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Tém tit : Dinh vi cic ddi tuong ngam ludn la mot
thach thirc 16n dbi v&i nha khoa hoc do sy phirc tap ciia moi
truong, s khac biét cua truyén séng 4m trong nudc va su
khic nghiét cua bién. Nghién ciru, trién khai img dung cac
giai phap dinh vi ngdm dang 1 nhu cau va xu thé phat trién
cho céc tmg dung ciia linh vic ngdm néi chung, dic biét 1
c4c hé thdng phuong tién khong ngudi lai (UUV). Bai bao
nay d& xuit mot giai phap dé nang cao do chinh xac dinh
Vi trén co sO hé théng dinh vi dudng co so cuc ngén két
hop véi hé thdng dan duong quan tinh va bo loc Kalman
mo rong. Két qua nghién ciru va thuc nghiém cho thiy do
chinh xac dinh vi bdo dam cho cac ung dung co ban va
chuyén sau. Cac két qua thuc nghiém cho mau phuong tién
ngam khong ngudi 14i thé hién sy hoat dong 6n dinh khi ap
dung giai phap mai dé xuat nay trén cac dang quy dao khac
nhau, & cac d6 sau va ché do hanh trinh khac nhau. Giai
phap bao dam lam viéc tdt trén UUV thir nghiém, dat sai
sO trong gidi han véi tong thoi gian hanh trinh hon 2 gio,
d6 sau cuc dai 104 m véi cac dang quy dao chuyen dong
thay d6i luén phién giita tuyén tinh va phi tuyén.

T khéa: Dinh vi ngém, dinh vi co sg’r cuc ngén (USBL),
B¢ loc Kalman (KF), phuong tién ngam khong nguoi lai
(UUV).

MO PAU

Phuong tién ngim khong ngudi 1ai (Underwater
Unmanned Vehicle: UUV) 1a thiét bi duoc ung dung rong
rdi trong cac nhiém vy tham do, giam sat, thu thap dir liéu
va nghién ctru moi truong bién [1]. Tuy nhién, viéc khai
thac va van hanh hiéu qua UUV lai 1a mét thach thuce 16n,
nhét 14 viéc dinh vi, giam sat, diéu khién quy dao ctia chung
trong qua trinh hoat dong [2]. O trén mat dat va mat nudc,
cac hé théng dinh vi vé tinh (GPS, Glonas, Galileo,
BeiDou,...) dugc tng dung rong rai trong dinh vi cac déi
trong. Nhung & trong mdi trudng nude, can phai cé cac
giai phap dinh vi riéng cho cac d6i tuong hoat dong ngam,
nhit 1a cac hé thong UUV. Thong thudng, trén UUV dugce
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trang bi cac hé théng din duong quan tinh (Inertial
Measurement Unit: IMU) hd trg dinh vi UUV trong qua
trinh hoat dong. Mac du vay, nang luc ctia IMU va céac hé
thong phu trg van khong thé bao dam duoc do chinh xac
cho UUV khi chung hoat dong trong thoi gian dai [3]. Cac
hé thong dinh vi thity am ngam dugc dé xuat dé dap ung
cho nhitng nhu cau nay. Theo d6, néu phan loai theo pham
vi b tri cac cam bién, cac hé thdng dinh vi ngdm phd bién
1a: hé thong dinh vi duong co so dai (Long Baseline - LBL)
[4] va hé thong dinh vi duong co sé ngan (Short Baseline -
SBL) va cuc ngan (Ultra-Short Baseline - USBL) [5-7].
Vi cac ung dung mang tinh co dong va can trlen khai
nhanh, cac hé théng USBL chiém wu thé hon do cau tric
khong qua phirc tap va tinh co dong cao. Hon nita, mac du
¢6 do chinh xac khong tot bang cac hé théng LBL nhung
cac hé théng USBL ciing bao dam duoc cho nhiéu tng
dung [8]. Bén canh d6, b loc Kalman véi kha nang xt 1y
quy dao lién tuc d6i véi cac ddi tugng chuyén dong da va
dang duogc ap dung ngay cang rong rai [9].

