao hoat
dong giao thong duogc dién ra thong subt.

Dbi véi cac cong cu hd tro hoat dong quan 1y giao thong hang hai, nhu da
dé cap o trén, cac thiét bj danh gia nguy co mat an toan hang hai déu da co.
Ngudi s¥ quan quan 1y giao théng hang hai c6 thé str dung cac trang thiét bi nhu
hé théng radar, AIS, camera, hai dd dién tir hodc thAm chi hé théng VTS hoan
chinh dé theo déi, giam sat va diéu tiét giao thong. Mic du vay, khi can dit liéu
clia phuong tién nao, danh gia cac nguy co ddi véi phuong tién d6 thi doi hoi
phai twong tac véi timg phuong tién d6. Thuong thi chi co thé theo ddi dong thoi

2 muyc tiéu, mubn thém thong tin khac thi phai chuyén sang muc tiéu khac. Mot



sb chuc nang tu dong bao dong I¢ch duong, bdo dong qua diém, bao dong di vao
ving nguy hiém cta hé thong VTS c6 thé 1am giam di ap luc cong viéc cua
ngudi sy quan nhung khong c6 kha ning theo ddi dong thoi toan ving, toan bo
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 do co thé hd trg nguoi van hanh quéan
ly, ndm bét tinh hinh giao thong trén toan tuyén ludng va dua ra khuyén cdo, bao
dong voi nguoi didu hanh, gitp giam tai cong viéc dong thoi dam bao an toan
khai thac tuyén ludng giao thong. Cung voi su phat trién ctia khoa hoc cong
nghé, cac tng dung cua tri tué nhan tao c6 thé dua vao dé xur 1y cac bai toan giao
thong nay. Cac tinh hudng giao thong dic biét s& dugc phan tich, dinh nghia dé
dua vao cho hé théng tu hoc, tir thuc tién hoc tap ciia may sé dua ra cac phuong
an danh gia tinh hudng giao thong, phuong an xur 1y giao thong tbi uu trong thuc
tién. Két qua hoc tap lién tuc s€ dugc st dung lam co so dé khuyén cao cho
nguoi sy quan trong coéng tac diéu hanh, quan 1y giao thong dam bao an toan.

Thong thudng, thong tin cua cac tau thuyén do VTS hay céc tau thuyén
khac thu thap dugc gan lién voi thong tin vé vi tri ciia cac tau thuyén trong khu
vue kiém soat, thong tin vé hé théng luéng lach tai khu vuc va 1 s6 thong tin vé
diéu kién khi tuong thiy vin khac. Nhu vay, danh gia nguy co ddm va & cic
tuyén 1u6ng khac nhau s€ khac nhau. Do vay, can lya chon khu vuc dé trién khai
nghién ctru cho phi hop vira dam béo tinh cip thiét ma thyc tién doi hoi vira co
thé dugc sir dung cho cac khu vire khac sau nay.

Thanh phd H6 Chi Minh 1a dau tau kinh té cta ca nudc, Cuc Thong ké
Thanh phé H6 Chi Minh cho biét tong san pham trén dia ban GRDP cua thanh
phd nam 2023 udc dat 1.621.191 ty dong, ting 5,81% so véi cung ky nim 2022.
Pé c6 duoc két qua néu trén, c6 mot phan khong nho 13 c¢6 sy dong gdp cua giao
thong van tai bién, van tai thiy trén tuyén luéng Viing Tau - Sai Gon. Hon thé
nira, tuyén 1u6ng nay con phuc vu cho céc hoat dong van tai cua cac dia ban lan

can. Trong 8 nim qua, sd luong tau thuyén (bao gdm tau bién, phuong tién thuy



ndi dia, tau, phuong tién pha song bién) vao, ro1 khu vyc vung nudc cang bién

Thanh phé H6 Chi Minh nhu sau:

Nim Tau thuyén (Iwot) GT DWT (tin)
Nim 2016 115.762 298.566.216 | 375.381.388
Nam 2017 124.508 257.247.201 392.141.160
Nim 2018 115.711 273.177.659 | 414.174.223
Nim 2019 113.639 298.669.076 | 450.386.747
Nam 2020 112.695 321.462.048 | 471.990.196
Nim 2021 102.162 296.158.037 | 438.582.734
Niam 2022 113.685 315.721.967 | 461.007.043
Nam 2023 112.569 347.001.101 497.423.606

Véi lugng hang hoa thong qua cang:

Nim Hang container Hz‘lng’ l6ng Hang kho (thn)
(TEU) (tan)
Nam 2016 5.716.639 10.884.594 36.180.004
Nam 2017 5.956.810 12.143.645 36.924.903
Nam 2018 6.313.417 12.863.711 41.897.036
Nam 2019 6.587.070 12.405.673 51.152.892
Nam 2020 7.781.681 11.401.740 49.881.894
Nam 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

(Nguén: Cang vu Hang hdi Ho Chi Minh)

S liéu thong ké cho thay tim quan trong ctia tuyén ludng Sai Gon — Viing
Tau trong viéc dam bao két ndi giao thong ciia dau tau kinh té véi cac khu vuc
khac dong thoi ciing cho thay rd sy gia ting ap luc trong dam bao an toan hang
hai trén tuyén ludng ndy. Ngoai ra, tuyén ludng Viing Tau - Sai Gon 1a mot
tuyén ludng dai, dia hinh giao thong phuc tap, két qua nghién ctru véi tuyén

duong nay s€ co6 nhi€u kha nang ap dung cho cac tuyén luong khac.



Xuat phat tir thuc tién néu trén, nghién ctru sinh dé xuét nghién ciru thuc
hién dé tai: Nghién civu rng dung tri tué nhan tao va dir liéu 1om trong quan Iy
giao théng hang hdi trén tuyén luong Viing Tau - Sai Gon.

2. Muc dich nghién ctru cia luan an

Luén an duoc thue hién nhim muc dich sau day:

- Nghién ctru phuong phap danh gia nguy co dam va trén ving bién rong
va trén luéng lach hep;

- Xay dung co s& dit liéu danh gia nguy co dam va giita cc tau thuyén trén
tuyén ludng Viing Tau - Sai Gon;

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

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

Pé dat duwoc muc dich cua ludn an, tip trung nghién ctru cac dbi tuong sau:

- Cac tinh hudng giao thong hang hai va cac nguy co dan dén hodc dugc
danh gi4 14 c6 thé dan dén tai nan hang hai;

- Panh gia cia hoa tiéu din tau doi véi cac tinh hudng, chi s6 ma cin clr
vao d6 hoa tiéu xac dinh ton tai nguy co ddm va giita cac tau thuyén chay trén
tuyén ludng Viing Tau - Sai Gon;

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

Pé trién khai cac hoat dong nghién ctru, dé tai tap trung trién khai nghién
ctru cac d6i tuong lién quan dén tram VTS ciia Viét Nam do Cang vu Hang hai
Thanh phd H6 Chi Minh quan 1y.

4. Phwong phap nghién ctru ctia ludn an

Nghién ctru sinh st dung cac phuong phép nghién ctru sau day:

- Phuong phap phan tich s6 liéu dé danh gid cac tinh hudng giao thong;

- Phuong phép chuyén gia phuc vu nghién ctru danh gia cac tinh hudng mat
an toan giao thong, phuong phép danh gia nguy co mét an toan va xir Iy cac tinh

huéng giao thong;



- Phuong phap thuc nghiém hoc mdy véi co so dir lidu tinh hubng giao
thong nham danh gia nguy co dam va giita cac tau thuyén dang hanh trinh trén
tuyén ludng Viing Tau - Sai Gon; ty dong phat hién nguy co ddm va va canh bao
cho hoat dong quan ly giao thong hang hai.

5. Y nghia khoa hoc, ¥ nghia thuec tién ciia luin an

Dé tai hoan thanh s& x4y dung nén co sd 1y thuyét nhan dién dugc cac tinh
hubng xay ra cac nguy co tai nan ddm va giira cac tau thuyén trong hang hai. Co
s& nay c6 thé st dung trong cic nghién ciru khac lién quan dén xir Iy nguy co
dam va dam bao an toan giao thong hang hai khong chi trén bién rong ma ca
trong pham vi gii han cta ludng lach hep.

Viéc xay dung thanh cong h¢ hoc may s€ lam tang cuong kha nang phat
hién canh bao nguy co xay ra tai nan trong hang hai lién quan dén dam va giita
cac tau va gilra tau voi cac muc tiéu ¢ dinh, phat hién va canh bao céc diém
noéng vé giao thong gop phan giam tai cong viée cho sy quan quan 1y giao thong
hang hai, nang cao kha ning an toan trong khai thac cang bién, gop phan dam
bao thuc hién cic muc tiéu kinh té, xa hoi.

6. Cac két qua moi dat dwoc ciia luin an

Pi xay dung dugc phuong an danh gia nguy co dam va giira cac tau thuyén
hoat dong trong ludng lach hep ndi chung va ludng Ving Tau - Sai Gon ndi
riéng theo ETA cuia céc tau thuyén dén cac diém nong giao thong.

Kiém dinh két qua nghién ctru thong qua huan luyén mé hinh AI cho thay
d6 chinh xac ciia mé hinh cao. Khang dinh phuwong phap nghién ctru va thuét

toan dé xuat hoan toan phu hop véi thuc tién va c6 ¥ nghia khoa hoc.



CHUONG 1. NGHIEN CUU CO SO LY THUYET NHAN DANG,
PANH GIA NGUY CO PAM VA GIUA CAC THUYEN
TREN TUYEN LUONG VUNG TAU - SAlI GON

1.1. Téng quan vé van dé nghién cieu

Hoi nghi 1an tha VIII Ban Chap hanh Trung wong Pang khoa XII di ban
hanh Nghi quyét sé 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 d6 xac dinh
Viét Nam phai trd thanh qubc gia manh vé bién, gidu tir bién, phat trién bén
vitng, thinh vugng, an ninh va an toan. Pé lam dugc viée do, hoat dong quan ly,
giam sat tau bién phai duoc ting cudng nham bao dam an toan hang hai cho mdi
con tau va dam bao luu thong thong sudt qua cac tuyén van tai [1].

Viéc quan 1y an toan giao thong hang hai dugc giao cho cac can bo cang vu
hang hai. Cac can bd nay thuc thi hoat dong quan ly, diéu tiét giao thong hang
hai trén cac tuyén ludng ra vao cac cang bién dam bao an toan hang hai. Trong
thuc thi cac hoat dong nay, nguoi can bd phai xac dinh dugc cac nguy co xady ra
tai nan dam va, cac tinh hudng giao thong phirc tap c6 thé xay ra giira cac tau
thuyén dé trién khai cac hoat dong diéu tiét nham dam bao an toan cho cac
phuong tién, cac tuyén ludng giao thong.

Pé diéu tiét giao thong hang hai, da phan cac sy quan diéu tiét giao thong
can thu thap thong tin giao thong st dung céc thiét bi nhu radar, camera, AIS.
Can cr cac thong tin nay, cac quyét dinh hudng din, diéu tiét giao thong duoc
dua ra nham dam bao an toan cho giao thong hang hai. Pay 1a mot cong viée co
khéi lugng rat 16n dic biét 1a ¢ nhimg khu vuc quan 1y ¢6 mat do tau thuyén qua
lai dong, nhiéu giao cit phurc tap. Ngudi sy quan diéu tiét giao thong phai nim
dugc su di chuyén khong chi clia cac tau thuyén voéi nhau ma con sy di chuyén
qua cac diém can thiét trén cac doan luéng, su di chuyén qua cac bai can, khu
vuc neo va tham chi ca tau thuyén dang neo dau c6 bi tré1 dat hay khong cling

phai nam trong tim kiém soat. Mac di mot s noi c6 trang bj tram VTS [2], [3]



v6i nhiéu tinh nang hd trg trong viéc theo ddi chuyén dong ciia cac muc tiéu
nhung nhiing tinh ning nay doi hoi phai thuc hién nhiéu thao tac theo ddi, bam
sat dong thoi ciing c6 nhidu muc tiéu khong cung cip thong tin vé tuyén duong
hanh trinh. Tuy vay, d6i véi cac tuyén ludng can quan 1y dai, mat 6 phuong tién
va giao cat giao thong phirc tap, cac van dé vé phat hién, xir 1y thong tin giao
thong sé& cang phuc tap, gdy ap luc rat 1on cho cac sy quan quan 1y giao thong.
Tir @6, phat sinh nhu cau can c6 mot céng cu hd tro cho cac sy quan quan 1y va
diéu hanh giao thong hang hai nhim dam bao hoat dong giao thong dugc dién ra
thong sudt.

Dbi véi cac cong cu hd tro hoat dong quan 1y giao thong hang hai, nhu da
dé cap o trén, cac thiét bi danh gid nguy co mat an toan hang hai déu da co.
Nguoi sy quan quan 1y giao thong hang hai c¢6 thé sir dung cac trang thiét bj nhu
hé théng radar, AIS, camera, hai dd dién tr hodc thdm chi hé théng VTS hoan
chinh dé theo doi, giam sat va diéu tiét giao thong. Mac du vay, khi can dir lidu
ctia phuong tién nao, danh gia cac nguy co déi véi phuong tién do thi doi hoi
phai twong tac véi timg phuong tién d6. Thuong thi chi c6 thé theo ddi dong thoi
2 muyc tiéu, mudn thém thong tin khac thi phai chuyén sang muc tiéu khac. Mot
s6 chirc ning ty dong bao dong léch dudng, bao dong qua diém, bao dong di vao
ving nguy hiém cta hé théng VTS co thé 1am giam di 4p luc cong viée cua
ngudi sy quan nhung khong cé kha ning theo ddi dong thoi toan ving, toan bo
cac tinh hudng giao thong dé tir d6 dua ra cac canh bao som cho phuong tién.
Chinh vi thé, can thiét c6 mot cong cy nao do co thé hd tro nguoi van hanh quan
Iy, nam bat tinh hinh giao théng trén toan tuyén ludng va dua ra khuyén céo, bao
dong véi ngudi didu hanh, giup giam tai céng viée dong thoi dam bao an toan
khai thac tuyén ludng giao thong.

Diéu tiét giao thong trén mot tuyén ludng dua trén cac thong tin chuyén
dong cua cac tau thuyén va dua ra két qua danh gia vé nguy co dam va duya trén
kinh nghiém cta sy quan VTS. Panh gia nay phan nhiéu mang theo ¥ kién chu

quan cua nguoi sy quan. Do do, két qua thu duoc sé khac nhau gitra cac sy quan



VTS va khac véi nhiing hoa tiéu, thuyén truéng cua tau thuyén dang di chuyén
trén tuyén ludng. Xuat phat tir cac danh gia khac nhau d6, két qua xac dinh nguy
co dam va s& khac nhau. Dé co thé dua ra danh gia t6t nhét, theo xu thé chung
nhét vé nguy co dam va, can c6 mot co s& dit liéu da 16n dé kiém tra, danh gia
mdi lién hé giita chuyén dong cia cac tau thuyén va nguy co ddm va giita ching.
Trén co s dir liéu 16n va quan diém vé nguy co dam va giita cac tau thuyén cua
cac chuyén gia dan tau trén tuyén ludng, mbi quan hé giira su di chuyén cia cac
tau thuyén trén ludng va nguy co dam va gitta chung s& duoc lam rd.

Cung voi su phat trién cua khoa hoc cong nghé, tri tué nhan tao ndi chung
[12-16], va hoc may di dugc ching minh 13 cac tiép can hiéu qua [39-112] cho
cac bai toan giao thong dudng thuy nay. Cac tinh hudng giao thong dic biét s&
dugc phan tich, dinh nghia dé dua vao cho hé théng tu hoc, tir thuc tién hoc tap
clia may s& dua ra cic phuong an danh gia tinh hudng giao thong, phuong an xir
ly giao thong ti vu trong thyc tién. Két qua hoc tap lién tuc s& duoc st dung
lam co so dé khuyén cdo cho ngudi sy quan trong cong tac diéu hanh, quan 1y
giao thong dam bao an toan.

Xuat phat tir thuc tién néu trén, nghién ctru sinh dé& xuit nghién ctu thyc
hién dé tai: Nghién ciru ting dung tri tué nhén tao va dir liéu Iom trong qudn 1y
giao théng hang hdi trén tuyén luong Viing Tau - Sai Gon.

Lién quan dén ndi dung nghién ctru, qua phan tich cho thay day 1a mot linh
vuc tuong d6i méi. Xem xét cac cong trinh nghién ctru da cong bd hién nay o
Viét Nam va trén thé gidi vé linh vuc nay ta co thé thay linh vuc nay, c6 thé thdy
nhing van dé ma dé tai du kién thyc hién, chua tung c6 cong trinh nao tuong tu
nhu vay. Cy thé nhu sau:

Nghién ctru clia tic gia Pham TG Anh: “B6 tri VTS cho hé thong cing thanh
phé Hé Chi Minh trong tuwong lai” [2] chuyén nganh Cong trinh thay thyc hién
nam 2003. Dé tai nghién ciru va phan tich cac van dé bao gdm: gidi thiéu vé
chtrc ning, nhiém vu va nguyén 1y hoat dong cua trung tam VTS; gi6i thiéu vé

cac trang thiét bi may moc dugc lép dit tai cac tram kiém soat giao thong tai khu



vuc ludng vao cang thanh phd H6 Chi Minh; nghién ctru lap dit cac trang thiét
bi cua hé théng. Trong ph::fln nay dua vao diéu kién dija hinh, cac co s& vat chat
c6 sin tai cang va khu vuc ludng ra vao ma tac gia nghién cru viée bd tri lap dit
cac trang thiét bi ctia hé thong nhu cot anten Radar, cac Camera theo ddi hay céac
khu vuc lép dat hé théng theo doi thuy triéu... D& tai chua dé cap dén van dé tu
dong danh gid nguy co dam va.

Pbi v6i cac nghién ctru danh gia nguy co dam va thi da phan 13 cac nghién
ctru danh gia nguy co ddm va trén quan diém gitta mot tau chu véi 1 tau muc
tiéu chir khong trén quan diém danh gia nguy co dam va ctia 2 ddi tuong tau
bién ctia tram VTS. Céc cong trinh ndy thuong van dung co s 1y thuyét 1a
phuong phap d6 giai tranh va tuong d6i (hinh 4) dé danh gia nguy co dam va
gita tau chil v6i tau muyc tiéu. Theo phuong phap nay, co s dé danh gia nguy co
dam va 1a chuyén dong twong d6i cta tau myc tiéu so véi tau chu. Co thé liét ké
mot vai cong trinh lién quan dén nhiing nghién ctru dang nay nhur:

Pé tai nghién ctru khoa hoc cap B “Nghién citu xdy dung mé hinh mé
phéng tranh dam va tau thuyén trén bién dé canh bdo, tro gip tranh va tau
thuyén trén bién dp dung cho tau thuyén nhé” [4] nam 2011 va dé tai “Nghién
cttu ché tao thiét bi hé tro tu dong do giai cdc thong sO muc tiéu (co két noi
radar) phong tranh dam va tau thuyén trén bién dimg cho cdc tau thuyén nho”
[5] nam 2013 do PGS.TS. Pham Vin Cuong 1a cac dé tai sir dung nguyén 1y dd
giai tranh va twong d6i dé giai quyét van dé xac dinh nguy co dam va giira tau
muc ti€u voi tau chu.

Luan an tién si “Xdy dung mé hinh danh gid riii ro tai nan dam va tai cdng
bién Viing Tau, tng dung phong ngira tai nan va ho tro céng tdc cdi tao, ndng
cap luong hang hdai” [17] nam 2022 do NCS Lé Vin Thiic nghién ctru da xay
dung va sir dung Phan mém mo phong nhanh (fast time simulation) phuc vu mé
phong, danh gia tryc quan nguy co dam va nham ung dung trong cong tac danh
gia rai ro, phong ngira tai nan dam va va hod tro cong tac nghién ctru céi tao,

nang cap luong hang hai tai cang bién Viing Tau. Phuong phap va két qua
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nghién ctru ctia Ludn an c6 thé tng dung dé tiép tuc nghién ctru, phét trién mo
hinh thich hop cho céc cang bién khéc tai Viét Nam. Tuy nhién, cac két qua can
dap tmg theo thoi gian thuc va can co hé théng can thiép, sir 1y dit liéu 16n do hé
thong VTS luu tri.

Lién quan dén cac tmg dung cua nguyén 1y dd giai tranh va twong dbi
chung ta con c6 thé ké dén mot thiét bi rat quan trong trong hang hai: do 1a thiét
bi Radar/ARPA. Thiét bj ty dong dd giai tranh va radar da tir lau xuat hién trén
thi trudng trang thiét bi Hang hai. Tir nhitng ndm 70 dén 80 cua thé ky trudc, voi
su phét trién cta vi xtr 1y va k¥ thuat mdy tinh nguoi ta di Gmg dung céc tién bo
nay vao viéc nang cao hiéu qua khai thac hoat dong cua radar. Chiéc ARPA
thuong mai dau tién do Norcontrol (nay la mot phan cua hing Kongsberg
Maritime) d3 duoc ban giao cho tau ché hang chuyén tuyén Taimyr nim 1969.
Cho dén hién nay, ARPA d xuat hién trén rat nhiéu phuong tién van tai thuy.

La mot thiét bi yéu cau bat budc phai trang bi trén cac tau theo qui dinh cia
SOLAS, ARPA duogc IMO yéu cau c6 chirc ning duoc sir dung dé: cai thién tiéu
chuan tranh va trén bién bang cach giam tai cong viéc ciia nguoi st dung bang
cach cho phép ho co thé tu dong thu thip cac thong tin voi nhiéu muc tiéu thong
qua viéc lua chon d6 giai bang tay timg muc tiéu don 1¢. Can cir trén yéu cau do
cong v4i sy phat trién vé mit cong nghé cia riéng minh, cic hing san xuét thiét
bi Hang hai dd ché tao thanh cong va dwa san pham cua ho 1én thi trudong. Khi
dé cap dén thiét bi nay, ngudi ta thuong ndi dén nhitng céi tén quen thudc nhu
Kongsberg, Furuno, Koden, Icom, JRC... DPéi voi hé théng radar cua cac tram
VTS hién nay ciing st dung nguyén 1y dd giai twong ddi nhu vay nham hd trg
danh gia nguy co dam va.

Dbi véi hé thdng VTS hién hanh, cac danh gia nguy co dam va c6 thé dua
vao cic quan sat truc quan vdi cac vector chuyén dong cta cic muc tiéu tir d6
ngudi sy quan dua ra cac phan doan vé kha nang gip nhau cua cic tau thuyén tai
cac khu vuc c6 kha ning din dén nguy co ddm va, kha ning di 1éch duong cua

cac muc ti€u hay kha nang muc ti€u di chuyén vao cac khu vuc nguy hiém. Viéc
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danh gia trén cac can clr ndy co do chinh xac khong cao. Néu co thé xdy dung
dugc phuong phap danh gia nguy co dam va truc tiép giita 2 muc tiéu thi sé& tot
hon phuong phép hién nay.

Bén canh danh gia nguy co dam va gitra cac tau thuyén st dung thong tin
do radar cung cap, ciing c6 nhiéu nghién ctru str dung thong tin tir AIS [2-33].
Tuy vay, viéc danh gia nguy co dam va tir thong tin vi tri tau do AIS cung cip s&
bo lot cac tau thuyén nho khong trang bi AIS. Ngoai ra, con mot sé nghién ctru
st dung thudt toan phan cum va 1y thuyét ham tin ciy dé danh gia rui ro xay ra
dam va trén cac khu vuc cb dinh; mot sb tap trung danh gia rui ro dam va theo
ving bao quanh céc tau thuyén. Mot s6 nghién ctru con bod sung thém danh gia
nguy co dam va theo cac diéu kién khi tuong thuy vin khéc... Nhitng nghién ctru
nay da dé xuét cac 1y thuyét danh gia nguy co dam va va duoc kiém nghiém trén
két qua md phong. Tuy vay, viéc trién khai trong thyc tién vAn con nhitng han
ché do ngudi st dung can xt 1y nhiéu théng tin trudc khi c¢6 thé dua ra danh gia
vé nguy co ddm va. Trong thuc tién dan tau, cac hoa tiéu va thuyén truéng cé
cac phuong phap danh gid nguy co dam va khac don gian va hi€u qua hon.

Dbi v6i cac nghién citru str dung tri tué nhén tao trong phong tranh nguy co
dam va hién khong c6 nhiéu cong trinh nghién ctru. Nam 2019, hing Fujitsu da
cong bd nhiing thong tin ban dau vé nghién ctru tinh toan nguy co dam va va du
doan cac diém noéng trong kiém soat giao thong hang hai. Trong cac thong bao
cua minh, Fujitsu gidi thi€u tng dung cong nghé c6 tén Human Centric Al
Zinrai [21] trong x4c dinh nguy co dam va va duy doan cac vung ma c6 nguy co
dam va tap trung. Tuy nhién, cac théng tin nay chi chung chung va chua cong bd
thong tin vé co s 1y thuyét dé co thé tng dung trong cic cong trinh nghién ctu
khac. Pic biét, dbi voi viéc kiém soat giao thong hang hai ¢ Viét Nam thi méang
nghién ciru nay van con bé ngo.

Céc nghién ciru danh gia nguy co dam va, rii ro ddm va phan nhiéu dugc
gidi han trén cac ving bién rdng, it co cac nghién ctru trong cac khu vuc ludng

lach hep. Bén canh d6, viéc khé duoc tiép can véi thong tin di chuyén cua tau
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thuyén tai cac tram VTS, danh gid nguy co dam va trén hé thong ludng lach tai
Viét Nam phtrc tap, han ché vé co s& vat chat phuc vu nghién ctru... cling 1a rao
can khong nho ddi véi cac nha nghién ctru. Do d6, viéc nghién ctru tng dung tri
tu¢ nhan tao va dit li€u 16n trong xur 1y, xac dinh nguy co dam va gitra cac tau
thuyén dé tir d6 hd trg cac sy quan quan 1y giao thong hang hai hién nay trong
viéc duy tri, ddm bao an toan giao thong hang hai 1a mdt hudng di mdi, mang
tinh thuc tién cao tai Viét Nam.

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

Theo khoan d Piéu 7 Colreg72, danh gia nguy co ddm va giita cac tau
thuyén, can ctr trén 2 yéu té phuong vi va khoang cach [7], [8], [19]:

“i. Cé nguy co dam va, khi phirong vi la ban cia tau thuyén dang dén gan
khéng thay doi ré rét.

ii. P6i khi nguy co dam va van cé thé xdy ra ngay ca khi quan sdt thdy
phuong vi thay doi ré rét, dic biét la khi dén gdn mot tau rat lém hodc mot doan
tau lai hay mét tau thuyén khdc & khodng cdch ngdn”.

Theo khoan d Piéu 7, nguy co ddm va giira 2 tau xay ra khi khoang cach
giam dan va phuong vi khong ddi hoic thay doi khong 16 rét hay co thé thay doi
khi dén gan mot tau 16n, mot doan lai. Hai diéu kién trén phai dién ra dong thoi
thi méi xay ra nguy co ddm va. Dé minh hoa cho nguy co dim va giita céc tau

thuyén chung ta xem xét cac hinh vé dudi day [7]:
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Hinh 1.1. Tén tai nguy co dam va khi phirong vi khéng doi,
khodng cdch giam dan

Theo hinh 1.1, khi phuong vi giira 2 tau khong d6i (B = B, = B,), khoang
cach giita 2 tau giam dan (D > D; > D,) thi hai diém do phuong vi, khoang cach
s¢ gap nhau tai diém H. Hai tau s& dam va véi nhau. Trong d6 B, By, B, 1a
phuong vi cua tau B quan sat tai tau A; B’, B’;, B’,, 1a phuong vi cua tau A khi
quan sat tai tau B twong tung véi thoi diém quan sat 1an 1, 2, 3.

