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1. Mé dau

V6i su tang 1én ciia nhu cau thuong mai qubc té
trong bbi canh toan cau hoa hién nay, cac tuyén dudong
hang hai, dac biét 1a cac kénh 1u6ng hang hai dung
trude ap luc 16n dé duy tri kha nang van hanh mot cach
an toan va hiéu qua. Sy gia ting ciia mat d6 tau thuyén
qua lai, bién dong kho luong cua thoi tiét, hay han ché
vé ha tﬁng k¥ thuat nhu do sau lu6ng lach, ciu cang

Tém tit

Bai béo dé xudt mét phicong phap mé phong luong
giao théng hang hai bang cach két hop té bao tir
dong (Cellular Automata - CA) va thudt toan
Bayes, nham ndng cao do chinh xdc trong dw bdo
va phdn tich cdc mé hinh di chuyén cia tau
thuyén. Mé hinh CA dwoc sir dung dé mé phong

déng‘ lwc hoc khong gian - tuan ty ciia cdc tau chét hep,... di tao ra bai todn nan giai cho cac nha
thuyén, trong khi thugt toan Bayes giup xu Iy tinh quan 1y. Viéc khong xir 1y t6t luu lugng tau c6 thé dan
bat dinh va cdp nhdt xdac sudt dya trén dir liéu thyc dén su un tic, cham tré lich trinh, thim chi con tiém
té thu dugc tir H¢ thong nhdn dang tw dong 4n rui ro tai nan nghiém trong, anh huéng dén an ninh
(Automatic Identification System - AIS). M6 hinh hang hai va méi trudng. Tir thuc té nay, viéc xay dung
két hop CA-Bayes cho phép tan dung wu diém ciia cac mo hinh mé phong chinh xéc dé du bao va quan
ca hai phwong phdp va phan anh chinh xdac hoat 1y ludng giao thong tré thanh yéu cau cap thiét.

déng ciia tau thuyén trong khu viee nghién ciiu. Mot s6 mé hinh st dung cac coéng thuc kinh
M6 hinh duwoc thie nghiém va so sanh voi dir liéu nghiém dé tinh toan nang luc thong qua cho cac ludng
AIS tai cang Dafeng, Trung Quoc. song nodi dia hodc kénh dao [1], hay mé hinh Iy thuyét

nhu 1y thuyét hang doi (queuing theory) [2] va Iy
thuyét theo dudi (car-following theory) [3, 4]. Cac md
hinh nay tuy hiru ich nhung ton tai nhitng han ché nhur:
Khong phan anh dugc bién dong thoi gian thuc cta
mdi truong nhu tai nan bat ngd, hanh vi con ngudi;

Tir khéa: T¢ bao tir dong, thudt todn Bayes, luong
giao thong hang hdi, dir liéu AIS.
Abstract

This article propose a novel approach to simulate

complex maritime traffic flow by combining ngoai ra cac md hinh nay déu coi toan bd ludng hang
Cellular Automata (CA) and Bayesian algorithms, hai nhu mot thé ddng nhét, khong phan biét céc doan
aiming to enhance the the predictive accuracy and ludng dic thu nhu: Khu vuc hay xay ra tai nan, khu
analytical  capabilities for ship movement vuc giao cit, khu vuc cong.

patterns. The CA model is employed to simulate Trong nghién ciru ndy, nhom tac gia dé xudt mot
the spatio-temporal dynamics of vessels, while the hudng tiép can méi, két hop gitra Té bao tu dong
Bayesian algorithm addresses uncertainties and (Cellular Automata - CA) va thuét toan Bayes dé tao
updates probabilities based on real-world data ra m6 hinh mo phong linh hoat va thyc té hon. Trong
from the Automatic Identification Sytem (AIS). d6, phuong phap Té bao tu dong sir dung hé théng cau
The integrated CA-Bayes model leverage the trac ludi roi rac va cac quy téc Célp nhat theo trang thai
strength of both approaches, enabling a more theo ting budc théiq gian, cho phep ve€ lai chan thuc
accurate representation of ship behavior in the cach cac tau di chuyé'n, tranh nhau, hodc phan tng véi
study area. The model was tested and validated cac vat can hay su ¢ trong kénh hang hai, cling nhu
against AIS data from Defeng Port, China. phan anh véi cac doan luong phirc tap nhu doan luong

cong, khu vuc giao cit, khu vuc luéng lach hep [5, 6,
7]. Bén canh d6, phuong phap dung thuat toan Bayes
dong vai tro xir Iy thong tin, cung cip khung 1y thuyét
xéc sudt dé gitip tich hop cac ngudn dir liéu nhu dir