Bai bao nay trinh bay mét giai phap nang cao do chinh
xéc dinh vi UUV dua trén co s& két hop IMU, USBL va bd
loc Kalman mé rong (Extended Kalman Filter: EKF).

Trén co so do, phﬁn con lai cia bai bao duoc td chuc
gdm cac ndi dung nhu sau: phan I1 mé hinh hé théng s& xay
dung mé hinh bai toan va néu van dé can giai quyét. Phan
I11 thuyét minh vé giai phap duoc dua ra. Phan IV trinh bay
mot sé két qua mod phong, thir nghiém va thao luan, cudi
cung 1a phan két luan.

Il. MO HINH HE THONG

A. Dinh vi thuy am bcing hé théng dinh vi dwong co so
cwee ngdn két hop dan dwong quan tinh

Trong céac hé théng dinh vi va dan duong, cé hai h¢ toa
d6 can phai x4c dinh. Hé toa do cuc bo gin véi UUV va hé
toa d6 chung la hé toa do ¢b dinh gén v6i dat (goilahé toa
do chuén). Hé toa do chuén duoc dung dé tham chiéu cho
cd UUV va tram phat tin hi¢u thuy am.

Gia thiét co N phan tir thu dat trén than cia UUV tai cac
vi tri xac dinh (khéng dong thoi cing ndm trén dudng
thing). Tram phat tin hiéu thiy am dat ¢b dinh tai mot diém
xac dinh trong khu vyc 1an cén, toa d§ cia tram trong hé
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Mat nuéc
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thir 2

Hinh 1. M6 hinh hé thong dinh vi thity dm dwong co sé cwee ngdn cho phirong tién ngam khéng nguwoi ldi

toa d6 chuan 1a (x,,y,,z,) da biét. Khi dé, vi tri ciia tram
duogc xac dinh boi:
T
sz[xbzyb,zb] (D

Toa d6 p, s€ dugc nap cho UUV trudce khi trién khai
hanh trinh hodc dugc cap nhat lién tuc thong qua kénh
truyén thong, va dugc coi la gia tri tham chiéu dé xac dinh
vi tri cia UUV trong qua trinh hoat dong.

Gia thiét UUV ¢6 toa do p, trong hé toa do chuén, céac
phan tir thu ¢ vi tri twong d6i p*, i =1, N (1a vi tri tuong
ddi trén than cua UUV, trong h¢é toa do gén voi UUV). Khi
do, vi tri ciia phﬁn tur thu thr 7 trong hé toa d6 chuan dugc
xac dinh boi:

pi = pu +Rbup? (2)

Trong d6, R,, 14 ma tran quay, dung dé chuyén ddi toa
dd cuc bo trén than UUV vé toa do chuén.

Minh hoa m6 hinh hé théng duoc thé hién trén Hinh 1.

Néu UUV khéng duoc trang bi IMU thi R, =1, ¢
nghia 1a coi nhu tu thé UUV khong ddi trong qua trinh
chuyén dong. Tuy nhién, gia thiét nay s& lam cho sai s6
dinh vi 16n do thyc t€ thi ludn cé nhitng dao dong cua UUV
khi hoat dong. Neu UUV c6 trang bi h¢ thong IMU, luc d6
¢6 thé tinh:

Rbu = Rz (V/)'Ry (9)‘Rx (¢) (3)

Trong do, R.(y), R,(6), R (#) la cic ma trdn quay
tuong ung theo cac truc toa d Oz, Oy, Ox. Cac ma tran
nay tuong ung dugc xac dinh la:

cosy —siny 0]

R (y)=|siny cosy O 4)
0 0 1]
cosd 0 sind]

R (@)= 0 1 0 %)
—sin€ 0 cosd |
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1 0 0
R (§)=|0 cos¢ -—sing (6)
0 sing cos¢

Muc ti€u cta bai toan dinh vi thuy am la tim dai luong
p, cua UUV.

