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Tom tit:

Phuong tién ty hanh dudi nudc ngay cang dong vai tro quan trong trong qua trinh khai thac va tham do tai
nguyén bién. Xay dung tuyén duong va tranh chuéng ngai vat 1a cong nghé cbt 18i gitp thiét bi nay thuc
hién qua trinh van hanh dudi nuéc. Cac phuong phép tranh va dugc thuc hién bang cam bién am thanh va
hé théng sonar nham phét hién muc tiéu. Tuy nhién, vai khoang cach ngén céc thiét bi nay da gip kho khan
khi phét hién muc tiéu. Bai bao nay dé xuat phuong phap mé phong qué trinh tw hanh cia ROV hoic AUV
trong moi trudng 40 duwa trén mot sb thuat toan lap ké hoach duong di va tranh chuéng ngai vat. Bong thoi,
két hop dit liéu sonar va thuat todn tdi vu trong qua trinh xay dung tuyén duong nham giai quyét cac han
ché cia AUV, ROV va anh huéng ctia méi tredng bién. Cudi cing, théng qua phan mém UNITY 3D mé
phong qué trinh van hanh duéi nuée cia AUV va kiém tra két qua thuat toén.

Tur khoa: Va cham ROV; Tranh va AUV; Ban d6 rui ro; Phat hién chudéng ngai vat; Thuat toan ACO.

Abstract:

Autonomous Underwater Vehicles (AUVs) are increasingly crucial in exploiting and exploring marine
resources. Route building and obstacle avoidance are the core technologies that help this device perform
aquatic processes. Collision avoidance methods use acoustic sensors and sonar systems to help detect
targets, but these devices have difficulty seeing at short distances. This article proposes a method to simulate
the autonomous process of a Remotely Operated Vehicle (ROV) or AUV in a virtual environment based
on several path planning and obstacle avoidance algorithms. At the same time, the author used sonar data
and optimization algorithms in the route construction process to address the limitations of AUVs and ROVs
and the influence of the marine environment. Finally, through Unity 3D software, simulate the underwater
operation of the AUV and check the algorithm results.

Keywords: Collision of ROVs; Avoid collisions with AUVSs; Risk map; Obstacle detection; ACO
algorithm.

1. Giai thiéu va khai thac tai nguyén nhu gidm sat chat gay 0
nhim moéi truong, tim kiém bom min va kham
pha tham thuc vat dudi day bién [1], [2]. Nhom
tac gia Liu va cong su da sir dung AUV dé theo
ddi va kiém tra duong éng nudéc, cap ngam [3].
Ngoai ra, ROV, AUV duogc dung trong cac hoat
dong ciru hd cu nan tau ngam va muc dich quan

Hién nay, vai su phat trién vuot bac caa khoa hoc
ki thuat va cong nghé, con nguoi c6 xu hudng
kham phé c4c khu vuc tai nguyén bién bang cac
thiét bi robot. Cac phuong tién ty hanh dudi nuéc
ngay cang tré nén quan trong trong viéc tham do
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su. Trén thé gidi, nhiéu nghién ciu da dé xuat
phuong 4n xdy dung tuyén duong cia AUV va
mot s phuong phap didu khién tranh va. Khi lap
ké hoach duong di, phan I6n thoi gian AUV, ROV
hoat dong trong méi trudng ¢6 nhiéu chuéng ngai
vat. Trong d6, nhitng chuéng ngai vat ¢ dinh biét
10 kich thuéc, khoang cach dugc dung trong ban
dd 4o gidp AUV sir dung thong tin nay dé tim
trude duong di dé khdng va cham gitra diém xuat
phat va diém muc tidu. Tuy nhién, vai vat can cd
thé di chuyén hozc xuat hién ngau nhién, rat kho
hozc tham chi khdng thé biét truée duoc thdng tin
vé né trude khi 1ap ké hoach duong di. Bé tranh
va nhirng chudng ngai vat khong xac dinh nhu tau
ngam, ran san hd va sinh vat dang di chuyén can
¢6 sy diéu khién bai con nguoi nhu Hinh 1 [4].
Diéu khién tranh va cho AUV, ROV sir dung cac
thuat toan diéu khién nhu Genetic Algorithm
(GA), Particle Swarm Optimization (PSO), Ant
Colony Optimization (ACO). Tuy nhién, véi sy
phirc tap va khéng du doan trude ngay cang tang
ciia moi trudng khién viée diéu khién va lap ké
hoach chuyén di cang phai chi tiét va yéu cau cao.
Trong cac truong hop nay, AUV gap tré ngai nhu
khong xac dinh duoc dong nang, dong luong va
nhién li¢u trong pham vi hoat dong cua no [5], [6].
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Hinh 1. ROV khao sat rang san hé.

