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TOM TAT

Ngay nay, tau khong ngudi lai (Unmanned Surface Vehicles-USV) duy tri huéng va vi tri ¢é dinh rét
can thiét cho nhiéu ng dung khac nhau nhu: tuan tra an ninh, truyén nhan thong tin, ldy mau
NUGC, quan trdc mai trudng ... V&i mo hinh USV gém hai than, bo diéu khién va hé théng déy, ca
hai déu dugc thiét ké dac biét dé cho phép tau thuc hién cong viéc trén maét cach linh hoat, da
hudng va co dong. Vai tac dong nhiéu moi truong, nhu gio, séng va dong chay..., gy anh hudng
|6n doi vdi tau, dan dén sai s6 hodc dao dong 16n. Do d6, mot bé diéu khién dugc thiét ké nhdm tao
ra hiéu suét tét hon cho USV trong diéu kién nhiéu thay déi, la rat can thiét. D€ cai thién kha nang
dinh vi cho tau, Viam-Navi-M GPS/INS Module: tich hgp hé théng dan dudng quan tinh (Inertial
Navigation System -INS) va hé théng dinh vi toan cau (Global Positioning System-GPS) dugc phat
trién vai hé théng dinh vi &n dinh, c6 d6 chinh xac cao va chi phi thap. Béng thdi, bai bdo sé trinh
bay vé quy trinh phat trién hé théng va thiét ké kién tric phan mém. Cudi cung, véi hé théng ddy
bén déng cova bo diéu khién dugce xay dung va thir nghiém, cho théy tau dugc diéu khién tét, kha
nang duy tri huéng va vi tri cu thé trong khoang thai gian dai. Sai s6 vi tri USV dugc duy tri dudi 1
mét trong hau hét thai gian, sai s6 gbéc mi tau dao dong déu dan trong khodng tir -5 dén +5 do.
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vi toan cau/ Binh vi quan tinh

GIGI THIEU

Ngay nay, tau khong ngudi 1ai (USV) da tré thanh
mot cong cu chinh d€ khao st cdc ving bién, gidm
sat moi trudng, 1ap ban d6 d¢ sau, ing dung khoa hoc
va quén sy L2 Pjc biét trong linh viic moi tm(‘mg3 R
cc phuong phép do truyén théng stt dung mang ludi
phao n6i 6 dinh, thudng tén kém do d6 thong tin thu
thép dugc tit dai duong, hodc bat ky viing nudc nao
khéc 1a ¢6 dinh. Stt dung USV véi tich hgp cdc thiét
bi do chit lugng nudc d€ nang cao hon nita d¢ tin cdy
trong viéc giam sat mai truong, la mot phuong phap
thay thé hiéu qua hon, it t6n kém va gidm cdng viéc
ctia con ngudi. Ngoai ra, USV ciing dang dugc chu y
cuia cac chuyén gia trén thé gidi, boi vi su da dang ctia
cac chtic nang, chi phi ddu tu thdp va an toan, déic biét
6 thé hoat dong ma khong cin sy can thiép ctia con
ngudi. Hau hét USV hién véi thiét ké véi hai hé thong
day*, st dung b ddy chinh va banh lai d€ thyc hién
chtic ning co ban nhu bam quy dao?, diéu huéng, giit
vi tri ¢§ dinh®...nhung lai khéng linh hoat, co dong
trong cac nhiém vu phtic tap.

Bai bdo nay trinh bay thiét ké USV c6 kha ning
chuyén dong da hudng’. N6 dugc thiét ké véi muc
dich ban ddu 13 moét nén tang dé git vi tri trong cac
ting dung gidm st moi truong va ldy mau nudc. N6

