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Abstract: This paper presents the design of a Fuzzy Logic Controller (AFLC)
for the Leader-Follower formation control of Autonomous Underwater Vehicles
(AUVs). Due to the highly nonlinear dynamics of AUV models and the
uncertainties caused by hydrodynamic disturbances, conventional controllers
(such as PID) often exhibit limitations in tracking accuracy and response
performance. To address these challenges, an Adaptive Fuzzy Logic Controller
is proposed for the Follower AUV to enhance tracking quality. The controller
utilizes distance error and relative heading error as inputs to directly regulate
the vehicle's surge velocity and yaw rate. The effectiveness of the proposed
algorithm is validated through simulations in MATLAB/Simulink. The results
demonstrate that the system maintains a stable formation with precise
trajectory tracking and achieves significantly improved response speeds
compared to conventional methods.

Keywords: AUV, Multi-agent control, Fuzzy logic, Leader-Follower strategy,
Formation.

JSTT 2026, 6 (5), 112-125

Published online: 13/08/2026


https://jstt.vn/index.php/vn
https://doi.org/10.58845/jstt.utt.2026.vn.6.5.112-125
https://doi.org/10.58845/jstt.utt.2026.vn.6.5.112-125
mailto:dokhactiep@vimaru.edu.vn

Tap chi Khoa hoc va Coéng nghé Giao théng Tap 6 S6 5, 112-125

oLl

Tap chi dién tk

Khoa hoc va Céng nghé Giao théng
Trang website: https://jstt.vn/index.php/vn

Théng tin bai viét
Dang bai viét:
Bai bao nghién ctru

DOI:
https://doi.org/10.58845/|stt.utt.2

Thiét ké bd diéu khién Logic m& cho déi hinh

AUV theo mé hinh Leader-Follower
D& Khéc Tiép’, Nguyén Van Tién
Khoa Dién-Dién tl, Treong Dai hoc Hang hai Viét Nam

026.vn.6.5.112-125

"Tac gia lién hé:
DPia chi Email:
dokhactiep@vimaru.edu.vn

Ngay ndp bai: 06/01/2026
Ngay ndp bai stra: 13/07/2026
Ngay chap nhan: 12/08/2026

Tém tat: Bai bao nay trinh bay phwong phap thiét ké bo diéu khién Logic me
gidi quyét bai toan diéu khién d6i hinh cho nhém phwong tién tw hanh duéi
nuwéc (AUV) theo cAu truc Leader-Follower. Do dac tinh phi tuyén manh cuta
mé hinh déng luwc hoc AUV va sy tac dong bat dinh cGa nhiéu thdy dong luc
hoc, cac bo diéu khién kinh dién (nhw PID) thwong boc 16 han ché vé d6 chinh
xac va kha nang dap &ng. Dé khéc phuc van dé nay, mot bo diéu khién Logic
m& dwoc dé xuat cho AUV Follower nhdm nang cao chat lwong bam. Bo diéu
khién st dung dau vao la sai sb khoang cach va sai sb géc hwéng twong dbi
dé tinh chinh tryc tiép van toc dai va van téc géc cla phwong tién. Hiéu qua
clia thuat toan dé xuét dwoc kiém chirng thdng qua mé phdng trén phan mém
MATLAB/Simulink. Két qua cho thay hé théng duy tri déi hinh én dinh, kha
nang bam quy dao chinh xac va cai thién dang ké téc d6 dap ng so vé&i cac
phwong phap truyén théng.

Tr khéa: AUV, biéu khién da tac tlr, Logic md, Chién lwoc Leader-Follower,
Gilr doi hinh.

1. Gi&i thiéu

Trong nhitng thap ky gan day, cong nghé
ngdm tw hanh AUV (Autonomous Underwater
Vehicles) da ching kién sw phat trién vuot bac, tré
thanh cong cu chu lwc trong viéc chinh phuc va
khai thac tai nguyén dai dwong. AUV dong vai tro
thiét yéu trong da dang céc linh vuc, tir khdo sat
dia chét, vé& ban dd day bién cho dén cac nhiém vu
an ninh qudc phong nhu ra pha thay 16i va trinh sat
[1], [2]. Tuy nhién, nang lwc cua mét AUV don 1é
thwéng bi gi¢i han vé tai trong thiét bi, pham vi hoat
déng va kha nang hoan thanh cac nhiém vu phtrc
tap doi hdi sw phdi hop dong thei [3]. D& khéc phuc
han ché nay, cac hé thdng da tac tlr da tré thanh
xu hwdng nghién clru trong diém, mang lai lgi ich
vuot troi vé khd ndng mé rong nhiém vu va do tin

cay cta hé théng [4].