Dé giai quyét bai toan ndy, c6 nhidu giai phap dugc dé
xuit [2]. Tuy nhién, giai phap hiéu thoi gian dén (time
difference of arrival: TDOA) van 1a mot giai phap kha di
nhét. Theo d6, giai phap nay dwoc trién khai nhu sau:

Thoi gian truyén tin hiéu tir tram phat dén phan tir thu
thir i dugc tinh theo:

o= %-llpb P/ = %'"Pb (o Rupi)]

c
Trong d6, c 1a tbe d6 lan truyén song 4m trong nude.
Sy chénh 1éch thoi gian cua tin hiéu thity 4m truyén tir
tram phat tin hiéu dén hai phan tir thu i va j vé Iy thuyét s&
duoc tinh:

t =

i

A= ®)

Mt khéac, sy chénh léch thoi gian 1a mot dai lugng cd
thé do va udc lugng trong qua trinh xt 1y tin hiéu trén
UUV, goi la Az . Luc d6, rit ra dwoc phwong trinh dang:

Sy, = Azé? —At =0 ©)

Thiét 1ap hé phuong trinh véi timg cap phan tir thu dat

trén UUV sé& dugc hé phuong trinh phi tuyén theo bién p,

. Giai hé phuong trinh nay s€ tim duoc vi tri cia UUV trong
hé toa do chuan.
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Nobi tai hé thong USBL chi bao dam thu thap, xir ly va
dwa ra dit liéu ¢ nhiing thoi diém rdi rac, d& bi nhiéu do anh
huong truyén song. Trong khi d6, IMU bao dam dua ra dir
lidu lién tuc, nhung lai bi trdi va co sai s6 16m sau thoi gian
dai hoat dong. Viéc két hop USBL va IMU giup khic phuc
nhuoc diém cia timg hé thong riéng 1¢. USBL cung cap vi
tri tuyét dbi, con IMU dam bao dinh vi lién tuc va 1am min
dir lidu. Bo loc Kalman 1a mot giai phap tot cho su phéi
hop dong bo 1am viéc gitra hai kénh nay, dua ra két qua tot
nhit ¢ thoi diém xem xét.

B. B¢ loc Kalman mo rong

Khi két hop gitra USBL va IMU, d6 chinh xac hé théng
dinh vi UUV da dugc cai thién dang ké. Tuy nhién, néu
uuv chuyen dong 11en tuc va nhat 1a co quy dao chuyen
dong phi tuyen thi can phai co giai phap bo sung dé bao
dam yéu cau vé do chinh xac cia bai toan dinh vi. Bo loc
Kalman 13 lya chon hang d4u cho giai phap nay. Bo loc nay
1a mot k¥ thudt wéc luong tbi wu, st dung chudi cac phép
do theo thoi gian nham giam thiéu anh huéng cia nhidu va

Ma trén hi¢p phuong sai P dong vai tro quan trong trong
viéc xac dinh sai $6 khi wdc luong céc bién trang thai. Sai
s6 nay ciing can dugc du doan khi mudn dy doan trang thai
hé théng. Dua trén gia dinh cac udc lugng trang thai 1a bién
ngau nhién, bg loc Kalman ngoai suy phuong sai u6c luong
& thoi diém tiép theo nhur sau:

P. . =FP F +Q (16)

n+l,n
Trong d6 P,, la ma tran hi¢p phuong sai cua udc luong

n,

trang thai hién tai, P, ,, la ma tran hi¢p phuong sai cta

wéc lugng trang théi tiép theo, @ 1a nhidu qué trinh.

B0 loc EKF s€ udc lugng trang thai tdi wu dua vao mod
hinh dit li¢u dau vao du doan ciia INS va USBL. Tém tét
md hinh toan hoc va tién trinh xir Iy ctia EKF nhu trén bang
1.V co ban, EKF tuan theo cac budc cua bd loc Kalman
thong thuong, nhung thay dbi trong viéc str dung ma tran
quan sat va ma tran chuyén trang thai dya trén cac dao ham
ctia cac ham phi tuyén twong tng.

Badng 1. Phuong trinh bo loc Kalman mo rong.