Theo hinh 1.2, khi phuong vi giita 2 tau thay doi khong 1 rét (B = B, = B,),
khoang cach gitta 2 tau giam dan (D > D; > D,) thi hai diém do phuong vi,
khoang cach s& khong gap nhau tai diém H. Tuy nhién, trong trudng hop nay,
néu do tir diém khéc trén tau téi diém khac cia tdu muc tiéu (vi du do tir miii tau
A dén 1ai tau B) thi phuong vi s& khong doi, khoang cach giam dan. Thoa man
diéu kién nhu muc ii, khoan d Diéu 7 dé cap. Miii tau A s& gip lai tau B tai diém

H — ton tai nguy co dam va gitra hai tau.
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Hinh 1.2. Tén tai nguy co dam va khi phwong vi thay déi khéng ré rét,

khodng cdch giam dan

Trong thuc tién, hai tau khong thé tranh nhau ¢ khoang cach qua gan, can
c6 khoang cach an toan gitta chung dé dé phong céc truong hop sai s6 trong xac
dinh khoang céach tiép can, sai 1éch do diéu khién, tac dong tuong hd gifta cac
tau, gitta tau v4i bo hay cac chudng ngai hang hai khac, tac dong cia cac dicu
kién ngoai canh dén viéc diéu khién con tau, kha ning diéu khién ctia con tau ...
Khoang cach an toan d6 dugc goi 1 CPAR, hay khoang cach tiép can gin nhat
t6i thiéu cuia tau thuyén muc tiéu. Khi hai tu thuyén tién dén gan nhau ¢ khoang
cach nho hon CPA, thi duge danh gia c6 ton tai nguy co dam va giira cac tau
do.

Danh gid nguy co dam va theo hinh 1.1 va 1.2 1a phuong phap danh gia
theo chuyén dong thuc cua hai tau. Trong qua trinh chuyén dong, ngudi ta lién
tuc do phuong vi va khoang cach t6i muc tiéu. Néu xem xét thay két qua do thoa
mén diéu kién da néu thi danh gia 1a c6 nguy co dam va gitta cac tau thuyén.

Bén canh str dung phuong phap danh gia nguy co dam va theo chuyén dong
thuc nguoi ta danh gia theo chuyén dong tuong ddi giita cac tau. Phuong phap

nay thuong duoc sir dung trong dd giai tranh va radar.
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Tau muc tiéu

(B1, Dy)

Tau chu

CPA=0

Ce

Hinh 1.3. Truong hop phirong vi khéng doi, khoang cdch giam dan

Theo phuong phap nay, nguoi ta phan dinh ra tau chu va tau muc tiéu. Tau
chu 1a tau thyc hién cong tac quan sat do phuong vi, khoang céach téi tau muc
tiéu. Trong chuyén dong tuong ddi, tau chi dugc danh gid ding yén con tau
muc tiéu chuyén dong twong ddi so véi nd. Chuyén dong twong ddi 1a sy két hop
chuyén dong cia tau muc tiéu voi tau chi. Hinh 1.3 va 1.4 biéu thi mdi tuong
quan gitta 2 tau trong 2 truong hop phuong vi khéng doi va phuong vi c6 thay
d6i két hop véi khoang cach giam dan.

Sau 2 1an quan sat nguoi ta xac dinh duoc phuong vi va khoang cach tuong
tmg 13 (By, Dy) va (B,, D) tai cac thoi diém twong tng 13 t; va t,. Liy diém O
(tau chi) 1am tam, thao tac cac dudong phuong vi By va B,, trén d6 1y cac diém
1 va 2 tng vaoi cac khoang cach Dy va D,. Puong 1-2 kéo dai s€ 1a duong
chuyén dong tuong ddi Cg ctia tau myc tiéu. Tir O ha duong vudng goc véi Ce
tai diem H. OH 1a khoang cach ngan nhat cac tau di qua nhau hay con goi 1a

khoang céach tiép can gan nhat CPA.
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Tau muc ti€u

Hinh 1.4. Trwong hop phwong vi thay déi, khodang cdch giam dan

Ta thiy rang sy thay d6i vé phuong vi quan sat dan dén su thay doi cua gia
tri CPA. Khi phuong vi khong doi, CPA = 0. Khi phuong vi thay d6i cham, CPA
nho. Khi phuong vi thay d6i nhanh, CPA s& 16n.

Néu CPA > CPAuin, hai tau di qua nhau ¢ khoang cach ngoai khoang céch
an toan. Khong ton tai nguy co dam va.

CPA < CPAuin Va D, < D; hai tau di qua nhau ¢ khoang cach nhé hon
khoang céch an toan. C6 thé xay ra nguy co dam va.

Nhu vay, yéu té phuong vi khong thay doi hodc thay doi khong rd rang
theo nhu khoan d Diéu 7 s& twong tng voi yéu t6 1a CPA < CPA, khi d6 giai
tranh va twong doi.

Khi phuong vi khong d6i, diém H tring v&i O hay néi cach khac, Ce di qua
vi tri tau cha (hinh 1.3). Khi phuong vi c6 thay d6i, diém H khong tring véi
diém O (hinh 1.4). Trén dudng Ce muc tiéu s& chuyén dong véi toc d6 tuwong doi
Ve. Néu tau muc tiéu:

_ AB
"Lt

Thoi gian muyc tiéu dén di€ém ti€p can gan nhat dugc goi 1a Tcpa. Tepa dugc

(1.1)

E

qui udce tinh tir thoi diém quan sat 1an cudi dén khi tau muc tiéu qua can diém.
BH
Tepp =—— 1.2
CPA V ( )

E
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Néu tau chua di qua can diém, khoang cach giita hai tau giam xudng, tau
muc tiéu di chuyén voi téc d6 twong dbi hudng t6i can diém. Ve mang dau
duong. Nguoc lai, Ve mang ddu am. Tuong tng véi diéu do, néu hai tau tién lai
gﬁn nhau, Tcpa mang diu duong. Néu 2 tau di xa nhau, Tcpa mang d4u am. Diéu
kién vé dau cua Tcpa s& twong Gmg véi diéu kién khoang cach gitra 2 tau.

N6i tom lai, khi sir dung radar véi phuong phép d6 giai twong ddi, nguy co
dam va sé& xay ra khi dong thoi thoa man 2 didu kién: CPA < CPApi, Va Tepa > 0.

Khi cac tau tién dén gﬁn nhau trén cac doan luéng lach hep ma dd rong
khong du dé co thé di qua nhau ¢ khoang cach an toan (CPA < CPA,,,) hodc tai
khu vuc van dong kho khian dan dén kho c6 kha nang diéu khién ching qua nhau
& khoang cach an toan thi nguy co ddm va sé xay ra.

V& nguyén tic c6 thé dua vao 2 thong sé CPA va Tepy dé dénh gia nguy co
dam va trén cac doan ludng hep nay. Tuy nhién, dé tau thuyén gip nhau & nhiing
doan hep nhu vay thi cho du c6 dadnh gia dugc nguy co ddm va nhung cling
khong thé thuc hién hanh dong tranh ddm va nhu mong mudn vi khong c6 du
khéng gian an toan dé diéu dong. D6 1a chua ké khi hanh trinh trén céc doan
ludng lach hep, cac tau ludn thay d6i hudng di, tbe do theo didu kién ludng lach,
viéc danh gia, phat hién nguy co dam va theo cach do giai radar s& khong thuc
su tin cay dé thuc hién hanh dong tranh dam va co6 hi¢u qua. Viéc loai trir nguy
co dam va thay bang cac danh gia theo phwong phap dd giai thong thuong duoc
ma st dung cac bién phap khac. Thong thuong, ddi véi cac tau 16n chi ¢ thé
hanh hai an toan trén pham vi gi6i han cta ludng lach hep, nguoi ta thuong xac
dinh cac khu vuc han ché céc tau thuyén gap nhau va thyc hién hanh dong danh
gia nguy co dam va thong qua gia tri E74 (Estimated Time of Arrival: du kién
thoi gian tau dén diém noéng giao thong) t6i cac khu vuc nay. Néu ET4 cua 2 tau
dén khu vuc nguy hiém gan véi nhau thi ngudi ta s& thuc hién cic bién phap
phong ngira bang cach diéu chinh ETA cua céc tau dén cac khu vuc d6 dé cho 2
tau khong thé gip nhau lac di qua cac khu vuc han ché d6. Dbi voi hanh trinh

clia cac tau 16n, nguoi ta co thé phat thong bao ETA qua cac diém dic trung
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thudc luéng lach hep hodc hé théng phan luéng thong qua céc ban tin an toan
hang hai dé céc tau thuyén trong khu vyc biét ma hanh trinh than trong.

Tuyén ludng Viing Tau - Sai Gon 1a mot tuyén giao thong van tai huyét
mach ndi Thanh phd HO Chi Minh véi cac khu vyc 1an can. Hién nay, tuyén
ludng Viing Tau - Sai Gon duoc sir dung khai thac cho céac tau container ra, vao
cang Tan Cang Cat Lai c6 chiéu dai 1én dén 222 m, mén nudc dén 11,0 m va cac
tau hang rdi c6 trong tai toan phan dén 60.000 DWT (giam tai).

Ludng Viing Tau - Sai Gon bat dau tir phao s6 “0” Vinh Ganh Rai dan vao
cang Sai Gon qua cac song: Song Nga Bay, song Long Tau, song Nha be va
song Sai Gon. Cac thong s6 k¥ thudt co ban cua ludng nhu sau:

- Cao d0 day -8,5m (hé Hai dd);

- Chiéu rong ludng 150m;

- Chiéu dai toan tuyén 84.5 km;

- Ban kinh cong nhoé nhat khoang R,;,= 410m tai khuc cua Miii Bén Do.

V1 tri cac doan can:

- Poan can vinh Ganh Rai: Tt ha luu phao « 4B » -1100m dén thuong luu
phao « 6A » +700m,;

- Poan can Dan Xay: Tu ha Iuu phao « 29 » -400m dén thuong luu phao
« 26 » +400m;

- Poan can Kervella: Poan tir ha luu phao « 28 » -400m dén phao « 33 »;

- Poan can Mii L’est: Poan tir ha lvu phao « 34 » -1100m dén phao
« 37A »;

- Poan can Propntis: Tir phao « 37A » dén thuong luu phao « 44 » +750m;

- Poan can P4 Han: Tt ha luu phao « 46 » -100m dén thuong Iuu phao
« 43 » +300m;

- Poan can Navioil: Ttr phao « 67 » dén thuong luu phao « 69 » +850m,;

- Poan can 71 — 83: Tir ha luu phao « 71 » -850m dén thuong luu ding tiéu
« 83 » +1300m.
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Lién quan dén tdc do chay tau, theo Piéu 14 Noi quy Cang bién Thanh phd
Ho6 Chi Minh quy dinh tau thuyén hanh trinh véi toc d6 gii han & mot s6 doan
ludng cu thé:

- Khu vuc Thiéng Liéng: néu c6 tau neo dau, budc phao téc do khong vuot
qua 12 hai 1y/gio.

- Song Long Tau tir ngd ba song Pong Tranh dén miii Pha Mi: toc d6 khong
vuot qua 12 hai 1y/gio.

- Song Nha B¢, song Pong Nai tir ngd ba Binh Khanh dén ngi ba Tac Thay
Bay: toc do khong vuot qua 10 hai 1y/gio.

- Song Sai Gon tir miii Pén Do dén ha luu cau K15C bén cang Bén Nghé:
tbc do khong vuot qua 07 hai 1y/gio.

- Song Sai Gon tir cau K15C — cang Bén Nghé dén rach Thi Nghé: téc do
khong vugt qué 06 hai 1y/gio.

- Song Soai Rap tir khu vuc quay trd cang SPCT dén ngi ba Binh Khanh:
tbc do khong vuot qua 10 hai 1y/gio.

- Song Soai Rap tir cang SPCT dén ngd ba Vam Co: toc do khong vuot qua
12 hai ly/gio.

Han ché téc 6 quy dinh tai Diéu nay khong ap dung d6i vi cac tau cong
vy, tau ctiru hda, tau ctru nan dang lam nhiém vu va céc tau thuyén cao toc khac
c6 thiét ké dic biét chéng tao song.

Lién quan dén ché do hoa tiéu, theo Quyét dinh s6 548/QD-CHHVN ngay
28/4/2017 ctia Cuc Hang hai Viét Nam vé viéc cong bd tuyén din tau trong ving
hoa ti€éu hang hai bat budc caa Viét Nam va quy dinh sb lugng tdi thiéu hoa tiéu
cac hang, phuong tién dwa, don hoa tiéu dbi véi ting tuyén dan tau quy dinh:

Vung hoa tiéu bat budc thude dia phan cac tinh D@)ng Nai, Binh Duong,
Long An va Thanh phd Ho Chi Minh sir dung 02 tuyén ludng hang hai (Viing

Tau - Sai Gon va Soai Rap) véi 03 tuyén dan tau nhu sau nhu sau:
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- Tuyén dan tau Viing Tau - Sai Gon, Pong Nai tir ving don tra hoa tiéu
dén cac bén cang khu vuc Thanh phd HO6 Chi Minh, céc tinh Pong Nai, Binh
Duong, Long An (trir bén cang Tan Cang Cat Lai).

- Tuyén dan tau séng Soai Rap Tur ving dén tra hoa tiéu dén cac bén cang
trén song Soai Rap (ngang nga ba Hi¢p Phudc Nha Be).

- Tuyén dan tau bén cang Tan Cang Cat Lai Tir ving dén tra hoa tiéu dén
bén cang Tan Cang Cat Lai.

Dé quan 1y giao thong trén tuyén ludng nay, tir thang 05/2012 co quan quan
Iy nha nudc vé hang hai da chinh thirc dua vao van hanh khai thac hé thong VTS
duoc lép dat tai khu vuc luéng Viing Tau - Sai Gon phuc vu cho cong tac diéu
phdi giam sat giao thong cila cac phuong tién thily hoat dong ra vao tai khu vuc
nay nham ting cudng cong tic dam bao an toan, an ninh hang hai, phong chéng
chay no va phong ngira 6 nhiém moi trudng.

Hé thong quan 1y hanh hai ludng Viing Tau - Sai Gon (sau ddy goi tat 1a hé
théng VTS) ban dau bao gdm 03 tram Radar chuyén dung dit & Nai Lon — Viing
Tau, Can Gio va Quan 7 - TP. Ho Chi Minh, 01 tram AIS dt & Nai Lén va 04
Camera dat ¢ khu vuc c6 mat do luu thong 16n nhat khu vuc 13 tir Nha Bé dén
cang Sai Gon. Thiy duogc hiéu qua thiét thuc cua hé thong, Cuc Hang hai Viét
Nam d3 kién nghi véi Bo Giao thong vén tai trinh Chinh pha dé dau tu, lap dat
va hoan thién du an VTS ludng Cai Mép — Thi Vai, tich hop véi hé théng VTS
Viing Tau - Sai Gon. Muyc dich dé bao phu toan bd khu vuc tuyén ludng Cai
M¢ép — Thi Vai cling nhu tang cuong phat hién cac muc ti€u nho hoat dong trong
khu vuc VTS. Hé théng VTS khu vuc cang bién Viing Tau — TP. Ho Chi Minh —
Pong Nai — My Tho hién nay bao gom 06 Radar TERMA chuyén dung, 07
Camera, 02 tram thu AIS, 03 thiét bj do gio.

Hé¢ théng VTS duya trén nén hai do dién ti duge tich hop cac thiét bi: Radar,
AIS, Camera va VHF. Ngoai ra, hé théng con c6 ngan hang dir liéu Database.
Tat ca cac tin hiéu ndy duoc truyén vé cac trung tdm, qua thiét bi phan mém xu

1y, céc tin hi€u muc ti€u dugc hién thi trén man hinh di€u khién. Trong ca truc
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giam sat vién/diéu hanh vién sé& chiu trach nhiém theo ddi muc tiéu lién tuc trong
ving cta minh phu trach. Voi trang thiét bi hién c6 hé thong VTS c6 thé phat
hién muc ti€u & nhiing khu vuc tir ngoai hai dang Viing Tau 15 hai ly tr¢ vao
bao trim toan b tuyén ludng séng Sai Gon, Soai Rap, song Dinh, song Cai Mép
— Thi Vai (khu vuc VTS). Vi trang thiét bi ctia hé thong nhu trén, hé théng co
hau hét cac thong tin cta tau trong khu vyc VTS nhu vi tri tau, cang dén, thong
tin hang hoa trén tau... dé canh bao hd tro kip thoi cho Hoa tiéu, Thuyén trudng
dua ra cac quyét dinh diéu dong tau thuyén nham dam bao an toan, an ninh hang
hai va phong ngira 6 nhiém moi trudng.

Ngoai nhi¢m vy chinh la ddm bao an toan hang hai, hé théng VTS con co
thé hd trg cong tac dam bao an ninh hang hai, phong ngira 6 nhiém moi truong.
Véi céac thong tin vé vi tri tau, sé nhan dang, cang dén va hang hoa trén tau. H¢
théng VTS duy tri va giam sat luu luong tau truy cdp gin nhu tat ca cac tau
trong khu vuc VTS gop phan ngin chin cac vu khing bd, cudp bién, bao dam
an ninh hang hai.

Ludng Viing Tau - Sai Gon c6 thé phan ra 2 khu vuc v&i cach danh gia
nguy co dam va giita cac tau thuyén v6i nhau. Tai khu vuc dau ludng tir bién
vao, khong gian van dong giita cac tau rong, nguy co ddm va c6 thé xac dinh
theo CPA va T¢py. Trong khu vuc luéng con lai, viéc danh gid nguy co dam va sé
duoc trinh bay tai cac phan sau.

1.3. Nghién ctru x@y dwng thuat toan xac dinh nguy co dim va trong hang
hai gitra 2 tau muc tiéu dwoc quan sat tir radar ciaa tram VTS tai khu vuc
bién réng

O phan trude, viéc danh gia nguy co dam va giira 2 tau thuyén trén ving
bién rong da duoc dé cap. Viéc danh gia do dua trén ditr li¢u do dac tur 2 tau
thuyén v&i nhau. Tuy nhién, trong quan 1y an toan giao thong hang hai, s6 liéu
quan sat lai tir mot bén thir 3 d6 13 tram VTS. Dé c6 thé danh gia nguy co dam
va giita 2 tau theo CP4 va Tcpy néu trén, ta can phai chuyén thong tin thu nhan tir
tram VTS vé dit liéu theo CPA va Tcpy d6i v6i timg cdp tau. Chi tiét chuyén doi

dir liéu nhu sau:
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Gia su tur tram VTS c6 vi tri (go, A), ta quan sat dugc n tau muc ticu.

Tau muc ti€u 1 c6 phuong vi PTs; va khoang cach Dg; tinh tir tram VTS.

Tau muc ti€u 2 c¢6 phuong vi PTs, va khoang cach Dg, tinh tir tram VTS.

Tau muc ti€u n c6 phuong vi PTs, va khoang cach Dg, tinh tir tram VTS.

Pé xac dinh duoc khoang cach va phuong vi gitta cac tau muc ti€u, can
phai tinh toan duoc vi tri cac tau muc tiéu tir tram VTS.

Cong thurc tinh vi tri tau muc tiéu duoc xay dung nhu sau:

- Xay dung hé truc toa d0 OXY, truc hoanh X tuong tng vdéi gia tri kinh do,
truc tung Y tuong ing vai gia tri vi d§. Tuy nhién do ti 1¢ khoang cach gitra cac
kinh tuyén va vi tuyén khong bang nhau nén vi tri kinh d6, vi 46 cia tram VTS

va cac tau muc tiéu sé dugc chuyén sang hé¢ OXY bang cong thirc sau:

{x =RACOS g (1.3)
Y =Rgp

Trong do:

- R 12 ban kinh trai dat (hai 1y);

- 2 1a kinh d¢ (rad);

- ¢ la vi d6 (rad);

- 976 13 Vi d0 trung gian tai khu vuc dang xét (trong truong hop nay c6 thé
chon vi do trung gian 1a ¢, (rad).

Dt li€u kinh vi d§ dugc st dung dugc tinh toan theo hé toa Ao VIN2000.

Nhu vay, sau khi d6i, ta co vi tri tram VTS 1a (Xo, Y9).

Vi tri cac tau muc tiéu can tinh 13 (X;, 1), (Xa, 12, ..., (X, Ya)

Pé tinh vi tri tau muc tiéu 1 (X1, Y1), ta lam nhu sau (cac tau khac lam
tuong tu):

Xét vi tri tuong quan cua tau muc ti€u so voi tram VTS, tau co thé nam & 1
trong 4 cung phan tu c6 goc 1a tram VTS. Nhu vay, ta ¢ thé chia lam 4 truong
hop nhu sau:

Néu 0°< PTs; < 90° (hinh 1.5)
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Ship

0 X, X, X

Hinh 1.5. Truwong hop tau muc tiéu & cung phan tw thir nhdt so véi tram VIS

Khi do:

X, > X,— AX =X, - X, =Dy, sinPT, (1.4)
Y, >Y,— AY =Y, -Y, = D, cos PT, (1.5)
— X, =D, sinPT, + X, (1.6)
Y, = Dy, cosPTg, +Y, (1.7)

Néu 90° < PTs; < 180° (hinh 1.6)

Y

o

Hinh 1.6. Truong hop tau muc tiéu ¢ cung phdn tw thir hai so véi tram VTS
Khi do:
X, > Xg— AX =X, = X, = Dy, sin(180° — PT, ) = Dy sin PT, (1.8)

Y, >Y, =AY =Y, -Y, =D, cos.(180O — PTSl) =—-Dg, cos PT, (1.9)
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— X, =Dq, SinPT,, + X,
Y, = Dg, cos PTg, +Y,
Néu 180°< PTs; < 270° (hinh 1.7)

Y

X, X, X

(1.10)
(1.11)

Hinh 1.7. Trwong hop tau muc tiéu & cung phan ti thir ba so véi tram VTS

Khi do:
Xo > X;— AX = X, — X, = Dysin(PT,, ~180°) = —Dg; sin PT,,
Y, >Y, =AY =Y, Y, = Dy, cos(PT,, —180° ) = —Dy, cos PT,
— X, =D, SInPT,, + X,
Y, = D¢, cosPT, +Y,

Néu 270° < PTs; < 360° (hinh 1.8)
Khi do:
Xo > X;— AX =X, — X, = Dy, sin(360° — PT,, ) = D, sin PT,,
Y, >Y, =AY =Y, Y, = D, cos(360° — PT;, ) = D, cos PT,

— X, =Dg, SInPT,, + X,

Y, = Dg, cos PT, +Y,

(1.12)

(1.13)

(1.14)
(1.15)

(1.16)
(1.17)

(1.18)
(1.19)

Nhu vay, vi tri cia cac tau muyc ti€u co thé duoc tinh theo hé toa d6 OXY

nhu trén.

Phuong vi va khoang cach tir tau muc tiéu 1 dén tau muc tiéu 2 c6 thé duoc

tinh nhu sau:
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Khi da c6 duogc vi tri cua cac tau muyc tiéu, phuong vi va khoang céach gitia
cac tau nay cling dugc tinh toan dua trén 4 truong hop khi tau muc tiéu 2 nam &

1 trong 4 cung phan tu c6 gbc 13 tau muc tiéu 1.

Y
Shi ax
v L shi P X
AY
Y ----------------------
o VTS
0 X, X, X

Hinh 1.8. Truwong hop tau muc tiéu & cung phan tw thir tw so voi tram VTS

Néu X, > X, ¥, > Y, (hinh 1.9)

Y
S — Ship 2
Y _______________________
! Ship 1
0 1
X, X, X

Hinh 1.9. Truong hop tau muc tiéu 2 & cung phan tw thir nhdt so véi tau 1

Khoang cach tir tau 1 dén tau 2:

D, = (X, = X, +(Y, =Y, (1.20)

Phuong vi tir tau 1 dén tau 2 trong trudng hop nay phai thoa man 0° < PT; <

90°:

PT, = arctan X, =X, (1.21)
Y, =Y,

Néu X, > X, ¥> < Y; (hinh 1.10)
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Ship 2

(o)

Hinh 1.10. Truwong hop tau muc tiéu 2 & cung phan tw thit hai so véi tau 1

Khoang cach tir tau 1 dén tau 2:

D, = (X, = X, +(%,-Y,) (1.22)
Phuong vi tir tau 1 dén tau 2 trong trudng hop nay phai théa man 90° < PT;
< 180"

PT, =180° —arctan X, =%, (1.23)
Yl _Yz
Néu X, < X, Y» <Y, (hinh 1.11)
Y
Yl
YZ
o )(Iz X, X

Hinh 1.11. Truong hop tau muc tiéu 2 & cung phan tw thir ba so voi tau 1

Khoang cach tir tau 1 dén tau 2:

D, = (X, = X, ) +(%, =Y, (1.24)
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Phuong vi tir tau 1 dén tau 2 trong trudng hop ndy phai thoéa man 180° <
PTl < 2700:

1 2

PT =180° +arctan| 21— 22 (1.25)
. Y, -Y

Néu X, <X, Y, >Y; (hinh 1.12)

0

X, X, X

Hinh 1.12. Truong hop tau muc tiéu 2 ¢ cung phan tw thit tw so véi tau 1

Khoang cach tir tau 1 dén tau 2:

D, = (X, =X, ) +(Y,=Y.) (1.26)

Phuong vi tir tau 1 dén tau 2 trong trudng hop nay phai thoéa man 270° <
PT,; <360

2

PT, = 360° —arctan [Mj (1.27)
1

Pé tinh toan cac thong sé CPA, Tcpy phuc vu danh gia nguy co dam va ta

xay dung cong thtrc tinh nhu sau [11, 12]:

a. Néu phwong vi giita 2 lin quan sdt muc tiéu khéng déi PT, = PT, thi
CPA=10

* Néu D, = D, c6 nghia 13 vi tri twong d6i giita 2 tau khong thay d6i. Piéu

nay co6 nghia la tau muc tiéu va tau chu chuyén dong cung mot hudng di va mot
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gia tri van téc. Do 2 tau giit nguyén trang thai twong ddi so v6i nhau cho nén
coi CPA va T¢ps khong xac dinh.
Hai tau khong c6 nguy co dam va.
* Néu hai tau di lai gan nhau D, < D; (hinh 1.13) thi ta c6:
Anh cua myc tiéu di chuyén qua tAm man anh twong Gng véi nd 1a khoang

cach tiép can gan nhat CP4 = 0.

V, = b, ~D, (1.28)
tz _tl
Ce = (PT,+ 180°) (1.29)

Do gi4 tri hudng di bién thién tir 0° dén 360° nén ta phai giéi han bang cong
thirc.
Néu Cr>360° thi Cx = C — 360” néu khac giit nguyén Cp.