Cac cong trinh [7], [8] da xay dung va mé phong,
thiét ké mo hinh AUV véi nhiéu tinh ning ndi bat.
Céc thiét bi ndy ¢ kha nang thu thap hinh anh am
thanh da tan s6 ddi véi cac rang san hd hay ghép
hinh anh quang hoc day bién véi o phan giai cao.
Ngoai ra, c4c thiét bi ¢ kha ning do van tc cua
tau ngam, nghién ctiu ndi lira dudi day bién. Bong
thoi, thiét bi cd thé thu thap, 1ap ban db giam sét
cac dic diém hé sinh thai va méi trudng nudc
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ndng va nudc sau. Sy phéat trién trong twong lai
cua thiét bi ngam c6 tiém nang lién quan dén khoa
hoc dia chét. Céc thiét bi duoc trang bi cong nghé
hién dai c6 d6 bén tét, hoat dong véi do sau téi da
va kha nang phan ung nhanh trong méi truong
khac nghiét. Qua trinh diéu khién va &p dung cac
céng nghé mai vao thiét bi that rat tbn kém nén
phuong phap t6i uu nhat d6 1a xay dung va md
phong qua trinh dong huc hoc cia AUV, ROV trén
cac phan mém nhu UNITY 3D, UNREAL va
MATLAB. DPay la cac phan mém chuyén dung
trong linh vuc mo phong hang hai. Fushen va cong
su d3 mo6 phong va ché tao phan cing ROV dya
trén nén tang UNITY 3D, diéu khién dya trén bo
diéu khién PID [9].

Tai Viét Nam, cac cong trinh khao sat va mo
phong nghién ctu diéu khién ROV, AUV chua
phé bién do thiét bi that cd chi phi cao, ngoai ra,
mét s6 linh vuc dic thi nhu quéan sy Va ciu ho cau
nan yéu cau tinh bao mat. Céng trinh [10] ¢ mo
phong thiét bi ROV trén phan mém UNITY 3D
nhung chi xay dung mé hinh va diéu khién céc
chirc nang co ban. Bén canh d6, md hinh AUV 6
bac tu do vai muc tiéu khao sat, sira chira cong
trinh ngam [11]. Hién nay, cac thuat toan diéu
khién va nghién ciru sau vé dbi twong ¢ Viét Nam
con kha mai va it duoc ap dung. Do do, tac gia dé
Xuét xay dung thuat toan tranh va déi véi phuong
tién ngam duoc md phong thir nghiém trong phan
mém md phong hang hai.

Bai bao duoc sap xép theo thir tu sau: Muc 2
trinh bay phuong trinh dong luc hoc AUV va udc
tinh rai ro. Muc 3 trinh bay thuét toan diéu khién
va cac budc xay dung kich ban mé phong. Muc 4
thuc hién qua trinh thir nghiém hé thong va danh
gié két qua va phan cubi cuing 1a két luan.

2. Phwong trinh dong hoc va mé hinh danh
gia rii ro

2.1. Phuwong trinh dong luc hoc AUV

bong luc hoc dua trén phuong phéap hinh hoc dé
nghién ciu chuyén dong ciia phuong tién khdng
xét dén anh huong cua lyc va khéi luong. Dé md
ta cac dac tinh dong luc hoc cia AUV, theo tai liéu
cua tac gia Fossen [12], [13] can lya chon hé truc
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toa do ctia d6i trong va hé truc Trai Dat. Phuong
trinh dong luc hoc cua AUV c6 dang tong quét
nhu sau:

M (V) +C(v)v+Dv+g(rn)=Bf @
Trong d6: M (inertia matrix) la matran quan tinh,
C la ma tran hudng tdm Coriolis, D la ma tran
giam chan thay dong luc, vector g (restoring
forces) 1a lyc phuc hoi, f 1a bién dau vao cua
AUV dugc chuyén thanh lyc va moment cia ma
tran B . Vector dau vao f duoc cho nhu sau:

f=[1, T, ] 2)
Trong d6: T, 14 luc day duoc tao ra khi quay canh
quat; T, 1a luc diéu khién chuyén dong thang dtng
do banh l4i trai va phai tao ra; T, lyc diéu khién
chuyén dong theo phuong ngang do banh li trén
va dudi tao ra.