Keywords: Cellular  Automata,  Bayesian
Algorithm, Maritime Traffic Flow, AIS Data.
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liéu tir HE théng nhén dang ty dong AIS vao mo hinh
[8]. Tai Viét Nam, phuong phap té bao ty dong ting
dugc sir dung trong nghién ctru bién d6i dia hinh khu
vuc song Ca [9] hay m6 phong chuyén dong cua ludng
giao thong duong bd [10]. Thuat toan Bayes cling hay
duoc stir dung khi tinh todn danh gid nguyén nhan dam
va cuia tau thuyén [11].

Phuong phap két hop CA-Bayes nay cho phép cac
quy tic di chuyén cia tau trong CA duoc didu chinh
linh hoat dua trén xac suit duoc tinh toan tir bd loc
Bayes (Bayesian filtering), cho phép m6 phong céc
kich ban phuc tap nhu tranh né tau, phan Gng véi thay
d6i méi truong. Vi du nhu khi hé thong Bayes tinh
toan xac suat xudt hién khu vuc sip xay ra un tic do
mot yéu t6 bit ngd, md hinh CA s& ngay lap tic diéu
chinh 16 trinh cta céc tau 4o dé tranh khu vuc do, mod
phong cach thirc didu phdi vién hang hai dua ra quyét
dinh trong thyc té.

2. Co 56 1y thuyét va phwong phap
2.1. Phwong phdp té bao tw djpng (CA)

Phuong phap CA 1a mé hinh toan rdi rac gdm mot
ludi cac 6 (cells) véi mdi 6 co trang thai xac dinh va
thay dbi theo quy téc cap nhat dya trén trang thai cia
chinh né va cac 6 lan can.

Mb hinh ludng hang hai dugc xay dung trén co s
phuong phap CA bao gom cac thanh phan sau:

Mét mang lu6i 2D: M6 phong ludng hang hai,
trong d6 ludng hang hai duoc chia thanh cac 6 (cell)
¢6 kich thudce cb dinh (vi du: Mdi 6 = 50m chiéu rong
x 100m chiéu dai).

Tap trang thai: S = {0,1} (0: O tréng,1: O bi
chiém béi tau).

Lén c4n (Neighborhood):

- Ldn cén Von Neumann (4 huréng): Bao gdm 4 6
lién ké theo truc ngang/doc. Kiéu 1an can nay phu hop
v6i md phong chuyén dong don hudng nhu tau chi di
chuyén tién, 1, trai, phai) [12].

- Lan cdn Moore (8 huwéng): Bao gdm 8 6 xung
quanh, ca chéo. Kiéu lan can nay phu hop cho mé
phong chuyén dong da hudng phirc tap nhu khi tau
xoay hudng, tranh vat can [13].

Quy tiic cap nhat:

¢} gi,j) ¢0 trang thai s(ti_j) € {0,1}, trang thai tai
thoi diém t + 1 dugc cdp nhat phy thudc vao trang thai
hién tai va cac 6 1an can, cu thé nhu sau:

Buée 1: Xac dinh huéng di chuyén:

CA st dung mot Ma tran chuyén huéng dang hinh
vudng NxN, voi N 1a s6 hudng co thé di chuyén (8
huéng trong 1an cdn Moore). Mdi phan tir P; trong ma
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tran biéu thi xac suat dé tau chuyén tir huéng i sang
huéng j. Téng cac phan tir trén mdi hang bang 1. Ma
tran tong quat c6 dang sau:

P0°—>0° PO°—>45° P0°—>315°
p= Pisogo Pysooase Puso3150 )
Psq5o,00  Paqsesseo P3i50,3150

Tautai (i,j) c6 thé di chuyén sang mot trong cac
6 lan can trong véi xac suit vu tién theo hudng muc
tiéu.

Vi du:

- Huéng wu tién: Hudng Béc (di 1én) — Xac suét
chon: B, =0,6.