(1.30)

A (PTy, Dy)

(PT2, D2)

Taucha O
H CPA=0

Ce

Hinh 1.13. Triwong hop phwong vi khéng doi, khoang cdch giam dan
Véi phuong vi khong d6i, khoang cach giam dan twong tmg véi CPA = 0,
Tepg> 0, tOn tai nguy co dam va giira 2 tau.
* Néu hai tau di xa nhau (hinh 1.14): D, > D, thi:
Truong hop nay vét di kéo dai cua anh muc ti€u qua tdm man anh (vi tri tau

chu) cho nén di€ém ti€p can gan nhat chinh 1a vi tri tau chu.
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CP4A=0 (1.30)

= Eil _E (Ve < 0 do tau muc tiéu di qua can diém) (1.31)
-

Ce = (PT,+ 180°) (1.32)

Cg

B (PT:, Dy)

A (PT., Dy)

Tauchu O

Hinh 1.14. Truong hop phirong vi khéng doéi, khodng cdch tang dan
Do gia tri hudng di bién thién tir 0° dén 360° nén ta phai giéi han bang cong
thure
Néu Ce > 360° thi Ce = Ce — 360°%; néu khéc giit nguyén Ce.
Tepn = % (Tcps < 0) (1.33)

E
Hai tau dang di xa nhau, CPA = 0 nhung Tcpa < 0 cho nén khdng ton tai
nguy co dam va gitra cac tau.
b. Néu phwong vi giiva hai lin quan sdt thay déi PT; # PT,
* Néu khoang cach giira 2 tau giam dan D, < D; (hinh 1.15)

Tinh céc thong sb:

AB = ,/D} + D} - 2D,D, cos(PT, - PT,) (1.34)
2 2 N2
cosOAH = DL AB =D; (135)
2AB.D,
OAH =arccos(X ) =Y (1.36)
CPA=D;sin(Y) (hai Iy) (1.37)
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D, cos(Y )— AB re in
Teps = 2728 i, iy (1.38)
E
OBH :arcsin£C;AJ (do) (1.39)
2

(@)
A (PT1, D))

Hinh 1.15. Truong hop phwong vi thay doi, khodng cdch giam dan
Phuong vi nghich cta cac 1an quan sat dugc tinh nhu sau:
Néu (PT, + 180°%) < 360° thi PTN, = (PT; + 180°)
Néu (PT; + 180°%) > 360° thi PTN, = (PT; + 180°) - 360°
Néu (PT, + 180°) < 360° thi PTN, = (PT, + 180°)
Néu (PT» + 180°%) > 360° thi PTN, = (PT» + 180°) - 360°
Goc man cia tau muc tiéu (GM) duogc tinh theo cong thirc:
Néu 0 < (PT; - Cp) < 180° thi GM; = (PT; - C;) > gbc man phai
Néu (PT - Cp) <-180° thi GM; = 360° - (PT, - C;) > gbc man phai
Néu (PT; - Cy) > 180° thi GM, = (PT; - Cp) - 360° > gdc man trai
Néu -180° < (PT; - Cp) < 0 thi GM, = (PT; - Cy) = gbc man trai
Néu 0 < (PT - Cp) < 180° thi GM, = (PT5 - C;) > gbc man phai
Néu (PT, - Cy) <-180° thi GM, = 360° - (PT» - Cy) > gdc man phai
Néu (PT, - Cp) > 180° thi GM, = (PT - Cp) - 360° = gbc man trai
Néu -180° < (PT - Cp) < 0 thi GM, = (PT, - C,) = gbc man trai

Téc do chuyén dong ciia anh muc tiéu Vi, (téc d6 turong d6i):
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_ AB
tz - t1
Hudng chuyén dong ctia anh muc tiéu Cg (hudng twong ddi)

Néu 0 < GM,, GM, < 180° (tau muc tiéu bén man phai)

VE

(1.40)

Néu GM, > GM, thi tau muc tiéu qua phia trudc miii.

Tacé: C. =PTN,+OBH (d9)

Néu GM, < GM, thi tau muc tiéu qua phia sau 1ai.

Taco: C.=PTN,—-OBH (d9)

Néu -180° < GM,, GM, <0 (tau muc ti€u bén man trai)

Néu GM, > GM, thi tau muc tiéu qua phia sau 1ai.

Tacé: C. =PTN,+OBH (d9)

Néu GM, < GM, thi tau muc tiéu qua phia trudc miii.

Ta co: C. =PTN,-OBH (d9)

Néu -90° < GM, < 0; 0 < GM, < 90° thi tau muyc tiéu qua phia trudc mili.

Ta co: C. =PTN,-OBH (d0)

Néu 0 < GM, <90% -90° < GM, < 0 thi tau muc tiéu qua phia trudc miii.

Tacé: C. =PTN,+OBH (d9)

Néu 90 < GM, < 180°; -180° < GM, < -90° thi tau muc tiéu qua phia sau 14i.

Tacoé: C. =PTN,+OBH (d9)

Néu -180° < GM; <-90% 90 < GM, < 180° thi tdu muc tiéu qua phia sau 14i.

Tacoé: C. =PTN,—-OBH (d9)

Cong thirc han ché gia tri ctia Cy truong khoang 0° dén 360°:

Néu Cr>360° thi Cx = Cy - 360%; néu khac giir nguyén Cp.

Trong trudng hop nay hai tau tién lai gan nhau Tcp, > 0, dé danh gia nguy
co dam va ching ta can so sanh gia tri1 CPA v61 CPA,;,. Néu CP4 < CPA,,;, thi
két luan ton tai nguy co dam va giira 2 tau.

* Néu khoang cach giira 2 tau ting dan D, > D, (hinh 1.16)

Tinh cac thong so:
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AB = |/D} + D} — 2D,D, cos(PT, - PT,)

D +AB’-D] _
2AB.D,

CoSOAH =

OAH =arccos(X ) =Y
CPA=D;sin(Y) (hai ly)

D, cos(Y)— AB

(phut, gidy)

TCPA =
E

Cg’*j (d9)

2

OBH = arcsin(

Hinh 1.16. Truong hop phirong vi thay déi, khodng cdch tang dan
Phuong vi nghich ctia cc lan quan sat dugc tinh nhu sau:
Néu (PT; + 180°) < 360° thi PTN; = (PT; + 180°)
Néu (PT; + 180°%) > 360° thi PTN, = (PT; + 180°) - 360°
Néu (PT» + 180°) < 360° thi PTN, = (PT» + 180°)
Néu (PT, + 180°%) > 360° thi PTN, = (PT» + 180°) - 360°
Go6c man cua tau muc tiéu (GM) dugc tinh theo cong thirc:
Néu 0 < (PT - Cp) < 180° thi GM, = (PT, - Cy) > gbc man phai
Néu (PT - Cp) <-180° thi GM; = 360° - (PT; - C;) > goc man phai
Néu (PT - Cp) > 180° thi GM, = (PT, - Cp) - 360° = gbc man trai
Néu -180° < (PT - Cp) < 0 thi GM, = (PT; - C,) = gbc man trai
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lai.

lai.

Néu 0 < (PT;, - Cp) < 180° thi GM, = (PT5 - C;) => gbc man phai
Néu (PT - Cp) <-180° thi GM, =360 - (PT, - C;) > gdc man phai
Néu (PT; - Cy) > 180° thi GM, = (PT> - Cp) - 360° > gbdc man trai
Néu -180° < (PT - Cp) < 0 thi GM, = (PT, - C,) = gbc man trai
Téc dd chuyén dong ciia anh muc tidu Vg, (téc d6 tuong d6i)
VA (1.47)
-1,
Hudng chuyén dong ctia anh muyc tiéu Cg (hudng twong ddi)

Néu 0 < GM,, GM, < 180° (tau muc tiéu bén man phai)

Néu GM, > GM, thi tau muc tiéu di ra xa phia trudc miii.

Ta co: C. =PTN, +180°-OBH  (dd) (1.48)
Néu GM, < GM, thi tau muc tiéu ra xa phia sau lai.

Taco: C.=PTN,-180°+O0OBH (dd) (1.49)
Néu -180° < GM,, GM, < 0 (tau muc tiéu bén man trai)
Néu GM, > GM, thi tau muc tiéu ra xa phia sau lai.

Ta co: C. =PTN, +180°+OBH  (dd) (1.50)
Néu GM, < GM, thi tau muc tiéu ra xa phia truéc miii.

Ta co: C. =PTN,-180°~OBH  (d9) (1.51)
Néu -90° < GM, < 0; 0 < GM, < 90° thi tdu muc tiéu ra xa phia trudc mii.

Taco: C.=PTN,-180°+O0OBH (dd) (1.52)
Néu 0 < GM, <90% -90° < GM, < 0 thi tau muc tiéu ra xa phia trudc mii.

Ta co: C. =PTN, +180°-OBH  (dd) (1.53)
Néu 90 < GM,; < 180%; -180° < GM, < -90° thi tau muc tiéu ra xa phia sau

Ta co: C. =PTN,-180°+OBH  (d9) (1.54)

Néu -180° < GM, < -90%; 90 < GM, < 180° thi tau muc tiéu ra xa phia sau

Ta co: C. =PTN, +180°-OBH  (d9) (1.55)
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Cong thirc han ché gia tri cua Cy trong khoang 0° dén 360°:

Néu Cr>360° thi Ci = Cf - 360%; néu khac giir nguyén Cp.

Trong truong hop ndy 2 tau di xa nhau cho nén khong ton tai nguy co dam
va.

Nhu vay, cac hé cong thic giup danh gia nguy co dam va gitra 2 tau muc
tiéu dya trén théng tin quan sat tir tram VTS da duoc xay dung trong phan nay.
Pay 1a co sd quan trong dé c6 thé xay dung phan mém danh gia nguy co dam va
gifra 2 tau muc ti€u sir dung dir liéu quan sat tir bén th 3 giup cac tram VTS co
thé danh gid nguy co ddm va mot cach dinh luong. Cac cong thic trén ciing c6
thé duoc sir dung dé giup Al nhan dang tinh hudng c6 nguy co ddm va giita 2 tau
thuyén muc tiéu.

Trong mdt khu vuc chay tau, thudng cé rat nhidu phuong tién tham gia
giao thong dic biét 13 & cac khu vuc ludng lach hep, dau cac tuyén ludng. Nhu
vay, 1 con tau khi tham gia giao thong muén dam bao an toan thi khong chi danh
gia nguy co dam va véi chi 1 tau muc tiéu khac ma con véi nhiéu tau trong khu
vuc 1an c4n. Viée danh gia nguy co ddm va véi nhiéu muc tiéu tai cung mot thoi
diém va cung dua ra thong tin canh bao c6 thé din t6i qua tai trong tiép nhan
thong tin cta ngudi diéu khién phuong tién chr chua néi dén nguoi sy quan
VTS khi can phai theo d&i, phéat hién nguy co ddm va giita nhiéu muc tiéu trong
khu vuc tram VTS. Vi viy, can dé ra nhitng nguyén tic nhét dinh trong xac dinh
va canh bao nguy co dam va.

Nhu ta déu biét, viéc phat hién, danh gia nguy co dam va giira cac tau
thuyén phai dam bao 1am sao c6 du thoi gian, khong gian dé thuc hién hanh
dong tranh dam va mot cach hi€u qua. Néu khéng dam bao dugc yéu cau do thi
muc tiéu ctia viéc phong ngira tai nan ddm va cua cac tau thuyén khong thé thuc
hién duoc. Vi vay, viéc xdy dung cac nguyén tic xac dinh nguy co dam va giira
nhiéu tau thuyén ciing phai dam bao 1am sao c6 thé phong ngira duoc dam va

gifra chung.
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Nguyén tic trudc tién ¢ 18 cin clr trén khoang cach giita cac tau muc tiéu.
Khodng cach cang 16n thi thoi gian du trir cho hanh dong tranh dam va cang 16n,
cang c6 kha ning dam bao an toan. Theo khoan (a) diéu 8 [9, 10] c6 qui dinh mo
“néu hoan canh cho phép” thi hanh dong tranh va phai duoc tién hanh “mét
cach dirt khodt, kip thoi va phit hop véi kinh nghiém ciia ngwoi di bién lanh
nghé”. Hanh dong tranh va duoc cho 1a kip thoi khi né duoc tién hanh trong thoi
gian di sém dé tranh nguy co dam va voéi tau thuyén dang dén gan. Trong thuc
té, d3 co rit nhiéu vu va cham xay ra vi da khong dua ra hanh dong tranh va kip
thoi. Viéc dua ra hanh dong kip thoi khong nhitng 13 yéu cau ddi voi céc tau co
nghia vy phai nhuong dudng, phai hanh dong ma con ca dbi voi tau thuyén duoc
nhuong duong khi xét thay hanh dong don thuan cia tiu thuyén phai nhudng
duong khong du dé tranh mot nguy co dam va trude mat.

Viéc xac dinh tinh kip thoi ctia hanh dong khong duoc néu trong quy tac
nao chu dan nao vé chung va tat nhién 1a khong thé an dinh trudc mot cach
chinh xac dugc 1a khoang cach nao téi tau kia thi phai bat dau diéu dong dé
tranh n6 trong mot diéu kién cu thé. Trong nhiing trudng hop riéng biét, tuy
thudc vao hoan canh xung quanh, téc do tiép can gitta cac tau va kha ning diéu
dong cua cac tau, khoang cach ndy cé thé 1a khac nhau. Theo thuc tién di bién, ta
c6 thé lya chon khoang cach tai d6 dua ra hanh dong tranh va nhu sau:

+ Khi ¢6 nhiéu tdu muc tiéu cung c6 nguy co dam va thi tranh cac tdu ¢ gan
trudc, tau O xa sau;

+ Khi tdc do tiép can giira hai tau 16n thi cAn phai hanh dong sém hon khi
tdc do tiép can nho;

+ Céc tau c6 kha ning diéu dong tot thuong tranh va ¢ khoang cach gan
hon céc tau kho diéu khién, van dong kho khan;

+ Vi tri cia tau & gan cic chudng ngai hang héi ciing 13 co so dé lya chon

tranh som ¢ khoang cach xa hay tranh mudn.
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1.4. Nghién ctu nguyén tic xac dinh nguy co dim va giira cAc muc tiéu ap
dung trong khu vurc ludng lach hep

Nhu d3 trinh bay trong phan 1.2. trong khu vuc ludng lach hep, phuong
phap danh gia nguy co dam va theo CPA va Tp khong con phu hop do céac yéu
tb:

- Khong gian chat hep khé co thé ap dung CPA,,;, mot cach hop 1y;

- Trang thai chuyén dong cia tau ludn thay doi theo hinh dang ludng va cac
yéu cau vé toc do chay trén ludng (néu c6). Trang thai chuyén dong cua céac tau
ludn thay doi dan dén cac danh gid vé nguy co dam va trong timg thoi diém s&
khéac nhau.

Pé ¢ thé danh gia nguy co dam va giita cac tau thuyén trén ludng lach hep,
nguoi ta thuong lua chon giai phap khac dé danh gia nguy co dam va giira cac
tau thuyén. Khi hanh trinh trong cac tuyén ludng chat hep va noéng can, mat do
giao thong dong, nguy co dam va cao thi viéc ting cudong ngudn nhan lyc budng
1ai ciing duoc cac tau thuyén tham gia giao thong ap dung. Ngudi ta bd tri hoa
tiéu, thuyén truéng ting cudng sy quan, thity thu trong van hanh cac con tau, cac
trang thiét bi lién quan ciing sin sang dé c6 thé thay doi nhanh chong trang thai
chuyén dong cua con tau. Nho duoc bo sung nhan sy, san sang cac trang thiét bi,
cac tau s& duge diéu khién t6t hon, nguy co ddm va duoc phat hién kip thoi hon,
tir 46 dua ra duoc cac giai phap phong ngira va cham tau thuyén trén ludng lach
hep t6t va kip thoi hon. Céc tau c¢6 thé di qua nhau & cac khoang cach nho hon
ma van dam bao an toan.

Thong thudng, khi tham gia giao thong trén hé thong ludng lach hep, cac
tau kich thudc nho nho kha nang van dong linh hoat, chiém dung it khong gian
giao thong it hon céc tau 16n. Cac tau 16n thuong bi khdng ché bai cac diéu kién
chat hep va ndng can cho nén van dong khé khan. Céc tau thuyén khac thuong
phai co6 trach nhiém khong dugc lam can tré sy di lai an toan cua tau thuyén bi
mon nude khéng ché nay theo quy dinh tai Pidu 9 Colreg72. Néu ¢ 2 tau 16n

déu chiu cac anh huong boi luéng lach hep cung di qua mdt khu vuc han ché
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nao do6 tai cung mot thoi diém thi sé ddn dén nguy co mat an toan giao thong
Trong quan 1y an toan giao thong, ngudi ta thudng tranh dé cac tau 16n gap nhau
tai nhitng diém mat an toan giao thong (con goi 1a diém néng giao thong) nham
dam bao an toan.

Pé 1am duoc nhiém vu tranh céc tau 1on gap nhau tai cac diém nong giao
thong, thong tin vé thoi gian du kién dén cic diém d6 ETA cia timg tau can
duoc kiém soat, cap nhat thuong xuyén. Pé xac dinh duoc gia tri ETA dén cac
diém noéng giao thong, théng tin vé tuyén hanh trinh, vi tri cta ting tau, vi tri
ctia cac diém nong giao thong, toe do cua tau can dugc thu thap va tinh toan.

Trude tién, cac thong tin vé vi tri cac diém ndng giao thong can dugc khao
sat. D61 tuong khao sat dugc xac dinh 13 tir co quan quan 1y tuyén ludng, cac hoa
tiéu, thuyén truong da co kinh nghiém dan tau trén tuyén ludng d6. Can ctr theo
két qua danh gia ctia ho, sd lugng va vi tri cua diém noéng giao thong duoc xac
dinh.

Tir cac thong tin vé vi tri cua tau theo thoi gian, ddi chiéu véi tuyén hanh
trinh trén ludng, quang dudng, van toc, thoi gian dén cac diém nong giao thong
duoc xac dinh. Céach tinh van tdc cua tau, quang duong tu tau dén cac diém
chuyén hudng trén tuyén hanh trinh, dén diém néng giao thong duoc xac dinh
theo cac cong thuc tinh toan nhu trong muc 1.3 ¢ trén. Tir quing duong dén
diém nong giao thong, van tdc cua tau vira tinh toan duoc, thoi gian du kién tau
dén diém nong giao thong (ETA) dugc x4c dinh lam co s& dé so sanh véi ET4
ctia cac tau thuyén khac.

Sau khi tinh dugc ETA cla cac tau dén timg diém nong giao thong, gia tri
chénh léch giira cac ETA 1a bao nhiéu dé két luan ton tai nguy co ddm va gitra 2
tau thuyén duoc khao sat. Tir két qua khao sat, d6 chénh ETA coi 1a ton tai nguy
co dam va gifra 2 tau dugc xac dinh mot cach dinh lugng. Gid tri nay dugc st
dung lam céan cur khi xay dung co s¢ dit liéu danh gia nguy co ddm va phuc vu

huén luyén AL
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1.5. Két luan chwong 1

Trong chuong 1, co s& 1y thuyét vé danh gia nguy co dam va trén bién rong
va trong hé théng ludng lach hep di dugc xay dung. Ddi véi ludng Viing Tau -
Sai Gon, ¢ thé danh gia nguy co dam va gitta cac tau thuyén trén bién theo cac
thong s6 CPA va Tep, trude khi cac tau nhap luéng. Poan con lai, can xac dinh
cac diém nong giao thong cua ludng va danh gia nguy co dam va theo E74 cia
cac tau dén cac diém nong giao thong d6 dam bao 2 tau khong dong thoi xuat
hién tai cac diém nong vé giao thong gay mat an toan.

Chi tiét vi€éc danh gid nguy co dam va s€ dugc trién khai tai cac phan sau.
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CHUONG 2. TONG QUAN VE PANH GIA NGUY CO PAM VA
GIUA CAC MUC TIEU TREN VUNG BIEN RONG VA TRONG LUONG
CHAY TAU

2.1. Ung dung hé théng md phéng cia Trwong Pai hoc Hang hai Viét Nam
trong viéc kiém tra thuit toan xac dinh nguy co dam va giira 2 tau thuyén
trén vang bién rong dwa trén két qua quan sat

Trong phan 1.2, nghién ctru sinh d3 trién khai xay dung cong thirc danh gia
nguy co dam va giira 2 tau thuyén muc tiéu dua trén két qua quan sat cua bén
thtr 3 (tram VTS). Bé kiém chimg cong thirc ndy, can danh gia do chinh xac cua
cong thirc trong thyc tién. Pé lam viéc nay, hé thong mo phong budng lai cua

Truong Pai hoc Hang hai Viét Nam dugc sir dung.

[ & —;/

e
"

7

Hinh 2.1. Hé thong mé phong buéng ldi tai Trwong Pai hoc Hang hai Viét Nam

Hé thong md phong budng lai Navi Trainer Professional 5000 (NT PRO
5000) tai Truong Pai hoc Hang hai Viét Nam 1a mot h¢ théng c6 kha nang phuc
vu dao tao, huin luyén va nghién ctru khoa hoc do Transas xdy dung va phat

trién. Hé thong nay duoc cip chung chi cong nhan ciia Pang kiém Nauy (DNV)
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va Cuc Hang hai Lién Bang Nga. Pay 1a mot trong nhitng co s& quan trong dé

co thé sir dung hé théng trong trién khai cac hoat dong dao tao, huin luyén va

nghién ctru khoa hoc.

Hinh 2.2. Chitng chi ciia DNV cdp cho hé thong mé phong

Hé thong bao gdm 01 phong huén luyén vién va 01 phong mé phong budng
14i. Phong huén luyén vién duogc trang bi céac thiét bi sau:

- 01 may chu NT PRO SERVER;

- 02 may Instructor Navi Trainer;

- 01 may Instructor GMDSS TGS 5000;

- 01 may Model Wizard;

- 07 may truy theo 07 may chiéu trong budng mé phong budng lai chinh;

- 01 may CCTW.

Cac may nay duoc lién két mang lan voi may chu NT PRO SERVER.

Phong mé phong budng 14i dugc trang bi:

- Hé thong thong tin lién lac GMDSS;
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- 02 Radar/ARPA;

- 01 tram Conning display;

- 01 man hinh IBID;

- 01 man hinh Bearing;

- 01 hé théng thong tin va hién thi hai do dién tt ECDIS (Navi Sailor
4000);

- Cac trang thiét bj nghi khi Hang hai khac va ban thao tac hai 6.

Hé thdng mo phong budng lai c6 gbc nhin 240° cho phép thuyén vién quan
sat trén mdt gdc nhin rong.

Hé thong c6 thé cho phép xdy dung céac tinh hudng giao thong trén bién véi
nhiéu loai tau chtl va tau muc tiéu khac nhau. Cac thiét bi budng 1ai cho phép
tuong tac nhu trén budng lai ctia cac tau bién thong thuong. Hé thdng cho phép
mo phong 09 loai tau chi khac nhau. Cu thé:

- Tau hang roi

Luong gian nudc 26343 tan

Piéu kién xép hang Khong hang

Md&i1 nudc miii 6.57 m

Mon nudc lai 6.66 m

LOA 199.99 m

B 23.76 m

Full SeaAhead 15.2 kts (t6i hét may khan cap)
Full Ahead 11.2 kts (t6i hét may)
- Tau hang roi Panamax

Luong gidn nudc 69580 tan

Piéu kién xép hang Pay tai

Méi nudc miii 12 m

Mon nudc lai 12m

LOA 230 m

B 32m
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Full SeaAhead

Full Ahead

- Tau ché 0 to
Luong gian nudc
Diéu kién xép hang
Méi nudc miii
Mén nudc lai

LOA

B

Full SeaAhead

Full Ahead

- Tau canh sat bién
Luong gian nudc
Piéu kién xép hang
Méi1 nude mii
Mon nuac lai

LOA

B

Full SeaAhead

Full Ahead

- Tau container
Luong gian nudc
Piéu kién xép hang
Mé1 nudc miii
Modn nudc lai

LOA

B

Full SeaAhead

Full Ahead
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14.8 kts
10.3 kts

39282 tan
Day tai
11.2m
11.2m
199.1m
32.36 m
19.6 kts
12.5 kts

834 tan
Khdng hang
3.64 m
3.64m
65.9 m
10.7 m
21.5 kts
19.6 kts

66700 tan
Day tai
12m

12 m

289 m
32.2m
23.5 kts
16.9 kts



- Tau ché khi ty nhién hoa 16ng (LNG)

Luong gian nudc
Diéu kién xép hang
Méi nude miii
Mdn nu6c lai

LOA

B

Full SeaAhead

Full Ahead

- Tau ciru hg
Luong gian nudc
Piéu kién xép hang
Méi nude miii
Mén nudce lai

LOA

B

Full SeaAhead

Full Ahead

- Tau lai

Luong gian nudc
Piéu kién xép hang
M1 nudc miii
Mon nudc lai

LOA

B

Full SeaAhead

Full Ahead

- Tau VLCC

Luong gian nudc
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109623 tan
Day tai
11.15m
11.15m
294.6 m
46.66 m
19.5 kts
11.9 kts

30.6 tan
Khéng hang
0.92m
0.92m
18.94 m
5.65m

29.9 kts
21.5 kts

5291 tan
Pay tai
6.52 m
6.6 m
80.4 m
18 m
16.2 kts
15 kts

189405.99 tan



Piéu kién xép hang Pay tai

Md&i nude mii 16.62 m
Mén nudce lai 16.62 m
LOA 280.5m
B 50m
Full SeaAhead 16.5 kts
Full Ahead 15 kts

Céc tau nay c6 thé sir dung 1am cé tau chi va tdu myc tiéu trong cc tinh
huéng mé phong lai chuyén dong cua tau thuyén.
2.2. Xay dwng bai tap moé phéng kiém tra thuét toan xac dinh nguy co' dam
va gitra 2 tau thuyén trén ving bién réng dwa trén két qua quan sat

Thuat toan danh gia nguy co ddm va dugc néu trong muc 1.2 can dugc
kiém tra d6 chinh xac. Dé kiém tra, mot tinh hudng chuyén dong gitra 2 tau dugc
xdy dung va trién khai thuc hién trén hé thong mé phong NT PRO 5000 cua
Transas tai Truong Pai hoc Hang hai Viét Nam. Trong tinh hudng nay, 2 tau
duogc bd tri chay cit hudng nhau va thuc hién quan sat danh gia nguy co dam va
bang thiét bi ARPA ciia tau chil so v6i tau muc tiéu dong thoi so sanh véi két
qua tinh toan theo cong thirc tai phan 1.2 dé danh gia nguy co dam va tir 04 tram

VTS 4o nhu trong hinh 2.3.

B VTS 1

= VTS 4
7 X

ol ,. \4
viss| vis e

Hinh 2.3. Bé tri tau va cdc tram VTS do trong bai tdp thuc nghiém
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Bang 2.1. Vi tri cac tram VTS ao

VTS 1 20.71074N 107.0212E
VTS 2 20.60344N 106.9787E
VTS 3 20.59573N 106.7909E
VTS 4 20.66689N 106.8162E

Hai tau dugc chon 1a 2 tau chay voi tbe do khong doi (tau chu 10.7kts, tau
hang 9.5kts) va duy tri hudng di dé thuan tién danh gid nguy co dam va trong
qué trinh thyc nghiém. Bén tram VTS ao duoc dit ¢ 4 cung phﬁn tu so voi tau
cht va tau muc tiéu dam bao tinh toan dugc cac tinh hudng twong quan gitta vi
tri tau cha va tdu muc tiéu véi tram VTS nhu di néu trong phan 1.2.

2.3. Panh gia két qua thuc nghiém xac dinh nguy co dam va giira 2 tau
thuyén trén vang bién rong dua trén két qua quan sat tir tram VTS

Tir bai tip mo phong duoc xdy dung & phan 2.2, cong tic thuc nghiém
duoc trién khai dé dbi chiéu, so sanh két qua tinh toan 1y thuyét ¢ phan 1.2 véi
két qua tinh toan cta hé thong ARPA ciia Transas.

T vi tri ciia tau chu va tau muc tiéu so vo1 4 tram VTS do duge ghi lai
trong qua trinh thuc nghiém, cac thong tin quan sat tir tram VTS s€ dugc tinh
toan dé danh gia nguy co dam va.