Phwong trinh Giai doan
X0, =f(X ( nn ) +Gu, (10) Ngoai suy trang thai
Du doan -
% 9
P, = g P, [lj +Q Ngoai suy phuong sai
Toox T\ ox
at
X, =%, 1K, X(Z _h(ﬁn,n—] )) (12) Cap nhat trang thai
oh oY N ,
Cap nhat P (I K. an,nl X(I -K, &j +K,R K, - Cép nhét higp phuong sai
6h r .
K, =P, x(HP,_H"+R, ) Heé s6 loc Kalman

sai s6 do luong, tir d6 cung cap udc luong trang thai chinh
xac hon so véi khi chi dung tung phép do riéng 1¢. Tuy
nhién, trong cac hé thong phi tuyén, bo loc Kalman truyén
thdng thudng gip han ché trong kha ning xir Iy va hiéu qua
udc lugng khong cao. Nham khéc phuc han ché cua bo loc
Kalman trong méi truong phi tuyén, bo loc Kalman m&
rong (EKF - Extended Kalman Filter) di duoc phat trién
bang cach tuyén tinh héa cac ham trang thai phi tuyén trong
phuong trinh chuyén dong va quan sat [10].

Phuong trinh dong luc cia hé thdng dong vai trod 1a cong
cu chinh dé du doan trang thi cia hé théng & thoi diém ké
tiép, dya trén trang thai hién tai. Cy thé, phuong trinh nay
md ta su thay d6i cua trang thai theo thoi gian, duge biéu
dién dudi dang tuyén tinh.

%,..,=F%,, +Gu, +w,

(15)

n+l,n
trong do:
X,.., : vecto trang thai du doan thoi ¢ diém n+1;
X, :vecto trang thai u6c luong & thoi diém n.

u, : bién diéu khién,

F : ma trén chuyén trang thai

G : ma tran di€u khién

W, : nhidu qué trinh, mét vecto ngau nhién
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. GIAI PHAP KET HOP DINH VI PUONG CO SO
NGAN, DAN BUONG QUAN TiNH VA BO LOC
KALMAN MO RONG CHO PINH VI PHUONG TIEN
NGAM KHONG NGUO'l LAI

Str dung m6 hinh UUV ¢6 dang tru tron, c6 kich thudc
® =355; L = 3500 dugc trang bi hé théng dan duong quan
tinh Xblue Phins C3. Véi hé truc toa do cuc b Oxyz: tam
O gin véi trong tdm ciia UUV (nam trén miat phang doc
tdm, cach mut dudi: 1866 mm, cach mép bién day: 170
mm); truc Oy hudng thfmg truc doc cua UUV, chiéu tir dudi
hudng dén dau; truc Ox vudng goc vai truc Oy trong mit
phing ngang; truc Oz vudng goc vi mit phang xOy. Dong
thoi, trén UUV duoc bd tri 03 phén tir thu (hydrophone)
tao thanh mot tam giac. Toa dd trong hé Oxyz cta cac ph?m
ttr thu duogc xac dinh tai: £,(160,—1300,0), A,(-160,0,0)
, 1,(160,1500,0) . Thém vao d6, trén UUV con duge b tri
02 cam bién do sau dé 1iy thong tin vé do sau (cung cip toa
d6 Oz).
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IMU Ry,
. \ 2800 USBL bu IMU
L PS2 (] ™ i
T ™00 Wydz oo

¢ Ly EKF
Ghi chu:
1. Hyd: Hydrophone
2. Kich thudc tinh theo mm
3. IMU: Hé thong din duong quan tinh pi
4. PS: Cam bién ap suit, xdc dinh do sau

a) Bé tri cdc thanh phan hé thong dinh vi trén UUV

b) So do gidi phdp dinh vi dé xudt

Hinh 2. Bé tri cdc thanh phan hé théng dinh vi bang USBL trén UUV chuyén dung

So d6 bb tri IMU véi cac phan tir thu (Hyd) va cam bién
d6 sau (PS) cua duoc minh hoa trén Hinh 2a. So d6 giai
phap dinh vi dé xuét thé hién trén hinh 2b.