- Céc hudng khac: Pogper = = ~ 0.057

Tuy nhién trén thuc té tau s& c6 xac sudt 18 tréi,
phai nhe (huéng 45° hodc thap hon so véi hudng ban
déu) cao hon murc trén (0.15), va cac hudéng con lai la
rat thip (trir trudng hop khin cdp). Do d6 ma trén
chuyén hudng trong truong hop nay tré thanh:

0 0.15]

p= 0;6 0.:15 0.(35 0

2

(Tau c6 60% giit huong Bic, 15% chuyén hudng
Poéng Béc hodc Tay Bic, 5% chuyén huéng Dong
hodc Tay)

Buwoc 2: Tranh va cham

Néu nhiéu tau ciing huéng dén mot 6 trdng, chi 1
tau dugc chon ngau nhién.

G+ {1 (néu dwoc chon) 3)
@)~ 10 (néu khong)

Buée 3: Tinh téc do va ap dung nhiéu:

Do ludng hang hai dugc phéan doan thanh cac khu
vuc véi hinh dang khac nhau, nén quy tic cap nhat s¢
dugc bd sung nhu sau:

- Pbi véi doan kénh thiang: Ap dung quy tic di
chuyén co ban, téc d6 6n dinh, ¢6 thé ap dung mé hinh
Negel-Schereckenberg cai tién [14]:

+ Ting tdc néu khoang cach an toan di 16n.

+ Giam tdc néu dén gan tau khac.

+ Ap dung quy tic nhidu ngiu nhién: Thém xéc
suét giam tbe do dé mo phong hanh vi 1ai tau thuc té,
vi du véi Py, = 0,2 s& khién cho tdc do tau co xac
sudt 20% giam 1 don vi so v&i téc do hién tai.

- Pbi voi doan cong, hoic doan giao cit, giao
thong phirc tap: Thiét lap ving canh gidc (Warning
zones) Vi quy tac giam tdc do:

Ustraight
vCuT"Ue - 14 axk (4)
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Trong dé:

- o: Hé s an toan (0,1-0,3). Hé s6 nay duoc xac
dinh tir thir nghiém mo phdng cac kich ban va cham
tai doan cong PQ:

+ Néu a<0,1: Tbc d6 giam khong du, ti 1¢ va cham
>10%.

+ Néu >0,3: Téc d6 giam qua mirc, gdy un tic
cuc bo.

- k: Do cong cua ludng. Pugc xac dinh bang ban
kinh cong cua ludng x = I/R (R: Ban kinh cong ctia
ludng tinh bang s6 6).

- Cong thirc tdng quat:

Trang thai méi cia 6 (i,j) phu thudc vao trang
thai ciia 1an can Moore va quy tic uu tién:

sip = f (Z(k,l)eN(iJ)w(k,l)' S(tk,z)) O]

Trong dé:

- W,p: Trong s6 wu tién hudng twong tng véi 6
(k1)

- f: Ham kich hoat (Vi du: f(x) = 1néux >
0.5).

2.2. Thudt todn Bayes trong xi Iy bit dinh

Phuong phap Bayes cung cap mot khung toan hoc
dé xir Iy tinh bét dinh trong md phong hang hai thong
qua viéc cap nhat xac sudt dua trén dir liéu quan sat.
Pinh Iy Bayes duoc biéu dién nhu sau[11]:

p(E|H)-p(#H)
P(E)

P(HIE) = (6)

Trong dé:

- P(H|E): Xac suit hau nghiém (posterior) cta
gia thuyét A sau khi quan sat bang chimg E.

- P(H): Xac suét tién nghiém (prior) cua H
trude khi co dir ligu.

- P(E|H): Likelihood - Xac suit quan sat E néu
H dung.

Phuong phap Bayes sir dung dé xir ly 2 yéu té
chinh trong m6 phong ludng hang hai: Toc do va
Huodng di.