Bf’)ng tho1 véi viée ghi lai thong tin vi tri ciia tau muc ti€u, tau chu, cac
thong tin CPA, T¢py cia tau muc ti€u trén man hinh radar (hinh 2.4) cting duogc
ghi lai phuc vu dénh gia d6 chinh xac ctia cong thirc 1y thuyét trong phan 1.2.
Céc thong tin thuc nghiém ghi lai thé hién trong bang 2.2.
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Hinh 2.4. Man hinh radar cua tau chu

Bdng 2.2. Két qud thuc nghiém

TARGET
RANGE 2 NM
TBRG

NM

MIN

KT
NM
MIN

~ WINDAND DEPTH

REL WIND 161 KT
3491 'R
DEPTH S5 m

CURSOR POSITION

1.55 NM
0539 °
20°38.32N

106°54.27E

12:04:55 11/05/2021

OS TS
CPA | TCPA Time
Lattitude Longitude Lattitude Longitude
20 | 37.946 | 106 |52.359| 20 | 38.05 | 106 | 54.57 | 0.1 10 12:02:33 | t1
20 | 38.142 | 106 |52.507| 20 | 38.17 | 106 | 54.37 | 0.1 9.4 12:03:49 | 2
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 | 38.6 | 106 |52.853| 20 | 38.61 | 106 | 54.11 | 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 [ 38912 | 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

Tir két qua thuc nghiém, thuc hién tinh toan céc so6 liéu theo cong thirc néu

& phan 1.2 ta c6 két qua tinh toan chuyén doi phuong vi va khoang cach giira 2

tau muc tiéu véi tung tram VTS 1, 2, 3, 4 nhu trong cac bang 2.3, 2.4, 2.5, 2.6.
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Bang 2.3. Tinh toan phwong vi va khoang cach cua muc tiéu tu tram VTSI

Time

OS

TS

D(0S)

PT(OS)

Lat

Long

D(TS)

PT(TS)

Lat

Long

tl

12:02:33

17.739

240.63

20.63243

106.8727

14.407

233.8

20.63417

106.9095

t2

12:03:49

17.338

241.26

20.6357

106.8751

14.531

235.25

20.63617

106.9065

t3

12:04:55

17

241.81

20.63845

106.8772

14.504

236.53

20.63867

106.9049

t4

12:05:56

16.714

24231

20.64082

106.879

14.51

237.69

20.64133

106.9034

t5

12:06:56

16.41

242.85

20.64333

106.8809

14.493

238.88

20.6435

106.902

t6

12:07:58

16.118

243.39

20.64575

106.8827

14.505

240.06

20.64567

106.9004

t7

12:09:03

15.783

244.04

20.64853

106.8848

14.491

241.36

20.64817

106.899

t8

12:09:52

15.557

244.49

20.65043

106.8863

14.515

24231

20.65017

106.8977

t9

12:10:43

15.323

244.98

20.6524

106.8878

14.546

243.29

20.65217

106.8963

t10

12:11:41

15.046

245.57

20.65472

106.8896

14.564

244.41

20.65417

106.895

t11

12:12:20

14.855

245.98

20.6563

106.8908

14.583

245.18

20.65567

106.894

t12

12:13:03

14.632

246.49

20.6582

106.8923

14.581

246.13

20.65733

106.8931

Bang 2.4. Tinh toan phuong vi va khoang cach cua muc tiéu tw tram VTS2

Time

(ON}

TS

D(0S)

PT(OS)

Lat

Long

D(TS)

PT(TS)

Lat

Long

tl

12:02:33

11.493

286.31

20.63243

106.8727

7.966

295.41

20.63417

106.9095

t2

12:03:49

11.356

288.43

20.6357

106.8751

8.349

295.89

20.63617

106.9065

t3

12:04:55

11.251

290.26

20.63845

106.8772

8.618

297.13

20.63867

106.9049

t4

12:05:56

11.173

291.85

20.64082

106.879

8.875

298.03

20.64133

106.9034

t5

12:06:56

11.099

293.57

20.64333

106.8809

9.13

299.08

20.6435

106.902

t6

12:07:58

11.036

295.25

20.64575

106.8827

9.393

299.93

20.64567

106.9004

t7

12:09:03

10.975

297.2

20.64853

106.8848

9.672

301

20.64817

106.899

t8

12:09:52

10.942

298.54

20.65043

106.8863

9.889

301.6

20.65017

106.8977

t9

12:10:43

10.912

299.94

20.6524

106.8878

10.118

302.17

20.65217

106.8963

t10

12:11:41

10.884

301.6

20.65472

106.8896

10.371

302.92

20.65417

106.895

tl1

12:12:20

10.868

302.75

20.6563

106.8908

10.548

303.39

20.65567

106.894

t12

12:13:03

10.858

304.12

20.6582

106.8923

10.753

304.09

20.65733

106.8931
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Bang 2.5. Tinh toan phwong vi va khoang cach cua muc tiéu tue tram VTS3

Time

oS

TS

D(OS)

PT(OS)

Lat

Long

D(TS)

PT(TS)

Lat

Long

tl

12:02:33

9.439

64.37

20.63243

106.8727

13.064

70.89

20.63417

106.9095

t2

12:03:49

9.83

63.11

20.6357

106.8751

12.845

69.47

20.63617

106.9065

t3

12:04:55

10.164

62.13

20.63845

106.8772

12.799

68.03

20.63867

106.9049

t4

12:05:56

10.451

61.32

20.64082

106.879

12.74

66.75

20.64133

106.9034

t5

12:06:56

10.759

60.52

20.64333

106.8809

12.716

65.38

20.6435

106.902

to6

12:07:58

11.058

59.79

20.64575

106.8827

12.676

64.06

20.64567

106.9004

t7

12:09:03

11.405

59

20.64853

106.8848

12.674

62.56

20.64817

106.899

t8

12:09:52

11.642

58.49

20.65043

106.8863

12.65

61.48

20.65017

106.8977

t9

12:10:43

11.89

57.98

20.6524

106.8878

12.627

60.35

20.65217

106.8963

t10

12:11:41

12.185

57.42

20.65472

106.8896

12.629

59.05

20.65417

106.895

tl1

12:12:20

12.389

57.06

20.6563

106.8908

12.631

58.16

20.65567

106.894

t12

12:13:03

12.631

56.62

20.6582

106.8923

12.666

57.07

20.65733

106.8931

Bang 2.6. Tinh toan phwong vi va khoang cach cua muc tiéu tir tram

VTS4

Time

OS

TS

D(0S)

PT(OS)

Lat

Long

D(TS)

PT(TS)

Lat

Long

tl

12:02:33

7.014

123.1

20.63243

106.8727

10.368

110.53

20.63417

106.9095

t2

12:03:49

7.044

119.48

20.6357

106.8751

9.994

109.94

20.63617

106.9065

t3

12:04:55

7.094

116.46

20.63845

106.8772

9.749

108.69

20.63867

106.9049

t4

12:05:56

7.148

113.91

20.64082

106.879

9.518

107.63

20.64133

106.9034

t5

12:06:56

7.223

111.25

20.64333

106.8809

9.302

106.34

20.6435

106.902

t6

12:07:58

7.31

108.74

20.64575

106.8827

9.078

105.12

20.64567

106.9004

t7

12:09:03

7.428

105.94

20.64853

106.8848

8.86

103.53

20.64817

106.899

t8

12:09:52

7.517

104.07

20.65043

106.8863

8.685

102.46

20.65017

106.8977

t9

12:10:43

7.619

102.19

20.6524

106.8878

8.505

101.3

20.65217

106.8963

t10

12:11:41

7.752

100.04

20.65472

106.8896

8.319

99.82

20.65417

106.895

tl1

12:12:20

7.851

98.61

20.6563

106.8908

8.193

98.78

20.65567

106.894

t12

12:13:03

7.792

96.95

20.6582

106.8923

8.063

97.32

20.65733

106.8931
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Tur vi tri tau chu (OS) va tau muc ti€u (TS) ching ta x4c dinh dugc cac

phuong vi va khoang cach tinh tir cac tram VTS 1, 2, 3, 4 dén cac muyc tiéu nhu

cac gia tr1 trong cac bang trén. Tur cac gia tri phuong vi va khoang cach nay, ap

dung céc cong thirc trong phan 1.2, thuc hién tinh toan CP4 va Tep dé danh gia

nguy co dam va.

Bdng 2.7. So sanh gid tri tinh todn va gid tri ARPA hién thi

Tinh toan ARPA

Time N A I TCP | CPA
O | O TCPA () |CPAGNM) | [ |

tl [12:02:33 388 | 267.13 01 | 10 | ol
© [12:03:49 |0.021111 | 89 | 269.09 |11.27368 | 9.38 01 | 94 | o
B3 [12:04:55 |0.018333 | 893 | 26952 [11.12727 | 840 01 | 84 | o
th [12:05:56 |0.016944 | 89.7 | 268.69 |11.09508 | 7.41 01 | 74 | o
5 [12:06:56 |0.016667 | 90 | 26952 | 111 | 641 01 | 64 | o
t6 [12:07:58 |0.017222 | 906 | 2703 |11.03226 | 541 01 | 54 | o
€7 [12:09:03 |0.018056 | 913 | 271,57 [11.07692 | 431 01 | 43 | o
8 [12:09:52 |0.013611 | 922 | 27143 |11.16735 | 345 01 | 35 | ol
©0 [12:10:43 [0.014167 | 93.7 | 27161 |11.29412 | 257 01 | 26 | o
{10 | 12:11:41 [0.016111 | 96.8 | 2758 |10.92414 | 160 0 7 ] 0
11 | 12:12:20 |0.010833 [102.6 | 280.37 |11.26154 | 0.9 0 [ o
{12 |12:13:03 |0.011944 | 127.1 | 306.54 |10.71628 | 032 0 |03 ] 0

Do gia tri vi tri tinh toan cua 2 tau khong phu thudc vao vi tri tram VTS,

cac gia tri huéng di, toc do cia 2 tau khong thay d6i nén chung ta chi can tinh

cho 1 truong hop. Gia trj tinh toan va gia tri quan sat trén ARPA cta hé thong

mo phong duoc thé hién trong cac bang 2.7.

Tir so sanh gia tri CPA, Tcp, trong bang 2.7, chung ta thay gid tri tinh toan

va gia tri do ARPA cua Transas hién thi ¢6 sai léch khong 16n. Gia tri cia Tepy
khéc biét 16n nhat 14 0.03 phut, gia tri CPA khong khac biét. Gia tri khac bi¢t nay
dugc cho 1 hién thi cia ARPA d6i v6i gia tri Tepy dén 0.1 phut. Viéc d6i sanh

gia tri tinh toan khong 1am tron va gia tri hién thi cia ARPA dugc lam tron gay

ra su khac biét trén.
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Tom lai, chiing ta c6 thé khang dinh rang cac cong thire tinh toan duoc xay
dung & phan 2.3 cho phép danh gia nguy co dam va theo CPA va Tcp, thoa min
cac yéu cAu cua thiét bi ARPA hién hanh.

2.4. X4c dinh diém nong giao thdng trén khu vuc ludng Viing Tau - Sai Gon

Nhu d3 néu ¢ phan dit van dé, diém nong giao thong 1a noi cd nguy co cao
x4y ra tai nan dam va trén tuyén ludng. Dé dam bao an toan, cac diém néng nay
can xac dinh dé 1am co s cho viéc danh gia cac nguy co dam va giita cac tau
thuyén khi gip nhau tai cac diém nay. Viéc xac dinh diém néng giao thong dugce
thuc hién qua viéc hoi y kién chuyén gia - cac hoa tiéu thuong ngay lam viéc
trén tuyén ludng nay.

Xuat phat tir hai do ctia Hai quan nhan dan Viét Nam ty 18 1:100000 tai vi
tuyén 16° vé so dd, vi tri cac diém c6 nguy co mét an toan giao thong trén tuyén
luéng Viing Tau - Sai Gon, nghién ctru sinh da xac dinh 10 vi tri dugc danh gia
1a c6 nguy co trén tuyén ludng nay. Chi tiét 10 diém nhu sau:

e Khu vuc phaosé 0

e Khu vuc phao GR

e Khuc cua An Thanh (Tiéu 31)

e Khuc cua Coude Lest (Tiéu 38)
e Khuc cua Houlde Lest (Phao 40)
e Khuc cua B4 Han (Phao 48)

e Miii O ro (Phao 55)

¢ Nga ba Nha Bé (Phao 58)

e Khuc cua Miii den do

e Khuc cua Hai ly 3 (Phao 68)

Pé danh gia chi tiét cu thé hon, nghién ctru sinh da xay dung bang héi cac
hoa tiéu hoat dong trén tuyén ludng nay vé danh gia nguy co d6i véi 10 diém

néu trén, dong thoi bod sung cac diém khac (néu co). Chi tiét nhu sau:
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1. Xin vui long dénh gid nguy co ddm va giira cdc tdu thuyén tqi cde dia diém sau:

Nguy co dam va
Cao Trung binh Thap

Diém c6 nguy co mat an toan giao thong

Khu vire phao 6 0
Khu vire phao GR
Khie cua An Thanh (Tiéu 31)
Khiic cua Coude Lest (T1éu 38)
Khiic cua Houlde Lest (Phao 40)
Khiic cua Pa Han (Phao 48)
Miii O ro (Phao 55)
Ngd ba Nha Bé (Phao 58)
Khuc cua Miii dén do
Khic cua Hai ly 3 (Phao 68)

2. Xin vui léng bé sung cdc diém cé nguy co dam va giita cdc tau thuyén khdc (néu cé):

Nguy co dam va
Cao Trung binh Thip

Diém c6 nguy co mat an toan giao thong

Hinh 2.5. Céu hdi trong phiéu khdo sdt vé danh gid nhitng diém c6 nguy co mat
an toan giao théng trén tuyén luong Viing Tau - Sai Gon

Két qua khao sat 60 hoa tiéu khu vyc I va hoa tiéu Cat Lai nhu sau:

Nguy co dam va
biém c6 nguy co mat an toan giao thong Cao Trung Thip
binh
Khu vire phao s6 0 20 29 11
Khu wvirec phao GR 8 34 17
Khiic cua An Thanh (Tiéu 31) 21 29 10
Khic cua Coude Lest (Tiéu 38) 32 26 3
Khiic cua Houlde Lest (Phao 40) 36 19 5
Khiic cua Da Han (Phao 48) 33 24 5
Miii O ro (Phao 55) 14 35 11
Ngd ba Nha Bé (Phao 58) 22 28 10
Khic cua Mui den do 23 17 6
Khiic cua Hai ly 3 (Phao 68) 19 21 4

Hinh 2.6. Két qud ddnh gid ciia hoa tiéu véi 10 diém c¢é nguy co dam va

trén tuyén luong Viing Tau - Sai Gon
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Theo két qua nhu trén, mic du danh gia theo timg diém cé khac nhau,
nhung da s6 cac hoa tiéu déu xac dinh 10 diém néu trén déu la diém c6 nguy co
dam va. Bén canh d6, cic hoa tiéu con danh gia thém 25 diém c6 nguy co dam
va. Danh sach cac diém bd sung nhu sau:

e Bén pha Binh Khénh

e Cau Phuéc Khanh

e Ngéd 3 Vam Lang

e Khu vuc phao 49 (ludng Soai Rap)
e Khu vuc song BDong Tranh

e Khu vuc bén pha Cét Léi

e Bén pha Phudc Khéanh (ludng Soai Rap)
e Khuc cua sbng 4 mat

e Cau Binh Khanh

e Thiéng Liéng (HL32)

e Dan Xay (HL24)

e Khu vuc cau Phi My

e Khu vuc cau K15-k13

e Khu vuc vong quay tré VQ1 va VQ2
e (Cang Calofic

e Cang Sai Gon Hiép Phuac

e \Ung neo Soai Rap

e Phao do 28

e Pau day ha phao xanh

e Khuc cua Lombard

e Khu vuc dén tra hoa tiéu 1, 2

e Mom hai ly 29 (gan ngi tu)

e Propotis

e Phao 34

e Phao 14
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Tuy nhién, viéc bo sung diém nay khong dat duogc su déng thuan cao nhu
10 diém néu trén. Khong diém nao trong s 25 diém bo sung c6 duoc 25% ¥
kién ddng thuan. Do d6, 25 diém nay khong dugc xac dinh 1a diém néng giao
thong trén ludng. Cac diém néng giao thong dugc xac dinh 1a 10 diém ban dau.
Tau thuyén nén tranh gip nhau tai 10 diém nay. Néu 2 tau gip nhau tai 10 diém
nong giao thong nay, c6 kha nang xay ra nguy co dam va gitra chiing.

Pé o thé danh gia kha ning gip nhau tai cac diém nong giao thong, can
db6i chiéu, so sanh duy kién thoi gian tau dén cac diém nong d6. i chiéu so sanh
ETA cua 2 tau voi cing mot diém néng nham danh gia kha ning 2 tau gip nhau
& diém d6 hay khong.

Panh gia nguy co dam va gitta cac tau thuyén, ngoai viéc sir dung thong tin
CPA va Tepy, ETA, khi din tau ngudi ta co thé stir dung cac bién phap khac. Dé
lam r6 ndi dung nay, trong Phiéu thim do gui cac hoa tiéu khu vuc Viing Tau -
Sai Gon, 3 cau hoi dugc thiét ké dé kiém tra. Cu thé nhu sau:

2. Theo éng, théng tin nao giiip danh giG sém nguy co dam va trén luong?

A. ETA cua cac tau dén cac diém c6 nguy co dam va néu ¢ phan II

B. CPA va TCPA hoac phuong vi, khoang cach cua tau muc ti€u

C. Thong tin khac (@& nghi mo ta): .........o.uveeiiirieeeiiee e

Hinh 2.7. Cau hoi tham do cdac phwong phap xdc dinh nguy co dam va trén
Iuéng

Két qua phan hoi nhan duge nhu sau:

THONG TIN GIUP DANH GIA NCPV
A.ETA cua cac ’5:2111 dén cac diém co nguy co 46
dam va néu ¢ phan II
B. CPA va TCPA hoac phuong vi, khoang cach i
cua tau muc tiéu
C. Thong tin khac 4

Hinh 2.8. Két qud tham do vé danh gid nguy co dam va ciia hoa tiéu
Trong khi tra 15i Phiéu tham do, co mot sb hoa tiéu khong tra 101 cac cau

hoi nay. Pa phan cac hoa tiéu van sir dung ETA (46/60), CPA, Tcps (43/60) 1a cac
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phuong phap danh gia nguy co dam va cta ho khi dan tau trén ludng. C6 04 ¥
kién mo ta thém thong tin gitip dénh gia nguy co dam va trén luéng Viing Tau -
Sai Gon dua vao thong tin vé su di chuyén cua cac tau dac biét (tau han ché kha
nang diéu dong, tau khdng ché boi mon nude) hodc thong tin vé diém giap nhau
clia cac tau trén thiét bi chuyén dung hodc thong tin do radar cung cap. 04 ¥ kién
bd sung nay thuc chit van 1a xac dinh, d6i sanh ETA cua céc tau trén tuyén
ludng. Vi vay, c¢6 thé khang dinh viéc x4c dinh nguy co ¢dm va ctia hoa tiéu st
dung theo 2 phuong phéap:

- Sir dung ETA cua tau thuyén dén cac diém nong giao thong;

- Str dung cac thong tin d6 giai radar: CPA va Tepy.

Déi véi viée danh gia nguy co dam va sir dung CPA va Tepy, ddy 13 phuong
phap phd bién cua ngudi di bién. Cac tiéu chi danh gia da duoc dinh luong o
rang. P6i v6i viéc danh gia nguy co dam va bang ETA, thong tin ndy mic du
dugc sir dung nhung chua théng nhét ¥ kién. Pé 1am rd nodi dung nay, phuong
phap chuyén gia tiép tuc duoc sir dung véi cau hoi: “Theo 6ng, gid tri ETA ciia 2
tau dén cdc diém c6 nguy co dam va néu & phan II chénh 1éch la bao nhiéu phiit
thi ¢6 thé danh gid la c6 nguy co dam va?”. Két qua thu duoc nhu sau:

- C6 51/60 nguot duge hoi tra 101 ciu hdi nay.

- Gia tri 6 chénh ETA cua 2 tau thuyén dén 1 diém tuong doi phan tan gitra
cac hoa tiéu. C6 54 hoa tiéu co y kién tra 16i vé noi dung nay. Trong khi da phan
cho ¥ kién do chénh ETA cua 2 tau thuyén dén diém néng giao thong roi vao
khoang 5 dén 6 phut twong tng véi khoang cach tam 1NM 1 gi4 tri han mic dé
xac dinh c6 nguy co ddm va thi mot sé ¥ kién cho rang do chénh ETA 16n hon

nita da co thé xac dinh 13 c6 nguy co dam va. Gia trj trung binh tam 9,4 phut.
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Nguy co dam va theo chénh ETA
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Hinh 2.9. Y kién xdc dinh nguy co dam va theo dé chénh ETA dén 1 diém
Néu tinh theo s phtit chénh nhau ctua ETA giita 2 tau, thong tin nay kho
dua ra dugc cam nhan truc quan nhu khi so sanh khodng cach gitra cac tau tai
thoi diém 1 tau di dén diém nong giao théng, 1 tau con cach diém d6 mot
khoang twong (mg véi do chénh ETA. Bé danh gia k§ hon, chiing ta can xem xét

dia hinh mot s6 di€ém nong sau day:
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Hinh 2.10. Khuc cua Hai Ly
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Hinh 2.11. Khuc cua Mui Pen Po

mii Phudc Khanh
Phuoc Khanh point
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Hinh 2.12. Nga ba Nha Be
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Hinh 2.14. Khuc cua Pa Han
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Hinh 2.15. Khuc cua An Thanh

Theo ddi cac khic cua trén thyc té ta thay, khi d6 chénh ETA4 khoang 5 phut
tuong ung voi khoang cach 1NM giira 2 tau thi van kha ning 2 tau thuyén gip
nhau trén doan luéng khé khan cho viéc tranh va. Trong khi d6, d§ chénh
khoang cach 2NM (img véi dd chénh ETA khoang 10 phut) c¢6 thé cho phép 2
tau khong gip nhau trén cac khiic cua nay. Néu lya chon d6 chénh ET74 16n hon
thi nguy co dam va s& duoc danh gia sém hon ddng nghia véi viée canh bao
nhiéu hon. Néu canh bao nhiéu quéa s& c6 thé dan t6i qua tai cho hé thong VTS.
Vi vay, chon dg chénh E74 khoang 10 phut 1am gié1 han danh gid nguy co dam
va (cling gan véi gia tri trung binh ma cac hoa tiéu dua ra) 1a mét lya chon hop

1.
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2.5. Xay dwng cong thire tinh toan xac dinh nguy co dam va theo ETA toi

cac diém nong giao théng trén tuyén ludng Viing Tau - Sai Gon

Hinh 2.16. Luéng Viing Tau - Sai Gon

Tuyén ludng Viing Tau - Sai Gon 1a tuyén ludng dai, quanh co. Cac tau
thuyén phai di chuyén theo hinh dang cta tuyén luong 13 tong hop cta nhiéu
doan di chuyén ngan qua nhiéu diém chuyén hudng khac nhau. Khoang cach va
huéng di chuyén giira 2 diém duoc tinh theo cong thuc dudi day.

Khi quan sat dir liéu vi tri diém 1 va 2 ta théy ching c6 cac toa d¢ nhu sau:

Piém 1 (X;; Y1) Piém 2 (X»; Y5)
- X1; X 14 cac gia tri vi d6 cua 2 diém;
- Yy; Y14 céc gia tri kinh d6 cta 2 diém.

Néu X, > X, Y>> Y; (hinh 2.17)
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0 X, X, X

Hinh 2.17. Truong hop tau diém 2 ¢ cung phan tw thit nhdt so véi diém 1

Khoang cach tir diém 1 dén diém 2:

D, = (X, =X, +(Y, =Y, 2.1)
Hudng tir diém 1 dén diém 2 trong truong hop nay phai thoa mén 0°< PT, <
90°:

2 1

PT, = arctan X, =X, (2.2)
Y, -Y,

Néu X, > X, ¥> <Y, (hinh 2.18)

o]

Hinh 2.18. Truwong hop diém 2 & cung phan tw thir hai so véi diém 1
Khoang cach tir diém 1 dén diém 2:
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D, = (X, =X, +(Y, =Y, ) (2.3)
Huéng tir diém 1 dén diém 2 trong trudng hop nay phai théa mén 90° < PT,

< 180"

PT. —180° —arctan| 22— (2.4)
' Y,

1 2

Néu X, < X, Y> <Y, (hinh 2.19)

X, X, X
Hinh 2.19. Truwong hop diém 2 & cung phan tw thir ba so véi diém 1
Khoang cach tir diém 1 dén diém 2:
D, = (X, = X, )’ +(Y, =Y, (2.5)
Huéng tir diém 1 dén diém 2 trong trudng hop nay phai thoa man 180° <
PT,<270%

1 2

PT =180° +arctan| 21 =22 (2.6)
' Y, -Y

Néu X, < X;, Y>> Y; (hinh 2.20)
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Y
Y,
: 1
Y, :
: PT,
9 X, X, X

Hinh 2.20. Truong hop diém 2 ¢ cung phan tw thit tw so véi diém 1
Khoang cach tir diém 1 dén diém 2:
D, = (X, = X, )’ +(Y, =Y, (2.7)
Huéng tir diém 1 dén diém 2 trong trudng hop nay phai thoa man 270° <
PT; <360

PT, = 360° —arctan (M] (2.8)
Yz _Yl

Tir cong thirc trén ta tinh dugc gia tri hudng va khoang cach giita 2 diém.
Ap dung cong thirc nay ta c6 thé tinh dugc hudng di, quing duong di chuyén
ctia tau thuyén sau 2 l1an quan sat, tir d6 tinh duoc téc do tau theo cong thiec:
V= D,
tz _tl

Cong thirc néu trén cling cho phép ta tinh todn dugc hudng di va quang

(2.9)

duong gita 2 diém chuyén hudng. Tong hop lai ta tinh toan duoc quing duong

phai di chuyén tur vi tri tau dén diém can dén:

S=>D (2.10)
Thoi gian du kién dén diém can dén dugc tinh nhu sau:
S
ETA=> (2.11)
\Y
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Véi cac hé cong thire néu trén ta tinh toan duge ETA cua cac tau dén timg
diém néng giao thong. So sanh ETA clia cac tau tdi cac diém nong giao thong ta
xay dung dugc co so dir liéu dé danh gia nguy co dam va giita cac tau thuyén
trén ludng Viing Tau - Sai Gon phuc vu cho huin luyén Al
2.6. Két luan chwong 2

Trong chuong 2, nguy co dam va giira cc tau thuyén dang di chuyén trén
luéng Viing Tau - Sai Gon cling nhu tai khu vuc dau luéng duoc xac dinh theo 2
diéu kién: mot 12 tinh toan theo CPA va Tcpy; hai 1a theo ETA dén céac diém nong
giao thong. Cac cong thuc tinh todn da duoc xac dinh qua viéc giai cac bai toan
hinh hoc va kiém tra so sanh véi két qua mo phong tai hé thong mod phong
budng 1ai ciia Truong Pai hoc Hang hai Viét Nam. P6i sanh cho thay cac hé
cong thire dam bao dé xay dung co so dit liéu vé nguy co dam va trén tuyén

ludng Viing Tau - Sai Gon phuc vu huan luyén cac mo hinh hoc may.
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CHUONG 3. SU DUNG AI PANH GIA NGUY CO PAM VA GIUA HAI
TAU THUYEN TAI KHU VUC PAU LUONG VUNG TAU - SAl GON

3.1. Dir ligu tinh toan xac dinh nguy co' @dim va trén ving bién rong

Dic trung cia cac hé théng ludng hang hai thudng c6 2 khu vuc: khu vuc
dau ludng noi tiép giap voi bién rong, khong gian van dong rong 16n va cé thé
xac dinh nguy co dam va theo CPA4 va T¢py; khu vuc luéng lach chat hep, tau
thuyén bi gidi han khong gian van dong va st dung phuong phap du bao nguy
co theo cach khac. Ludng Viing Tau - Sai Gon ciing ¢6 2 khu vuc tuong tu.

Nhu d3 trinh bay & Chuong 1, nguy co dam va giita 2 tau thuyén trén ving
bién rong dugc xac dinh khi théa man déng thoi 2 diéu kién: CP4 < CPA,,;, va
Tepy > 0. Viée xac dinh 2 diéu kién nay dugc cdn cir theo vi tri clia cac tau
thuyén dang hanh trinh thay doi theo thoi gian. Tir cac danh gia & Chuong 2
giita cac gia tri gia dinh va gia tri so sanh trén hé thong moé phong budng lai cta
Trudng Pai hoc Hang hai Viét Nam cho chung ta thiy cac gia tri tinh toan theo
cong thirc trinh bay & Chuong 1 dam bao d6 chinh xac va c6 thé dugce dung dé
huén luyén mé hinh hoc may trong danh gia nguy co dam va trén ving bién
rong.