dugc trang bi bén hé théng ddy, cho phép chuyén
dong da hudng trén mit bé mat nudc. Cdu hinh nay
khong chi cai thién hiéu xuit co dong ma con trong
ung dung giti vi tri cho phép duy tri vi tri ¢6 dinh trong
khi van giit huéng mong muén®°. Chuyén dong da
huéng lam cho USV riét linh hoat va cho phép né
hoi tu nhanh dén vi tri hodc dudng din mong mudn,
dac biét 1a trong cac ting dung ldy mau va l4p ban dé
ctia ving nudc noéng, hep. Trong hé thong tau thi
hé théng dinh vi cung cdp hudng, van t6c va vi tri,
la mot trong nhiing hé théng quan trong nhit. Do
d6, Viam-Navi-M GPS/INS Module dugc thiét ké st
dung phuong phép tich hop long GPS/INS (loosely-
coupled method) va dp dung cho USV. Tiép theo, md
hinh héa va mé phéng!0-1* dugc trinh bay dé phat
trién mot hé théng diéu khién thich hop ''~!4 trong
diéu kién mo phong. O gii vi tri, thu c6 giii vi tri,
huéng duéi tdc dung cta nhiéu mdi trudng. Cudi
cung, cac m6 phong va thuc nghiém giti vi tri ¢6 dinh
ctia USV da dugc thuc hién trong moéi trudng thuc té
dé kiém tra tinh 6n dinh ctia no.

THIET KE USV

Mo hinh tau dugc thiét ké véi dang 2 than (catama-
ran) véi vu diém vé tinh 6n dinh cao, stic can va do
nghiéng lic thdp khi c6 séng hay tdc dong ngoai luc,

Trich dén bai bdo nay: Huy T N, Cudng N T. Thiét ké hé théng dinh vi dong cho tau tu hanh sit dung
bo GPS/INS (Viam-Navi-M). Sci. Tech. Dev. J. - Eng. Tech.; 3(S12):S193-SI1101.
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dong thai khong gian rong trong thin tau cho phép
dé nhiéu thiét bi hay cam bién. M6 hinh tau véi b6
tri 4 hé thong déy gom 2 hé théng déy theo phuong
ngang va 2 hé théng déy theo phuong doc giup n6 dé
di chuyén da hudng trén mit phdng ngang (Hinh 1).
Moéi hé théng ddy vdi luc ddy t6i da 22N dap ting cho
kha ning di chuyén va chdng lai cdc dong nhiéu tuong
dai tit moi truong. Hop dién chiia hau hét cac thiét bi
dién, cam bién va anten dugc noéi tu ti dién ra ngoai
nhdm ting hiéu qua trong thu phat séng RE, nhan tin
hiéu tii vé tinh. USV ¢6 cdm bién chinh 1a Viam-Navi
GPS/INS Module xac dinh vi tri tau mot cach chinh
xdc va hudng tau trong qud trinh di chuyén (Hinh 3).
Mach diéu khién st dung chip ARM Cortex-M4 c6
chtic ning doc cdm bién va diéu khién dong co thong
qua thuit todn diéu khién. USV ¢4 thé truy cip khong
day hodc RF d€ truyén / nhin lénh ti tram mat dét
va gui chung dén mach diéu khién chinh d€ dua ra
quyét dinh cho cdc nhiém vu nhit dinh (Hinh 2). Hai
khéi Pin lithium 13 Ah, 28.5V chita trong than USV,
cung cdp nang lugng cho hoat dong trong thoi gian
dai. Ngoai ra, cic bd chuyén d6i DC / DC dudgc st
dung d€ gidm dién dp xudng 24V, 12V, 5V d€ cung
cdp cho céc cam bién, hé thong ddy, truyén thong va
cac hé thong diéu khién.

Viam-Navi-M Module dugc xay dung trén IMU (In-
ertial Measurement Unit) gom ¢ cac cam bién van
toc goc, gia tdc, tli trudng ba truc va mot module GPS.
Tan s6 cap nhat cta hé bang véi tan s6 cap nhat INS
(Inertial Navigation System) 1a 100 Hz va tin s6 cép
nhat cta GPS la 10 Hz. Hé thdong thu thap di liéu
va xt ly dugc thuc hién trén mét vi diéu khién ARM
Cortex-M4. Phuong phép xay dung hé thong dinh vi
GPS/INS theo hai m¢é hinh tich hgp 16ng, stt dung bo
udc lugng goéc xoay ba truc -EAE (Euler angles esti-
mation) va cac rang budc van t6c dé cai thién d6 chinh
xdc.