Mé&c du vay, viéc diéu khién phdi hop nhém
AUV dbi méat v&i nhivng thach thire ky thuat nghiém
trong do dac thu cta méi trwdong thay an. Moi
trwdng nwéc co tinh chét phi tuyén cao véi cac
nhiéu déng dong chay khé lwdng thay dbi theo do
sau, khién viéc xac dinh chinh xac mé hinh toan
hoc thiy dong lwc hoc la cwe ky khoé khan [5]. Bén
canh d6, han ché vé bang thong truyén théng thay
am va do tré tin hiéu cling gay tré ngai Ién cho viéc
trao ddi di liéu vi tri lién tuc gitka cac tac ti [6].

V& chién lwgc duy tri ddi hinh, cac nghién
clu trwdc day da dé xuat nhiéu phwong phap tiép
can nhu ciu truc do [7] hay dwa trén hanh vi [8].
Tuy nhién, chién Ilwoc Leader-Follower van duwoc
wu tién lwa chon trong nhiéu ng dung thuc té nhey
clu truc diéu khién don gidn va tinh minh bach
trong ludng théng tin [9].
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Vé thuat toan diéu khién, cac bd diéu khién
kinh dién nhw PID thuwéng duwgc s dung do tinh
don gian, nhwng ching boc 16 nhwoc diém Ién khi
déi mat véi tinh phi tuyén manh ctia AUV, dan dén
sai s6 bam l&n khi méi trwong thay ddi. Cac
phwong phap hién dai hon nhw diéu khién trwot
(SMC) cho thdy khad nang bén virng tét, nhung
thwéng mac phai hién twong dao dong tan sb cao
gay hai cho co cu chép hanh [10]. Trong khi do,
cac phuwong phap dwa trén Mang no-ron hoac diéu
khién dy bao (MPC) du hiéu qua nhwng lai doi hoi
khéi lwong tinh toan quéa I1&n, khéng phu hop véi
phan cirng han ché ctia cac AUV c& nhé [11].

Mac du tiém nang tng dung 1a rat 16n, viéc
didu khién phdi hop nhém AUV dbi mét véi nhidu
thach thire k§ thuat. M6i trudng nuwéc co tinh chét
phrc tap v&i cac nhiéu ddng dong chay kho lwéng,
ddng thoi viéc xac dinh chinh xac md hinh toan hoc
thay déng lwc hoc clia AUV 1a rat kho khan. Bén
canh dé, moéi trwong dudi nwéde cling dat ra nhirvng
rao can lén vé bang théng va dé tré trong truyén
thdng, gay kho khan cho viéc trao dbi div liéu lién
tuc gitra cac AUV. Bé khac phuc cac nhwoc diém
trén, logic mo (Fuzzy Logic) dwgc xem la gidi phap
tdi wu nh& kha nang x( ly cac thdng tin khéng chéc
chan va mé phéng tw duy diéu khién linh hoat cla
con ngwdi ma khéng yéu cdu mé hinh toan hoc
chinh xac tuyét dbi. Dya trén co s& dd, bai bao nay
dé xuét cAu trac bo diéu khién Logic M (FLC) doc
lap 4p dung cho AUV Follower nham tbi wu hoa
chét lwong bam doi hinh. Nhitng déng gép mdi va
cbt I6i cGia nghién ctvu nay bao goém:

+ Th&r nhat, chuyén dbi doc 1ap bai toan diéu
khién ddi hinh da bién (MIMO) phtrc tap thanh hai
kénh 6n dinh cuc bd théng qua viéc khao sat chi
tiét dao ham déng hoc sai s6 hinh hoc. Méi quan
hé gitra sai sb cy ly - van téc dai va sai sb hwéng
- van téc goc dwoc chirng minh twéng minh, tao co
s& toan hoc virng chéc cho viéc xay dwng cau tric
FLC.

+ Th hai, dé xuat hé luat mo 25 quy tac phi
tuyén cai tién danh cho kénh diéu khién van téc,
trong do tich hop diéu kién rang budc an toan: tw
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dong kim ham van tbc dai khi AUV dbi mét véi géc
léch huwéng qua Ién (quay gap). Co ché nay gilp
phwong tién tranh hién twong triot quy dao ly tdm
thwdng gap & cac bo diéu khién kinh dién.

+ Thi ba, danh gia toan dién tinh bén virng
cta thuat toan qua kich ban chiju tac dong bét dinh
cta nhiéu dong chady thdy dong lwc hoc. Két qua
chng minh bd diéu khién m& nang cao ré rét ndng
lwc khang nhiéu, giup gidam t&i 30% sai léch
khodng cach cuwc dai va cai thién dd 6n dinh hwéng
g4p 8 1an so v&i bd didu khién PID truyén théng.
2. M6 hinh toan hoc
2.1. M6 hinh déng hoc ctua AUV

Gid str AUV hoat déng trong mat phang
ngang (3 bac ty do). Phuwong trinh dong hoc cla
AUV th i (bao gdbm Leader - / va Follower - f) dwoc
mo ta nhw phwong trinh (1).

r:]i:R(qu)Vi (1)

Trong do:

n=[x,y;,w;]" 1 vi tri va huong trong hé toa
do Trai Dét.

vi=[u;,v;,r]" 1a van téc trong hé toa do gan
lién than (Surge, Sway, Yaw).