Nhu vay, dir liéu dau vao la:

- Thoi diém t1: Tau 1 (Xq1; Y1) Tau 2 (Xo1; Y1)

- Thoi diém t2: Tau 1 (X12; Y12) Tau 2 (X2, Y22)

Dé thuan tién cho viéc 1ap trinh trén may tinh, ta chuyén d6i khai bao céc
dwr liéu nhu sau:

Xy =pal; Yy =1al; Xy = pbl; Yo = 1b1;

Xo1 =pa2; Yo =1a2; X, = pb2; Yy = 1b2.

M6 ta dir liéu huan luyén model nhu sau:

Dataset = {(X, y)}, trong do:

e X =[tl, pal, lal, pb1, Ibl, t2, pa2, l1a2, pb2, 1b2]: Thong tin vi tri caa hai

tau A, B & hai lan quan sét t1, t2:
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e y (nguy co dam va - ncdv): 0/1

o Lan quan sat t1:
m Vitritau 1: pal, lal
m Vitritau 2: pbl, Ibl
o Lan quan sat 2:
m Vitritau 1: pa2, la2
m Vitritau 2: pb2, 1b2

o 0 - Hai tau khéng c6 nguy co dam va

o 1 - Hai tau c6 nguy co dam va

Mién xac dinh:
e Delta-t=t2-11:[1, 5]
e pal, pbl, pa2, pb2: [10, 12] - vi d6 gidi han khu vuc Sai Gon - Viing Tau
e lal, Ibl, a2, Ib2: [106, 108] - kinh d6 gidi han khu vuc Sai Gon - Viing

Tau

e ncdv: 0,1

Trén co 5O xac dinh dir lidu dau vao va dau ra caa hé théng, gisi han mién

x4c dinh ta tién hanh xay dung bo co so dit liéu cua cac tinh hudng c6/khéng co

nguy co dam va giita cac tau thuyen.

3.2. Panh gia bd dir liéu phuc vu huan luyén md hinh trén vang bién réng

Trude khi huin luyén mé hinh, budc phén tich va tién xir Iy dit liéu dugc

tién hanh. Dit liéu huan luyén gdm 30.240 mau, Bang 3.1 thé hién 5 mau dir liéu

dau.
Bang 3.1. Dit liéu ban dau

t1| pal lal pbl Ibl t2 pa2 la2 pb2 Ib2 ncdv
0 |11°30'N |106°30'E | 11°50'N | 106°30'E | 1 | 11°30.2'N |106°30'E|11°49.767'N|106°30'E| O
0 |11°30'N |106°30'E | 11°50'N | 106°30'E | 2 |11°30.433'N|106°30'E |11°49.533'N|106°30'E| O
0 |11°30'N |106°30'E | 11°50'N | 106°30'E | 3 | 11°30.7'N |106°30'E| 11°49.3'N |106°30'E| 1
0 |11°30'N |106°30'E | 11°50'N | 106°30'E | 4 | 11°31'N |106°30'E|11°49.067'N|106°30'E| 1
0 |11°30'N |106°30'E | 11°50'N | 106°30'E | 5 |11°31.333'N|106°30'E |11°48.833'N | 106°30'E| 1
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Do chénh 1éch giira cac output dugc théng ké trong Hinh 3.1 thi s luong

cac tinh hudéng khong c6 nguy co dam va nhi€u hon cac tinh huéng cé nguy co

dam va.

trong d6: u, s 12 gié tri trung binh va d6 1éch chuan.

Chuyén céc dit liéu kinh d9, vi d6 sang dang thap phan:
x =do + phut / 60

16000 -

14000 -

12000 -

10000 -

8000 -

6000 -

4000 -

2000 1

Hinh 3.1. Do chénh léch giita cac output

Chuén hoa dit liu:

(=

—~

Bang 3.2. Mot s6 mau dir liéu sau khi chudn héa

t1 pal lal pbl Ibl t2 pa2 la2 pb2 Ib2 ncdv
0.0 1.35 -1.4 2.1 -1.6 -1.41 1.37 -1.43 2.09 -1.4 0
0.0 1.35 -1.4 2.1 -1.6 -0.71 1.38 -1.43 2.08 -1.4 0
0.0 1.35 -1.4 21 -1.6 0.0 1.39 -1.43 2.07 -1.4 1
0.0 1.35 -1.4 21 -1.6 0.71 14 -1.43 2.06 -1.4 1
0.0 1.35 -1.4 21 -1.6 141 142 -1.43 2.05 -1.4 1

Bang 3.2 thé hién 5 mau dit liéu dau sau khi chuan hoa (da Iam tron véi do

chinh xéc hai chir s6 sau dau phay). Gia tri trung binh va d6 1éch chuan sau khi

chuan hoa dit liéu duoc thé hién trong Bang 3.3.
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Bang 3.3. Gia tri trung binh va do léch chudn sau khi da chuan héa dir liéu

tl

pal

lal

pbl

Ibl

t2

pa2

la2

pb2

b2

mean

0.0

6.3685324
28338907e
-14

1.50907556
5860808e-
13

8.5056631
05057557e
-15

1.19106370
85663809e-
14

0.0

9.1697143
3381837e-
14

3.82640751
82914356e-
14

6.22976005
73194164e-
15

1.5090755
65860808e
-13

std

0.0

1.0000165
34801755

1.00001653
48017875

1.0000165
348016243

1.00001653
48016203

1.0000
165348
016248

1.0000165
348014514

1.00001653
48016228

1.00001653
48015708

1.0000165
348017875

Pé huan luyén mo hinh, ta chia dit liéu thanh 3 tap: training set, validation

set va test set theo ti 1€ 3:1:1 (day 1a ty 1€ chia theo kinh nghi¢m thong thuong

khi huan luyén model khi bd co s& dit liéu khong 16n 1am).

e Training set: (18.144, 10), (18.144)
e Validation set: (6.048, 10), (6.048)

o Test set: (6.048, 10), (6.048)

3.3. Xay dwng mo6 hinh mang no-ron dé huan luyén

Mang no-ron nhan tao (Artificial Neural Networks) , ddy 1a mot chudi

nhing thuat toan dugc dua ra dé tim kiém cac mdi quan hé co ban trong tap hop

cac dir licu. Thong qua vigc bat budc cach thire hoat dong tor ndo b con

nguoi. Noi cach khac, mang no ron nhan tao dugc xem la h¢ thong cua cac té

bao than kinh nhan tao (neuron). Pay thudng c6 thé 1 hitu co hodc nhan tao vé

ban chat. Mang Neural Network 13 sy két hop cia nhiing tang perceptron hay

con goi 1a perceptron da tang (Multilayer Perceptron - MLP). Mdi tang bao gom

mot tap hop cac neuron va cac két ndéi dén céc neuron cua tang ti€p theo. Moi

mot mang Neural Network thuong bao gdm 3 kiéu tang 1a:

« Tang input layer (tAng vao): Tang nay nam bén trai cung clia mang,

thé hién cho cac dau vao cua mang. SO lugng neuron tang input thuong

bang vaéi kich thudce cia dir liéu dau vao (vi dy, s6 phan tir trong véc to

dau vao)

. Tang output layer (tAng ra): La tang bén phai cing va né thé hién

cho nhiing dau ra cua mang. SO luong neuron cua tang dau ra thuong
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bang v6i s6 16p ma mang can dy doan (prediction) hodc phan loai

(classification). Trong bai toan phat hién tau va cham thi c6 thé c6 hai no

ron dau ra: mot no ron biéu dién xac suét nguy co va cham, no ron dau ra

con lai biéu dién x4c suat khong c6 nguy co va cham.

. Tang hidden layer (tAng 4n): Tang nay nam giita ting vao va tang ra
n6 thé hién cho qua trinh suy luan logic ctia mang. Thudng bao gdm cac
trong s6 (learnable parameters) dugc diéu chinh thong qua qua trinh huin
luyén mang.

Trong bai toan x4c dinh nguy co dam va tau thuyén trén ving bién rong,
cu thé 1a ving dau ludng tai ctra Viing Tau. Qua mot sé thir nghiém don gian
(pilot study) trén tap dit liéu nay. Nghién ctru sinh lua chon kién tric mang no-
ron nhén tao don gian nhung kha hiéu qua. Kién tric mang no ron duoc thé hién

nhu hinh 3.2 duéi day:

Hinh 3.2. Kién triic mé hinh mang no ron

Do dit liéu ¢6 sb luong dic trung (input features) va sb luong mau (training
samples) it nén mang multi-layer feed-forward network duoc lwa chon dé huin

luyén, so do mang duoc thé hién trong hinh 3.2.

69



Do dit liéu ¢6 sb luong dic trung (input features) va sb luong mau (training
samples) it nén mang multi-layer feed-forward network [5] dugc lya 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)

dense 2: Dense | float32
- output: | (None, 2)

Hinh 3.3. Théng s6 chi tiét ciia mé hinh

CAu tric mang bao gém 4 layers:

-1 input layer: gom 10 no ron, biéu dién véc to gom 10 dic trung cta di
liéu dau vao.

- 2 tang an (hidden layers): mdi tang gém 32 no ron, biéu dién cac dic
trung hoc tir di liéu dudi dang céc trong sé (weight). Kich thudc hai 1op
hidden layers dugc chon dua trén thuc nghiém trong khoang 16 - 64.
Thuc nghiém cho thay huan luyén mang véi kich thuéc hai 16p hidden
layers 16, mo hinh khong dat dugc d6 chinh xac cao (xay ra hién tuong
underfitting), véi kich thudc [32, 64) bat dau xay ra hién tuong
overfitting). Mang dat két qua tot nhat voi kich thudc hai 16p hidden
layers 1a 32. Thong s chi tiét cia md hinh sau khi téi wu dugc mé ta chi
tiét trong hinh 3.3. C4c trong sb trong 2 16p an nay chtra cac thong tin tir
chi tiét cho dén khai quét vé dix liéu trong qua trinh huan luyén. Cac
nhiéu dir liéu duge dua vao huan luyén thi cac trong sé nay cang chua

cac thong tin co6 tinh khai quat cao (generalization).
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- Lép dau ra (output layer), gdém hai no ron dau ra: mot no ron biéu dién
X4C suat nguy co va cham, no ron dau ra con lai biéu dién xé&c suat
khong c6 nguy co va cham.
Giira hai hidden layer str dung dropout [6] dé giam chi phi tinh toan dong
thoi 1am ting kha ning tong quat hod cua md hinh va tranh hién tuong
overfitting [7]. M6 hinh duoc tdi wu sir thuat toan Adam [8], va ham muc
ti€u (objective function/ loss function): Binary Cross Entropy (BCE):
1 . .
Lece = _H;(Yi *logy; +(1_ Yi )*Iog (1_ Yi ))
trong d6: n - 13 s6 luong mau, y; 1a dau ra thuc té (y_true), y; la dau ra ctia mo
hinh (y_predicted). Qua trinh huan luyén s& udc luong cac tham sé ctia mo hinh
nham muc tiéu tdi thiéu hoa ham loss.

Nhu vy tong s6 tham sé ctia mang sé& 13: 10 x 32 x 32 x 2= 20.480 tham

Chi tiét qua trinh huin luyén duoc thé hién trong Phu luc 2. Thuc nghi¢m
chay mo hinh cho thay khéng can chay dén epoch tha 80 thi mang hoi tu va
dirng qua trinh huin luyén.

3.4. Panh gia két qua huan luyén mé hinh mang no ron nhén tao trén ving
bién réng

model accuracy

0901 — tain

0.85 - nA

080 -
075 -
0.70 &

0.65 1

accuracy

0.60 -

055 1

H 10 20 30 40 50 B0 70 80
epoch

Hinh 3.4. Do chinh xdc cua mé hinh trén tdp training va validation
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model loss

071 — tain
val

0.6 1

05 A

loss

04

0.3 1

0.2 -

epoch
Hinh 3.5. Ham loss trén tdp training va validation
Sau khi training mo hinh cho két qua tét trén tap validation set v4i accuracy
~90%. Chi tiét thong tin vé Accuracy va Loss dugc ghi lai trong hinh 3.4 va 3.5.

Thir nghiém mo hinh trén tap test set cho két qua tét vai Accuracy ~ 85%.

Normalized confusion matrix

08

]

Tue label

F0.4

0.3

roz

D "
Predicted label

Hinh 3.6. Normalized confusion matrix trén tdp test set

Két qua trén test set:

189/189 [ ] - Os 1ms/step - loss: 0.3516 -
accuracy: 0.8515
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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 dir liéu danh gia nguy co dam va trén tap test set sau khi duogc
chuan hoa néu trén ta thay gia tri du doan nguy co dam va/khong co nguy co
dam va c6 do chinh xac dén gﬁn 90%. Vi bo dir 1iéu hién hanh, sb luong hon
30000 dir liéu duoc coi 1a twong dbi nhé so véi cac co s dit liéu huan luyén Al
Két qua trén 1 twong ddi tot voi cac du doan ctiia may tinh. Hon thé nita, danh
gia nguy co dam va khong chi qua 2 14n quan sat, n6 1a mot chudi cac 1an quan
sat lién tuc cho nén kha ndng duy doadn nguy co dam va s€ cang tang cuong lén
sau nhiéu lan quan sat va qua d6 tranh duoc cac hién tuong bo lot nguy co dam
va gilta cc tau thuyén. Do chinh xac nhu trén ctia mo hinh dy doan nguy co
dam va hoan toan co thé chép nhan duoc.

3.5. Két luan chwong 3

Trong phan ndy, viéc nghién ctru danh gia nguy co dam va duya trén gia tri
quan sat vi tri ctia 2 tau thuyén trén bién st dung mang no ron don gian géom 1
16p dau vao (gom 10 no ron); 2 16p an (kich thuéc 32 no ron mdi tang) va 2 16p
dau ra duoc huin luyén trén tap dir licu hon 30 ngan mau d3 dat duoc két qua
Fl-score dat hon 88% trén tap kiém ching. Két qua nghién ctru nay cho thay
tiém nang Gng dung tri tué nhan tao trong danh gia nguy co ddm va giira céc tau
thuyén trén bién nham phat hién mot cach ty dong nguy co dam va va dua ra
canh bao d6i voi ngudi diéu khién phuong tién phuc vu quan 1y an toan giao
thong hang hai 1a kha thi.

Tir cac két qua trén ciing cho ta thdy kha ning md rong dé giai quyét bai
toan nguy co dam va giita cac tau thuyén trén cac ving bién hoic song hep hon
vo1 dit li¢u phuc tap hon van c6 thé dem lai trién vong tdt. Chinh vi vay, tu cac
két qua ciia cic nghién ciru ndy ta ciing c6 thé nghién ciru dé xuat cac mo hinh
hoc may hiéu qua hon, c6 kha ning giai quyét cac bai toan phat hién nguy co
dam va phtrc tap hon, vi du nhu trén vang bién, song hep. Diéu nay s& dugc

trinh bay tai chuong ké tiép.
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CHUONG 4. SU DUNG AI PANH GIA NGUY CO PAM VA TAI KHU
VUC CHAT HEP CUA LUONG VUNG TAU - SAlI GON

4.1. Dir ligu vé nguy co' ddm va trén ludng lach hep dwa vao mé hinh tinh
toan
Dit liéu thuc té trich xuét duoc tai tram VTS Céang vu Hang hai Thanh phé
H6 Chi Minh va Cang vu Hang hai Viing Tau 1a cac tap dir liéu vo cung 16n luu
trit cac thong sd vé thong tin, vi tri, tuyén hanh trinh theo thoi gian thuc cua
hang tram luot tau mdi ngay. Py 1a cac tap dit liéu 10n, phitc tap dén muirc kho
c6 thé xur Iy duoc bang cac phuong phap truyén théng. D6i véi muc dich nghién
ctru khoa hoc va tinh toan nguy co ddm va nhu di dé xuat ¢ cac chuong trudc,
tac gia dé xuat str dung dir liéu gia 1ap, ddy 1a mot dang dir liéu tinh chinh duwa
trén yéu t6 tuyén ludong hang hai dugc gidi han an toan, cac thong sb toc do, vi
tri, huéng chay tau,... hoan toan nam trong pham vi gidi han cia cac sb liéu thuc
tién.
Dtr liéu dua vao chuong trinh tinh todn la dit li€u gia 1ap dugc can cir vao
vi tri gitta 2 cdp tau khi tién t6i cing mot diém ndng giao thong, cac thong sb
chinh goém vi tri tau, toc do, hudng di chuyén.
- Dir liéu gom c6 céc sheet name: "WP01", "WP05","WP06", "WP55",
"WP64", "WP67" "WP79", "WP94", "WP98", "WP110", "WP125"
- C4c gia tri ban dau gom co: ty, t,, xal, yal, xbl, ybl, xa2, ya2, xb2, yb2,
Wpx, Wpy
-Paura la ETA Wpa, ETA_Wpb, ETA
Goi tau thtr nhat 13 A, tau tha hai 1a B. Trong do:
. ty, t, 12 thoi gian tai 2 thoi diém
. (xal,yal), (xa2, ya2) la toa do cua tau A tai thoi diém t,, t,
« (xbi,ybl), (xb2, yb2) 1a toa d6 cua tau B tai thoi diém ty, t
« Wpx, Wpy la toa d6 cua diém ndng WP (co 11 diém néng)
« ETA Wpa, ETA_Wpb la thoi gian udc tinh dén diém ndng
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« ETA I thoi gian udc tinh va cham cia 2 tau A, B duoc tinh bang tri tuyét
d6i cua hiéu gitra ETA_Wpa va ETA_Wpb:
ETA =|ETA_Wpa- ETA Wpb |
Néu ETA > 10 thi két luan 2 tau c6 nguy co va cham, nguoc lai thi két
luan 2 tau khong c6 nguy co va cham.
- Chia dit liéu thanh 2 phan:
Tap huan luyén gdm c6 80488 dit lieu (9 diém néng sau: "WPO1",
"WPO05","WP06", "WP55", "WP64", "WP67", "WP79", "WP94",
"WP98")
Tap kiém tra gom c6 55744 dir liéu (2 diém ndng sau: "WP110",
"WP125)
4.2. Phan tich dir li¢u
4.2.1. Truc quan hoa dir liéu
- Xem xét khai quat dir liéu

Abnormal Samples: 15694

Scatter Plot - X_normal vs X_anomaly

Legend
@ Normal
®m  Anomaly (Sheet 4,5,6)

14

12 4

10 1

106 108 110 112 114 116 118 120
Vo)

Hinh 4.1. Hinh anh dir liéu nhiéu
Trén day la hinh anh dugc tryc quan hoa cta toan bd dir liu, cham xanh 1a
cac dir liéu co6 su phan b6 giong nhau va cham do6 céac cac dit liéu c6 sy phan bo

rat khac ¢ céc sheet thir 4, 5, 6. C6 thé thay, dir liéu nhidu 1a cac gia tri rat khac
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so voi tong thé cua dit lidu nhung lai chiém s6 lugng rat 16n. Diéu nay dan dén
khi xdy dung mo6 hinh, kha nang tong quat hoa cia mo hinh s€ kém di.

- Xem xét khai quat cac I6p (0 va 1)

WPOL

TozY

FEEEE

g 2

§

S EEEEEER

Hinh 4.2. Hinh anh phdn bé 16p cia timg WP

Cac 16p 0 va 1 dang bi mat can bang. Lép 1 (tac c6 nguy co va cham)
chiém da s6 so vé6i 16p 0 (Khong co nguy co va cham).

+ O cac WPO1, WP64, WP79, WP98 c6 16p 1 nhiéu hon 16p 0

+ (3 cac WPO5, WP67, WP94, WP110 c6 16p 0 nhiéu hon 16p 1

+ O cac WP06, WP55 gan nhu chi ¢d 16p 1

+ O WP 125 chi c6 I6p 1

Dir liéu mat can bang 16p 1am cho mé hinh bi bias (tuc 1a thién vi vé 1
16p). Cac md hinh c6 thé du doan hau nhu ludn 1a 16p da s6 ma khong quan tam
dén 16p thiéu s, vi diéu nay c6 thé giup ching dat dugc do chinh xac cao hon
ma khéng can phai hoc ddi véi 16p thiéu sb.
4.2.2. Tién x Iy dir liéu

Tién xu ly dix liéu 1a qué trinh chuan bi, bién d6i va 1am sach di liéu dé
chuan bi cho viéc huan luyén mé hinh hozc phan tich dir liéu.

- Pam bao dir liéu dau vao khong bi thiéu.
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- Cé&c dir liéu thude 1 dac trung cung don vi.
- Loai bo cac dit lidu nhiéu trén tap huan luyén.
- Khéng sir dung thoi gian 1am dau vao dé tranh bi thién vi (bias).
- Pa dang hoa dic trung dé mé hinh hoc duoc nhiéu dic trung hon cua di
lidu.
+ Tinh van tdc va huéng cua tau A va tau B:
Goi Vg, Ca, Vb, Cy 12 van téc va hudng cua tau A, B
V, = acos(sin(radians(xal))*sin(radians (xa2)) + cos(radians
(xal))*cos(radians (xa2))* cos(radians (yaZ2)- radians (yal)))*
6371000/1852*60/5 (4.1)
Trong d6: acos 1a ham arccosine, radians chuyén d6i gia tri tir do sang
radian.
C. =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 do6i gia tri tir radian sang do, atan2 la ham
arctang cua hai bién.
+ Tinh khoang céch Euclid toa do giira vi tri cta tau véi diém nong (vi tri
cua tau A - diém néng va vi tri cia tau B - diém nong)

Cong thic Euclid:

Distance:\/(xl—xz)2 +(y1—y2)2 (4.3)

4.2.3. D) do sw dung

Pé dam bao viéc danh gia chinh xac cdc md hinh sau khi huén luyén, can
st dung do do phu hop dudi day.

C6 4 truong hop cia du doan co thé xay ra:

bat Positive 1a 1 (c6 nguy co va cham) va Negative 1a 0 (khong c6 nguy co
va cham)

- True Positive (TP): thuc té 1a c6 nguy co va cham va md hinh du doan

ding 1a c6 nguy co va cham.
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- True Negative (TN): thuc té 1a khong c6 nguy co va cham va mé hinh dy
doan ding 14 khong c6 nguy co va cham

- False Positive (FP): thuc té 1a khong c6 nguy co va cham, mé hinh du
doén sai la c6 nguy co va cham

- False Negative (FN): thuc té 1 ¢6 nguy co va cham, mé hinh dy doan sai
la khong c6 nguy co va cham.

Dua vao cac du doan trén, str dung cac do do sau cho bai toan phan loai co
nguy co va cham hay khong:

- Accuracy duoc dinh nghia 1 ty 1& phan trim dy doan ding cho dit liéu
thr nghiém. N6 duogc tinh br?mg cach chia sd 1an dy doan ding cho téng s6 1an
du doan :

Accuracy = TP+ TN (4.4)

TP+TN + FP +FN

- Precision s€ cho biét thuc su c6 bao nhiéu du doan Positive that su la

dung so véi thuc té (True):

Precision = (4.5)

TP +FP
- Recall do luong ty 1€ du bao chinh x4c cac truong hop Positive trén toan
b0 cac mau thudc nhom Positive:

Recall =— = (4.6)

TP+ FN
- F1-score, 1a ky vong harmonic (harmonic mean) cua Precision va Recall.
F1-score 16n khi ca 2 gia tr1 Precision va Recall déu 16n. Nguoc lai, chi can 1
gia tri nho s& 1am cho F1-Score nho. F1-Score cang 16n cang tot. Khi 1y tuong
nhat thi F1-score = 1 (khi Recall = Precision = 1).

F1o 0% Precision ™ Recall 4.7)
Precision + Recall '

Ngoai ra, co thé sur dung céc d6 do sai s6 sau:
- Mean Squared Error (MSE) dugc dinh nghia 1a trung binh tong binh

phuong sai sO gitra dau ra du doan va két qua thye.
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1L .
MSE == >7(y; = %,)’ (4.8)
1
- Mean Absolute Error (MAE) dugc dinh nghia 13 trung binh tong tri tuyét
d6i sai s giita dau ra dy doan va két qua thuc:

2

1$ .
MAE = HZ‘Yi —Yi (4.9)
1

MSE va MAE ¢6 mién gia tri tu [0, +oo]. Trén cung tap dir li¢u, MSE va
MAE cang nho thi c6 d chinh xac cang cao.

4.2.4. Su qua khop (Overfitting)

Overfitting 14 hién tuong khi mot mo hinh hoc qua muc tur dir li¢u huin
luyén, dén mirc md hinh "nhd" céc chi tiét va nhidu trong di liéu huan luyén ma
khéng hoc dugc quy ludt tong quat. Khi mot mo hinh d3 bi overfitting, hiéu suét
ctia nd trén dir liéu moi (dit liéu chua timg thay) c6 thé giam di dang ké.

Dau hiéu cta overfitting bao gém:

- Hiéu suét tot trén tap huan luyén nhung kém trén tap kiém tra.

- Mo hinh c6 d6 phuec tap cao.

Good Fitting Over Fitting
—— Model —— Model
True function True function
® Samples ® Samples

1

Hinh 4.3. Vi du vé Good Fitting va Over Fitting
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Hinh bén trai (Good Fitting) cho thdy mé hinh dugc huéan luyén rat giéng
v6i mo hinh thuc té. Hinh bén phai (Over Fitting) cho thdy mo hinh duoc huan
luyén khac so voi mé hinh thuc t€, vi mé hinh nay cb ging di qua tat ca cac
diém dix liéu (ké ca dir liéu nhiéu).

Do dit liéu ciia chung ta dang bi nhidu 16n nén rat dé xay ra hién tugng
overfitting nay. Dudi day, chung ta s€ di thir nghi€ém cadc mo hinh va xem xét mo
hinh nao dé bi overfitting va cach dé tim dugc mo hinh tét nhat
4.3. Lwa chon va thuc hanh huin luyén md hinh Al cho ludng lach hep

C6 nhiéu thuat toan khac nhau trong mé hinh huén luyén Al ddi véi tap
dir liéu I6n dugc néu & trén, nghién ctru sinh da chay thur cac thuat toan nhu:
Mang no-ron, Thuat toan hoi quy tuyén tinh (Linear Regression, cho két qua F1-
score = 50%), M6 hinh hoi quy Logistics (Logistic Regression, F1-score =49%),
Mo hinh cdy quyét dinh (Decision Tree Regressor, F1-score =47%). Tuy nhién
cac két qua thu duoc khong thoa min bai toan dit ra, thuong bi qua khdp
(overfitting), khong thoa man tap kiém tra, kho kiém soat qua trinh huén luyén
(Phy luc 1). Trong ciac md hinh dé, chi c6 md hinh hoi quy da thirc két hop
Lasso 1a mang lai két qua toi wu, dap tmg duoc van dé dit ra 1a tinh toan kha
nang dam va tai diém nong giao thong. Dudi day 1a chi tiét cac budc thuc hién
chay mo hinh hoc may théng qua cac thong sé diéu chuan va tham s kiém soat
mtrc do cua thanh phan diéu chuan
4.3.1. M6 hinh héi quy da thirc két hop Lasso (Polynomial két hop véi Lasso)
4.3.1.1. Polynomial

Polynomial (Hdi quy da thtc) 14 mot thuat toan hoc may c6 giam sat
(Supervised learning). Pay 1a mot phuong phap dé dy doan bién phu thuoc y
dua trén gia tri cia bién X theo mot ham da thtc bac (Polynomial degree) xac
dinh. N6 c6 thé duogc st dung cho cac truong hop ching ta mudn dy doan cac
loai dir liéu theo chudi thoi gian lién tuc (continuous time series); ma ma ban
chat dit liéu cam bién str dung cho bai toan phét hién nguy co va cham la dang

dit liéu chudi thoi gian.
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Polynomial Regression
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Hinh 4.4. Minh hoa Polynomial

Gia su:

Pau vao (input) x = [x, %, %, ... ,%,] 12 mdt vector chira dic trung cia
dit lieu cam bién.