Céu tric phan mém diéu khién trén USV dugc trinh
bay trong Hinh 4. Nhiém vu cta USV dugc diéu
khién ti tram gidm sat mdt ddt va sau d6 USV sé lya
chon va thuchién hoat dong ctia n6 theo cac nhiém vu
tach biét nhu cic ché do diéu khién, thuat toan diéu
khién, vv...

Khéi diéu khién ldy cac thong tin ti khoi dinh vi
(Viam-Navi-M Module), din dudng va cic lénh diéu
khién d€ thuc hién céc ché do: ché d¢ béng tay, diéu
khién mui tau, git vi tri... Cdc tin hiéu lyc ddy theo 2
truc x, y hé NED (Bic-Dong-Hudng Xudng) va mo-
ment xoay quanh truc z tii khoi nay sé dugc phan bo
lai cho 4 dong co ddy. Ngoai ra, cic trang thdi cua
USV, thiét bi va thong tin cim bién sé dugc ghi lai va
dong thoi gtii dén tram giam sat mat dat.
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Tram mat dét cho phép ngudi diing gidm sat va diéu
khién cho USV thong qua truyén thong khong day RF.
Sau khi bat dau chuong trinh, ngusi dung sé chon ché
d¢: béng tay qua Joystick, diéu khién tiing dong co,
giti huéng, diéu khién bam dudng hodc giti vi tri. Vi
vong lap 100ms (10 Hz), hé théng gidm st mat dét c6
thé cap nhat chinh xdc va hién thi trang théi caia USV
nhu vi tri, gdc, tin hiéu diéu khién thong qua ban dé
va biéu d6 duong thoi gian.

XAY DUNG PHUONG TRINH PONG
LUC HOC CUA USV

Chuyén dong cta tau 13 mit phing v6i chuyén dong
tuyén tinh theo phuong x, y va xoay quanh truc z nén
ta xay dyng mo6 hinh tau 3 bac (3-DOF). Phuong trinh

dong luc hoc cho tau 3 DOF dugc dé cip trong Fos-
sen™13,

n=J(y)v 1)
MV+C(V) V+D(V)V = T+ Tdisturbances

Trong d6 M 1a ma trén khéi lugng:

nmiq 0 0
M=|0 myp my
0 m3zp ms
m—X, 0 0
= 0 m—Y, mxg — Yi
0 mxg—N, I,— Ni

véi [xg,yg,zg] T1a toa do ctia diém trong tAm cua tau
trong hé toa d6 BODY. ; 13 hé s6 trong ma tran quan
tinh biéu thi cho momen quén tinh quay quanh truc
cua tau. Xu,Yv,YLNv,Ni la hé s6 trong ma tran M. Cac
hé s6 nay phu thudc vao bién dang cta tau.

C (v) 1a ma tran Coriolis:

0 0 c13
Cv)={0 0 cals
31 e 0

N4V,
C31:(m—Y9)V+ mxg — —> 1 r;
3 =—(m—X,)u;

N+,
ci3=—(m=Y) v+ | mg— 51|

c3=(m —Xu) u.

D (v) 1a ma tran trugt:

di 0 0
D (v) = 0 d22 d23 5
0 dyn d3

diy = —Xu — Xy |ul;
dy=-Y,— YMV v — Y\r\v |rs
dz = —N, 7Mv\v |v| 7Mr\v |r‘ ;
dy3 =—Y; _Y|v|r v| _Y|r|r ‘r|;
d33 = —N; _N|v\r|v| _Iv\r\r|r|;
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k

Pin 28.5v

Y

Bong co

Hinh 1: M6 hinh VIAM-USV1000 trén mat nuéc

Joystick

STM32F407

STM32F407

CB siéudm

Hinh 2: So d6 két nGi hé théng dién

T= [Tx Ty Mz] ! 1a vector lyc ddy theo phuong
Xp,Yp va moment ctia dong co quanh truc z;, trong hé
toa do gin lién véi tau (hé¢ BODY) !,
vector luc tac dong ctia moi trudng gom gid, séong va