Déi voi toe do, phuong phap nay tich hop cac
thong s6 mat do ludng, khoang cach an toan va toc do
hién tai dé diéu chinh toc do tau, giam thiéu rui ro va
cham. Duéi day 1a Cong thire Bayes cho xdc sudt giam
té'c Hion:

P(D, d, v|Hg1ow)-P(Hsiow)
P(D,d,v)

P(HslowlD' d' 17) = (7)

Bién dau vao:

D: Mat do tau (sé tau/o trong ban kinh 7 6);

d: Khoang cach dén tau phia trude (6, tinh theo
hudng di chuyén);

v: Téc d6 hién tai (6/budc);

X4c suat tién nghiém Hyyw = 0,2 dua trén kinh
nghiém hoac dit li¢u lich sur.

Likelihood ti 18 twong ddi véi D,d theo cong thirc:

1
P(D,d,v|Hgpy) x e®*Fa (8)

Trong d6 « va £ 1a hé sb an toan tuong tmg cho
mat do tau va khoang cach, h¢ sb nay dugc xac dinh
bang phuong phép thi cong va diéu chinh dya trén dit
lidu AIS va két qua mo6 phong. Khi mat d6 tau D ting
gi4 tri ham mi ting s& khién Likelihood giam toc cao
hon va nguoc lai. Khi khoang cach d giam, gia tri ham
mil tang, Likelihood giam tdc tang cao.

bdi véi chuyén hudng, dua trén hudng hién tai cua
tau va diéu kién moi truong (vat can, huéng tau khac)
¢6 thé stt dung Cong thitc Bayes cho xdc sudt chuyén
hwong nhu sau:

P(goutlem, E) = P(E|90ut)'P(00ut|9in) (9)

P(E)

Bién dau vao:

- 0;,: Hudng hién tai;

- E: Sy kién moi truong (vi dy: Vat can ¢ hudng
du dinh).

Cong thirc (9) s& truc tiép tac dong vao Ma tran
chuyén hudng cia tau, 1am thay ddi xac sudt chuyén
hudng cua tau sang huéng mai phu hop hon. Vi du
khi 6, = 0° va vat can xuét hién thi
P(0,,: = 45°|0;, E) trong (2) tang tir 0,15 1én 0,3.
2.3. Két hop CA va Bayes trong mé phéng luong
hang hdi

M6 hinh lai két hop CA - Bayes tan dung vu diém
xtr Iy khong - thoi gian cia CA v6i kha nang xir Iy bat
dinh ctia Bayes. M6 hinh bao gdm 2 16p nhu sau:

Lép CA:

Thiét 1ap ludi khong gian 2D, thiét lap tdc do va
hudng di ban dau cia tau. Ap dung quy tic di chuyén
cing nhu tranh va cham bang cach giam tdc khi
khoang cach dén muc tiéu nho hon khoang cach an
toan. Uu tién hudng an toan thong qua ma tran chuyén
huéng. B sung yéu t6 nhidu ¢& mé phong hanh vi con
nguoi va anh huéng méi truong dén toe do tau.

Lép Bayes:

Xur 1y dit liéu bang cach tinh Py theo thoi gian
thyc tir dit liéu (AIS), sau do tdi wu hoa tham sb cua
CA (tdc d6 tdi da, khoang cach an toan, huéng wu tién).
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' L&p Cellular Automata :

Dt ligu AIS '

Ludi 2D 1

Luat di chuyén tau

Thuat toan Bayes

Khu vuc canh giac

: : 1 !
! Cap nhat luat CA : : }
: H H P_risk ]
! : : !

i Thong s& CA déng | Céap nhat Bayes !

:

1

|

1

2 2 ! :

An toan 1 = ‘
= H H
! huéng ' H

T

Toc do toi da

i
|

Hinh 1. So d6 hoat dpng ciia mé hinh CA-Bayes

Co ché tuong tac:

- Ludng dir liéu CA — Bayes:

CA cung cép dit liéu dau vao cho Bayes bao gdm
Mit d6 tau D, khoang cach d, tbc do v va hudng di cua
tau 6. Vi du nhu khi tau tién dén gan vét can, CA s&
truyén gia tri d dé Bayes tinh toan P

- Ludng diéu chinh Bayes — CA:

Bayes s€ diéu chinh dong tham s6 CA dua trén Py
vé tbe do, khoang cach an toan va hudng di. Vi du nhu
sau:

Vmax-new = Vmax * (1 — 0.5Ppisr) (10)

dsafe—new = dsafe (1 + Pgigk) (11)

M5 hinh két hgp nay cho phép cung cip mot huon
khé linh hoat & mé phong ludng hang hai trong diéu
kién thuc t&, mo hinh nay c6 kha ning thich tmg va
g ph6 véi cac tinh hudng phirc tap va bat ngd mot
cach linh hoat hon so véi 2 phuong phap riéng 1€.