R(w,) la ma trén quay va dwgc dinh nghia
nhw biéu thire (2)

cosy, -siny;, O
R(W)=[siny, cosy, 0 (2)
0 0 1

2.2. M6 hinh sai s6 déi hinh

Dé thiét ké bo diéu khién bam déi hinh chinh
Xac, yéu cau tién quyét la xac dinh mdi quan hé
hinh hoc ddng hoc giltra AUV Leader va AUV
Follower trong hé toa do trai dat. Bai toan dat ra |a
diéu khién AUV Follower duy tri mét vi tri twong ddi
cb dinh so v&i Leader, dwgc déc trwng béi khodng
cach an toan d va goc hudng y.

Gia st vi tri tlrc thoi va géc hwéng cua AUV
Leader va AUV Follower trong hé toa do trai dat lan
lwot 1a n=[xy,w]" va n=[x.y,w]". Khodng cach
Euclide thwc té d va géc phuong vi B cia Follower
so v&i Leader dwoc xac dinh bi biéu thire (3).
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d= (X|-Xf)2 -"(y|_yf)2 (3)

B=atan2(y,-y;,X-X)

Sai sb doi hinh (E) dwoc dinh nghia 1a sw
chénh léch gilra trang thai thyc té& va trang thai
mong mudn. Goi dq 1& khodng cach duy tri mong
mudn va y, 1a géc hwéng mong mudn (thwong
duwoc xac dinh dya trén géc phwong vi muc tiéu dé
Follower hwéng vé phia Leader hodc duy tri doi
hinh léch bén). Vecto sai s6 bao gdm sai sb
khoang céach (e4) va sai sb géc huéng (ey) dwoc
xac dinh nhw biéu thirc (4):

€4 :d-dd
{eq,l=B_L|Jf (4)

Trong do:

eq: Dai dién cho sai léch vé vi tri tuyén tinh.
Néu e4>0, Follower dang & xa hon khoang cach
quy dinh; nguoc lai, e4<0 nghia la Follower dang
xam pham vung an toan.

e, Dai dién cho sai léch vé& hwdng mii clia
Follower so v&i dwong ngédm (Line-of-Sight) t&i
Leader. Muc tiéu cta diéu khién hwéng 1a triét tiéu
e, dé mi tau ludn hudng vé vi tri myc tiéu.

DPé chirng minh tinh kha thi ctia viéc s dung
van téc dai (uf) va van tbc goc (r;) ciia Follower lam
tin hiéu diéu khién nham triét tiéu cac sai sb trén,
ta tién hanh khao sat dong hoc sai s6 bang cach
dao ham phwong trinh (4) theo thdi gian. Xét dao
ham sai sb khoang cach theo thai gian é4:

- X)X+ (YY) (YY)

éd=d= 5
/(xl-xf)2+(y.-yf>2 ©)

Thay thé cac phwong trinh déng hoc cua
AUV (t&r muc 2.1) vao biéu thire (5), véi:

Xs=Us COS W, -V; Sin Y, va
Y¢=Us SIN Y, +Vf COS Y ;

ta co thé viét lai dong hoc sai s6 khoang
cach duwéi dang phu thudéc vao van téc cla
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Follower nhw biéu thirc (6).
&q=f1(u,v)-(uscos e, +visine, ) (6)

T& phwong trinh trén, ta thy rang téc do
bién thién cla sai sb khodng cach (&4) phu thudc
true tiép va chi yéu vao van téc téi us ciia Follower
(vGi gid thiét v¢ nho va e, duoc kiém soat tot). Diéu
nay tao co s& ly thuyét virng chac cho viéc xay
dwng Bang Luat mo 1, trong d6 dau ra diéu khién
van téc u; dwoc suy dién dua trén dau vao ey.

Twong tw, xét dao ham sai sé géc theo thoi
gian e:

Ok ) (YY) (YY) (i =%¢)

éqJ=B'lij_ d2 - I (7)

Phwong trinh (7) chi ra rang téc d6 thay ddi
cla sai s6 géc phu thudc true tiép vao van téc goc
quay miii r; cGa Follower. Khi r; thay ddi, hwéng W

thay ddi, tir d6 tac dong truc tiép Ién e ,. Mdi quan
hé nhan qua nay |a co s& dé thiét k& Bang Luat mo
2, st dung sai sb goc e, dé diéu khién mé men
quay .

