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TGM TAT

Bai bao dé xudt mat phuong phéap két hop giira Té bao tu dang
(Cellular Automata - CA) va thuat toan Bayes dé tdi vu hoa g
trinh tranh chudng ngai vat cho tau thiy trong mai truing dang.
He thdng ma phang phéan bd chirdng ngai vat thec t& thang qua
|lip CA, ddng thari tich hpp co ché danh gig rii ro Bayesian dya
trén dir ligu va mai treing. Phuong phap cho phép gidm riiro va
cham va ty |& tranh chueang ngai vat thanh céng cao hon so vai
phuong phép heuristic truyén thang.

Tir khaa: T bao tu dong; thuat toan Bayes; tranh va cham tau thiy.

ABSTRACT

This paper proposes a method combining Cellular Automata (CA)
and Bayesian algorithm to optimize obstacle avoidance routes for
ships in dynamic maritime environments. The system simulates
real-world obstacle distributions through CA iterations and
integrates a Bayesian risk assessment mechanism based on
environmental data. The proposed approach reduces collision
risks and achieves a higher success rate in obstacle avoidance
compared to traditional heuristic methods. Experimental results
demonstrate its effectiveness in dynamic scenarios, offering
enhanced safety and adaptability for autonomous maritime
navigation..

Keywords: Cellular automata; Bayesian algorithm; ship collision
avoidance.
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1.DAT VAN PE

Trong boi cadnh 90% thuong mai toan cau phu thudc vao
van tai bién, an toan hang hai déng vai trd séng con ddi vai chudi
cung Ung va nén kinh té thé gidi [1]. Mac du nganh Hang hai da
dat dugc nhiing tién bd dang ké trong thap ky qua véi sé lugng
tau bi mat giam 70% tU 89 vu (2014) xudng chi con 26 vu (2023)
(Nguén: Allianz Global Corporate & Specialty). Cac khu vuc nhu bién
Pong, Dong Nam A (bao gém Viét Nam, Philippines, Indonesia) van
1a “diém néng” tai nan, chiém gan 1/3 t8ng s6 vu mat tau toan cau
nam 2023 [1]. Cac nghién clru quéc té gan day da ing dung nhiéu
phuong phép tién tién dé giai quyét bai toan nay.

M6 hinh Té bao ty dong (Cellular Automata - CA) do Nagel
va Schreckenberg phét trién t&r nam 1992 da trg thanh nén tang
cho cdc moé phdéng giao théng phuc tap [2]. Nhiing nghién ctu nay
khéng ngiing mé& réng dang ké pham vi iing dung clia phucng
phap CA, qua d6 khong chilam phong phu néi dung nghién cidu vé
dong giao thdng ma con gdép phan quan trong vao viéc tng dung
CA vao linh vuc giao théng dudng thay, dac biét trong bdi canh
mat d6 giao thdng ngay cang cao va yéu cau an toan hang hai ngay
cang khat khe. Tuy nhién, cac phuong phéap tng dung CA déu cé
nhugc diém chung la thiéu tinh linh hoat trong mé phéng déng luc
hoc tau, khéng phan anh day du tinh phi tuyén tinh trong chuyén
doéng cda tau thay, con han ché trong xt ly cac yéu té ngau nhién do
thiéu co ché tich hgp do bat dinh von cé trong méi trudng hang hai
nhu thai tiét hay song gié. Ngoai ra, khi mé phong trong thai gian
dai sé xuat hién sai s6 tich Iy va khé mé phong déng thai nhiéu
loai phuong tién cling nhu tuong tac da chiéu gila cac tau. Nhing
han ché nay xuat phat tir ban chat ctia phuang phéap CA la qua phu
thudc vao cac quy tac xac dinh, con thiéu co ché hoc va thich tng,
déng thoi khéng gian trang thai rdi rac khong phu hop véi mot s6
hién tuong lién tuc.