3. Thiét ké md hinh md phong ludng két hop
CA va Bayes
3.1. Dir liéu va cong cu

Dir liéu dugc thu thap tir cang Dafeng, Trung Qudc
trong 2 thang 5-6/2020, bao gém: Vi tri (kinh do, vi
d6); toc do, hudng di chuyén; kich thude tau. Day l1a
mot cang cd mit d§ giao thong cao, tir 1200-1500
tau/thang, phu hop dé kiém tra ap luc ludng, ludng c6
mot doan cong PQ c6 ban kinh 500m, goc quay 70°,
1a khu vuc c6 nhidu va cham xay ra va c6 bo dit liéu
AIS day du, tin cay.

Dir lidu dugc xir Iy 1am sach bang cach loai bo cac
ban ghi thiéu théng tin hodc nhiéu. Sau d6 dwoc chuin
hoa tir toa d§ dia ly sang toa 36 6 CA. Cac tau dugc
phén loai theo kich thuéc nhu Bang 1.

Cong cu st dung 1a Python dé x4y dung mé hinh
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CA-Bayes, vdi cac thu vién Pandas, NumPy, PyMC3
dé xir Iy va tinh toan, cac cong cu Matplotlib va
Folium dé minh hoa mé phong va céc két qua.

3.2. Trién khai mé hinh

Thiét 1ap CA véi cac thong so chinh sau:

Ludng CA:

Khong gian CA dugc mo hinh hoa tir doan ludng
dai 46.7km, dugc chia thanh 934 6, mdi 6 dai 50m
c6 trang thai nhi phan (0: Tréng, 1: C6 tau) va sir dung
lan can Moore 8 huéng dé xur Iy chuyén dong phtc
tap. Trong d6 doan cong PQ dai khoang 1km duoc coi
la ving canh gidc c¢6 nguy co dam va cao, doan nay
duogc chia thanh 20 6.

Cap nhat CA:

Céc tau di chuyén trong khu vuc c6 toc do tir 5-
20km/h (twong tmg 1 - 4 6/budc), mat do tau ban dau
dugc xac dinh bang phan phdi Poisson (1 = 0,3
tau/phut). Ngudng rui ro va cham la 25%.

Bing 1. Théng tin vé kich thwéc tau va sé té bao ma

tau chiém ché khu vie cing Dafeng

Kich thwéc tau/m

Trong Mén S6 cell tau
tdii /T  Dai Rong nuéc chiém chd/6
ddy tai
150000 289  45.0 17.9 6
100000 250  43.0 14.5 5
50000 223 323 12.8 5
10000 135 20.5 8.5 3
5000 115  18.8 7.0 2
3 000 96 16.6 5.8 2

Cac tau di chuyén vao khu vyc ving canh giac sé
giam 30% toc do so vai toc do hién tai, ngoai ra con
¢6 10% giam téc d6 do nhiéu ngau nhién.

7

g o
A

-
| 193 km

-

Hinh 2. Khu viee luong cing Dafeng
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Khoéng cach an toan tdi thiéu 1a 2 6 (100m) gitra
céc tau, ty dong diéu chinh dya trén kich thude tau.

Hudng di chuyén duge x4c dinh thong qua ma trén
xac sudt chuyén hudng, c6 kiém tra va cham bang co
ché vu tién ngau nhién.

Tich hgp Bayes vao mé hinh:

L&p Bayes duoc xdy dung véi cac bién ngiu nhién
va xéc suat c6 diéu kién. Trong d6 bién ngau nhién s&
bao gém: Mat d¢ tau, khoang cach an toan va tde do
tau hién tai duoc Iy tir luéi CA, tir didu kién giao
thong do 16p Bayes tinh toan ra Nguy co dam va tur
céc bién trén. Céc x4c suit hau nghiém duogc tinh toan
lién tuc, bao gdm xAc suat giam tdc va xac suat chuyén
hudng theo cong thuc (7), (9) va cap nhét ngugc lai
vao ludi CA theo cong thire (10) va (11).