Gia st trong tam (x,,Y,,z,) va luc noi cua
AUV duoc thé hién qua hé phuong trinh can bang
trong mdi truong nudc [14]:
_U—vr+wq—xg(q2+r2)_
| Yy (pa—r)+2z,(pr+d)
[V —wp +ur— Y, (r’+ p?) ]
| +Z,(ar+ p)+x,(ap+¥) |
W —ug+vp-z,(p*+0°) _
X (rg— Q) +y, (rp+p) |
Lo+(1,—1)ar =¥+ pa)l,, +(r*—a?)I,,
+(pr = )1, +mly, (W-ug +vp)
—z,(V-wp+ur) =K,
La+(L,=1)p—(p+an)l,, +(p*-r’)l,
+(gp—r)1,, +m[z, (U-vr+wq)

m

m T

4
—X,(W—ug+vp)=M,

L+ (1, = 1) pa—(G+rp)l, +(a* - p*)l,,
+(rp—p)1,, +m[x, (V-wp +ur)
—Y,(U—-vr+wq) =N,

Trong d6: Van téc tinh tién doc theo cac hudng
X, ¥,  lan luot duogc biéu thi lan luot 1a u, v va
w; Van toc quay lan lwot duoc biéu thi lan luot
la p, g, . G6c quay cta mdi truc duoc biéu thi
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lan luot 12 ¢,0,YyvakK, M, N lan luot biéu thi
moment theo hudng X, y, z.

Ngoai ra, mot s6 ngoai luc tac dong tac gia
tham khao trong cong trinh [11], [12]. Tiép
theo, mo hinh danh gia rui ro dya trén toc do,
khoang cach va thoi gian dugc xay dung cho
d6i twong AUV.

2.2. M6 hinh danh gié rii ro

Mot s6 mé hinh rii ro duoc xay dung va danh
gia ddi véi cac phuong tién nhu tau thay, 6 t6,
thiét bi bay,... Muc dich cta md hinh 1a xéac
dinh xé&c xuat va cham véi vat thé caa ddi tuong
diéu khién. Cac yéu t6 nhu téc do, quy dao, thoi
gian va khoang céch téi thiéu tir hai vat thé duoc
xem xét va dua ra canh bao. Khoang cach cua
vat thé dén AUV cd thé xac dinh théng qua
sonar hoic khoang céch tir camera dén vat thé
d6. Gia st AUV di chuyén voi van toc v. Bang
cach xem xét cac phuong trinh trong khong
gian 3D v&i cac duong thang nhu Hinh 2, trong
d6, AUV duoc biéu dién bang hai vi tri trong
khong gian r*,var'.

Hinh 2. Khoang cach va cham rui ro.
Vector van tdc dugc thé hién nhu sau:
X, + (Xz - )(1)t
Y, + (Y2 - yl)t
Z + (Zz - Zl)t

()

Trong do: (X,V¥,,Z), (X,,Y,,2,) twong tng la
toa d¢ bai cac diém r',var!. Thoi gian t twong
ang voi thai gian can thiét AUV dat hinh chiéu
1én duong thang.
d? =[(4 = %)+ (% = x)t]°
H(Y = Yo) + (¥, = ytT’
(2, ~ ) + (2, — )T’

(6)
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Tur phuong trinh (2) suy duoc thoi gian téi thiéu
dé xay ra va cham:
( t=1

R -x).( -r™)

2

o =]

Thay phuong trinh (7) vao phuong trinh (6)
dugc khoang cach tir diém X dwong thang nhu

t=— 7)

Sau:
(R A (AR
e =
1 1

Gia tri cua khoang céch giita cac vat thé dén
AUV ciing xét dén trong tinh toan rui ro, vi cac
diém & xa quy dao hudng toi AUV duoc biét
dén, c6 muc rai ro thap hon so véi nhimng diém
& gan nd. Sau khi xay dung dugc md hinh rui
ro, tac gia dé xuét thuat toan diéu khién tranh va

d=‘ 8)

— —
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(a) Pan kién di chuyén tir A - D

(b) Pan kién di chuyén tir A — D
vét can ngau nhién

cham cho thiét bi AUV dn déi tuong khac
nhau nhu c6 thé di chuyén hodc vat thé tinh.