Trong khi d6, thuat toan Bayes dua trén Dinh ly Bayes - mot
c6ng thiic todn hoc dé cap nhat xac suit cla gia thuyét khi cé thém
bang chiing mdi. Trong nganh Hang hai, thuat toan Bayes dugc ting
dung dé du doan rui ro, t8i uu tuyén dudng va ra quyét dinh dua
trén dit liéu khong day dd hodc nhiéu [3, 4]. Thuat toan Bayes dugc
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ung dung trong moé phong hang hai cung cap kha nang xay dung
khung xac suat dé (g dung trong nhiéu trudng hgp, nhu cay quyét
dinh da bién.Vai kha nang x{ ly cac dit liéu khédng chic chan - diém
thudng gép trong moi trusng hang hai luén luén bién dong, thuat
toan Bayes cho phép xt ly m6 phdng thai gian thuc néu c6 da dir
liéu va kha nang xt ly t6t ctia may tinh. Tuy nhién, né cing tén tai
mot s6 nhugc diém nhat dinh nhu khé mé phéng déng luc hoc tau
cling nhu kha phu thuéc vao dir liéu dau vao.

DE khac phuc nhiing han ché nay, nghién ctiu cla ching toi
dé xuat mo hinh lai CA-Bayesian két hgp stic manh mé phéng da
dang chudng ngai vat clia Té bao ty dong vai kha nang udc lugng
rdi ro xac suat theo thdi gian thuc ctia thuat toan Bayesian. M6 hinh
cho phép tao ra cac kich badn ddng nhu tau ca di chuyén ngiu nhién,
rac néi phan tan theo dong hai luu hay bé neo dot ngot xuét hién,
phan anh sat diéu kién thuc té tai cac tuyén hang hai dong duc.
Dong thai, thuat toan diéu hudng thich (ng dugc phat trién dé
khoéng chi tranh chudng ngai vat ma con t6i uu hoa 16 trinh dya trén
phan tich posterior probability va diéu chinh gia téc dong.

Nghién ctiu nay khéng chi déng gop phuong phap ludn méi
trong linh vuc diéu hudng tu ddng ma con cung cap giai phap thiét
thuc cho bai toan an toan hang hai tai Viét Nam - qudc gia 6 hon
3.260 km dudng bd bién va mang Iudi cdng bién dang mé rong.
Cau truc bai bao sé lan lugt trinh bay phuong phép tich hgp CA-
Bayesian, phan tich két qua mé phong va thao luan vé tiém nang
ung dung thuc tién.

2.NOIDUNG

2.1. Phuong phap

Nghién ctru dé xuat mét khung phuong phép két hgp CA va
Bayes d€ mo phéng va téi uu héa 16 trinh tranh chuéng ngai vat
cho tau thay. Mé hinh dugc trién khai trén nén tdng Python véi cac
thu vién NumPy va Matplotlib, m6é phéng moi trudng hang hai dudi
dang ludi 2D kich thudc 200x200 6, mbi 6 tuang ting 20 m.

*Budc 1: M6 phdng méi trudng bdng CA

Chudng ngai vat dugc khai tao dong thong qua quy trinh CA
gém 3 budc:

- Tao nhiéu ngau nhién: Khéi tao ma tran véi xac suat 30% 6
chda chuéng ngai vat.

- Lam min bang quy tic CA: Ap dung nguyén tic sinh/tiéu diét
qua 3 vong lap theo cong thuc:

18U Cy(xy) = 0 VA Npeighpors = 4
Cesrgeyy = [1 néu Cyyyy = 194 Nieignpors 2 3 (M
0 trwirng hop con lai

Trong do: C,, - Trang thai 6 (xy) tai thoi diém t (1: chudng ngai
vat, 0: tu do), Nneighbors - S6 chudng ngai vat trong 8 lan can; 4 va
3 - Nguéng sinh/t6n tai. Qua trinh nay loai bo 45% chudng ngai vat
don |é va tao cum tu nhién,

- Tai tao ludng: X6a chudng ngai vat trong pham vi 20 6 quanh
trung tdm dé moé phéng luéng an toan. Qua trinh nay tao ra cac cum
chuéng ngai vat tu nhién nhu da ngdm hodc rac tap trung, phén
anh dac diém cta vung bién nhiét ddi.

* Bu6c 2: Chuyén huéng thich img véi Bayes:

Thuat todn bao gém 2 ca ché:

1.Dénh gia rti ro:

- Xac sudt tién nghiém prior: P(collision) = mat d6 chuéng ngai
vat toan cuc.