Tdisturbances la

dong chaylén tau, n = [x y 1[/} 1a vector van tdc

tuyén tinh theo truc x-North, y-East va vin téc goc
T

quanh truc ztronghé NED. v = [u v r] la vector

van toc theo trucx, y va van t6c géc quanh truc x trong

hé BODY (Hinh 6). V6iJ () 1a ma trédn xoay chuyén

tit hé BODY sang hé NED:
cos(y) —sin(y) 0
J(y)=|sin(y) cos(y) O )
0 0 1

PHUONG PHAP NGHIEN CUU BO
PIEU KHIEN

Do6i voi viée giti vi tri, trang thdi mong muén 1y =
[X4,Yd, Wy| chia vi tri va huéng mii tau mong mudn
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AHRS dynamic range Roll | +180°

Pitch | +90°

Yaw | +180°
AHRS accuracy Roll | 1°

Pitch | 1°

Yaw | 20
GPS/INS position accuracy 2mCEP
GPS/INS velocity accuracy 0.1 m/s
GPS/INS maximum update rate 100 Hz
AHRS maximum update rate 400 Hz
Interfaces RS232, RS485,

CANBUS

Hinh 3: Viam-Navi-M Module va théng s6 ky thuat

" Trang thai Tau: vi tri, hwong mii tau....

/ Hé thong diéu khién \

—> Diéu khién bing tay

Piéu khién miii TAu

Tram
mit dit ' g
Tin hiéu
diéu khién
d N ’
Hé thong din dwong
Vi tri dat =
.
Viam-Navi-M Module
<
g
5
Tinh vi tri va %

trang thai géc ‘

P

-
-

Diéu khién git¥ vi tri

(DP)

: .

- - Hé thong
Phan bo lwc A‘v asy

L A
]
I ‘

Hinh 4: T6ng quan hé théng diéu khién, dinh vi va dan dudng cla tau.

trong toa do NED. Bing cach xdc dinh vecto sai 6 1a
khoang cach gitta vi tri mong mudn va vi tri hién tai:
e =1y — n. Hién nay, b¢ diéu khién dugc st dung
nhiéu nhdt chinh 13 bd diéu khién PID (Proportional
Integra Derivative), do cdu trdc tric quan, dé dang 4p
dung vao thiét bi thuc t€, né dugc ching minh la t6t
va dang tin cdy. Luét diéu khién PID cho giii vi tri ctia

tau nhu sau:

de

Tpip = Kpe + K; fé edl‘-i-KDE
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Khai trién cho cdc thanh phén lyc vd moment ta
duoc:

dx,
Tpipx = KpxXxe + Kjx fé Xedt + Kpy 7;
d
Tpipy = KpyxXe + Kiy [§ yedt + Kpy 7; (4)
ay.

iy = Kpyxe + Kiy [§ Wedt + Kpy i
Luc nay dugc tinh todn trong hé NED, c4n chuyén déi
thanh trong hé BODY bang viéc nhén cho ma tran
xoay J (V). Vay luc ddy va moment trong hé BODY
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n,=0x, y, v.Y n.=[x, y vl

PID
| Controller

+ ¥

n=[kxy vl

F,ERE]
VIAM-USV1000

I Viam-Navi-M

Module

Hinh 5: So d6 hé théng diéu khién giir vi tri

can thiét cdp cho cac dong co:

t=J(v) tip (5)

PHAN BO LUC DONG CO CHO USV

Su b6 tri ctia cdc hé thong ddy ctia USV dugc thé hién
trong Hinh 6.

Céc luc ddy tic dong lén USV dugc dinh nghia 1a
mot vector F = [F|, F», F3, F;]. Débién déi vector luc
mong mudn thanh tin hiéu diéu khién cho méi bo ddy,
chung ta cAn mot ma tran bién d6i 8. Luc ddy va mo-
men xodn T ¢ mdi lién hé dén vector Iyic mong mudn
F thong qua phuong trinh 7 = BF.

T=F
F
1 1 0 0
F 6
=0 o0 1 1 2 (©)
F
Ly —Lp Ly Le F

Nhu Hinh 5, khodng cach do dugc 1a L= 20 cm,
Ly»=30 cm, and Ly;=L;»=30 cm.