Théng qua phan tich toan hoc trén, bai toan
diéu khién doi hinh phrc tap da dwoc phan ra
thanh hai bai toan diéu khién bam én dinh cuc bd:
(1) Diéu khién khodng cach dung van téc dai va (2)
Diéu khién hwéng dung van tbc goc. Muc tiéu cudi
cung cta bd diéu khién la dam bao limeq(t)=0 va
lime,()=0.

3. Thiét ké bd didu khién Logic m&

Dé giai quyét van dé phi tuyén va sw khong
chéc chan cla cac tham sé thiy déng lwc hoc,
nghién clru nay dé xuat st dung bod diéu khién
Logic M& (FLC) kiéu Mamdani. Bo diéu khién duoc
thiét ké dé truc tiép tao ra céc tin hiéu diéu khién
dong lwc hoc cho AUV Follower dwa trén sai sb doi
hinh.

So d6 khdi clia hé thdng diéu khién dwoc mo
ta nhw trong Hinh 1, trong d6 b FLC doéng vai trd
trung tam trong viéc chuyén dbi cac sai s6 hinh hoc
thanh 1&nh didu khién vat Iy.

115



JSTT 2026, 6 (5), 112-125 Do & Nguyen
AUV Leader
Quy dao dit Mo hinh dong hre
- hoc AUV Leader
AUV Follower
o : Sai s6 khoan, Hé thong chap
Gia tri mong muon . e S S
khoé'l:g cégd: g(')c( cach Bodieu  Lénh diukhién hanh vadong lwe __, Cam bién
|mdng)' Sai s6 goc khién m&  (van toc, huéng hoc AUV vi tri
hrong di) Follower
Vi tri thue I

Hinh 1. So d6 khéi ctia hé théng diéu khién AUV Leader — Follower

3.1. Cau trac bo diéu khién

Bo didu khién Mo dwoc xay dwng véi ciu
trac hai dau vao va hai dau ra (MIMO), cu thé nhw
sau:

DPau vao (Inputs): Gém sai sé khoang cach
(eq) va sai sb goc léch huéng (ey) gitra Follower
va Leader, dwoc tinh toan tir mé hinh sai s6 doi
hinh.

DPau ra (Outputs): Gém tin hiéu diéu chinh

van téc t&i (uf) va tbc dd quay mii (r;) cho AUV
Follower.

Hé théng diéu khién duoc thiét ké gébm hai
bd diéu khién mo hoat dong doc lap dé don gian
héa qua trinh tinh toan: mét bo diéu khién chiju
trach nhiém vé van tdc t&i (uf) va mét bd chiu trach
nhiém vé tbc dd quay mi (r;). Cau trac thiét ké cu
thé trén cong cu Fuzzy Logic Toolbox dwoc thé
hién nhw trong hinh 2.

e d Bieu khign vin toc
/ fmamidand
XX u
e_theta
FIS Name: Bigu khién wén the FIS Type: mamdani
And method — - Current Variable
Or method max - || Mame
Type
Implication — - e
Range
Aggregation — -
Derazieeis centroid hd Help | Close ‘
System “Biiéu khién vén the 2 inputz, 1 output, and 25 rules

Hinh 2. C4u trac bo diéu khién mo: (a) bo diéu khién cho van téc t&i (uf)
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\ /

(mamdani)

XX
XX

a_theta

—

Hinh 2. CAu tric bo diéu khién mo: (b) bo diéu khién téc d6 quay mii (rf)

Input 1: SaIIthZI:Ehoingdch e d)

Input 2: Sai l¢ch hwéng(e_psi)
1 BB 1 . S Y— —FPB
" > /
= =
4 4
205 205 ]
: :
- -
o NV VIV
-2 -1 0 1 2 -1.5 -1 05 0 0.5 1 1.5
Sai l¢ch khoang cach (m) Sai l¢ch hudmg (rad)
(@ (b)
Output 1: Vin tde dai (u_f) Output 2: Toc d§ qua.y mili (r_f)
1 NB NS @‘_E PS PB q ZE _PB
: g
Z z
2o0s 205
E §
H =
o 1 H ! :
0
-1 0.5 0 0.5 1 siadh -04& :62 qua; mﬂl%:adls‘;"‘ e
Vin toc dai (m/s)
© d

I
—

Hinh 3. Ham tryc thudc cla cac bién vao/ra: (a) dau vao sai léch khodng cach; (b) dau vao sai léch
hwéng; (c) dau ra van téc dai; (d) dau ra téc dd quay mi
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3.2. M& hoéa

Qua trinh m& héa chuyén dbi cac gia tri dau
vao rd thanh cac bién ngdn nglr mé. Céac bién dau
vao (eq,e,) va dau ra (ug,ry) duwoc chuén hoa va
phan chia thanh 5 tap mo véi ham tre thudce dang
tam giac dé& dam bao tinh don gian va toéc do tinh
toan thwec thi.