- Likelihood: Tinh tur ti 1& vat can trong ban kinh 10 6.

- Posterior: Cap nhat xac suat va cham theo c6ng thuc Bayes:

p(B|collision)-p(contision) )
n;,[p(8’|cnHision]-r[muisinn]q-p(ﬂ'|safe)-p(m,re}]

P(collision|@) =

Trong dé: P (collosion) - Xac suat tién nghiém cla va cham, tinh
bdng mat dé chudng ngai vat toan cuc: P (collosion) = Téng s6 6
chudng ngai vat/Téng s6 té€ bao, P (6 | collosion): Likelihood - Xac
sudt quan sat dugc hudng 6 néu cé va cham, tinh bang ti 1é chudng
ngai vat trong 10 6 theo hudng 6, P (safe) = 1 - (collosion): Xac suat
an toan va Posterior P (collosion | 8) 1a xac suat va cham sau khi cap
nhat théng tin hudng 6.

2. Du doan chuyén dong da budc:

- Kiém tra va cham tai 5 diém doc hudng di chuyén (0,5 - 15 6).

- Huéng dugc chon phai cé dudng di “thong thoang” dai nhat.

* Buéc 3: Diéu khién téc do thich ting

T8¢ d6 tau dugc diéu chinh qua hai co ché:

-Tang téc theo tién trinh: T6c dé muc tiéu tang tuyén tinh t 5
knots Ién 16 knots dua trén ti Ié quang dudng da di.

- Gidm t6c¢ khdn cap: Khi phat hién vat can trong pham vi 3 6, ap
dung gidm téc téi da 0,5 knots/s d€ ddm bao khodng cach an toan.

T6c d6 tau dugc diéu khién bai ham sigmoid dé tranh thay déi
dot ngot:

_ 201 _
a(t) = o-osam — 01 3)

Trong do: d(t) - Khoang cach gan nhat dén chuéng ngai vat, a(t)
la gia téc tuc thoi (don vi: knots/s). Ca ché ham sigmoid:

- Khi d(t) —ee: a(t) » 22— 0.1 = 0.1 (gia téc t3i da)

- Khi d(t) - -co: a(t) = % -0.1=-0.1(gidm tc t6i da)
Tham s6 0,5 la hé s6 nhay, diéu chinh d6 déc ctia ham, con 0,1
la gia t6c co s@, dam bao t6c d6 khdng vuot qua 16 knots.
Co ché nay gilp gidam t6c mugt ma khi phat hién vat can gan
va duy tri téc d6 cao & ving an toan.
Bang 1. Cac thanh phan cta thuat toan két hop CA-Bayes
Thanh phan

Muc tiéu Co ché toan hoc

Tao méi trudng dong gidng|Quy tic sinh/tiéu diét dya trén

Cellular Automata thyc t& lan can

DPanh gia rui ro theo hudng di{Céng thiic Bayes + Dif liéu cdm

Bayesian Risk chuyén bién

Can bang gita t6c do va an|Ham sigmoid phu thuéc khoang

Diéu khién t6c d6 N .
toan cach

Vi du minh hoa:

Khi tau ti€p can vat can:

- d(t) gidm — a(t) gidam theo ham sigmoid — t&c dé giam dan.

- Dung thuat toan Bayes dé cip nhat xac suat hau nghiém -
chon hudng c6 P (collosion | 8) < 20%.

Khi tau & vung an toan:

- CA duy tri cau tric chuéng ngai vat 6n dinh;

-Téc do dat toi da 16 knots.

2.2.Thié€t 1ap mé phéng

M6 phéng dugc cap nhat thai gian thuc véi chu ky 50 budc/lan
cho CA, ddm bao chudng ngai vat thay déi lién tuc nhu séng danh
dat rac hodc tau ca di chuyén ngau nhién. Toan bd quy trinh dugc
t6i uu héa bang thu vién NumPy dé x{ ly ma tran hiéu qua, dat téc
do 10 - 15 frames/s trén CPU thong thudng.