3. Thuat toan diéu khién va kich ban mé
phéng

3.1. Xay dwng thuat toan diéu khién

Thuat toan t6i wu hoa diéu khién da c6 tir 1au
nhu thuét toan di truyén ( Genetic Algorithm),
logic mo (Fuzzy Logic), thuat todn tdi wu hoa
dan kién (Ant Colony Optimization),...va
nhiéu thuat toan diéu khién khac dé thay doi
hudéng di cua robot. Cac phuong phép nay cé
kha ning xi ly nhiing tinh huéng bat ngo,
khong chac chan tir méi truong. Trong ndi dung
nghién ctu, tac gia st dung thuat toan tbi uu
hoa dan kién dé diéu khién tranh va cho AUV
nhu Hinh 3.

(b) Pan kién di chuyén tir A — D
vét can cb dinh

Hinh 3. Tuyén duong di cua dan kién.

Tuyén duong dan kién di chuyén tir diém A dén D
khi khéng c6 vat can theo Hinh 3 (a). Trong qua
trinh di chuyén, dan kién bat ngo gap hon da can
duong va chiing tim cach di qua hon da nhu Hinh
3 (b). Cubi cing, hon d4 14 vat can di cho trudc va
dan kién da biét nén chung da c6 tuyén duong di
ngan nhét dén diém D (bat duong) duoc thé hién
tai Hinh 3 (¢). Nhu vay, c0 su gia tang d6 phuc tap
tinh todn ciia mdi ca thé, sau khi duoc thiét 1ap gisi
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han thap nhat can thiét dé giai thich cho céc hanh
vi mong muén, c6 thé gidp thoat khoi su tdi uu cuc
bo va ddi mat véi nhimg thay doi ctia méi truong.
Do d6, tac gia dé xuat tng dung thuat todn vong
lap caa dan kién trong diéu khién tranh va AUV.

3.2. Thuit toan téi wu Ant Colony (ACO)

Thuat toan ACO duoc ap dung cho nhiéu linh vuc
khoa hoc va ky thuat khac nhau nhu 1ap lich lam
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viée, dinh tuyén phuong tién, tim kiém tuyén
duong,...Ngay nay, ACO duoc stir dung trong Xt
Iy didu huéng phuong tién ty hanh dudi nudc va
lap duong di hi¢u qua.

Dya vao thuat toan tbi uu hoa dan kién, tac gia
d3 tmg dung trong tranh va cho thiét bi AUV véi
ban do tinh va ban d6 dong. Bay kién di chuyén
theo dan dua trén chat Pheromone (chét thich t6)

day 1a mui huong tiét ra tir co thé nhu tin hiéu hoa
hoc gitra cac c4 thé cung loai. Dya vao nong do
nay nhiing con kién di sau c¢6 thé xac dinh duoc
phuong huéng va tuyén duong nhanh nhat. Trén
nguyén Iy nay, khi tim thiy diém tac, hé thong s&
phét hién va ngan chan dé tranh tinh trang tic
nghén trén duong di cua robot tu hanh [5], [6],
[16], [17]. Thuat toan diéu khién thé hién nhu
Hinh 4.

/

Cai dat vi tri hién
tai AUV
Dir liéu sonar

/

Tim diém di tiép theo dya trén
thudt toan ACO ket hop dir liéu
sonar

Két thuc tim
diém ?

Quay lai diém bit du

Luu tuyén duong
: N Sai
X4y dung dia hinh ban d6 2D va .
i tri thong s5 van hanh Pheromore bay hoi

!

Cap nhat pheromore

Lap t6i da ?

Két thue

Sai

Hinh 4. Luu d6 thuat toan ACO.

Dix liéu sonar két hop véi thuat toan ACO hd tro
tim diém tiép theo nhanh nhét va chinh xac. Pic
biét, trong khi di chuyén, AUV con c6 kha ning
xay dung ban do tuyén duong 2D dua trén phan
xa cua sonar két hop voi qué trinh di chuyén coa
né. Qua nhiéu lan thir nghiém két hop thong sb
van hanh nhu luong nhién lidu dé c6 thé xay dung
tuyén duong ngan nhat. Dit liéu md phong duoc
luu trit va ¢ thé dua vao co so dir liéu dé huan
luyén van hanh trong tuong lai. Sau khi xay dung
thuat toan, tc gia dua ra mot sé kich ban thur
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nghiém va mo phong trong phan mém UNITY 3D
[10], [11], [15].