Khéng gian cla cac bién ngén ngir dau vao
va dau ra dwoc chuén héa va phan chia thanh 5
tap mo, voi cac dinh nghia twong &ng véi trang
thai vat ly cia AUV nhu sau:

NB (Negative Big - Am I&én) dai dién cho sai
s6 am réat 1&n, twong rng v&i trang thai & qua gan
muc tiéu ho&c bi l&ch trai nhiéu;

NS (Negative Small - Am nhd) biéu thj sai s6
am nhd, ttrc AUV dang & hoi gan hodc hoi 1&ch trai;

ZE (Zero - Khéng) la trang thai ly twéng khi
sai s6 hdi tu vé 0, nghia 1a AUV da dat khoang cach
chuén hoac dang di dung hwéng;

PS (Positive Small - Dwong nhd) twong &rng
v&i sai sd dwong nhé khi AUV bij tut lai hoi xa hoac
hoi Iéch phai;

PB (Positive Big - Dwong I&n) phan anh sai

Do & Nguyen

s6 dwong I&n, chi tinh trang AUV bj bé lai qua xa
ho&c léch phai nhiéu so véi qu§ dao tham chiéu.

Ham trwe thudc clia cac bién dau vao va dau
ra dwoc mo ta nhw hinh 3 & trén.
3.3. Co s& luat me

Hé thdng st dung quy tac suy di&n "If-Then"
clia Mamdani vé&i téng cdng 25 luat (5x5) cho méi
bién dau ra. Viéc thiét ké bang luat dwa trén kinh
nghiém. Vi du vé luat diéu khién: IF e4 is PB AND
ey is ZE THEN utis PB, ryis ZE.

* Luat diéu khién van téc

Déi véi didu khién van toc, muc tieu cbt 16i 1a
diéu tiét van téc dai dwa trén sai s6 khodng cach
(eq)- Tuy nhién, chién lwoc diéu khién con tich hop
yéu t6 sai s6 goc (e,,) d& dam bao tinh 6n dinh. Cu
thé, trong trwdng hop goc léch 1&n (khi AUV can
thwe hién quay gap), hé thdng sé kim ham sw gia
tang van téc ngay ca khi khoang cach dén muc tiéu
con xa. Co ché nay gilp ngan nglra hién twong
trwot va ddm bao an toan cho phwong tién. Chi tiét
vé 25 luat suy dién mé t& mbi quan hé phi tuyén
gitra cac sai s6 dau vao va van téc dau ra dwoc thé
hién tai Bang 1.

Bang 1. Bang luat m& cho van téc dai

€q\ey NB NS ZE PS PB
NB NB NB NB NB NB
NS NS NS NS NS NS
ZE ZE ZE ZE ZE ZE
PS PS PS PS PS PS
PB ZE PS PB PS ZE

Bang 2. Bang luat m& cho téc d6 quay mdi

€q\ey PB PS ZE NS NB
NB PB PS ZE NS NB
NS PB PS ZE NS NB
ZE PB PB ZE NB NB
PS PB PB ZE NB NB
PB PB PS ZE NS NB
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* Luat diéu khién hwéng

Song song v&i diéu khién van tbc, viéc duy
tri hwéng 1a yéu té then chét dé git virng doi hinh.
B diéu khién tbc do quay mii (r¢) dwoc thiét ké dé
khtr sai s6 goc (e,) nhanh chong ma khéng gay
dao ddng. Nguyén ly hoat déng dwa trén bién dé
sai s6: sai s6 lon (NB/PB) sé kich hoat tin hiéu
quay manh, trong khi sai s nhé sé& giam téc do
quay dé n dinh hwéng. Chi tiét cac tap luat suy
dién dwoc liét ké trong Bang 2.
3.4. Co ché suy dién va giai mo

Tai mdi thoi diém t, véi gia tri dau vao ey(t)
va ey (t), mirc do kich hoat cta luat tht k dwgrc tinh

(@)

Do & Nguyen

toan bang phép toan MIN. Gia tri dau ra rd y
(twong ng la u; hodc rf) dwoc xac dinh bang
phwong phap giai mo trong tdm. Cong thirc giai
mé& dwoc biéu dién nhw (8).
. JyHe (y)ydy
 JyHc (v)dy ®)
yHc

Trong do, pc(y) la ham tryc thudce cta tap mo
dau ra tbng hop va Y 1a mién gia tri dau ra.

Dé& minh hoa trwc quan quy luat hoat déng
cta bd diéu khién, cac bé mat didu khién khong
gian biéu di&n méi quan hé phi tuyén gitra cac bién
dau vao (sai s6 khoang cach ey, sai s6 géce,,) va
tin hiéu dau ra dwoc trinh bay nhw hinh 4.