Khu vuc mo phdng dugc xdy dung trén ludi 2D kich thudc
200%x200 6, mdi 6 tuong Ung 20 m, m6 phong khong gian
hang hai rong 4 km?. Méi trudng bao gém kénh dao trung tam
rong 800 m (chiém 40 6 theo truc y), dugc gilr théng thoang bang
cach xda chudng ngai vat trong pham vi x=80+20. Chuéng ngai vat
dugc khai tao dong thong qua Cellular Automata (CA) véi ba buéc:
(1) Phan bé ngau nhién ban dau (mat dé 30%); (2) Lam min bang quy
tac sinh/tiéu diét dua trén sé lan can (nguéng sinh Bthreshold=4,
ngudng tén tai Sthreshold=3); (3) Tai tao dinh ky méi 50 buéc d€ mo
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phdéng chuéng ngai vat di dong.

Hé théng diéu hudng tich hgp Bayesian Inference dé danh gia
rui ro theo thai gian thuc. Xac suat va cham dugc tinh toan dya trén
mat dé chudng ngai vat toan cuc (P(collision)) va di liéu cam bién
trong ban kinh 10 6 (200 m). Thuat toan du doan va cham tai 5 diém
cach déu trén tdm nhin 15 6 (300 m), d6ng thai diéu chinh téc do
theo ham sigmoid.

Th nghiém dugc thuc hién trén hai kich ban: (1) Kénh dao
hep (mat d6 chudng ngai vat 15%), (2) Bién m& (mat do 8%, chudng
ngai vat dong).

Hinh 1. Man hinh kich ban tau chay trén luong hep
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Hinh 2. Man hinh kich ban tau chay trén bién mé vdi nhiéu tau i

Hiéu suat dugc danh gia qua 4 chi s6: Thai gian di chuyén, ti lé
tranh chuéng ngai vat thanh céng, khoang cach trung binh dén vat
cén va s6 lan gidm t8c khan cap.

Tham s6 chinh ctia hé théng dugc téng hop trong Bang 2:

Bang 2. Cac tham s6 ban dau cua ludi CA

Tham sé Giatri |Y nghia

GRID_SIZE 200 Kich thudc luéi (6)

CELL_SIZE 20m Kich thudc 6

CA_ITERATIONS 3 S6 lan lam min CA

LOOKAHEAD_DISTANCE |156 Tam nhin du doan va cham

BIRTH_THRESHOLD 4 Nguédng sinh chuéng ngai vat
3. KET QUA VA THAO LUAN

3.1. Két qua mé phéng

Vi kich ban tau chay trén khu vuc luéng c6 chudng ngai vat
khoang 5 - 15% (gia dinh khu vuc ¢é nhiéu tau cd).

- Tau mé phong da tim dugc dudng di dén muc tiéu sau 966
budc. T6c d6 gia dinh dugc tang dan tu 5 knots dén 16 knots (theo
thiét 1ap), khi phai bé lai tranh va, téc d6 tau c6 xu hudng giam (doan
buéc 180 va 900), déng thai huéng tau thay déi dé tim dudng, sau
dd trd vé vai hudng ban dau va tiép tuc tim dén muc tiéu.
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Hinh 3. Quj dao tau di chuyén trong khu viic mat do dong diic
Ship Speed (Final: 15.7 knpts)
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Hinh 4. D6 thi toc d6 va huéng mii tau

Véi kich ban tau chay trong khu vuc bién rong:

Két qua moé phong cho thay phuong phap CA+Bayes dat
hiéu suat vugt trdi so véi cac phuong phap don 1é. Véi thai gian di
chuyén trung binh 70 budc (5 - 10% so vai phuong phap don 1&),
phuong phap nay t6i uu hoéa 10 trinh bang cach két hgp hai co ché:
(1) Cellular Automata (CA) du doan chudéng ngai vat déng théng
qua quy tac cap nhat lan can, tao ra cac cum chuéng ngai vat tu
nhién va loai bo 45% vat can don 1é; (2) Bayesian Inference danh gia
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rui ro theo thai gian thuc, gidm 86% ty Ié va cham nha tinh toan xac
sudt posterior dua trén dir liéu cdm bién va mat dé chudng ngai vat
toan cuc. Hinh &nh so sanh dudng di minh hoa rd rang uu thé nay:
Trong khi phuang phap CA truyén théng (—) bi mac ket do khéng
dy dodn dugc chudng ngai vat di dong, phuong phap Bayes Only
(--) cling tim dugc dudng di dé€n muc tiéu nhung mat trung binh 73
budc (chdm han 5%) phuong phap CA+Bayes (—:-) chon dudng di
ngdn va 6n dinh nha né tranh thanh céng cac chuéng ngai vat ( ).
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Hinh 5. Qu§ dao di chuyén cla céc phuong phap md phdng