Mo phong thoi gian thue:

Hé théng mo phong hoat dong theo chu ky 30
gidy/buée. Dit liéu dong tau duoc sinh ngiu nhién
theo quy luat Poisson (A= 0,2 tau/phit - s5 liéu nay c6
thé thay d6i dé phu hop véi thyuc té) phan anh luu
luong trung binh tau tai cang. Thugc tinh tau nhu kich
thudc, tbe d6 duoc 14y tir mau phan phbi thuc té.

Khan tao hé thong
Doc gt liéu ddu vio
‘Thiét lép ludi CA

t=0

Tao tiu

A
Khéng // Coti g -
-
T
e = ry
Cocmpl—~—_ Khong ">~ Khing | Givneen
: ~ 06 giimtée usémg, the
< omg khéng? M g udatin s
e 6, i 161 6
\\kfmz 7 T E// :

1ép theo

]/Lu Co
| Chuyén

hing

Giam toc

Ciép nhit toc 40, hwéng va vi
tri mdi

Khong
Kétthic t<t_max?

\\\/

~ Co
p S |

Hinh 3. Lwu dé chwong trinh mé phéng

Trong mdi chu ky, hé théng thue hién:

1. Cap nhét vi tri va trang thai tau theo quy tic CA;

2. Thu thap dir liéu moi truong;

3. Tinh toan xac suit rui ro bang mang Bayes;

4. Ty dong diéu chinh thong sé khi xac suit va
cham vuot ngudng 0,3.

Co ché phan hdi bao gdm: Khi xac suét va cham
>30%, hé thong sé& ty dong giam 4 xuong 0,1 tau/phut,
tang khoang cach an toan 1én 10% va phéan bé lai
ludng giao thong.
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3.3. Phan tich én dinh ciia mé hinh mé phéng

M5 hinh dugc kiém dinh qua 100 lugt md phong
véi cac kich ban khic nhau, trong mdi kich ban cac
thong s6 dau vao dugc thay doi dé mo phong da dang
céc tinh hudng. Két qua cho thay hé thong duy tri duoc
hiéu suat 6n dinh vé6i thong lwong tau tdi da 554
tau/ngay voi sai s6 <5%.

LUONG CHINH VUNG CANH GIAC
TETRA — H

]
[Co
[F]

Buge: 43 | Va cham: 0

(a) Man hinh chinh

VUNG CANH GIAC

16,08

150k

(b) Chua c6 va cham

coL!

5 I_I

1oL

(c) Xay ra va cham

Hinh 4. Man hinh chwong trinh mé phong

4. Két qua va danh gia

Dé kiém tra két qua ciia md phong, nhom tac gia
d3 so sanh mo phong bang CA-Bayes vdi mo phong
bang CA don thuan trén cing mot tap dir liéu va ciing
khu vyuc cang.
4.1. Két qua mé phong theo phwong phap CA
don thudn va CA-Bayes

560

“ W
540 = (A truyén théng
= (CA-Bayes

510

0 3 10 15 20 25 30
Ngay m6 phong

S luong tau/ngay

Hinh 5. Biéu dé so sinh thong luong tiu gidia mé
hinh CA truyén thong va mé hinh CA-Bayes
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Sau 100 lugt md phong, mdi lugt md phong 30
ngay tau chay qua khu vic ludng. Két qua mo phong
ctia 2 phuong phap duoc thé hién trén cac Hinh 5, 6
va7.

0.8 1 H
=== CA truyén thong

= (CA-Bayes

=
=3

Mit)dd ngiy hiém

=t
=

Xdc suat va cham
=
-

=
=]

0.0 0.2 04 0.6 0.8 L0
Mat do tau (tau/s)

Hinh 6. D6 thi xdc sudt va cham theo mét dp tiu

M hinh CA-Bayes

T 1

Hinh 7. Bin do nhiét mdt dp tau tai doan cong PQ

(vang cdnh gidc)

M3 iinh CA truyén

Mit do tau

4.2. Phan tich két qud

Mo hinh CA-Bayes cai thién so v6i mo hinh CA
truyén thong trén ca ba khia canh: Nang luc thong qua,
an toan hang hai va kha ning thich tmg. Cuy thé nhu sau:

- Nang luc thong qua dat 554 tau/ngay, cao hon
6.5% so v6i mo hinh CA don thuan (520 tau/ngay). Su
cai thién nay dén tir co ché diéu chinh dong khoang
cach an toan dya trén x4c sudt rai ro, gitp tdi wu hoa
khong gian ludng lach ma van dam bao an toan.