(b)

Hinh 4. B& mét diéu khién mo:
(a) Tin hiéu didu khi&n van téc dai; (b) Tin hiéu didu khién téc do goc

4. Két qua mé phéng
4.1. Cai dat va thong sé6 mé phéng

C4u hinh doi hinh Leader-Follower dwoc
thiét 1ap v&i muc tiéu duy tri vi tri twong déi cé dinh.

AUV Follower dwoc yéu cau di chuyén &
phia bén phai ctia Leader. Cac théng sb hinh hoc
va gi¢i han vat ly clia AUV dwoc tém tat va dua
vao Bang 3.

Bang 3. Théng s6 cai dat md phdng chung

Tham sé Ky hiéu Gia tri Pon vi
Thoi gian mé phdng Tsim 200 S
Buwdc thoi gian At 0.1 S
Khoang cach ddi hinh mong muén dd 5.0 m
Phia déi hinh Side -1 (Phai) -

Van téc téi da ctia AUV Umax 5.0 m/s
Tbc d6 quay tbi da Fmax 1.2 rad/s
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B6 diéu khién PID dwoc tinh chinh cac hé sb
Kp.Ki,Kg d& dat hiéu suét t6t nhat cé thé cho bai
toan bam quy dao nay, déng vai tro 1a co s& ddi

Do & Nguyen

chirng voi bd diéu khién md dwoc dé xuét. Cac
tham sé cta bo diéu khién PID dwoc trinh bay
trong Bang 4.

Bang 4. Tham s b diéu khién PID

Tham sb Kp Ki Kd
Khoang cach (u) 1.5 0.02 0.1
Goc huwong (r) 1.0 0.01 0.2

4.2. Két qua mé phéng

(i) Kich ban 1: M6 phong da tac tir AUV bam
quy dao khi khéng c6 nhiéu tac dong

Két qua Hinh 5 cho thay ca hai bo diéu khién
déu giup AUV Follower duy tri d8i hinh, nhung bd
diéu khién Fuzzy (dwdng nét dirt mau dd) thé hién
do chinh xac vwot trdi so v&i bo diéu khién PID
(dwong nét chdm gach xanh). Quan sat tai cac

Piéu khién da tac tir AUV bam quy dao khi khéng cé nhiéu loan

diém udn cé d6 cong I6n (nhw tai khu vic c6 toa
dd X=+22m), dwong di ctia AUV véi bd diéu khién
Fuzzy bam rét sat cac diém muc tiéu (d4u cong),
trong khi PID cé xu hwéng bi vang ra xa khéi quy
dao mong muédn. Diéu nay chirng minh thuat toan
Fuzzy dé xuat giup AUV xi ly cac thay déi hwéng
di chuyén d6t ngdt mwot ma va chinh xac hon han
so v&i gidi phap PID truyén thdng.

30 -

— AUV Leader
= = =AUV Follower (Fuzzy controller)
25 AUY Follower (PID controller)
+ Target
20 - i -

Y (m)

= R

=30 =20 -10 0 10 20 30
X (m)

Hinh 5. Diéu khién da tac t AUV bam quy dao v&i bd diéu khién mé khi khéng cé nhiéu loan
xanh) xuét hién dao déng diéu hoa véi bién do rat
|&n, trai rong tir cwe tiéu -15 dd dén cuwc dai 17 do.

Sw dao déng manh va lién tuc nay cho thay bo
tham sé PID cb dinh phan &ng kém véi sw thay dbi

Vé d6 6n dinh hwéng di chuyén, dé thi Hinh
6 phan anh sw chénh léch hiéu suét gitra bd diéu
khién PID kinh dién va bd diéu khién mo dé xuét,
trong d6 bo diéu khién PID (dwdng nét dit mau
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trang thai ctia hé théng, gay ra sw rung lac khéng
can thiét cho phwong tién.

V&i bd diéu khién Fuzzy (dwéng lién nét mau
dd) duy tri sai s6 hwéng gan nhw triét tiéu trong
subt qua trinh mé phdng, d&m bao sy 6n dinh cao

Do & Nguyen

v&i bién d6 dao ddng cuwc nhd chi ndm trong pham
vi hep £1 d0.

Két qua dinh lwong nay khang dinh bo diéu
khién dé xuét c6 kha nang gitr hwéng 6n dinh tét
hon so v&i bo diéu khién PID kinh dién.

0 Sai léch huéng clia AUV Follower so véi AUV Leader thyc hi¢n bam quy dao khi khéng c6 nhiéu loan

o
|

10

Sai 1éch huéng (d9)

1

[

=
I

-15 | | | |

0 20 40 60 80

100 120 140 160 180 200

Thoi gian (s)

Hinh 6. Sai léch huwéng clia AUV Follower thuc hién bam quy dao véi bd diéu khién mé khi khéng cé
nhiéu loan

Sai léch khoang cach dwoc biéu dién chi tiét
& Hinh 7.