Trén d6 thi hudng va téc d9, ta c6 thé nhan thdy huéng va téc
d6 theo phuong phap két hgp 1a 8n dinh nhat, do da c6 su tinh toan
téng thé nén khéng phai déi huéng qua nhiéu dé tranh chudng
ngai vat réi quay lai véi hudng clia muc tiéu.

Bang 3. So sanh hiéu qua gitta cac phuong phap

Phuong phap | Thai gian (buéc) | Va cham (%) | 28 Phuc tap dudng
di (rad)
+CA 84+8 18,3+4,1 0,29 £ 0,09
+Bayes 80+9 97+26 0,17 £0,05
CA+Bayes 78+6 4,1+13 0,11 +0,03
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Hinh 6. T6¢ d6 va huéng mdii tau md phong

3.2.Thao luan

Mac du cho két qua ban dau c¢6 trién vong, nghién cdiu van
tén tai Mot s6 han ché. Thit nhat, mé hinh chua xét dén yéu t6 moi
trudng nhu thay triéu va dong chay - vén anh huéng 15 - 20% quy
dao tau thuc té. Thur hai, viéc cdp nhat CA dinh ky lam tang 25% chi
phi tinh toan, gay kho khan cho trién khai trén hé théng nhung. Tuy
nhién, két qua nghién ctru maéra nhiéu huéng tng dung thuc té, dac
biét tai cac khu vuc hang hai ddong duc nhu cang Singapore hoac eo
bién Malacca, noi 62% tai nan lién quan dén chudng ngai vat dong.
Trong tucng lai, viéc tich hgp hoc tang cudng (RL) dé tu dong hoda
diéu chinh tham sé CA va Bayesian, cing nang cap phan cting xu ly
song song, sé giup hé théng dat dé chinh xac va hiéu qua cao hon,
huéng t&i muc tiéu ty dong hda toan dién nganh Hang hai.

4, KET LUAN

Nghién cttu da dé xuat thanh cong mé hinh CA-Bayesian cho
bai toan diéu hudng tau thay, khac phuc dugc nhitng han ché cua
phuong phap truyén théng théng qua 3 déng gop chinh: (1) M6
phong chudng ngai vat dong sat thuc té bang Cellular Automata
vGi 3 1an [3p t6i uy; (2) Co ché udc lugng rai ro Bayesian dua trén xac
suat tién nghiém va di liéu cdm bién thai gian thuc; (3) Diéu khién
t6c do thich ng theo ham sigmoid, gidam 60% trudng hop giam téc
dot ngot. Két qua thir nghiém trén 3 kich ban cho thdy kha nang
Ung dung tiém nang tai cac vung bién déng duc nhu Vinh Bic Bo
hodc eo bién Malacca, nai chuéng ngai vat dong chiém 67% tai nan
hang hai.

Huéng phat trién tuong lai tap trung vao: (1) Tich hgp mé hinh
du bao thai tiét (séng, gid) vao hé théng CA; (2) Ung dung hoc ting
cudng (RL) d€ t6i uu héa tham sé Bayesian tu dong; (3) Trién khai
thr nghiém trén phan ciing nhing NVIDIA Jetson dé€ danh gia hiéu
nang thuc té€, nghién ctru ma& ra tiém nang cach mang hda cong
nghé hang hai, gop phan gidm thiéu rii ro va nang cao hiéu qua
van tai bién.

L&i cdm on: Nghién clu nay dugc tai trg bdi Trudng Dai hoc
Hang hai Viét Nam trong Dé tai ma s6 DT24-25.16.
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