3.3. Xay dwng kich ban mé phéong

Pé kiém nghiém thuat toan t6i uu hoa, tac gia sir
dung méi truong 4o dugc xdy dyng trén phan
mém UNITY 3D. Cac phuong tién tu hanh dudi
nuée AUV, ROV dugc mé hinh hda theo thiét bi
that voi cac phuong trinh dong luc hoc. Xay dung
so dd cau tric truyén nhan dir liéu gitra cac phan
mém md phéng nhu sonar, AUV (Hinh 5) [22].
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Hinh 5. So d6 cau tric truyén thdng giita cac phan mém mé phong.

Xay dung kich ban thir nghiém, tac gia da gia thiét
hai trudng hop nhu sau: (i) Trudng hop vat can bat
ngd Xuat hién va khong cho trude; (i) Vat can 1a
¢b dinh va biét truge khoang cach, kich thudc cia
ching. Yéu cau thuat toan xir Iy va xac dinh tuyén
duong t6i vu. Pay 1a hai truong hop thir nghiém
dién hinh ddi véi hoat dong van hanh duéi nudc
cua AUV trong truong hop tranh va [18], [19].

(i) Truong hop 1: Céc vat thé & dy c6 thé la ca
hodc mot s6 thiét bi trdi dat vai van toc nhé léch
vao tuyén duong di chuyén caa AUV. Trudng hop
nay khong tranh khoi trong qua trinh van hanh. Bo
diéu khién tranh va AUV dugc yéu cau xir ly
nhanh va tim ra tuyén duong phi hop nhat.

(i) Truong hop 2: Véi nhitng cdng trinh ¢6 ban
d6 khao sat trudc, yéu t6 vat can di chuyén it anh

00 =
goenes <=
cms =" =
I

hudng dén tuyén duong cia AUV. Khi d6, nguoi
van hanh c6 thé chay thuat toan va tim ra tuyén
dudng ngan nhat dén vi tri muc tiéu. Két hop dir
liéu giri V& tir sonar s& gitip cho AUV di chuyén
dé dang hon.

4. Két qua md phéng

Trudc khi md phong hé théng, dua trén phuong
trinh dong luc hoc cua AUV theo phuong trinh
(1), (2), (3), (4) duoc chuyén ddi va lap trinh dudi
dang ngbn ngir C#. Cac tap Iénh duoc cai dat 1én
ddi tuong AUV. Thuat toan ACO duoc lap trinh
trong MATLAB dudi dang M-file. Thong qua
truyén thong OPC gitta MATLAB va UNITY 3D,
con Modbus TCP/IP tir sonar va phan mém md
phong AUV [10], [11].

...............

Hinh 6. M6i truong moé phong AUV.

Sau khi tién hanh chay md phong theo hai kich
ban di xay dung trong muc 3.3 két hop md hinh

(7), (8) duoc &p dung dé tinh toan kha ning va
cham cua AUV. Két qua mat do vat can duoc thé

danh gia rai ro muc 2.2. Cac cbng thac tinh  hién nhu Hinh 7.

khoang céch va thoi gian tdi thiéu khi c6 va cham
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(a) Mat do vat can mirc thap

(b) Mat d¢ vat can trung binh

(c) Mat d6 vat can cao

Hinh 7. Ban d6 vét can di chuyén trong tuyén duong AUV.

Nhu gia thiét, vat can c6 thé I1a ca hoac cac sinh
vat bién khéc di chuyén co6 xu huéng tién gan
AUV. Hinh 7 (a) thé hién miic va cham thap, tai
thoi diém nay, it c6 vat can di chuyén lai gan
AUV. Trong khi Hinh 7 (b) thé hién mirc d6 nguy
hiém trung binh cia AUV khi di chuyén trén
tuyén duong do vat can da xuét hien. Cudi cling,
muc do va cham xay ra rat cao néu AUV khong
diéu hudng kip thoi bai khoang cach dén vat can
va thoi gian dén diém va cham ngén thé hién trén
Hinh 7 (¢) [20].

NM
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0 ; 2 3 ; 5 ; ; 2; 9
Hinh 8. Quéang duong tranh va cham AUV.