Con quay quang Phins C3 ciia Hang Xblue c6 thé nhan
va truyén dir liéu thong qua nim duong giao tiép ndi tiép
khong dong bo, cdu hinh dwoc nguoi dung thiét dit. Bén
canh do, con quay nay ciing cung cép giao thirc lién két
Ethernet 10/100 Mbits/s dé kiém soat, cai dit, giao tiép dir
liéu qua may tinh.

May tinh nhung dugc trang bi trén khoang dé thuc hién
giai phap két hop USBL va IMU sau d6 cap dén bo loc
Kalman mé rong. Hé théng chap hanh Auto Pilot (hdng
Dynaustic) dung dé diéu khién dong co va cac banh lai
UUYV khi hanh trinh.

IV. KET QUA MO PHONG, THI’ NGHIEM VA THAO
LUAN

Bai bao sur dung cong cu Matlab R2022b dé tao dit lidu
va danh gia sy lam viéc cua thuat toan voi dir li€u mo
phéng ciing nhu dit li€u thtr nghiém.

A. Két qua mé phong

Dir liéu cac thong sb md phong duoc gia thiét nhur sau:

a) Dir liéu chuyén dong cia UUV:

- Thoi gian khao sat 500 s;

- Chu ky cap nhat thong tin 1 s;

- Tbe do thue cua
v:[vy v, vz] =[24 -0.1] m/s.

- Gia thiét UUV chuyén dong thang déu.

b) Tram phat thiy 4m: O thoi diém ban ddu UUV cach
tram phat 500 m.

¢) Téc d6 truyén 4m thanh trong nudc: 1500 m/s

Két qua md phong bam sat quy dao ciia UUV thé hién
trén hinh 3. Theo do, véi quy dao da dat, UUV chuyén dong
6n dinh va tuyén tinh, trong khi d6 hé théng dinh vi, giam
sat quy dao c6 thé dwa ra mot s sai s6. Nhung xét ca qua
trinh, cac dir liéu tinh toan van héi tu vé quy dao thuc voi
cac sai 6 chép nhan dugc. Khao sat sai s6 theo céc truc
duoc minh hoa trén Hinh 4.

Két qua cho thdy, sai s binh phuong trung binh:
o, =446 m; o, =14.64 m; o7 =4.51 m, sai sb 16n nhat

UuV:

theo truc Oy, 1a truyc ma UUV co tde do 16n nhét. Tuy
nhién, sai s6 tong thé van nam trong gidi han chap nhan
duoc doi voi cac ung dung thuc te.
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Quj dgo UUV dinh vi béri SBL + INS + EKF

Hinh 3. M6 phong quy dao thuc va quy dao duoc bam sat boi hé
thong dinh vi

35

Saisb X
30 SaisbY 4
SaisbZ

25 A

Sai s6 vi tri (m)

| I L I L I I I |
0 50 100 150 200 250 300 350 400 450 500
Thoi gian (s)

Hinh 4. Sai s6 vi tri theo thoi gian

Trén co so khao sat mo phong vé quy dao, vé sai sb va
cac danh gia khac lién quan dén kha nang chiu lyc, 6n dinh,
kin nuée... UUV déc thu dugce phép dua ra thir nghiém trén
bién. Mot s6 két qua chinh dugc trinh bay & phan tiép theo.