Bo diéu khién Fuzzy dé xuét tiép tuc khang
dinh wu thé vuwort troi véi sai léch khoang cach rat
nhd, duy tri sai s6 6n dinh quanh mirc 0.1 m va chi

L6 Sai 1éch khoing cach ciia AUV Follower so véi AUV leader thuc hién bam qu§ dao khi khéng c6 nhiéu loan
. I

dat gia tri cwc dai khoang 0.2 m. Trong khi d6, dap
(ng ctia bd diéu khién PID thé hién sw thiéu chinh
xac voi cac dao déng bién dé Ion, thwong xuyén
vuot ngwdng 1.0 m va dat dinh sai sé 1&n t¢i 1.6 m
tai thoi diém t = 105 giay.

Sai léch khodng cich (m)
s =2 2 -
- =) =] — [ =
I I I I I I

=
1)
|

f | | | |

T T T T T
Fuzzy controller
PID controller

-

=
=

20 40 60 80

100 120 140 160 180 200

Hinh 7. Sai Iéch khoang cach ctia AUV Follower thyc hién bam quy dao véi bd diéu khién mo khi khéng
c6 nhiéu loan
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So sanh RMSE ciia b diéu khién Fuzzy véi by diéu khién PID

khi khong cé nhiéu tac dong

9 " 8.698

RMSE

0.481

I Fuzzy controller
1 PID controller

0.744

0.132
I

0 1
Goéc Hudng (dg)

Khoang Cach (m)

Hinh 8. So sanh RMSE V& sai léch géc huéng va khodng cach ciia AUV gitra bd diéu khién Fuzzy
va bo diéu khién PID trong trwérng hop khdéng cé nhiéu tac dong.

So sanh v& mét dinh lwong, sai sb6 cuc dai
ctia bd diéu khién PID I&n g4p khoéng 8 lan so véi
bd diéu khién Fuzzy, dbng thdi bién d6 dao dong
ciing khéng c6 d4u hiéu suy gidm nhanh. Qua do,
bd diéu khién Fuzzy chirng minh dwoc d6 tin cay
cao va kha nang gilr cy ly ddi hinh chat ché cho
cac AUV.

Dwa vao biéu d6 Hinh 8, bd diéu khién Fuzzy
cho két qua vuot troi so vai bo diéu khién PID khi
khéng c6 nhiéu tac dong, thé hién qua gia tri RMSE
th4p hon rat nhiéu & ca hai tiéu chi danh gia. Cu
thé, sai s6 RMSE cla Fuzzy gidm manh so véi
PID, tir 8.698 xubng con 0.481 dbi véi géc hwéng
(d0) va tr 0.744 xubng chi con 0.132 dbéi véi
khoang cach (m).

(ii) Kich ban 2: M6 phong da tac tie AUV bam
quy dao khi c6 nhiéu dong chay.

Két qua md phdng tai Hinh 9 cho thdy tac
dong rd rét ctia nhiéu dong chay lén kha nang bam
quy dao cta doi hinh, trong dé bd diéu khién PID

(nét chdm gach xanh) bj anh huéng nghiém trong.
Do khoéng cé co ché bu nhiéu, quy dao cua AUV
dung PID bj dong chay day troi dat ra xa khéi cac
diém muc tiéu (dau cong), dac biét tai cac khuc
cua, tao ra khoadng cach sai léch 1&n c6 thé quan
sat tric quan.

Nguwoc lai, bd diéu khién Fuzzy (nét dit do)
thé hién tinh bén virng cao khi quy dao thuwc té van
bam rat sat dwdng tham chiéu ctia Leader, ngay ca
khi dbi dién v&i dong chay manh.

Diéu nay chrng minh kha n&ng khang nhiéu
déng hoc cla thuat toan Fuzzy wu viét hon hén,
giup phuwong tién duy tri doi hinh chinh xac hon so
v&i gidi phap kinh dién.

