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TOM TAT

Viéc str dung robot 1dn AUV (Autonomous Underwater Vehicle) dé ho trg hodc thay thé con ngudi
thuc hién cong viéc & bién da dugc nghién clu phat trién va dp dung & nhiéu nudc trén thé gidi.
Bai bdo nay trinh bay két qua nghién cliu ban dau vé thiét ké phan cing, bo diéu khién mé hinh
robot lan phuc vu cho cac nhiém vu khao sat, tim kiém va ctiu nan ctiu ho. ... Véi thiét ké gon nhe,
robot 1an c6 thé phu hgp hoat dong trong khdng gian nhé hep. AUV khong chi dugc trang bi déng
co day va banh lai gitp né cé thé di chuyén va diéu hudng trong mat phdng ngang, ma nd con
c6 thé lan bang cach diéu chinh trong tam thong qua viéc thay déi vi tri clia déi trong. Bén canh
do, AUV dugc trang bi day dd hé théng dién t&r manh mé, cac cdm bién tich hgp do chinh xac cao
dé thuc hién cac nhiém vu diéu khién tir don gidn dén phuc tap. Viéc st dung bo diéu khién truct
(Sliding Mode Control) dé thiét ké mot cach doc lap bd diéu khién goc heading va dé sau cho AUV
thé hién tinh én dinh bén vimg clia bo diéu khién véi tinh phi tuyén ctia mo hinh, tham s6 khong
chac chén va véi cac nhiéu ngoai. Cudi cling, két qua mo6 phong cho théy rang bé diéu khién SMC
6 thé diéu khién dugc mo hinh phi tuyén AUV dé bam theo cac gid tri dat goc lai va do sau mong
mudén véi d6 chinh xac cao va bén ving.
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B0 Sau

GIGI THIEU

Ngay nay, phuong tién ty hanh dudi nuéc (AUV) 1a
mot linh vuc nghién ctu thu hat duge nhiéu su quan
tdm cta cdc nha khoa hoc trén thé giéi trong nhiéu
linh vyc khac nhau nhu an ninh hang hai, khoa hoc va
kinh t€ bién... Nh¢ vao su phat trién ctia cong nghé,
AUV ngay cang c6 tiém ning 16n trong viéc tham
hiém dai duong bdi vi sy cai thién mot cach dang ké
trong hoat dong ctia ching. Viéc do thoi gian bang
tan chay, sy thay d6i dong chay dai duong va d¢ sau
ctia ddy bién dudi bing ¢ Nam Cuc d€ hiéu sy thay d6i
khi hiu toan cdu trong tuong lai!. Do d6, nhiéu AUV
dugc st dung cho cac hoat dong thdm hiém va khao
sat dudi bang ctia Nam Cuic 23 AUV c6 kich thudc
2.1m x 0.65m x 0.4m va dugc trang bi hai dong co
déy theo ngang, b6n dong co ddy theo phuong dling*.
N6 da dugc st dung d€ két hgp via gidm sit moi
trudng Nam Cuc v6i nhiém vy nghién ctu dé1am r6
su bién dong va tuong tac ctia dong chdy xung quanh,
hé sinh thdi, dai bang... & Nam Cuc va cac khu vuc
xung quanh.

Tuy nhién, hu hét cic AUV phu vu cho muc dich nay
thudng co kich thudce 16n va st dung cho cac cudc
khao sét quy mo lén. Do d6, dé phuc vu cho cac cudc
khdo sat trong mot khu vic nhé nhu séng, ho... hay

cat gidm chi phi van hanh cdc m6 hinh AUV nho gon
da dugc trién khai.

Mo hinh AUV REMUS? ¢6 kich thuéc nho da dugc
phat trién dé€ phu vu cho viéc gidm sat dudng bo bién
va ldy mau di liéu moi trudng. Muc tiéu thiét ké cta
REMUS la gi6i han vé kich thudc va trong lugng giup
n6 c6 thé dugc di chuyén béi mot ngudi. REMUS co
chiéu dai 135 cm, dudng kinh than 19 cm va c6 trong
lugng 31kg. N6 dugc trang bi mot dong co ddy va bon
vay & phan dudi. Tuy nhién, AUV nhé gon c6 pham
vi khéo sat hep so véi cac phuong tién thong thudng,
nhung chi phi van hanh nhoé hon. Nhung chiing ciing
¢6 thé thuc hién nhiém vy trong mét pham vi rong
béng cich ting s6 lugng hoat dong hodc s6 phuong
tién trong khi van duy tri chat lugng khao sat.

Trong nghién ctiu nay, cac tac gia dé xuit st dung
AUV nho gon véi ciu hinh don gian nhung day du
v6i cdc chiic nang can thiét va du dé thyc hién cac
nhiém vu khdo sét.

Mot dong co ddy va banh lai dugc dit & phan dudi
ctia AUV giup né thyc hién chuyén dong theo phuong
ngang. Cho viéc ldn-ndi, AUV st dung co cdu déi
trong tuong tu nhu co cdu dugc st dung cho tau lugn
dudi nudc® lam thay d6i trong tam ctia AUV dé diéu
khién goc pitch va diéu khién d6 sau.