Dau ra (output) y = f (x)1a mot so vo huéng dugc tinh toan tir ham f (x)
dua trén cac gia tri cua véc to X.

Degree 14 s6 dugc xac dinh trude thé hién bac cua da thuc.

Hé s6 Degree quyét dinh mirc ¢ phirc tap caa md hinh. Méc d6 cao hon
c6 thé dan dén md hinh phuc tap hon, c6 dé dan dén hiéu s tét trén dir liéu huan
luyén nhung c6 thé dan dén hién tugng overfitting trén di liéu méi.

Ham da thirc ¢d thé mé ta mdi quan hé gitra output va input 12:

Degree = 1 tuong duong da thtc bac 1 (giong véi Linear Regression)

Degree = 2 twong duong da thirc bac 2

Gia st ban dau mién feature 13 x=[x,x,]thi sau khi m¢& rong veéi
bac(degree) bang 2 s& tro thanh:

X =[X % X%, X %]

Tuong tu vai cac bac con lai.
4.3.1.2. Lasso

Lasso 1a mot phuong phap phan tich hdi quy thuc hién ca lva chon bién

va chinh quy héa (regularization). Thuat todn nhu sau:
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X = [X,%X, %, ..., X,] 1a mot vector chira thong tin input.
Y = [Y0Yor Yoo -, Yol = F(X) 1 mot s6 v6 huéng bicu dién output.
Mot ham s6 don gian nhét c6 thé mé ta mbi quan hé gitta output va input 1a:
y~f(x)=y (4.10)
Y tudng co ban cua Lasso 1a thém mot thanh phan regularization vao ham
mat mat caa md hinh héi quy tuyén tinh thong thuong.
Ta c6 ham tén that (Loss function) caa Hoi quy tuyén tinh thong thudng

nhu sau:

Lo (w) =5 2% ~%w) (4.11)

Lasso str dung regularization L1, tic 1a thém tong gid tri tuyét d6i cua cac
hé s6 vao ham mit mat, diéu nay c6 tac dung tao ra cac hé s6 nho, tham chi cé

thé dua mot s6 hé sb vé 0, tir d6 thuc hién viéc chon loc dic trung.

L(w)= Y]y, —xwf" +a|w, (4.12)
i=1
Ham tbi vu w cua Lasso 1a;
W =argminyy, - xwi’ + | (4.13)

i=1
Trong phuong trinh trén: «|w|, dai dién cho thanh phan diéu chudn.
Bai toan t6i wu ham ton that L(w) vé ban chat 13 toi uu song song hai
thanh phan bao gdm tong binh phuwong phan du va thanh phan diéu chuan.
Giai bai toan t6i wu ham muc tiéu cta Lasso theo dao ham cua w:

oL(w) :iah’i -xwl, +(x8”W“1
ow N oW ow

(4.14)

- Piéu chuan L1 (L1 regularization):
Piéu chuan (regularization) gilp kiém soat do 1on cua cac hé sé (weights)
trong md hinh biang cach thém vao ham loss 1 dai luong a|w],-
Viéc t6i wu hoa model ciing dong nghia véi viéc 1am giam ham ton that

(loss function) dan dén giam weight 1am cho mé hinh bét phuc tap. Tir d6 giup
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mo hinh tranh overfitting.

- Phan tich hé s6 alpha: Tham sb alpha kiém soat mac do cua thanh phan
diéu chudn (regularization).

+ Néu a = 0, mé hinh twong duong véi md hinh hdi quy tuyén tinh théng
thudng ma khong c6 thanh phdn diéu chuan.

+ Néu a nho thi vai tro cua thanh phdn diéu chudn tro nén it quan trong.
Mtrc d6 kiém soat qua khép ciia md hinh s& tré nén kém hon.

+ Néu a 16n chiing ta muén gia ting mac do kiém soat 1én do 16n cua cac hé
s6 uéc luong.

Piéu chuan (regularization) trong Lasso gitp kiém soat overfitting trong

moé hinh hoi quy tuyén tinh. Viéc giam thiéu cac hé sé co thé dan dén mot md

hinh don gian hon va it phac tap hon, giam nguy co overfitting.

200

100 A

—100 -

alpha
Hinh 4.5. Minh hoa su dnh huéng cua alpha téi hé sé wée lwong

Ngoai ra, viéc chon gi4 tri alpha pht hop c6 thé 1a mot thach thirc. Gid tri
alpha qua cao c6 thé 1am mat mat théng tin quan trong, trong khi gia tri alpha
qua thap c6 thé 1am mé hinh tré nén qué phuc tap va dé bi overfitting.

Céc kiéu hiéu chinh khac nhau s& tao ra cac mién khac nhau cho w.

Lasso thuong tao ra nghiém thua, tac 14 nhiéu thanh phan cua w cé gia tri
la 0.
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Vi thé Lasso thuc hién dong thoi viéc han ché va lya chon dic trung.

w, Wy,

L1 L2
Hinh 4.6. Hinh dnh giiza chudn héa L1 va L2
Mién xac dinh caa hdi quy Lasso trén do thi mién xac dinh nay 1a mot

viing hinh thoi mau xam nam bén trai |w, +w,|<t. Hinh bén phai c6 mién xac
dinh 1a mot hinh tron |w +w;|<C.

Do thi ham muc tiéu L(w) duoc thé hién qua 1 tap hop cac duong dong
muc hinh ellipse. M&i mot dudng ddng mac sé tra vé cing mot gia tri ham muc
tiéu. Cac dudng dong muac ¢ gan tm (cham tron den & gitra) thi cang c6 gia tri
nhé hon. Khi mé rong dan duong ddong muc cho téi khi tiém can mién xac dinh
ching ta sé thu duoc nghiém cua bai toan.

Déi voi hdi quy Lasso thi tap nghiém thudng cham dinh caa hinh thoi
(L1- norm). Pay la nhitng diém twong tng voi mot chiéu bang 0. Trong khi do,
trong khi d6 hinh bén phai (L2-norm) thi mién xac dinh l1a mot hinh tron nén
diém tiép xuc s& thuong co toa do khéc 0.

Chinh vi thé Lasso thuc hién dong thoi viéc han ché sy qua khép
(overfitting) va lya chon dac trung.

Ap dung

- Dir liéu huan luyén va dit liéu kiém tra c6 input va output nhu sau:
Input: xal, yal, xbl, ybl, xa2, ya2, xb2, yb2, Wpx, Wpy
Output: ETA Wpa, ETA_Wpb

- MO0 hinh: Decision Tree su dung tiéu chi phan tach la Gini index

- Két qua:
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Lasso véi alpha =1

+ DO do sai s6 nhu sau:

MSE Tap huan luyén Tap kiém tra
tau A 3.68055 34.42609
tau B 7.27996 16.12679

Ta c6 bang do do chinh xac nhu sau:

+ Tap huan luyén

Precision Recall Fl-score | Support
0 0.83 0.76 0.79 15421
1 0.93 0.95 0.94 49373
Accuracy 0.90 64794
Macro avg 0.88 0.86 0.87 64794
+ Tap kiém tra
Precision Recall Fl-score | Support
0 0.00 0.00 0.00 328
1 0.99 1.00 1.00 55416
Accuracy 0.99 55744
Macro avg 0.50 0.50 0.50 55744

Véi alpha = 1, trén tp huan luyén mo hinh du doan tot véi ca 2 16p dit
liéu v6i Fl-score trung binh (macro avg) cua 2 16p 1a 87% nhung khong dy doan
dung 16p 0 nao trén tap kiém tra => Mo hinh khong tdt, chi dat F1-score trung
binh (macro avg) cta 2 16p trén tap kiém tra 1a 50%.

Lasso véi alpha =2

+ D0 do sai s6 nhu sau:
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MSE Tap huan luyén Tap kiém tra
tau A 12.1357 18.2547
tau B 11.0462 7.1724

Ta c6 bang do do chinh xac nhu sau:

+ Tap huan luyén

Precision Recall Fl-score | Support
0 1.00 0.09 0.17 15421
1 0.78 1.00 0.88 49373
Accuracy 0.78 64794
Macro avg 0.89 0.55 0.53 64794
+ Tap kiém tra
Precision Recall Fl-score | Support
0 0.00 0.00 0.00 328
1 0.99 1.00 1.00 55416
Accuracy 0.99 55744
Macro avg 0.50 0.50 0.50 55744

Véi alpha = 2, 46 do sai s6 trén tap huan luyén va tap kiém tra khong qua
cao va tuong duong nhau, tham chi d¢ do sai sb trén tap kiém tra con thép hon
so voi alpha = 1. Tuy nhién, trén tap huén luyén mo hinh chi du doan tot voi dir
ligu thuoc 16p 1; véi 16p 0, md hinh dy doén sai rat nhiéu va chi dat F1-score 1a
17% . Trén tap kiém tra, md hinh dy doan khong du doan dung 16p 0 nao. Két

qua nay cho thidy mo hinh khong thuc sy tot, co Fl-score trung binh (macro avg)

ctia 2 16p 1 53% trén tap huan luyén va 50% trén tap kiém tra.




Lasso véi alpha = 0.5

+ DO do sai s6 nhu sau

MSE Tap huan luyén Tap kiém tra
tau A 7.0945 1.0742
tau B 6.8453 0.2814

Ta c6 bang do do chinh xac nhu sau:

e Tap huan luyén

Precision Recall Fl-score | Support
0 0.96 0.49 0.64 15421
1 0.86 0.99 0.92 49373
Accuracy 0.87 64794
Macro avg 0.91 0.74 0.78 64794

o Tap kiém tra

Precision Recall Fl-score | Support

0 0.00 0.00 0.00 328
1 0.99 1.00 1.00 55416
Accuracy 0.99 55744
Macro avg 0.50 0.50 0.50 55744

Véi alpha = 0.5: Mic du do do sai sb cta tau A va tau B dat két qua nho
nhat so voi hai 1an thtr nghiém trén (v6i alpha = 1 va alpha = 2) nhung d¢ do su
chinh x4c lai kém. Trén tap huén luyén, du doan nhan 0 chi dat 64% va trén tap
kiém tra khong du doan dang nhan 0 nao, tirc mo hinh khong thuc su tdt. Két
qua vé6i Fl-score trung binh (macro avg) cta 2 16p 1a 78% trén tap hudn luyén

va 50% trén tap kiém tra.
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+ Két luidn: M6 hinh Lasso dat két qua tot nhat véi alpha = 1.
V6i alpha = 2 hay alpha = 0.5 thi ta thiy cac mo6 hinh c6 dau hiéu qua khép
(overfitting). Trong d6 chi dat két qua twong dbi tap trén huan luyén nhung trén
tap kiém tra ddi v6i 16p 0, md hinh khong du doan dung bat ky miu nao thudc
16p 0.

Do d6, ta nén két hop véi hdi quy da thire (Polynomial regression)

Duéi day 1a két qua thir nghiém mo hinh két hop Polynomial v6i Lasso

(alpha = 1) vdi1 cac bac Degree khac nhau, lan luot 14 2, 3, 4.
Polynomial (Degree = 3) két hep véi Lasso (alpha = 1)

+ D0 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 do do chinh xac nhu sau:

+ T4p huan luyén

Precision Recall F1l-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 Recall F1l-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 nhat so Vi
cac thir nghiém trén nhung d6 do su chinh xac lai cho két qua kha quan.
Trén tap huan luyén, du doan nhin 0 dat 75% Fl-score va nhan 1 dat
94%. Pong thoi Fl1-score trén tap kiém tra du doan dung nhan 0 nao tic
la 82% va nhan 1 Ién téi 100% F1-score. Két qua chung véi Fl-score
trung binh (macro avg) cua 2 16p 1a 85% trén tap huan luyén va 91% trén
tap kiém tra cho thady mé hinh hoc kha tét tir dit liéu va két qua hta hen.

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

+ DJ 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 do do chinh xac nhu sau:

+ Tap huan luyén

Precision Recall Fl-score | Support
0 0.90 0.67 0.77 15421
1 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 0.00 0.00 0.00 328

1 0.99 1.00 1.00 55416
Accuracy 0.99 55744
Macro avg 0.50 0.50 0.50 55744

89



Mic du d6 do sai s trén tap kiém tra cua tau A va tau B cho két qua kha
t6t song do chinh xéac lai cho két qua chua cao. Trén tap huan luyén, du
doan nhan 0 dat 77% F1-score va nhan 1 dat 94% véi F1-score trung binh
1a 86%. Nguoc lai, F1-score trén tap kiém tra dy doan dung nhan 0 lai 1a
0% va nhan 1 18n t6i 100% F1-score. Két qua chung vai Fl-score trung
binh (macro avg) cua 2 16p 1a 86% trén tap huan luyén va 50% trén tap
kiém tra cho thay md hinh bi overfitting nén da thitc héi qui bac 2 khdng
hiéu qua cho bai toan phat hién nguy co va cham.

Polynomial (Degree = 4) két hop véi Lasso (alpha = 1)

+ DOo 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 do do chinh x4c nhu sau:

+ T4p huén luyén

Precision Recall F1l-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 F1l-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
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Do do sai so trén tap kiém tra cua tau A va tau B cho két qua khong tét
bang da thic hdi quy bac 3 va bac 2. Trén tap huan luyén, du doan nhan 0 dat
79% fl-score va nhén 1 dit 94% véi Fl-score trung binh 1a 87%. Pong thoi F1-
score trén tap kiém tra du doan dung nhan 0 lai 12 61% va nhan 1 1én ti 100%
F1-score. Két qua chung vai F1-score trung binh (macro avg) cua 2 lép 1a 87%
trén tap huan luyén va 81% trén tap kiém tra cho thdy mé hinh twong dbi tét
nhung chua t6t bang da thuc hoi qui bac 3.

Polynimial két hop véi Lasso (alpha = 1) dat két qua tét nhat khi bac cua
Polynomial 1a 3. M6 hinh dat F1-score trung binh (macro avg) cua 2 16p la 85%
trén tap huan luyén va 91% trén tap kiém tra va tét voi ca 2 16p 0 va 1. Trong d6
véi 16p 1 mo 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 trong ddi nho va can bang nhau mic
du day chua phai 1a d6 do sai s6 nho nhat trong 3 lan thir nghiém md hinh két
hop nhung lai dat dugc két qua tét nhat.

4.3.2. Phdn tich va danh gia
4.3.2.1. Nhan xét dir lieu

- Huan luyén mé hinh trén 9 WP dau tién va kiém thir trén 2 WP cudi cling
dé dam bao do tong quét hoa va co kha nang du doan trén tap dit liéu méi,
chtr khéng chi dir liéu duoc huan luyén.

- Dir lidu c6 sb lwgng nhidu 16n 1am cho md hinh huan luyén dé bi qua
khop (overfitting). Khi ¢ ging tao ra md hinh phl hop véi tat ca cac
diém dir lieu thi mé hinh sé& tro nén qua phuc tap dong thoi giam tinh
khai quat hoa (generalization) cua mé hinh.

+ Cuy thé, céc dit liéu c6 sy phan bd rat khac caa cac WP55, WP64,

WP67) dir liéu chtra kha nhiéu diém ngoai lai (outliers) va mat can bang.

+ C6 thé giai quyét van dé nay bang céch loai bo céac dit liéu nhiéu
trén hoic ap dung cac md hinh khdng bi anh huéng boi dix liéu nhiéu.
+ Trong bai todn nay, ching ta tiép can huéng ti vu va hiéu qua hon

la loai bo dit ligu nhiéu.
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- Dir liéu mat can ddi gitta 2 nhdn dan dén mé hinh sé& hoc duoc nhiéu hon
& 1 16p va ¢ xu hudng dy doan nhiéu vé 16p do.
+ O cac WP01, WP64, WP79, WP98 ¢6 16p 1 nhiéu hon 16p 0
+ O cac WP05, WP67, WP94, WP110 c6 16p 0 nhiéu hon 16p 1
+ O cac WP06, WP55 gan nhu chi ¢6 16p 1
+ O WP 125 chi cd duy nhat 16p 1
Lép 1 (tie co6 nguy co va cham) chiém da sb so véi 16p 0 (Khdng
c6 nguy co va cham). Diéu nay c6 thé duoc giai thich do di lidu dugc
sinh ra, chua phai dit liéu thyuc té nén cd thé khdng chinh xac. Ngoai ra, c6
thé ton tai cac diém néng WP, ma & d6 thuong xuyén dién ra su va cham
hoac khdng dién ra sy va cham nao ciing 1a nguyén nhan dan dén su mat
can bing dix liéu
- Céc thudc tinh khong nhiéu, cu thé chi ¢6 6 thudc tinh dau vao (toa do (X,
y) cua 2 tau tai 2 thoi diém va toa d6 WP). Chinh vi vdy phuong phap
phan loai thong thuong thuong khdng phat huy hiéu qua trong cac truong
hop nay.
Giai phap dé xuat:
+ Str dung cac mo hinh hoi quy (regression).
+ Mé rong cac thudc tinh bang cach tao thém cac gia tri thudc tinh
(nhu tinh V, C theo mot céng thic xac dinh; tinh thém khoang céch gitra
mdi tau so vai WP) dé md hinh hoc duoc da dang hon.
4.3.2.2. Dé xudt mé hinh
- Ap dung m6 hinh cii: M6 hinh Neural Network (2 layer) c6 thé phi hop
Vvéi dir liéu trén tap huan luyén. Tuy nhién md hinh khéng ¢ kha ning
tdng quat hoa nén da dat két qua kém trén tap kiém tra. Ngoai ra, md hinh
kho kiém soét cac trong sé trong qua trinh huan luyén. M6 hinh nay phu
hop V&i Viéc xac dinh nguy co dam va tai khu vuc bién rong, cu thé 1a khu

vue dau vao ludng Viing Tau - Sai Gon, noi c6 mat do tau thuyén cao.
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- Ap dung cac mé hinh méi: Linear Regression, Logistic Regression,
Decision Tree Regressor, Lasso ciing dat két qua twong ddi 6n dinh trén
trén tap huan luyén, nhung rat d bi overfitting dan dén dat két qua kém
trén tap kiém tra.

+ Trong cac md hinh trén, c6 nhitng md hinh c6 d6 sai sé rat nho
(chang han Decision Tree Regressor c¢6 do do sai sd trén tap huan luyén
bang 0) nhung lai rat té trén tap kiém tra. Nhu vay, khéng phai mé hinh
nao dat do sai s nho nhat s& cho ra két qua tét nhat. Vi do sai sé bang 0
c6 thé 1a dau hiéu cua Overfitting.

+ Ly do: Dix liéu khi & mién khong gian gdc c6 thé khdng tuyén tinh
Can mé rong mién khong gian goc 1én sé chiéu cao hon sao cho trén mién
khong gian mai dir lieu nay 1a tuyén tinh (C6 thé xap xi dugc 1
hyperspace di qua cac diém dit liéu d6 vai sai s6 nho).

+ Pé giai quyét van dé nay, can ap dung phuong phap Polynomial
Features (1a 1 ki thuat dé mé rong Feature Space). Tuy nhién, viéc mo
rong thém cac chiéu khong gian mai dya trén cac chiéu khong gian cii ¢6
thé gay ra overfitting va mot sb chiéu trong khéng gian méi co thé khong
quan trong trong viéc hd tro mo hinh dy doan.

+ Trong cac md hinh trén, md hinh Lasso c6 kha ning loai b mot s6

dic trung khong quan trong d6 (trong 1y thuyét da néu).
Tu nhitng phan tich trén, dé xuat st dung mé hinh két hop gitra
Polynomial va Lasso. Két qua tot nhat 14 mé hinh da thirc hoi quy bdc 3
két hop véi Lasso (alpha = 1) véi Fl-score trung binh (macro avg) cia 2
I6p trén tap huan luyén dat 85% va trén tap kiém tra dat 91%.

+ M6 hinh két hop nay da giai quyét dugc van dé overfitting & hau
hét cac mé hinh thir nghiém truée do.

+ M0 hinh két hop nay c6 do do sai s6 tot nhat trong tat ca cac mo
hinh thir nghiém trude do, can bang ¢ ca 2 1op trén tap kiém tra va tap

huan luyén.
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+ Md hinh két hop nay du doan dugc I16p 0 trén tap kiém tra trong
khi cac mé hinh truée d6 gan nhu khong du doan ding 16p 0 nao trén tap
Kiém tra.

- Céac d6 do can duoc xem xét (néu trong phan 3 muc II). Trong d6 can ch
¥ dén macro avg (la F1-score trung binh (macro avg) cua 2 16p) dé dam
bao ¢ nhan xét tong quat nhat vé két qua.

F1-Score cho cac WP (Khéng V,C)

0.4943 0.4992

WPO1 WPO5 WP0O6 WP55 WPe4 WPe7 WP79 WPa4 WP98  WPL110 WP125

Hinh 4.7. F1-Score trung binh cho cac WP
- M0 hinh cho két qua du doan chua tot & cac WP06, WP55, WP64, WP67,
WP79 (dudi 60% F1-score) do tinh chat mat can bang cua di liéu.

4.3.3. Panh gid dé tin cdy ciia mé hinh dé xudt trén tip div liéu lon
Pé xac nhan do tin cay (reliability), kha md (scalability) va tinh khai quat
(generalization) d6i v6i mé hinh da thirc héi quy bdc 3 két hop véi Lasso
(alpha = 1), nghién ctru sinh da thu thap thém 1 tap dir lidu 16n voi 746.379 mau
dir liéu (16n hon 20 lan so vé6i bo dir liéu da thu nghiém & trén) voi dir liéu da

dang, phtrc tap hon. Sy phan bd dit liéu duoc trinh bay trong hinh 4.8 dudi day:
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Hinh 4.8. Phan bé diz liéu gia cac WP trén tdp di lidu lon
Phan bd dit liéu di duogc trinh bay trén hinh 4.8, nhu di thiy, dit liéu kha mat
can bang, dic biét 1a cac WP74, WP79 va WP110 (sé luong dir lidu nguy co
dam va it hon rat dang ké so vé6i sé lugng dit liéu khong c6 nguy co ddm va).
Diéu nay phan anh tap dir liéu 16n ciing twong dbi phi hop so véi cac tinh hudng
trén thuc 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 di liéu hudn luyén trén tap diz liéu I6n
Két qua thir nghiém mo hinh da thtrc hdi quy bac 3 két hop voi Lasso (alpha =
1) v6i bd dir liéu 16n duge trinh bay trong hinh 4.9 cho thay d6 chinh xac
(precision), do nhdy (recall), va Fl-score déu dat 94% trén tap huan luyén
(training). Ttre 14 hiéu sudt phat hién nguy co ddm va tau cao hon so voi tap c6 it

dir liéu hon. Diéu nay ching té khi mo hinh dugc huan luyén véi nhi¢u dir ligu
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hon déng ké thi van chua bi qua khép, va vi vay mé hinh c6 do tin cdy cling nhu

tinh khai quat tot.

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 thit nghiém mé hinh da thirc héi quy bdc 3 két hop véi Lasso
(alpha = 1) véi dir liéu kiém the trén tap dé liéu 16n

Két qua thir nghiém mé hinh da thuac hdi quy bac 3 két hop véi Lasso
(alpha = 1) véi dir lieu kiém thir trén tap dir liéu 16n trén hinh 4.10 cho két qua
d6 chinh xac, 46 nhay, va Fl-score déu dat 96%. Két qua nay cho thiy khi ting
dir liéu huan luyén thi do chinh xac phét hién nguy co dam va tau ciing dugc cai
thién. M6 hinh dé xuat phd hop véi bai toan phét hién nguy co dam va trong
vung hep.

Mo hinh héi quy da thitc bac 3 két hop véi Lasso (alpha = 1) ciing cho két
qua tot nhat véi Fl-score trung binh (weight avg) cta 2 16p 1én t6i 94% trén tap
huan luyén va 96% trén tap kiém tra va tot déu trén ca 2 16p 0 va 1. Ngoai ra, do
do sai s6 trén tip hudn luyén 12 2.03 voi tau A, va 1.94 véi tau B va tap kiém tra
déu cho két qua RMSE nho hon 0.6. Piéu nay chimg t6 mé hinh hoi quy da thirc
bac 3 két hop Lasso cho két qua dang tin cdy trén cac tap dir liéu co6 quy md
khac nhau.

4.4. Két luan chuong 4

Trong phan nay, mot s6 mo hinh hoc may hdi quy duoc khao sat va thir
nghiém; két qua cac thir nghiém cho thdy mé hinh hdi quy da thic bac 3 két hop
v6i Lasso cho két qua voi Fl-score trung binh (macro avg) cta 2 16p trén tap

huén luyén dat 85% va trén tap kiém tra dat 91%. Cac tham s6 cia md hinh hoi
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quy da thuc két hop Lasso da giai quyét hiéu qua bai toan xac dinh nguy co dam
va tai diém néng ddi véi cac cap tau muyc tiéu bat ky, trén co s& dir licu thuc
dugc cung cép theo thot gian thuc. Cac dit liéu dugc gia 1ap, rat gon hon, thuan
loi hon cho qué trinh tinh toan so véi kho dir liéu dugc luu trit trong hé thong
VTS cua ludng hang hai.

Ngoai ra, nghién ctru sinh ciing tién hanh kiém ching dd tin ciy ctia mo
hinh hdi quy da thirc bac 3 két hop véi Lasso (alpha=1) bang viéc thir nghiém
trén mot tap dit liéu 16n (gdm hon 746 nghin mau). Két qua thir nghiém cho thay
mo hinh da cai thi¢n dang ké do chinh xac, d6 nhdy, F'l1-score, cac sai sb trén tap
dir liéu 16n. Diéu nay ching té mo hinh dé xuét khong bi qua khép va van hoc
dugc cac dic trung tir dit liéu dé cai thién hiéu qua ctia md hinh. Nhu vay, mo
hinh dé xuét c6 do tin cdy va tinh khai quat cao, phu hop va hiéu qua bai toan
xac dinh nguy co dam va tai diém nong d6i v&i cac cdp tau trong nhiéu tinh

huéng khac nhau.
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KET LUAN VA KIEN NGHI

1. Két luan

Luén an di dat duoc muc tiéu ban dau vé nghién ctru ng dung tri tué nhan
tao va di liéu 16n trong quan 1y giao thong hang hai trén tuyén ludng Viing Tau -
Sai Gon. Cac dir liéu vé danh gia nguy co dam va giita cac tau thuyén trén ving
bién rong, danh gia nguy co dam va gitta cac tau thuyén trén ludng lach hep da
dugc nghién ctru, tao lap co so dir lidu, kiém tra dit liéu va sir dung co sé dir licu
dé huan luyén mé hinh Al nham muc tiéu st dung tri tué nhéan tao trong phat
hién sém nguy co dam va giita cac tau thuyén, phuc vu tét hon cong tac quan Iy
an toan giao thong trén tuyén luéng Viing Tau - Sai Gon.

Bén canh d4nh gia nguy co dam va trén khu vuc bién rong (phu hop véi
khu déu luéng Viing Tau theo CP4 va T¢py, luan an da dé xuat va khao sat cac
hoa tiéu lam viéc tai khu vuc nay dé xay dung phuong an dénh gia nguy co dam
va giita cac tau thuyén hoat dong trong ludng lach hep néi chung va ludng Viing
Tau - Sai Gon ndi riéng theo ETA cua céc tau thuyén dén cac diém nong giao
thong. Két qua khao sat cling xac dinh dugce 10 diém ndng giao thong (vi tri 6
nguy co dam va cao giita cac tau thuyén trén tuyén luong Viing Tau - Sai Gon).