Tai Hinh 10, sai Iéch khoang cach cua bd
diéu khién PID kha I&n, gia tri 1&n t&i 2.2 m tai thoi
diém 140 giay. Trong cung diéu kién nhiéu, bo diéu
khién Fuzzy kiém soat tét hon, sai sb 1&6n nhat &
mic 1.5 m, giup gidm thiéu khodng 30% sai léch
so v&i bo diéu khién PID.
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Piéu khién
T

Do & Nguyen

da tac tir AUV thuc hién bam qu§ dao khi ¢é nhiéu dong chiy

Y (m)

— AUY Leader
= = =AUV Follower (Fuzzy controller)
AUY Follower (PID controller)
+ Target

230 =20 -10

0 10 20 30
X (m)

Hinh 9. Diéu khién da tac t&r AUV bam quy dao véi bd diéu khién me khi co nhiéu dong chay

Sai léch khoang cich ciia AUV Follower so v6i AUV Leader thuc hién bam quy dao khi c6 nhiéu dong chiy

2.5 T T I I

Sai léch khoeding cach (m)

T T T T 1
Fuzzy controller
PID controller

0 20 40 60 80

100 120 140 160 180 200

Hinh 10. Sai léch khoang cach ctia AUV Follower thuwc hién bam quy dao véi bd diéu khién mo khi cé

nhiéu dong chay

D6 thi Hinh 11 phan anh sai léch hwéng, sai
sb clia bd PID dao doéng Ién trong khoang rong tir
-18 d0 dén 24 do.

Trai lai, bo didu khién Fuzzy thé hién do n
dinh twong dbi tét, gitr sai léch hwdng chi bién
thién nhe trong pham vi hep t» 0 dén 3 dd (thap
hon khoang 8 lan so véi PID).

Hinh 12 cho thay khi cé nhiéu tac dong, bod
diéu khién Fuzzy tiép tuc chirng minh kha n&ng
chdng nhiéu vwot trdi va én dinh hon bd diéu khién
PID nh& duy tri mirc sai s6 RMSE rat thap. Cu thé,
sai s6 RMSE cuia Fuzzy chi 14 0.624 & géc hwéng
(so v&i 9.435 ciia PID) va 0.777 & khoang cach (so
v&i 1.015 cua PID).
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Sai léch hwémg ciia AUV Follower so véi AUV Leader thuc hién baim quy dao khi ¢6 nhi¢u dong chiy
T T T T T T

I I I
N
y
20 - I —
= P
= / \
— \
=19 P ’
g IO _ r N r \1' —
g /.r L - .. ’ .
= A 7 \
= L\ - A_\—\_,___
o 0 - — -
<2' \\ _ ,f i - ~ . N
E b /1 - -~ fj . /,
n ~ ’
-10 - " ' N \ R
L ; N A . ’
v 7 v 7/
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Thoi gian (s)
Hinh 11. Sai Iéch huwédng cua AUV Follower thyc hién bam quy dao véi bd diéu khién mo khi cé nhiéu
dong chay

So sanh RMSE ciia b diéu khién Fuzzy véi b diéu khién PID
khi c6 nhiéu tac dong

10

9.435

RMSE
h

0.624

Goc Hudng (d9)

T
I Fuzzy controller
[1PID controller

1.015
0.777

Khoang Cach (m)

Hinh 12. So sanh RMSE vé sai léch géc hwéng va khodng cach ctia AUV gilra bd diéu khién Fuzzy va
bé diéu khién PID trong trwdng hop cé nhiéu tac dong.

5. Két luan

Bai bao da trinh bay phwong phap thiét ké va
kiém chirng bd diéu khién Logic md cho bai toan
diéu khién déi hinh AUV theo céu tric Leader-
Follower. Nghién c(ru tap trung gidi quyét cac thach

thirc vé tinh phi tuyén ctia mé hinh déng lwc hoc
va sy tac déng béat dinh cha nhiéu méi truwdng
nwéc. Cac két qud mé phéng trén nén tang
MATLAB/Simulink d& minh chirng tinh hiéu qua
cla thuat toan dé xuét qua hai kich ban van hanh.

124



JSTT 2026, 6 (5), 112-125

V6i kich ban khéng cé nhiéu loan, bd diéu khién
Logic m& duy tri ddi hinh v&i dd chinh xac cao, git
sai léch khoang cach 6n dinh & mirc thap (khoéng
0.1 m) va triét tiéu hau hét cac dao dong hwéng
(+1d6), gidm dwoc dd qua diéu chinh va dao déng
manh thwdng thdy & bo diéu khién PID. Véi kich
ban cé nhiéu loan do dong chay, gidi phap dé xuét
thé hién kha ndng khang nhiéu vwot troi. So véi bd
diéu khién PID, thuat toan Logic m& gitp gidm
thiéu sai léch khoang cach cuc dai khoang 30% va
cai thién do 6n dinh hwéng gép 8 1an, dam bao
AUV Follower bam sat quy dao muc tiéu ngay ca
tai cac khac cua gép.
Két qua nghién ctru khdng dinh tiém nang
&ng dung cla Logic m& trong viéc nang cao chat
lwong diéu khién va do tin cay cho cac hé théng da
tac t& AUV hoat déng trong méi trwong thuc té
phtrc tap.
Tuyén b6 vé viéc st dung Al tao sinh
Trong qua trinh chuan bi bai bao nay, tac gia
da khong str dung coéng cu Al dé tao ra nodi dung
cho bai bao.
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