Van dé phéin bg luc nam trong viéc tim ra ma trin
nghich dao ctia B. Vi véy, phuong phdp Lagrange 1a
mot phuong phap don gian, c¢6 kha nang dugc thuc
hién trén hé thong nhung. Phuong phdp nay sé dugc
trinh bay tom tat duéi day. Dinh nghia phuong trinh
Lagrange !>

L= (F,2)=FTWF+AT (t—BF) (7)

Trong d6 A 1 vecto ctia s6 nhin Lagrange, W 1a ma
tran xdc dinh duong, trong s6 ctia cac luc diéu khién.
Két qua tinh todn ta dugc F = B 1 va nghich ddo ctia
ma tran bién déi la:

ﬁ+:W71ﬁT(ﬁW—lﬁT)*1 (8)
Do hé théng ddy cta USV giéng nhau nén ma trin

trong s6 W ¢6 thé dugc coi la ma don vil, W = I.
Cudi cuing ta c6 nghich déo ctia ma tran bién déi la:

gt =BT (Bp7)" ©)

KET QUA MO PHONG, THUC
NGHIEM VA THAO LUAN

Hé thong thi nghiém dugc thuc hién dé€ xdc minh
thuét toan ctia Viam-Navi Module. Phan cting bao
gom Viam-Navi-M GPS/INS Module va hé thong
tham chiéu la hé théng GNSS / INS ctia Xsens Tech-
nology. DO6i v6i cam bién thuong, nhiéu ctia cam
bién dao dong 16n, vi vay khi khong c6 b udc lugng
gbc xoay thi két qua udc lugng khong tét, sai s6 goc
huéng, vi tri, van t6c déu rit 16n. Khi st dung bo
uéc lugng gbc xoay thi sai s6 nho, 6 chinh xéc cao
hon. Sai s6 phuong ngang ctia hé GPS/INS la 1.69
m, trong khi sai s6 phuong ngang ctia hé GPS don
1é 14 1.93m (Hinh 7). Nhu viy by GPS/INS c6 kha
néang giam dugc trén 10% sai s6. Mat khac tan s6 cap
nhat cta hé GPS chi la 10 Hz, tin s6 cap nhat cta hé
GPS/INS dat dugc gép 10 1an (100 Hz). Tu két qua
trén c6 thé két luan dugc b ude lugng goc xoay ba
truc c6 kha ning cai thién d6 chinh xdc ctia hé thong
va hé thong tich hgp GPS/INS c6 kha ning hoat dong
t6t hon hé thong GPS don 1é. Véi két qua trén Viam-
Navi GPS/INS Module sé dugc ap dung cho USV cho
ung dung giti vi tri.

Sau khi hoan thanh bdm theo quy dao cho trudc, tai
diém cudi, b diéu khién gitt vi tri sé kich hoat, sau d6
tau sé duy tri trang thdi: vi tri va huéng mai ctia no.
Céc tht nghiém da cho thdy, néu 1énh giti vi tri dugc
dua ra, b diéu khién c6 thé dua tau vé trang thai 6n
dinh.

T phuong trinh dong Iuc hoc tau & phin 3, m6 phong
dugc tién hanh d€ kiém tra chét lugng diéu khién,
Hinh 8(a) cho thdy vi tri tau dugc giti 6n dinh dudi tac
dong cua gi6. Tiép theo, mot s6 thic nghiém giti vi tri
cho tau da dugc thyc hién, nhim kiém chiing va dang
gid bo diéu khién da thiét ké. Thyc nghiém dugc hién
thi trong Hinh 8(b) trong d6 USV dugc diéu khién &
vi ¢6 dinh trong thoi gian dai. Hinh 9 cho théy sai
6 vi tri USV dugc duy tri dudi 1 mét trong hau hét
thoi gian, sai s6 goc mai tau dao dong déu dan trong
khodng tii -5 dén +5 d9. Nhu vdy v6i moé hinh va b
diéu khién di€u khién thiét ké cho thdy dugc do tin
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A

{ x-surge

4

y-sway

Lir,

Hinh 6: Phan b6 dong ca trong mé hinh USV

cdy va kha nang dap ting cua né trong cac ung dung
khéc nhau.