- Vé an toan: Giam 50% va cham so v6i mé hinh
CA truyén thong nho dy bao som rui ro thong qua
phan tich da yéu t§ (Mat do tau, khoang cach an toan,
van tbc). Cu thé, nho thuat toan Bayes phat hién cac
tinh hudng nguy hiém tiém 4n khi xac sudt va cham
vuot 0,3, tir d6 kich hoat co ché giam tdc do va diéu
chinh 19 trinh ty dong. Nguoc lai, mé hinh CA chi
phan ing co hoc khi khoang cach vat ly gitta cac tau
vuot ngudng an toan, lam giam kha nang phong ngtra
tai nan so voi CA-Bayes.

- Xur ly trong khu vuc canh giac: Khi di vao khu vuc
PQ céc tau déu phai giam toc d9, trong khi d6 cac tau
chay tai cac kh u virc khac van di chuyén véi toc do
binh thudng theo phuong phap CA truyén thong, co thé
dan dén un tic, diéu do thé hién ¢ ban dd nhiét cua tau
di qua khu vyc nay luén & mic cao, mat d co thé 1én
dén gan 1 tau/6. Nguoc lai, véi phuong phap CA-Bayes,
viéc ting/giam tde d0 duge xac dinh theo xéac suit rui
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ro hién tai, cac tau cé kha nang tang tde tro lai néu xét
thdy dam béo an toan, dan dén viéc thoat tau khoi khu
vuc nhanh hon, thé hién & ban d6 nhiét khu vuc c6 rat
it 6 dat dén mitc 0,8 tau/o (Hinh 7).

- V& tinh thich tmg: M6 hinh CA-Bayes c6 thé mo
phong cac truong hop phtc tap nhu bién dong luu
lugng khi s6 lugng tau ting dot bién, mo hinh s&
nhanh chéng dua ra diéu phdi pht hgp. Hodc md hinh
c¢6 thé két hop vdi cac thong s khac nhu thong tin
thoi tiét, dé dua ra xac suat giam toc va diéu chinh vao
mo hinh.

Bing 2. So sanh hiéu sudt gita mé hinh CA va CA-

Bayes
\% )
) Mo
hinh . o
n hinh Do cai
Chi tieu CA .
2 CA- thién
truyen
i Bayes
thong
Thong
520 + 554 +
luong tau +6.5%
N 15 10
(tau/ngay)
Ty 1€ va 1.8+ 0.9+
-50%
cham (%) 0.3 0.2
Thoi gian 150 +
95+ 15 -36.7%
xu ly (ms) 20
Du bao
chinh  xac 75+5 92+3 +22.7%
su cb (%)
Thoi gian
cho  trung 45+8 32+5 -28.9%
binh (phut)
5. Két luan

Trong bai bao nay, tac gia da dé xuat mot mé hinh
mé phong ludng giao thong hang hai, st dung
phuong phap té bao tw dong va thuat toan Bayes. Két
qua thyc nghiém cho thdy mé hinh tang 6,5% thong
lugng tau (554 tau/ngay), giam 50% ty 1¢ va cham so
v6i md hinh CA don thuan, dong thoi dua ra canh
bao rui ro dua trén phan tich da yéu td. Viéc cap nhat
trang thai tau theo thoi gian thyc va ty dong diéu
chinh quy tic dam bao can bing giita hiéu suét va an
toan. Hudng phat trién tiép theo tap trung t6i wu hoa
thuat toan cho cac khu vuc phirc tap (nhu ludng lach
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hep, di qua khu vuc bén dd dong duc) va tich hop
thong tin thoi tiét, cling nhu tich hop Al du bao moi
truong dai han.
Lo&i cdm on
Nghién ctru nay dugce tai trg béi Truong Dai hoc
Hang hai Viét Nam trong d¢ tai ma s6: DT24-25.16.
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