Két qua phat hién nguy co dam va giira hai tau bat ky ctia moé hinh AI cho
thay do chinh xac ctia md hinh dat khoang 96%. Gia tri nay c6 thé chap nhan
dugc trong du doan nguy co dam va vi voi viée lién tuc du doan theo thoi gian,
vi tri cac tau thay doi lién tuc, két qua dy doan cling s¢€ thay dodi, sé x6a duoc cac
diém den noi khong thé du bao duge chinh xac. Hon thé nita, néu dua vao thuc
té, cac thong tin dir liéu lién tuc dugc bod sung s€ kéo theo mo hinh hoc may sé
duogc huan luyén lién tuc va trd thanh cong cu phat hién dam va tau véi d6 chinh
xac ngay cang dugc cai thién.

2. Kién nghi
Két qua nghién ctru cho thiy viéc hudn luyén Al di dugc thyuc hién tét véi

dir liéu gia 1ap. Pé c6 thé trién khai 4p dung trong thuc té, co sé dir liéu can
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duogc két ndi v4i thong tin vé su di chuyén thyuc té trén tuyén ludng Viing Tau -
Sai Gon. Viéc lam nay vura dé kiém ching thuc té, vira tao thém co s& dir liéu dé
huén luyén Al Kién nghi cac co quan quan 1y tao diéu kién cho nghién ctru sinh
tiép can, két ndi v6i hé théng VTS dé tién hanh phat trién Gmg dung cua két qua
nghién ctru vao thyec tién.

Két qua nghién ctru co thé duoc ap dung khong chi nang cao hiéu qua quan
Iy an toan hang hai tai cac tram VTS ma con co thé ap dung cho cac hoa ti€u,
thuyén trudng dan tau trén tuyén ludng nay. Mot khi ndm rd tinh hinh giao thong
tai khu vuc, ho c6 thé diéu chinh hoat dong cua con tau dang diéu khién, tranh

phéi cho VTS thong tin méi hanh dong.

99



DANH MUC CAC BAI BAO KHOA HQC PA CONG BO CO LIEN QUAN
PEN LUAN AN

I. Cac cong bd trong nurée

[1]. Hoang Hong Giang, Pham Vin Thuan, Tran Vin Luong, Lwong Ta Nam.
(2024). Ung dung mang no-ron dir dodn nguy co dam va giiwa c&c tau thuyén
trén bién, Tap chi Giao thong van tai, s 729 thang 5/2023, ISSN 2354-0818,
tr. 153 - 155.

[2]. Hoang Hong Giang, Pham Vin Thuan, Tran Vin Luong (2024). Nghién
civu xdc dinh nguy co dam va giita cdc tau thuyén khu viee luéng Sai Gon - Viing
Tau. Tap chi Khoa hoc Cong nghé Hang hai, s6 thang 78-04/2024, tr. 27 - 30.

IL. Céc cong bo qudc té

[1]. Hoang Hong Giang; Pham Van Thuan; Tran Van Luong; Luong Tu Nam
(2021). Evaluation of the Risk of Collision Between Two Target Ships Based On
Observation Data From A Third Party. Turkish Online Journal of Qualitative
Inquiry (TOJQI), Volume 12, Issue 7, July, 2021, p. 1413 - 1426.

[2]. Hoang Hong Giang; Pham Van Thuan; Tran Van Luong; Luong Tu Nam
(2022). An evaluation model of the risk of collision between two target ships
in a pollution management strategy in coastal waters. International Journal of
Knowledge-Based Development (IJKBD), Vol. 12, No. 3/4, 2022. SCOPUS,
p. 195 - 216.

100



[1].

[2].

3]

[4].

[5].

[6].

[7].

8]

[9].

TAI LIEU THAM KHAO

Tiéng Viét

Ban Chap hanh Trung wong, Ngh; quyét sé 36-NQ/TW ngay 22-10-2018, vé
chién liroc phat trién bén viing kinh té bién Viér Nam dén nam 2030, tam
nhin 2045,

Pham T Anh, B6 tri VTS cho hé théng cang thanh phé Ho Chi Minh trong
tuong lai, luan van thac si, 2003.

Lé Tuan Anh, Nghién cizu iing dung hé théng VTS tai cdng Hdi Phong,
luan van thac si, 2010.

PGS.TS. Pham Van Cuong, Nghién cuizu xay dung mé hinh mo phong tranh
ddam va tau thuyén trén bién dé canh béo, tro- gUp tranh va tau thuyén trén
bién &p dung cho tau thuyén nho, dé tai NCKH cap Bo, 2011.

PGS.TS. Pham Vin Cuong, Nghién cizu ché tgo thiét bi hé tro tw déng do
gigi cac théng sé muc tiéu (co két noi radar) phong tranh dam va tiu
thuyén trén bién ding cho cac tau thuyén nho, dé tai NCKH cap Bo, 2013.
Hoang Van Hung, Trung tdm dich vu giao thdng tau bién VTS va thyc tién
tai Viét Nam, do an tét nghiép, 2009.

Tran Pac Stu, Nguyén Vin Phong, Huwéng ddn gidi thich qui tdc phong
ngira ddm va tau thuyén trén bién 1972, Nha xuat ban Giao thong van tai,
Ha Noi, 2000.

Pham Vian Thuan, Qui tdc phong ngita dam va tau thuyén trén bién 1972,
Nha xuat ban Khoa hoc va Ky thuat, Ha Noi, 2012.

Pham Vin Thuan, Nghién ciu xay dung bé bai tdp bé sung cho thiét bi mé
phong hudn luyén Radar/ARPA, luan van Thac si ki thuat, 2004.

[10].Pham Van Thuan, “Xay dung hé cdng thirc tinh todn céc théng sé chuyén

déng cua tau muc tiéu tir két qud quan sat”, Tap chi Khoa hoc Céng nghé
Hang hai sé 28, 2011.

101



[11]. Luu Viét Hing, Tran Van Luong, Nguyén Viét Thanh, Sé tay dam bdo an
toan hang hdi khu viec ven bién Viét Nam, Nha xuat ban Hang hai, 2017.

[12].BUi Xuén Toai, Truong Gia Viét (Bién dich), Tri tué nhan tgo - Cac cau
tric va chién luoc gidi quyét van dé, NXB Théng ké, 2000.

[13]. Bach Hung Khang, Hoang Kiém, Tri tué nhan tgo - Cdc phuwong phdp va
ung dung, NXB Khoa hoc k¥ thuat, 1989.

[14].PGS.TS. Nguyén Thanh Thuy, Tri tué nhan tgo - Cdc phuong phap gidi
quyét van deé va ki thugt xr Iy tri thizc, NXB Giéo duc, 1995,

[15]. Nguyén Trung Tuén, Tri tué nhan tgo (tai liéu ding cho sinh vién, ky su, cir
nhan nganh CNTT), NXB Giao duc, 1998.

[16].Lé Thi Nhung, Dir liéu lén va mét sé thach thize doi véi phan tich dir liéu
lon, Hoc vién Nong nghiép Viét Nam, 2024.

[17].Lé Van Thuc, Xay dung mé hinh danh gia rui ro tai ngn dam va tai cang
bién Viing Tau, ing dung phong ngira tai ngn va hé tro céng tac cdi tao,

nang cdp luong hang hdi’’, 2022, Luan &n tién si.

Tiéng Anh

[18]. IMO, Resolution A.1158 (32) Guidelines for Vessel Traffic Services, 2022.

[19]. IALA, VTS manual, Edition 8, 2021.

[20]. IMO, International regulation for preventing collision at sea 1972 and
amendments.

[21]. Krzysztof Marcjan, Lucjan Gucma, Kotkowska, The collision risk
Management for ships navigating on coastal waters based on ship domain
and near-miss concept, European Research study journal, Volum XXIV,
Issue 4, 2021.

[22]. Yuzuru Yamakage, Seishi Okamoto, Toward Al for human beings:
Human centric Al Zinzai, Fujitsu Science Technology journal, vol. 53,
No.1, 2017.

102



[23].

[24]

[25].
[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

George F. Luger, William A. Stubblefield, Artificial Intelligence -
Structure and Strategies for Complex Problem Solving(3rd edition),
Wesley Publishing Company, 1997.

Elaine Rich, Kevin Knight, Artificial Intelligence (Second Edition),
McGraw-Hill, 1991.

Tom M. Mitchell, Machine Learning, McGraw Hill, Inc, 1997.
Jean-Louis Lauriére, Problem solving methods and Artificial Intelligence,
Prentice Hall, 1987, 1990.

Judea Pearl, Heuristics - Intelligent Search Strategies for Computer
Problem Solving, Addison-Wesley Publishing company, 1984.

Stuart J. Russell and Peter Norvig, Artificalintelligence: A Modern
Approach, Prentice Hall, Second edition, 2002.

Pham Van Thuan, Study on handling characteristics concerning ship’s
loading conditions, doctoral dissertation, 2009.

Van Luong Tran, Namkyun IM, A study on ship automatic berthing with
assistance of auxiliary devices, International Journal of Naval
Architecture and Ocean Engineering, 2012

Tran Van Luong, A study on automatic ship control based on artificial
neural networks and free running model ship experiment, doctoral
dissertation, 2012.

Tran Van Luong, Ship Automatic Control Based on Intelligent Systems,
ISBN: 978-604-937-146-2, NXB Hang hai, 2017.

Van Luong Tran, Namkyun IM, Automatic berthing control of ship using
artificial neural networks with assistance of side thruster and tugboat,
MARSIM Panama, 2009.

Yosra Hajjaji, Wadii Boulila, Imed, Big data and loT-based applications
in smart environments: A systematic review, Computer science review,
volume 39, 2021.

103



[35]

[36].

[37].

[38].

[39].

[39].

[40]

[41]

[42]

[43]

[44]

Ayodele Adebiyi, Olawande Daramola, Big data stream analysis: a
systematic literature review, Journal of big data, 2019.

Sun D, Zhang G, Zheng W, Li K. Key technologies for big data stream
computing. In: Li K, Jiang H, Yang LT, Guzzocrea A, editors. Big data
algorithms, analytics and applications. New York: Chapman and
Hall/CRC; 2015. p. 193-214. ISBN 978-1-4822-4055-9.

Chung D, Shi H. Big data analytics: a literature review. J Manag Anal.
2015;2(3):175-201.

Lu J, Li D. Bias correction in a small sample from big data. IEEE Trans
Knowl Data Eng. 2013;25(11):2658-63.

Wienhofen LW, Mathisen BM, Roman D. Empirical big data research: a
systematic literature mapping. CoRR, abs/1509.03045. 2015.

X.C. L. Z. S. a. Z. M. X. P. Tong, "Vessel trajectory prediction in curving

channel of inland river," International Conference on Transportation

Information and Safety, Wuhan, China, 2015.

Y. Y. Q.J. Y. Y. H. Cheng, "An improved Markov method for prediction of
user mobility," [International Conference on Network and Service
Management, 2016.

V. W. A. J. M. Schreier, "An Integrated Approach to Maneuver-Based
Trajectory Prediction and Criticality Assessment in Arbitrary Road
Environments," " IEEE Trans. Intell. Transp. Syst., 2016.

K. J.N. H. C. T. G. L. A. G. SJ. Qiao, "Trajectory Prediction Algorithm
Based on Gaussian Mixture Model," J. Softw, 2015.

A. T. C. G. S. H. Rong, "Ship trajectory uncertainty prediction based on a
Gaussian Process model," Ocean Eng, 2019.

V. A. M. V. F. Mazzarella, "Knowledge-based vessel position prediction

using historical AIS data," Proceedings of the Sensor Data Fusion: Trends,

Solutions, Applications (SDF), IEEE, 2015.

104


https://journalofbigdata.springeropen.com/articles/10.1186/s40537-019-0210-7#auth-Ayodele-Adebiyi-Aff1-Aff4

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

B. Ristic, B. La Scala, M. Morelande and N. Gordon, "Statistical analysis
of motion patterns in AIS data: Anomaly detection and motion prediction,"
In Proceedings of the 2008 11th International Conference on Information
Fusion, Cologne, Germany, 30 June—3 July 2008, IEEE: Piscataway, NJ,
US4, 2008.

A. F. B.-O. E. E. B. S. Hexeberg, "AIS-based vessel trajectory prediction,"
Proceedings of the 20th International Conference on Information Fusion
(FUSION), IEEE, 2017.

S. H. A. F. B.-O. E. E. B. B.R. Dalsnes, "The neighbor course distribution
method with gaussian mixture models for AIS-based vessel trajectory
prediction," Proceedings of the 2lIst International Conference on
Information Fusion (FUSION), IEEE , 2018.

K. H. a. T. O. D. Kim, "Distributed stochastic search algorithm for multi-
ship encounter situations," Journal of Navigation, vol. 70, 2017.

P. O. C. G. S. L. P. Perera, "Maritime Traffic Monitoring Based on Vessel
Detection, Tracking, State Estimation, and Trajectory Prediction," /EEE
Trans. Intell. Transp. Syst., 2012.

F. C. Q. H. C. Y. T. Xu, "Research on estimation of AIS vessel trajectory
data and Kalman filter algorithm," Model Electron. Tech, 2014.

J. M. Y. J. M. J.H. Park, "Trajectory estimation of a moving object using
Kalman filter and Kohonen networks," Robotica, 2007.

P. Passenier, "An Adaptive Track Predictor for Ships," Ph.D. Thesis, Delft
University of Technology, Delft, The Netherlands, 1989.

A. Czapiewska and J. Sadowski, "Algorithms for Ship Movement
Prediction for Location Data Compression," TransNav Int. J. Mar. Navig.
Saf. Sea Transp., 2015.

C. Scholler, V. Aravantinos, F. Lay and A. Knoll, "What the constant

velocity model can teach us about pedestrian motion prediction.," IEEE

105



[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Robot. Autom. Lett., 2020.

T. Johansen, T. Perez and A. Cristofaro, "Ship collision avoidance and
COLREGS compliance using simulation-based control behavior selection
with predictive hazard assessment.," IEEE Trans. Intell. Transp. Syst.,
2016.

P. Last, C. Bahlke, M. Hering-Bertram and L. Linsen, "Comprehensive
Analysis of Automatic Identification System (AIS) Data in Regard to
Vessel Movement Prediction," J. Navig., 2014.

L. Sang, X. Yan, A. Wall, J. Wang and Z. Mao, "CPA calculation method
based on AIS position prediction," J. Navig., 2016.

G.Y.S. K. Z. ]J. Liu, "Vessel Trajectory Prediction Model Based on AIS
Sensor Data and Adaptive Chaos Differential Evolution Support Vector
Regression (ACDE-SVR)," 4Appl. Sci., 2019.

D. Rumelhart, G. Hinton and R. Williams, "Learning representations by
back-propagating errors.," Nature , 1986.

H. Tang, Y. Yin and H. Shen, "A model for vessel trajectory prediction
based on long short-term memory neural network," J. Mar. Eng. Technol.
Proc. Inst. Mar. Eng. Sci. Technol., 2022.

M. Gao, G. Shi and S. Li, "Online Prediction of Ship Behavior with
Automatic Identification System Sensor Data Using Bidirectional Long
Short-Term Memory Recurrent Neural Network," Sensors, 2018.

C. Wang and Y. Fu, "Ship Trajectory Prediction Based on Attention in
Bidirectional Recurrent Neural Networks," In Proceedings of the 2020 5th
International Conference on Information Science, Computer Technology
and Transportation (ISCTT), Shenyang, China, 13—15 November 2020..

S. Mehri, A. Alesheikh and A. Basiri, "A Contextual Hybrid Model for
Vessel Movement Prediction," /IEEE Access, 2021.

M. Ding, W. Su, Y. Liu, J. Zhang and J. Wu, "A Novel Approach on Vessel

106



[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Trajectory Prediction Based on Variational LSTM," In Proceedings of the
2020 IEEE International Conference on Artificial Intelligence and
Computer Applications (ICAICA), Dalian, China, 27-29 June 2020..

C. Wang, H. Ren and H. Li, "Vessel trajectory prediction based on AIS
data and bidirectional GRU," In Proceedings of the 2020 International
Conference on Computer Vision, Image and Deep Learning (CVIDL),
Chongqing, China, 10—12 July 2020..

L. Z. Y. Z. L. T. Wang, "Trajectory Predictor by Using Recurrent Neural
Networks in Visual Tracking," IEEE T. Cybern, 2017.

G. Y. S. S. L. M. Gao, "Online Prediction of Ship Behavior with
Automatic Identification System Sensor Data Using Bidirectional Long

Short-Term Memory Recurrent Neural Network," Sensors 2018.

L. H. H. G. C. P. Payeur, "Trajectory prediction for moving objects using
artificial neural networks," IEEE Trans. Ind. Electron, 1995.

D. Nguyen, L. Chan and M. Ali, "Vessel Trajectory Prediction using
Sequence-to-Sequence Models over Spatial Grid," In Proceedings of the
the 12th ACM International Conference, Hamilton, New Zealand, 25-29
June 2018.

N. Forti, L. Millefiori, P. Braca and P. Willett, "Prediction of vessel
trajectories from ais data via sequence-to-sequence recurrent neural
networks," In Proceedings of the ICASSP 2020—2020 IEEFE International
Conference on Acoustics, Speech and Signal Processing (ICASSP),
Barcelona, Spain, 4-8 May 2020..

J. Sekhon and C. A. Fleming, "A Spatially and Temporally Attentive Joint
Trajectory Prediction Framework for Modeling Vessel Intent," Learn. Dyn.
Control, 2020.

L. You, S. Xiao, Q. Peng, C. Claramunt and J. Zhang, "ST-Seq2Seq: A
Spatio-Temporal Feature-Optimized Seq2Seq Model for Short-Term

107



[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

Vessel Trajectory Prediction," IEEE Access, 2020.
S. Capobianco, L. Millefiori, N. Forti, P. Braca and P. Willett, "eep

Learning Methods for Vessel Trajectory Prediction based on Recurrent

Neural Networks," EEE Trans. Aerosp. Electron. Syst., 2021.

S. Zhang, L. Wang, M. Zhu, S. Chen and Z. Zeng, "A Bi-directional
LSTM Ship Trajectory Prediction Method based on Attention
Mechanism," In Proceedings of the 2021 IEEE 5th Advanced Information
Technology, Electronic and Automation Control Conference (IAEAC),
Chongqing, China, 12—14 March 2021.

S. Wang and Z. He, " A prediction model of vessel trajectory based on

generative adversarial network," J. Navig., 2021.

I. Goodfellow, J. Pouget-Abadie, M. Mirza, X. Bing, D. Warde-Farley, S.
Ozair, A. Courville and Y. Bengio, "Generative adversarial nets," In

Proceedings of the Neural Information Processing Systems, Montreal, QC,
Canada, 8—13 December 2014..

D. Nguyen and R. Fablet, "TrAISformer-A generative transformer for AIS
trajectory prediction," arXiv, 2021.

K. Q. M. E. C. C. Abduallah Mohamed, "Social-STGCNN: A Social
Spatio-Temporal Graph Convolutional Neural Network for Human
Trajectory Prediction," The IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR), 2020.

G. C. H. X. S. G. H. Feng, "IS-STGCNN: an Improved Social spatial-
temporal graph convolutional neural network for ship trajectory

prediction," Ocean. Eng, 2022.
Y. Z. N. L. L. M. W. L. J. S. J. Jiang, "Prediction of ship trajectory in

nearby port waters based on attention mechanism model," J. Mar. Sci.

Eng., 2023.
M. V. K. B. G. Pallotta, "Vessel pattern knowledge discovery from AIS

108



[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

data: a framework for anomaly detection and routeprediction," Entropy, 15
(12), 2013.

S. H. P. B. K. B. G. Pallotta, "Context-Enhanced Vessel Prediction Based
On Ornstein-Uhlenbeck Processes Using Historical AIS Traffic Patterns :
Real-World Experimental Results," Proceedings of the 17th International
Conference on Information Fusion (FUSION), IEEE, 2014.

R. Laxhammar, "Anomaly detection for sea surveillance," In Proceedings
of the 2008 I1lth International Conference on Information Fusion,
Cologne, Germany, 30 June—3 July 2008; IEEE: Piscataway, NJ, USA,
2008.

L. Zhao and G. Shi, "Maritime anomaly detection using density-based
clustering and recurrent neural network," J. Navig., 2019.
M. Riveiro, G. Pallotta and M. Vespe, "Maritime anomaly detection," A

review. Wiley Interdiscip. Rev. Data Min. Knowl. Discov., 2018.

R. McLane and J. Wolf, "Symbolic and Pictorial Displays for Submarine
Control," IEEE Trans. Hum. Factors Electron, 1967.

Q. M. T. F. F. L. Zhang, "Big AIS data based spatial- temporal analyses of
ship traffic in Singapore port waters," Transp. Res. Part E: Logist. Transp.
Rev., 2017.

Z. W. Z. Z. Z. Liu, "A novel framework for regional collision risk

identification based on AIS data," Appl. Ocean Res., 89, 2019.

Z.S.C.Z.C. X. Q. C.D. H. Y. Z. Y. Wen, "Automatic ship route design
between two ports: a data-driven method," Appl. Ocean Res., 96, 2020.

G. Z. L. R. E. R. G.-B. H. E. Tu, "Exploiting AIS data for intelligent
maritime navigation: a comprehensive survey from data to methodology,"

IEEE Trans. Intell. Transp. Syst., 2017.

T. M. K.G. Aarsather, "Estimating navigaion patterns from AIS," J.
Navig., 62 (04), 2009.

109



[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

G. F. E. S. R. Laxhammar, "Anomaly detection in sea traffic - a
comparison of the gaussian mixture model and the kernel density

estimator," Proceedings of the 12th International Conference on

Information Fusion, IEEE, 2009.

B. S. M. M. N. G. B. Ristic, "Statistical analysis of motion patterns in AIS
Data: Anomaly detection and motion prediction," Proceedings of the 11th

International Conference on Information Fusion, IEEE, 2008.

L. van Breda and P. Passenier, "Effect of path prediction on navigational

performance.," J. Navig., 1998.

K. Aars@ther and T. Moan, "Estimating navigation patterns from AIS," J.

Navig. , 2009.

H. Tang, L. Wei, Y. Yin, H. Shen and Y. Qi, "Detection of abnormal vessel
behaviour based on probabilistic directed graph model," J. Navig., 2020.

M. Lacki, "Intelligent prediction of ship maneuvering," TransNav Int. J.

Mar. Navig. Saf. Sea Transp., 2016.

T. Xu, X. Liu and X. Yang, "Ship Trajectory online prediction based on BP
neural network algorithm," In Proceedings of the 2011 International
Conference of Information Technology, Computer Engineering and
Management Sciences, Nanjing, China, 24-25 September 2011; IEEE:
Piscataway, NJ, USA, 2011, vol. 1.

H. Zhou, Y. Chen and S. Zhang, "Ship trajectory prediction based on BP
neural network," J. Artif. Intell., 2019.

[100] S. Hochreiter and J. Schmidhuber, "Long short-term memory," Neural

Comput, 1997.

[101] K. Cho, B. Van Merriénboer, C. Gulcehre, D. Bahdanau, F. Bougares, H.

Schwenk and Y. Bengio, "Learning phrase representations using RNN

encoder-decoder for statistical machine translation," arXiv, 2014.

[102] K. Cho, B. van Merrienboer, C. Giilgehre, D. Bahdanau, F. Bougares, H.

110



Schwenk and Y. Bengio, "Learning Phrase Representations using RNN

Encoder-Decoder for Statistical Machine Translation," arXiv, 2014.

[103] S. apobianco, N. Forti, L. Millefiori, P. Braca and P. Willett, "Recurrent
Encoder-Decoder Networks for Vessel Trajectory Prediction with

Uncertainty Estimation," /EEE Trans. Aerosp. Electron. Syst., 2022.

[104] G. Y. S. K. Z. ] J. Liu, "Vessel Trajectory Prediction Model Based on AIS
Sensor Data and Adaptive Chaos Differential Evolution Support Vector
Regression (ACDE-SVR)," Appl. Sci., 2019.

[105]L. Z. H. a. J. H. Xu, "A Spatio-Temporal Convolutional Neural Network
for Skeletal Action Recognition," International Conference on Neural
Information Processing, 2017.

[106] M. C. T. Baklacioglu, "Aero-propulsive modelling for climb and descent
trajectory prediction of transport aircraft using genetic algorithms,"
Aeronaut. J., 2014.

[107]T. W. Y. Z. F. D. S. Y. Yang, "Particle filter based on simulated annealing
for target tracking. J. Optoelectron," Laser, 2011.

[108] T. P. a. A. C. T. A. Johansen, "Ship collision avoidance and COLREGS
compliance using simulation-based control behavior selection with
predictive hazard assessment," [EEE Transactions on Intelligent

Transportation Systems, vol. 17, 2016.

[109]M. T. W. D. Z. a. T. L. H. Y. Kuwata, "Safe maritime autonomous
navigation with COLREGS, using velocity obstacles," /[EEE Journal of
Oceanic Engineering, vol. 39, 2013.

[110] A. Lazarowska, "Ant colony optimization based navigational decision
support system," Procedia Computer Science, vol. 35, 2014.

[I11]N. V.D. V.T. P. A. S. a. E. H.-V. H. D. Nguyen, "A method for knowledge

representation to design intelligent problems solver in mathematics based

on rela-ops model," IEEE Access, vol. 8, 2020.

111



[112] C. T. a. R. Bucknall, "Path-planning algorithm for ships in close-range

encounters," Journal of Marine Science and Technology, 2010.

112



TAP DU LIEU

1. M6 hinh hec may (Machine Learning Model)

1.1. Mang Neural Network
o Input: xal, yal, xbl, ybl, xa2, ya2, xb2, yb2, Wpx, Wpy
« Output: ETA_Wpa, ETA_Wpb
- Model: Neural Network 2 16p

- Két qua:

Ta c6 bang do do chinh xac nhu sau:

e Tap huan luyén

PHU LUC 1: CAC THUAT TOAN AI PUQC THU NGHIEM POl VOI

precision | recall fl-score | support
0 0.94 0.79 0.86 15421
1 0.94 0.98 0.96 49373
accuracy 0.94 64794
macro avg 0.94 0.89 0.91 64794
e Tap kiém tra
precision | recall fl-score | support
0 0.00 0.00 0.00 328
1 0.99 1.00 1.00 55416
accuracy 0.99 55744
macro avg 0.50 0.50 0.50 55744

Két luan: Mo hinh dat két qua tot trén tdp huin luyén véi Fl-score trung

binh (macro avg) cta 2 16p 14 91% va dy doan tot v6i ca 2 16p 0 va 1.
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Nhu vy, chi qua 2 layer, trén tap kiém tra mo hinh du doan 100% dit liéu
v6i 16p 1 nhung khong du doan dang bat ki nhan 0 nao. M6 hinh hoc sau chi c6
Fl-score trung binh (macro avg) cta 2 16p trén tap kiém tra 13 50% => M5 hinh
dang hoat dong khong tot kho kiém soat trong qua trinh training va dé bi
overfitting.

Can tht nghiém thém véi mot sé mé hinh Machine Learning khac.

1.2. Thudt todn hoi quy tuyén tinh (Linear Regression)

Linear Regression (Hoi quy tuyén tinh) 1a mot thudt todn Supervised
learning. Pay 1a mot phuong phap dé duy doan bién phu thudc y dua trén gia tri
cta bién doc lap X. Thuat toan duoc st dung cho cac truong hop ching ta mudn
du doan mot sb luong lién tuc.

Muc tiéu 1a dé lam sao mot dudng thang f(x) ¢ thé tao duoc sy phan bd gan
nhat véi hau hét cac diém X. Do d6 lam giam khoang cach (sai s6) cua cac diém

dix liéu cho dén duong do.

| 1 1 1 " 1 1 1 1

-20 -10 10 20 30 40 50 60

Hinh PLI1.1. Minh hoa vé Linear Regression

Ly thuyét
X = [X,X, %, ...,X,] 1a mot vector chira thong tin input.
Y = [Vi ¥ Yar -, Vo] = T (X)12 mot s6 v6 hudng bicu dién output.