Két qua tranh va ciia AUV dugc thé hién trong
Hinh 8 khi phat hién vat can trén tuyén duong.
Thuat toén t6i wu hoa ACO do va tinh toan hudng
di t6i wu nhat, dua ra quyét dinh t6i b diéu khién
AUV. Lc nay, hudng va toc do thay doi dé phu
hop Véi tuyén duong mai. Két qua thuat toan

ACO chay trén MATLAB véi mo hinh rai ro va
cham duoc thé hién trong Bang 1.

Bang 1. Két qua mo phong.

Piém Théng sb
tinh toan Khoang Vantéc Thai gian
cach (d) (v) (®)
km knots h
A 1,225 3,21 0,418
B 0,823 4.26 0,167
C 0,010 2,68 0,083
D 1,985 4,41 0

Tir Bang 1 cho thay tai diém C néu AUV khong
c6 kha ning tranh va, s& dan dén xay ra va cham
vai vat can. Khoang céch gitta AUV va vit can
khoang 10 m, trong khi thoi gian khoang 5 phat.
Do d6, véi diém C” trén Hinh 8, thuat toan ACO
tim kiém s& thoa man va khdng vi pham mé hinh
rai ro. Cac trueong hop con lai theo cong thuc (7),
(8) sé xay ra va cham. Truong hop 2 la kich ban
mo phong khi biét trudc dudng di va vat can cd
dinh. Trong phan nay, tac gia xét dén qué trinh
chay thuat toan dé tim tuyén duong di hiéu qua
nhat dén muc tiéu [21], [22].

(a) Khoang cach tiép cin xa

(b) Khoang cach tiép can trung binh

(c) Khoang céch tiép can gin

Hinh 9. Ban d6 vat can ¢ dinh trong tuyén duong AUV.
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Tur dit liéu phan héi cua sonar truyén vé AUV két
hop phan mém dung dia hinh dya theo mau sic
nhu Hinh 9. Dit liéu cho thiy mic d6 dia hinh cho
trudc khé phuc tap, doi hoi thuat todn phai tim
duoc tuyén duong ti wu nhat théng qua hinh
dang, kich thudc cua bon vét can duoc xac dinh
san. Hinh 9 cho thiy khoang cach gan vat can thé
hién qua mau sic, trong do, mau do cho biét
khoang cach gan, AUV c6 nguy co va cham nhu
Hinh 9 (b). Mtrc d6 cang dam khoang 80% nhu
trong Hinh 9 (c), néu AUV khdng tranh vat can ¢
dinh nguy co dam va sé& xay ra. Tiép theo, trong
phan mém mo phong AUV, bon vat can ¢b dinh
thé hién trong Hinh 10 va muc tiéu cia AUV Ia
tranh va cham véi nhiing vat can ¢ dinh nay dé
khao sat nén moéng cua gian khoan. Yéu cau AUV
phai xt 1y thong tin d4u vao va dua ra quyét dinh
hudng di.

Obstacle 4
arget
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Hinh 10. Kich ban vat can cé dinh.

Sau khi chay thuat toan toi vu héa ACO di cho két
qua cac quing duong ngin nhat dén muc tidu. Két
qua thuat toan sau khi chay M-file thé hién trong
Hinh 11.
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Hinh 11. Két qua chay thuat toén.
Tir két qua mo phong trén, dix lidu tra vé tuyén
duong 2 (Path 2) c6 khoang cach ngin nhat
khoang 3,25 km. Trong khi do, quang duong 3

(Path 3) c6 khoang cach 5,64 km. Do do, qua
qué trinh thu nghiém thuat todn va mé phong
AUV, t4c gia danh gia thuat toan da dap Gng
87,4 % yéu cau dait ra. Tuy nhién, yéu té anh
huéng méi truong chwa d& cap trong phan
nghién ctru nay.

5. Két luan

Bai bdo nay di xdy dung duoc bo diéu khién
diéu huéng phuong tién tu hanh dudi nuée
AUV dua trén thuat toan téi wu héa ACO. Dya
trén mo hinh dénh gia rui ro va két hop két qua
mod phong dua ra nhitng goi y trong qué trinh
diéu khién AUV. Bén canh d6, thir nghiém
thuat toan va dbi tuong diéu khién AUV trong
moi trudng 40 bang phan mém UNITY 3D voi
céc kich ban khac nhau dé danh gia tinh kha thi
cua hé théng. Két qua cho thay thuat toan diéu
hudng gitip tranh va cho AUV da dap tng yéu
cau dit ra. Pay 1a nghién ctru budc dau trong
qua trinh tiép can cong nghé va ché tao thiét bi
trong tuong lai.
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