B. Két qua thir nghiém trén bién

UUV duoc thir nghiém tai khu vuc bién Cam Ranh -
Khanh Hoa, bat dau hanh trinh tr toa do
P,(11,82688N;109,34840E) va két thic & toa do
P, ,(11,79444N;109,34893F) . Ké hoach hanh trinh cua
UUV duoc dat theo 16 trinh gdm 15 diém véi muc dich
kiém tra: thoi gian, tbc do, kha ning hanh trinh theo két
hoach dat trudc, danh gia sai sO bam sat quy dao va mot s6
muc dich chuyén dung khéac. Toa d6 cua cac diém hanh
trinh (WP) dugc thiét dit trudc theo bang 2.
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Bdng 2. Cdc diém hanh trinh ddt truée cho UUV Vido Kinh d¢ Sau | Dang quy
T W B | m | dw
Vido Kinh d¢ Sau | Dang quy *
TT .
(N) (E) (m) dao 11 11,80743 109,35246 8,1 | Thing
1 11,82688 109,34840 0,0 | Théng 12 11,80452 109,35216 8,0 | Thing
2 11,82444 109,35021 8,1 Théng 13 11,80493 109,35057 | 104,0 Bac 3
3 11,81814 109,34602 | 48,2 | Thang 14 11,80120 109,34858 8,0 | Thing
4 11,80452 109,34461 | 32,2 Théng 15 11,79640 109,34895 0,0 Thing
> 11,7425 10931614 2.0 Bac2 Nap dir liéu hanh trinh cho UUV dugc thuc hién thong qua
6 11,81691 109,34543 94 Thing giao di¢én phan mém RCW, la phan mém di kém véi bd
. dicu khién lai ty dong (Auto pilot) cia hang Dynaustic.
7 11,81693 109,35204 8,8 | Thang Giao dién phan mém va tiry chon nap dit liéu trén Hinh 5.
2 C6 thé thuc hién hiéu chinh va nap thong s6 cho timg diém
8 11,81240 109,35359 2.0 Théng hanh trinh (WP) hodc nhap dir liéu cac diém hanh trinh
9 11,80807 10934939 | 25,3 | Bac?2 trong file va nap file nay cho h¢ thong.
i Hanh trinh cia UUV va biéu dd dinh vi, bam sat do sau
10 11,80260 109,34809 8,0 Thang duogc thé hién trén Hinh 6. Biéu do chi tiét hanh trinh cia
FI [l ‘ T ‘"E"’ [l
)0 355 L 1
Edit Remove Olatlong ONE ORE Load
Remove Al (Omjsec Okt
NIH‘Rar\ge - - 6553;.:”“ nly
Hinh 5. Giao dién phan mém RCW d@é nap dit liéu quy dao cho UUV
e =
Hinh 6. Biéu dé theo déi dinh vi va bam st @6 sau cia UUV
SO 02 (CS.01) 2025 TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 15
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Biéu dé hanh trinh cia UUV

Do dich theo kinh d6 (m)

— “©— - Hanh trinh thiét gat
Hanh trinh thue clia UUV

4000

B3 dich theo vi dé (m)

Hinh 7. Chi tiét hanh trinh UUV theo ké hoach dwoc ldp

UUV bam sat cac diém ké hoach hanh trinh duoc thé hién
trén hinh 7.

Thong s6 biéu dién quy dao bac 2 va bac 3 dugc nap truc
tiép trong bang diéu khién ty dong l4i cia UUV. Trén hinh
6, phan trén thé hién Hai 6 ving bién thir nghiém va phan
duéi thé hién biéu dd do sau, cu ly hanh trinh theo thoi
gian.

Theo d6, d6 sau 16n nhat ma UUV da dat dén trong hanh
trinh 1a 104 m; tong thoi gian thir nghiém 2 gid 05 phut.
Dén thoi diém két thuc thir nghiém, UUV van con kha ning
tiép tuc hoat dong. Hon nira, cac diém hanh trinh thuc té
ctia UUV di bam sat du theo dang quy dao da thiét 1ap.

V. KETLUAN

Bai bao d4 nghién ctru tong quan vé cac giai phap dinh
vi thity am ngam, nhét 13 céc giai phap dinh vi cho phuong
tién ngdm khong nguoi lai. Trén co so phan tich uu, nhugc
diém ctia cic phuong phap di duoc cong bd, bai bao dé
xudt giai phap két hop giita dinh vi duong co so cyc ngan,
dan duong quan tinh va bo loc Kalman mo réng. Mo hinh
toan hoc, dir liéu mo phong va dir liéu thir nghiém ciing thé
hién hi€u qua va su cai thién khi &p dung cho hé théng
UUV diac thu. Hé théng da dugc thtr nghiém thyc té trén
ving bién cta Viét Nam, hanh trinh téng thoi gian 2 gid 05
phut, dat d6 sau cuc dai 104 m va co thay doi dang quy dao
hanh trinh: tuyén tinh, bac 2 va bac 3. UUV da ty dan
dudng va diu khién trén co so giai phap thiét lap, di da
thoi gian va 15 diém hanh trinh da dat, ghi lai théng s6 van
dong va két qua diéu khién. Nhu vay, giai phap mai dé xuat
¢6 nhiéu wu diém, c6 thé nghién ctru va tiép tuc phat trién
cho cac UUV dang va sé dugc ché tao nhim muc dich
chuyén dung va da dung.
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PROPOSAL FOR IMPROVING POSITIONING
ACCURACY OF UNMANNED UNDERWATER
VEHICLES