114



Mot ham sé don gian nhat c6 thé moé ta mdi quan hé giita output va input

la:
y~f(x)=y
f(X) =WX, +Wo X, +WoXg 4.+ WX, + Wy (PL1.1)
Trong d6 wy, Wy, Ws, ..., W, 1a cac hing sb, w, con duoc goi 1a bias.

Moi quan hé y = f{x) bén trén 1a moét mdi quan hé tuyén tinh (linear).

Muc tiéu: Tim cac hé sb toi uu { wy, Wy, Wa, ..., W, W, } sao cho gia tri
du doan f{x) gan véi gia tri thuc y nhat co thé.

Ham s6 L(w) duoc goi 1a ham ton that (loss function) ctia bai toan Linear

Regression, bicu thi sai s6 gitra gia tri du doan va gia tri thuc:

L(w)= EZ_l:(yi —Xw)’ (PL1.2)

Gia tri cua w la gia tri can tim sao cho ham mat mat dat gia tr1 nho nhat

duoc goi 1a diém t6i wu (optimal point), ky hiéu:

w =argminL(w) (PL1.3)
Pao ham theo w ctia ham mat mat:
oL(w) o1/ o
—2=X"(Xw- PL1.4
o (Xw-y) (PL1.4)

w 1a nghiém cua bai toan toi wu. Do d6 can giai phuwong trinh dao ham
(gradient) Loss function L(w) (theo tham sd w) bang 0. Céc gia trj w s& duoc cap
nhat lai trong qué trinh training va dimg lai cho dén khi ham loss du nho thoa
man.

Ap dung

o Input: xal, yal, xbl, ybl, xa2, ya2, xb2, yb2, Wpx, Wpy

« Output: ETA Wpa, ETA Wpb

- Model: Linear Regression

- Két qua:

Dung do do sai s6 binh phuong trung binh MSE (Mean Square

Error)
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+ Do do sai s6 nhu sau:

MSE Tap huan luyén Tap kiém tra
tau A 3.0176 98.7165
tau B 10.5549 59.7410
Ta c6 bang do do chinh xac nhu sau:
e T4p huan luyén
precision | recall fl-score | support
0 0.78 0.80 0.79 15421
1 0.89 0.99 0.94 49373
accuracy 0.90 64794
macro avg 0.86 0.86 0.86 64794
e Tap kiém tra
precision | recall fl-score | support
0 0.00 0.00 0.00 328
1 1.00 1.00 1.00 55416
accuracy 1.00 55744
macro avg 0.50 0.50 0.50 55744

Két luan:

+ Trén tap huan luyén: Do do sai sb cua tau B twong dbi cao va cao
hon so véi tau A => M0 hinh du doan ETA cua tau A t6t hon. M6 hinh c6

F1-score trung binh (macro avg) cua 2 16p la 86% va cao ¢ ca hai lop (0 va

1).

+ Trén tap kiém tra: Do do sai s6 cua tau A va B déu rat cao va cao

116




hon so véi tap huan luyén => M6 hinh c6 dau hiéu bi overfitting. M6 hinh

c6 d6 chinh xéac 1a 100% ddi véi 16p 1, nhung mo hinh khong du doan dung

bat ky mau nao thudc 16p 0 => M hinh khéong tét, c6 F1-score trung binh

(macro avg) cua 2 l6p chi la 50%.

1.3. Mé hinh héi quy Logistics (Logistic Regression)

Logistic Regression 1a m0t thuat toan Supervised learning. Day 1a phuong
phap cho bai toan phan loai dugc dung dé gan cac ddi twong cho 1 tap hop gia

tri ro1 rac (nhu 0, 1, 2, ...).

1 = b = % = = = = ® ® ® ® = 8 ® ® % = E ¥ S N N N ®W O S N 8 @ § & & @
Linear
Regression
\ Logistic
Regression
0
Hinh PL1.2. Minh hoa Logistic Regression
Ly thuyét
X = [X, X%, %, ..., X, ] 1a mot vector chira thong tin input.

Y = [V, Y Vs .-, Y,] 12 tap hop cac gia tri roi rac chira thong tin output.
Pau ra duy doan cta Logistic Regression thudng dugc viét chung dudi
dang:
f(x)=60(Xw)=y (PL1.5)
w 13 cac hing sb, x 1a gi tri input, f{x) 12 ddu ra du doan
Trong d6 6 dwoc goi 1a logistic function. Mot sb activation cho mé hinh
tuyén tinh 14 sigmoid, tanh, ...

Vi du:
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+ Ham Sigmoid: dugc sir dung nhiéu nhét, vi n6 bi chan trong khoang (0,1)

va c6 dao ham tai moi di€m nén cé thé dung gradient descent:

f(x)= 1+1e _ (PL1.6)

Dac biét cong thuc dao ham don gian:

o= (1+eex)2 - —o((-o(x) (PLLY)

+ Ham tanh: nhan gia tri trong khoang (—1,1)

tanh(x) = = (PL1.8)
e +e
1.0
= sigmoid
= tanh
’o/.(s,
__/}/
-6 -4 =2 - 2 4 6

Hinh PL1.3. Ham Sigmoid va ham Tanh
Khi 4p dung ham activation Sigmoid ta c6 cong thirc cia Logistic

regression la

Y= G()ZW)
. 1
y= Loe ™ (PL1.9)

Can tim w dé biu thuc sau day dat gia tri 16n nhat. Pay duogc hiéu 1a xac
suat xay ra su kién dau ra y khi biét tham s6 w va dit li¢u dau vao X.

P(yIX;w) (PL1.10)

Gi4 tri cia w 1a gia tri can tim:
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w' =arg maxP(y| X;w) (PL1.11)

Ham s6 J(w) dugc goi 1a ham ton that (loss function) cla bai toan Logistic
Regression. Mot phuong phap thuong dugc str dung d6 1a ldy logarit ty nhién
(co 56 e) cua likelihood function bién phép nhan thanh phép cong va dé tranh
viéc s6 qua nho. Sau d6 1dy nguoc dau dé dugc mot ham va coi nd 13 ham mat
mat. Lic ndy bai toan tim gia tri 16n nhat (maximum likelihood) tré thanh bai
toan tim gia tri nho nhat cia ham ton that (ham nay con duoc goi 13 negative log
likelihood):

N

J (w)=—logP (y]X;w)==>"(y,log §, +(1-yi)log (1-¥,)) (PL1.12)

i=1

Trong d6 9; 1a gia tri du doan. Vé phai c6 tén goi 1a cross entropy, thuong
duoc sir dung dé do khodng cdch giira hai phan phdi (distributions).
N

+Néuy; =1=> (w)==> (log ¥;)

i=1

0.0 0.2 0.4 0.6 0.8 10
y

Hinh PL1.3. Dé thi ham loss function trong trieong hop y; = 1
« Ham loss giam dan tr 0 dén 1.
« Khi model duy doan 9; gan 1, tirc gia tri du doan gan véi gia tri

that 9; thi loss nho, x4p xi 0.
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« Khi model du doan y; gﬁn 0, tirc gia tri du doan nguoc lai gia tri

that 9; thi loss rat 16n.

N

+Néuy; = 0=> J(w)=->(log(l-,))

i=1

0.0 0.2 0.4 0.6 0.8 1.0
y

Hinh PL1.4. D6 thi ham loss function trong truong hop y; = 0
« Ham loss ting dan tir 0 dén 1.
« Khi model du doan 9; gan 0, tirc gia tri du doan gan voi gia tri
that 9; thi loss nho, xap xi 0.
« Khi model dy doan 9; gan 1, tirc gia tri dy doan nguoc lai gia tri
that 9; thi L rat 16n.
=> Ham loss nho khi gia tri model du doan gén vo1 gia tri that va rat 16n
khi model du doan sai, hay n6i cach khac loss cang nhé thi model du doan cang
gén vo1 gia tri that.
Pé tim gia tri cua w la gia tri can tim sao cho ham mét mat dat gia tri nho
nhat, ta tinh dao ham theo w ctia ham mat mat:

M:_{Vi 1—_yiJ89i_ Ji-Y o (PL1.13)

ow y, 1=y, Jow  §,(1-y,)ow

Ap dung cong thirc chudi dao ham dé tim dugc nghiém cia bai toan dang

nhu sau:

120



% _ % 05
w s ow

(PL1.14)

w 1a nghiém cua bai toan toi wu. Do d6 can giai phuwong trinh dao ham
(gradient) Loss function J(w) (theo w) bang 0. Cac gia tri w s& duoc cap nhat lai
trong qua trinh training va ding lai cho dén khi ham loss d nhé théa man.

Ap dung

eInput: xal, yal, xbl, yb1, xa2, ya2, xb2, yb2, Wpx, Wpy
e Output: 0 (khong c6 nguy co va cham); 1 (c6 nguy co va cham)
- M0 hinh: Logistic Regression
- Két qua:
Ta c6 bang do do chinh xac nhu sau:

e Tap huan luyén

precision | recall fl-score | support
0 0.85 0.68 0.75 15421
1 0.91 0.96 0.93 49373
accuracy 0.89 64794
macro avg 0.88 0.82 0.84 64794
e Tap kiém tra
precision | recall fl-score | support
0 0.00 0.00 0.00 328
1 0.99 0.96 0.98 55416
accuracy 0.96 55744
macro avg 0.50 0.48 0.49 55744
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Két luan:

+ Trén tap huan luyén: M6 hinh c6 F1-score trung binh (macro avg)
cua 2 16p 1a 84% va cao ¢ ca hai 16p (0 va 1).

+ Trén tap kKiém tra: M6 hinh c¢6 do chinh xac 1a 98% véi dit liéu
thuoc 16p 1, nhung md hinh khong du doan ding bat ky mau nao thugc
l6p 0 => M0 hinh rét kém vai F1-score trung binh (macro avg) cua 2 16p
1a 49%.

1.4. Mé hinh cdy quyét dinh (Decision Tree Regressor)

Decision Tree 13 thudt toan supervised learning, c6 thé giai quyét ca bai
toan regression va classification. Cy quyét dinh nhan dau ra 1a cac gia tri lién
tuc (s6 thuc) duogc goi 1a cay hoi quy.

Téng quan:

Mot cy quyét dinh 13 mot ciu tric véi mdi mot nat (node) 1a mot phép so
sanh, nham thyuc hién tha mot dic trung nao d6. Mdi mot nhanh (branch, edge,
etc.) thé hién két qua cua phép so sanh do, va mdi mot ngon, tirc nut cudi (leaf
node), biéu dién két qua du doan cua thuat toan, sau khi tinh. Puong di tu géc
dén ngon thé hién luat hoi quy.

Muc ti€u chinh la xay dung dugc mot mo hinh cé kha nang du doan gia tri
ctia dau ra dua vao mot vai bién dau vao.

Ly thuyét

Budc huan luyén o thuat toan Decision Tree s& xdy dung ra mot cdy quyét
dinh.

Gi1a st ¢o bai toan phan loai 2 16p va mdi dir liéu c6 2 thudc tinh 1a x1 va

x2. Dir li€u khi vé bi€u do scatter 1én s€ nhu sau:
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Visualize data
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Hinh PL1.5. Minh hoa dir liéu
Tao cdy quyét dinh nhu sau:
X1>5
1 X2>4
1 0

Hinh PL1.6. Minh hoa cdy quyét dinh
Pé tao cay quyét dinh phu hop can c6 nhitng tiéu chi chon cac nhanh cia
cay quyét dinh dua vao cac chi sé danh gia nhu Gini Index, Do ting thong tin.
Gini index 13 d6 do tan suit mot phﬁn tr duoc chon ngﬁu nhién tu tap hop
bi d4n nhén sai néu n6 duoc dan nhin ngiu nhién theo phan phbi nhan trong tap

dir li€u con. Gini index dugc dung dé danh gia xem viéc phan chia & node diéu
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kién c6 t6t hay khong. Dé tinh Gini index, trudc hét minh sé tinh chi s6 Gini, chi

s0 Gini tinh ¢ tirng node.

Gini =1—zcl( p) (PL1.15)

i=1
Trong d6 C 14 s6 16p can phén loai, p; = N n la sO lwong phan tir ¢ 16p thi 7.
N 1a tong s6 lugng phan tir & node do:
n N
N:ZniDZpizl (PL1.16)
i=1 i=1

Chi s gini thap nhat (bang 0) khi node d6 chi chira dir liéu ca 1 16p duy
nhat, chi sd gini cao nhét khi di liéu cac 16p & trong node d6 can bang.

=> Ta mong mudn khi phan tach thi chi s6 gini & nhiing 16p con thap.

Sau khi tinh duoc chi sd gini & node cha va 2 node con duoc tinh, ta tinh

duoc chi s6 gini index:

K
= gini(p Z gini( (PL1.17)

i=1

gini

index —

Trong d6 gini(p) 1a chi sé gini & node cha, K 14 s6 node con duoc tach ra,
gini(cy) 1a chi sd gini & node con thir k. M 1 s6 phan tir & node p, m; 13 s6 phan
K
tir & node con thir i, > m; =M
i=1
Thuc ra gini index tinh d6 1éch gini cia node cha voi téng cac gia tri gini
c6 danh trong s cta cac node con.
Do ting thong tin (Information Gain) dya vao khai niém entropy va khai
niém noi dung thong tin trong 1y thuyét thong tin.
Dinh nghia cua entropy:
J
T)=->p, log pi (PL1.18)
i=1
Trong d6 pi 1a x4c suét dit 1iéu roi vao ting 16p tai nut con xuat phat tir
phan nhanh cua cay.

IG(T,a)=H(T)-H(T |a) (PL1.19)
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Trong d6 IG(T, a) 1a d6 tang thong tin (Information Gain), H(T) la entropy
(parent), H(T|a) 13 tong entropy (children).

Luong thong tin ting 1én chinh 1a tiéu chi dé ta quyét dinh cay phan nhanh
dua trén dic trung nao. Tai moi diém phan nhanh, ta nén chon cach phan nhanh
dé co thé tao ra cac nut con nhat quan nhat. Dé xdy dung cdy, ta can tinh d ting
thong tin ctia cac cach phan nhanh c6 thé xay ra. Cach phan nhanh tét nhat chinh
1a cach t6i wu do tang thong tin nhat. Qua trinh nay duoc lap lai nhidu lan véi
cac nut khong 14 cho dén khi cay hoan thién.

Gini index va do ting thong tin 1 hai d6 do thong tin dé quyét dinh phan
nhanh. Thong thudng, st dung mot trong hai d6 do nay s& khong tao ra hiéu suét
qué khac biét. Thuong, dd do Gini s€ nhanh hon, nén duoc sir dung nhiéu hon.
Cay tao ra béi 2 d§ do nay cling tuong tu nhau. Gini index s€ cho ta cay voi cac
nhanh c6 1ap theo phan phdi dit liéu, trong khi d6 thi do ting thong tin cho ta cay
can bang hon.

Ap dung

elnput: xal, yal, xbl, ybl, xa2, ya2, xb2, yb2, Wpx, Wpy
e Qutput: ETA Wpa, ETA_W)pb

- M0 hinh: Decision Tree sir dung tiéu chi phan tach la Gini index.

- Két qua:

+ Do do sai s6 nhu sau:
MSE Tap huan luyén Tap kiém tra
tau A 0.0 113.7419
tau B 0.0 5.5270

Ta c6 bang do do chinh xac nhu sau:

e Tap huan luyén

precision | recall fl-score | support

0 1.00 1.00 1.00 15421
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1 1.00 1.00 1.00 49373

accuracy 1.00 64794

macro avg 1.00 1.00 1.00 64794

e Tap kiém tra

precision | recall fl-score | support
0 0.00 0.00 0.00 328
1 0.99 0.89 0.94 55416
accuracy 0.89 55744
macro avg 0.50 0.45 0.47 55744

Két luan:

+ Trén tap huan luyén: Do do sai s bing 0 cho ca hai tau => Md
hinh d3 hoc duoc hoan toan dix liéu cua tap huan luyén. M6 hinh c6 F1-
score trung binh (macro avg) cua 2 16p 1a 100%, c6 thé la dau hiéu cua
overfitting.

+ Trén tap kiém tra: Do do sai sd trén tau A rat I6n, gap nhiéu lan tau
B. Két qua mo hinh c6 d6 chinh xac 1a 89% véi dix liéu thude lop 1,
nhung mo hinh khong du doan dung bat ky mau nao thudc 16p 0 => Md
hinh rat kém, c6 F1-score trung binh (macro avg) caa 2 16p 1a 47%

+ C6 thé thay, du mé hinh c6 d6 sai s6 bang 0 trén tap dir liéu nhung khong

phai 13 mot mé hinh tét khi thir nghiém trén tap kiém tra.
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PHU LUC 2: CHI TIET QUA TRINH HUAN LUYEN MANG NO-RON
NHAN TAO VOI DU LIEU CHAY TAU TREN VUNG BIEN RONG

Epoch 1/100

567/567 [
- accuracy: 0.5567 - val loss

Epoch 2/100

: 0.6433 - val accuracy: 0.6796

567/567 [
- accuracy: 0.6521 - val loss

Epoch 3/100

:0.5960 - val accuracy: 0.7029

567/567 [

- accuracy: 0.6835 - val loss

Epoch 4/100

:0.5964 - val accuracy: 0.6857

567/567 [

- accuracy: 0.6895 - val loss

Epoch 5/100

:0.5906 - val accuracy: 0.6893

567/567 [

- accuracy: 0.6935 - val loss

Epoch 6/100

: 0.5875 - val accuracy: 0.6996

567/567 [

- accuracy: 0.6976 - val loss

Epoch 7/100

: 0.5824 - val accuracy: 0.6987

567/567 [

- accuracy: 0.7026 - val loss

Epoch 8/100

: 0.5687 - val_accuracy: 0.7186

567/567 [

- accuracy: 0.7077 - val loss

Epoch 9/100

:0.5513 - val accuracy: 0.7095

567/567 [

- accuracy: 0.7217 - val loss

Epoch 10/100

: 0.5287 - val accuracy: 0.7305
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] - 2s 3ms/step - loss:

] - 1s 2ms/step - loss:

] - 2s 3ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

0.6920

0.6317

0.6048

0.6009

0.5985

0.5907

0.5843

0.5706

0.5516



567/567 [

- accuracy: 0.7341 - val loss

Epoch 11/100

:0.5117 - val_accuracy: 0.7404

567/567 [

- accuracy: 0.7434 - val loss

Epoch 12/100

: 0.4924 - val accuracy: 0.7546

567/567 [

- accuracy: 0.7539 - val loss

Epoch 13/100

: 0.4824 - val accuracy: 0.7655

567/567 [

- accuracy: 0.7603 - val loss

Epoch 14/100

:0.4622 - val accuracy: 0.7771

567/567 [

- accuracy: 0.7703 - val loss

Epoch 15/100

: 0.4524 - val accuracy: 0.7816

567/567 [
- accuracy: 0.7757 - val loss

Epoch 16/100

: 0.4413 - val accuracy: 0.7882

567/567 [
- accuracy: 0.7773 - val loss

Epoch 17/100

:0.4300 - val accuracy: 0.7958

567/567 [
- accuracy: 0.7860 - val loss

Epoch 18/100

:0.4306 - val accuracy: 0.7945

567/567 [
- accuracy: 0.7934 - val loss

Epoch 19/100

:0.3963 - val accuracy: 0.8138

567/567 [
- accuracy: 0.7988 - val loss

Epoch 20/100

:0.3905 - val accuracy: 0.8140

567/567 [

- accuracy: 0.8020 - val loss

:0.3823 - val accuracy: 0.8104
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] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 3ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

0.5363

0.5187

0.5019

0.4892

0.4789

0.4701

0.4625

0.4519

0.4371

0.4240

0.4196



Epoch 21/100

567/567 [

- accuracy: 0.8118 - val loss

Epoch 22/100

: 0.3730 - val accuracy: 0.8318

567/567 [

- accuracy: 0.8199 - val loss

Epoch 23/100

:0.3453 - val accuracy: 0.8391

567/567 [

- accuracy: 0.8264 - val loss

Epoch 24/100

: 0.3248 - val accuracy: 0.8469

567/567 [

- accuracy: 0.8295 - val loss

Epoch 25/100

:0.3193 - val accuracy: 0.8519

567/567 [

- accuracy: 0.8348 - val loss

Epoch 26/100

: 0.3062 - val accuracy: 0.8601

567/567 [
- accuracy: 0.8419 - val loss

Epoch 27/100

:0.2913 - val _accuracy: 0.8664

567/567 [
- accuracy: 0.8393 - val loss

Epoch 28/100

: 0.2956 - val accuracy: 0.8659

567/567 [
- accuracy: 0.8433 - val loss

Epoch 29/100

: 0.2804 - val accuracy: 0.8719

567/567 |
- accuracy: 0.8456 - val loss

Epoch 30/100

:0.2930 - val accuracy: 0.8667

567/567 [
- accuracy: 0.8476 - val loss

Epoch 31/100

: 0.2876 - val accuracy: 0.8661
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] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

0.4022

0.3891

0.3770

0.3677

0.3606

0.3481

0.3467

0.3389

0.3343

0.3326



567/567 [

- accuracy: 0.8484 - val loss

Epoch 32/100

:0.3073 - val accuracy: 0.8568

567/567 [

- accuracy: 0.8521 - val loss

Epoch 33/100

:0.3023 - val accuracy: 0.8533

567/567 [

- accuracy: 0.8519 - val loss

Epoch 34/100

:0.2861 - val accuracy: 0.8530

567/567 [

- accuracy: 0.8522 - val loss

Epoch 35/100

: 0.2660 - val accuracy: 0.8740

567/567 [

- accuracy: 0.8538 - val loss

Epoch 36/100

: 0.2774 - val accuracy: 0.8757

567/567 [
- accuracy: 0.8516 - val loss

Epoch 37/100

:0.2695 - val accuracy: 0.8816

567/567 |
- accuracy: 0.8571 - val loss

Epoch 38/100

: 0.2808 - val accuracy: 0.8654

567/567 [
- accuracy: 0.8542 - val loss

Epoch 39/100

:0.2565 - val accuracy: 0.8778

567/567 [
- accuracy: 0.8576 - val loss

Epoch 40/100

:0.2924 - val accuracy: 0.8557

567/567 [
- accuracy: 0.8584 - val loss

Epoch 41/100

:0.2789 - val accuracy: 0.8657

567/567 [

- accuracy: 0.8582 - val loss

:0.2542 - val accuracy: 0.8753
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] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

0.3250

0.3209

0.3171

0.3168

0.3152

0.3146

0.3051

0.3093

0.3017

0.3045

0.3013



Epoch 42/100

567/567 [

- accuracy: 0.8634 - val loss

Epoch 43/100

: 0.2488 - val accuracy: 0.8814

567/567 [

- accuracy: 0.8573 - val loss

Epoch 44/100

:0.2707 - val accuracy: 0.8715

567/567 [

- accuracy: 0.8600 - val loss

Epoch 45/100

:0.2647 - val accuracy: 0.8724

567/567 [

- accuracy: 0.8616 - val loss

Epoch 46/100

: 0.2460 - val accuracy: 0.8780

567/567 [

- accuracy: 0.8619 - val loss

Epoch 47/100

: 0.2542 - val accuracy: 0.8748

567/567 [
- accuracy: 0.8635 - val loss

Epoch 48/100

: 0.2682 - val accuracy: 0.8697

567/567 [
- accuracy: 0.8614 - val loss

Epoch 49/100

:0.2580 - val accuracy: 0.8753

567/567 [
- accuracy: 0.8628 - val loss

Epoch 50/100

:0.2412 - val accuracy: 0.8869

567/567 |
- accuracy: 0.8635 - val loss

Epoch 51/100

:0.2825 - val accuracy: 0.8631

567/567 [
- accuracy: 0.8665 - val loss

Epoch 52/100

: 0.2438 - val accuracy: 0.8838
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] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

0.2980

0.2998

0.2953

0.2914

0.2939

0.2894

0.2871

0.2893

0.2858

0.2882



567/567 [

- accuracy: 0.8658 - val loss

Epoch 53/100

:0.2432 - val accuracy: 0.8854

567/567 [

- accuracy: 0.8662 - val loss

Epoch 54/100

:0.2712 - val accuracy: 0.8606

567/567 [

- accuracy: 0.8672 - val loss

Epoch 55/100

:0.2309 - val accuracy: 0.8874

567/567 [

- accuracy: 0.8649 - val loss

Epoch 56/100

:0.2344 - val accuracy: 0.8869

567/567 [

- accuracy: 0.8680 - val loss

Epoch 57/100

: 0.2454 - val accuracy: 0.8788

567/567 [
- accuracy: 0.8672 - val loss

Epoch 58/100

: 0.2327 - val accuracy: 0.8891

567/567 |
- accuracy: 0.8666 - val loss

Epoch 59/100

: 0.2493 - val accuracy: 0.8760

567/567 [
- accuracy: 0.8666 - val loss

Epoch 60/100

:0.2386 - val accuracy: 0.8776

567/567 [
- accuracy: 0.8687 - val loss

Epoch 61/100

: 0.2434 - val accuracy: 0.8758

567/567 [
- accuracy: 0.8624 - val loss

Epoch 62/100

: 0.2373 - val accuracy: 0.8808

567/567 [

- accuracy: 0.8660 - val loss

:0.2613 - val accuracy: 0.8740

132

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

0.2828

0.2823

0.2828

0.2817

0.2777

0.2777

0.2791

0.2792

0.2757

0.2872

0.2758



Epoch 63/100

567/567 [

- accuracy: 0.8671 - val loss

Epoch 64/100

: 0.2335 - val accuracy: 0.8879

567/567 [

- accuracy: 0.8708 - val loss

Epoch 65/100

: 0.2340 - val accuracy: 0.8869

567/567 [

- accuracy: 0.8729 - val loss

Epoch 66/100

:0.2312 - val accuracy: 0.8922

567/567 [

- accuracy: 0.8684 - val loss

Epoch 67/100

: 0.2255 - val accuracy: 0.8854

567/567 [

- accuracy: 0.8667 - val loss

Epoch 68/100

: 0.2487 - val_accuracy: 0.8788

567/567 [
- accuracy: 0.8689 - val loss

Epoch 69/100

:0.2251 - val_accuracy: 0.8927

567/567 [
- accuracy: 0.8719 - val loss

Epoch 70/100

:0.2369 - val accuracy: 0.8778

567/567 [
- accuracy: 0.8735 - val loss

Epoch 71/100

: 0.2259 - val accuracy: 0.8854

567/567 [
- accuracy: 0.8707 - val loss

Epoch 72/100

: 0.2514 - val_accuracy: 0.8712

567/567 [
- accuracy: 0.8731 - val loss

Epoch 73/100

:0.2371 - val accuracy: 0.8854
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] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

0.2782

0.2721

0.2724

0.2736

0.2711

0.2700

0.2706

0.2692

0.2704

0.2660



567/567 [

- accuracy: 0.8724 - val loss

Epoch 74/100

:0.2188 - val accuracy: 0.8925

567/567 [

- accuracy: 0.8720 - val loss

Epoch 75/100

: 0.2532 - val accuracy: 0.8780

567/567 [

- accuracy: 0.8767 - val loss

Epoch 76/100

:0.2392 - val accuracy: 0.8780

567/567 [

- accuracy: 0.8690 - val loss

Epoch 77/100

:0.2321 - val_accuracy: 0.8887

567/567 [

- accuracy: 0.8744 - val loss

Epoch 78/100

: 0.2597 - val accuracy: 0.8720

567/567 [
- accuracy: 0.8701 - val loss

Epoch 79/100

:0.2299 - val accuracy: 0.8945

567/567 |
- accuracy: 0.8738 - val loss

Epoch 80/100

:0.2197 - val accuracy: 0.8968

567/567 [

- accuracy: 0.8730 - val loss

:0.2379 - val accuracy: 0.8757
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] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 2ms/step - loss:

] - 1s 3ms/step - loss:

] - 1s 2ms/step - loss:

0.2667

0.2670

0.2618

0.2707

0.2627

0.2703

0.2620

0.2683