KET LUAN

Bai bdo da gidi thiéu mo hinh va bo diéu khién dugc
thiét k& cho mot USV ¢6 kha ning chuyén dong da
huéng. N6 dugc thiét ké trong cdc ting dung gidm sét
moi trudng va ldy mau nudc mot cich linh hoat va
cd dong. Hon niia, cac thi nghiém mo phong va thuc
nghiém da chiing minh dugc tinh kha thi va d6 tin
cdy ctia hé thong. Tau dugc thiét ké dé danglap rap, st
dung va mét ngudi c6 thé dé dang van hanh bing giao
dién GUI ¢6 sdn. V&i hé thong giti vi tri cho USV dugc
thiét ké, cho phép tau dong thoi duy tri hudng, vi triva
sai s6 trung binh ndm trong pham vi chdp nhan dugc.
Bén canh do, Viam-Navi-M Module dugc gidi thiéu
v6i hé thong dinh vi chi phi thip, 6 chinh xac cao cho
phép USV hoat dong chinh xéc. Cubi cling, mét USV
day du chiic ning dugc phat trién, dugc thuc nghiém
trong hé va nén tang nay tao ra mot budc tién quan

trong trong viéc phat trién tau ty hanh.
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LO1 CAM ON

Nghién ctiu dugc hd trg bdi phong thi nghiém Trong
diém Qudc gia Di€u khién s6 va Ky thuat Hé thong
(DCSELAB), bai hoc Bach Khoa va kinh phi bai Dai
hoc Qudc gia Thanh phé H6 Chi Minh duéi ma dé tai
C2019-20b-02.

TUYEN BO XUNG DOT LO1 iCH

Nhoém tac gid xdc nhan bai bao nay khong c6 xung dot
lgi ich

PONG GOP CUA CACTACGIA

Tran Ngoc Huy x4y thuat todn diéu khién va viét ndi
dung diéu khién.

Nguyén Tt Cuodng thiét ké hé théng dién, thuc
nghiém va viét n6i dung thiét ké, thuc nghiém.

DANH MUC VIET TAT

USV: Unmanned Surface Vehicles
INS: Inertial Navigation System
GPS: Global Positioning System
EAE: Euler Angles Estimation
NED: North East Down
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Position 2D
10.7731 GPS-1NS withoul EAE
GPS-INS with EAE
GPS-only
10.773 — Reforoncod
= 107720 |
g
ab
E 10.7728 oy
= ~  GPS Only
=4
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GPS/INS without EAE
10.7725 ku . . A
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"\E’:ﬁf . '\-\..-H.__H_Rx.
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W GPS/NS with EAE
e 4 T~ Reference
..
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Hinh 7: Két qua thuc nghiém 2D tich hgp long

PID: Proportional Integral Derivative
GUI: Graphical User Interface
ARM: Advanced RISC Machines
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ABSTRACT

Today, Unmanned Surface Vehicles (USV) maintain the direction and fixed position necessary for
many different applications such as security patrol, transmit information, water sampling, environ-
mental monitoring... With USV model with two hull, control and propulsion systems, both of which
are specifically designed to allow the vehicel to perform this task flexibly, omnidirectional and ma-
neuverable. With environmental effects, such as wind, waves and currents ..., it has a large impact
on ships, leading to large errors or fluctuations. Therefore, a controller designed to produce better
performance for USV under changing noise conditions is essential. To improve the ability of naviga-
tion for vehicles, Viam-Navi-M GPS/INS Module: integration of Inertial Navigation System (INS) and
Global Positioning System (GPS) is developed with low-cost, highly accurate and stable navigation
system. At the same time, the article will present the process of system development and software
architecture design. Finally, with the four engine and controller propulsion system built and tested,
it shows that the boat is well controlled, its ability to maintain specific direction and position for
long periods of time. The postion error is maintained less than 1 meter most of the experimental
time and the heading error is between -5 and +5 degrees.

Key words: Unmanned Surface Vehicles, Dynamic Positioning, PID Controller, Catamara, GPS/INS
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