Abstract—Accurate underwater localization is critical
for the operation of Unmanned Underwater Vehicles
(UUVs), yet remains a challenge due to environmental
complexity and the wvariability of acoustic wave
propagation. This paper proposes a hybrid localization
system integrating an Ultra-Short Baseline (USBL)
acoustic positioning module with an Inertial Navigation
System (INS) using an Extended Kalman Filter (EKF) for
improved accuracy and robustness. Simulation results
show that the system closely tracks reference trajectories
under harsh marine conditions. Field experiments
conducted on a prototype UUV confirm stable
performance across various depths, motion patterns, and
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mission profiles. The system maintains localization
accuracy within acceptable error margins during missions
exceeding two hours and reaching depths up to 104 meters.
These findings demonstrate the feasibility and reliability of
the proposed approach for real-world underwater
navigation tasks.

Keywords—Underwater  localization, = Unmanned
Underwater Vehicles (UUVs), Ultra-Short Baseline
(USBL), Inertial Navigation System (INS), Extended
Kalman Filter (EKF).
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nganh thong tin nam 2012 tai Dai hoc k¥ thuat
Lé Quy Don. Nhan chirc danh Nghién ctru vién
nam 2014. Hién dang 1a hoc vién dao tao thac
sikhoa 2023.2 tai Pai hoc Hang Hai Viét Nam,
Nghién ctru vién nganh thong tin v6 tuyén tai
Vién K§¥ thuat Hai quan.

Linh viee nghién cibu chinh: Ly thuyét xir Iy tin
hiéu, mang dién tir vién thong, thong tin lién lac vo tuyén (tau mat
nudc va tau ngﬁm), dinh vi thuy am.

Nguyén Thanh Chinh t&t nghiép dai hoc
chuyén nganh ra da nam 2003 va tbt nghiép
thac si chuyén nganh Ky thuat ra da — dan
duong nam 2011 tai Pai hoc Ky thuat Lé Quy
Don. Nhan chirc danh Nghién ctru vién chinh
nam 2015 khi dang cong tac tai Vién K¥ thuat
Hai quan. Hién dang 1a Nghién ctu sinh nganh
Ky thuat ra da — din duong tai Khoa v6 tuyén
- dién tir, Pai hoc Ky thuat Lé Quy Bon.

Linh viee nghién ciru chinh: Ly thuyét xu 1y tin hiu, bai toan phat
hién va dinh hudng trong sonar, radar sit dung mang ang ten.

Nguyén Pirc Minh t5t nghiép dai hoc chuyén
nganh Vat 1y-V6 tuyén nam 2000 tai Dai hoc
Khoa hoc tw nhién- Pai hoc Qubc gia Ha Noi.
Tét nghiép Thac s§ nganh Cong nghé Dién tit
- Vién thong nim 2006 tai Pai hoc Cong nghé
- Pai hoc Quéc gia Ha N§i. Nhan b::ing tién sy
k¥ thuat nganh Ky thuat Ra da-Dan dudng
nam 2019 tai Hoc vién Ky thuat Quan sy. Hién
dang giang day tai Hoc vién Cong nghé Buu chinh Vién thong,
Linh vue nghién ciru: Ly thuyét phat hién trong radar nhiéu vi tri,
xUr Iy tin hiu, dién tr may tinh.

SO 02 (CS.01) 2025 TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG

17