Trich dan bai bdo nay: Huy T N, T6 N D, Hoang H T. Thiét ké, mé phéng robot lan (VIAM-AUV1000)
phuc vu nghién cttu va citu hé cttu nan. Sci. Tech. Dev. J. - Eng. Tech.; 3(S12):S1102-S1113.
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M6 hinh dong hoc AUV rit phtc tap, c6 tinh phi
tuyén cao va phu thuc vao nhiéu thong s6 nhu hé s6
thay luc tinh, hé s6 thay luc dong, phan khéi lugng
tang thém...Do d6, bo diéu khién cin du manh dé€
khéng lai cdc yéu t6 khong chic chin ctia mo hinh va
cac tac dong clia moi trudng xung quanh. AUV st
dung bo diéu khién trugt (SMC) dé€ thiét ké bo diéu
khién g6c heading va d6 sau d€ bam theo goc heading
va d¢ sdu mong mudn.

CAU TRUC AUV

AUV dugc thiét k€ v6i chiéu dai xdp xi 157.2cm,
duong kinh t6i da la 18cm va c6 trong lugng 1a 30.5kg
nhu Hinh 1. M6 hinh gom c6 phén vo tau, hé théng
d4y, banh 14i, co cdu ddi trong, cdc cam bién, hé thong
dién, hé thong giao tiép va hé thong dinh vi....

Bén canh do, mo6 hinh dugc thiét ké véi sy ndi 16n
hon trong lugng ctia né nén AUV sé tu dong ndi 1én
mat nudc khi khong st dung bo diéu khién hay trong
nhiing trudng hgp bi 16i hé théng.

Dé ting cuodng su 6n dinh ctia phuong tién trong qua
trinh hoat dong thi ba cai vay dugc gdn cach déu nhau
mét géc 120° 1én phén sau ctia tau nhu Hinh 2.

Mot dong co ddy va banh léi ciing dugc bé tri & phan
than sau giup cho AUV c6 thé di chuyén trong mit
phing ngang. Nhdo vao co cdu ddi trong lam thay doi
vi tri trong tdm cta AUV gitip né c6 thé diéu khién
gdc pitch va do sau trong mit phdng diing. Co céu
dai trong dugc thiét ké véi mot dong co truyén dong
cho phép dich chuyén mét vat nang khéi lugng 3.5kg
dugc gin trén thanh trugt nhu Hinh 3. Khi khéi
lugng trugt vé phia ddu hay cudi ctia thanh trugt thi
khong chi trong tdm ctia AUV sé thay déi theo ma
con lam theo ddi ca goc pitch. Nhiing sy thay ddi nay
két hop véi luc ddy tit dong co giup cho AUV c6 thé
lan va ndi. Chiéu dai ctia thanh trugt [-15cm, 15cm],
khéilugng ctia d6i trong va dong co truyén dong dugc
b6 tri trong moét khong gian gisi han bén trong than
tau nén goc pitch cé thé thay ddi linh hoat trong mot
khoéang nhét dinh phu hgp véi muc tiéu diéu khién.
Phan vo6 tau dugc chia lam 3 phan: mdi tau, than
tau va phan duodi tau. Hinh dang phin mii va duoi
tau dugc thiét ké dya trén dya trén nhiing tham s6
clia Myring” dé t6i thiéu cac lyc can va dugc lam tit
NC-nylon trong khi dé than tau dugc lam tii nhém.
Chung dugc gin két v6i nhau va dugc chdng thim
bang O-rings.

CAU TRUC PHAN CUNG
Hé théng diéu khién
Hé théng diéu khién bao gdbm mot may tinh nhing

Jetson Nano, 2 vi diéu khién STM32F4 va STM32F7
nhu Hinh 4.
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Vi diéu khién STM32F7 duogc két ndi vdi tat ca cac
cam bién ctia hé thong gom co inertial measurement
unit (IMU), compass, depth sensor, doppler velocity
log (DVL) va global positioning system (GPS). Sau khi
doc vé gid tri ctia cac cam bién, STM32F7 c6 nhiém vu
udc lugng gia tri van toc, vi tri, va cac goc ctia AUV.
Vi diéu khién STM32F4 dugc két ndi véi tat ca co ciu
truyén dong ctia md hinh va sé nhén cac Iénh diéu
khién tit board chinh dé diéu khién dong co déi trong,
dong co ddy va dong co servo. Bén canh do, no cing
nhén di diéu hinh anh tt camera phu vu cho viéc
nghién cuiu.

Jetson Nano c6 nhiém vu trao d6i, truyén nhan di
liéu gitia AUV véi tram diéu khién khi AUV néi trén
bé mit nudc hay khi dang thuc hién nhiém vu duéi
nudc thong qua soéng RE song 4m.... Ngoai ra, nd
con nhén di liéu tit SMT32F7 d€ tinh todn ra cac gid
tri diéu khién mong muén va truyén dén STM32F4.
Su giao tiép gilia Jetson Nano véi STM32F4 va
STM32F7 dugc thuc hién thong giao thiic Control
Area Network (CAN).

Hé théng nang luong

AUV dugc cung cdp ning lugng chinh bai 2 pin 24V
LiFePO4 nhu Hinh 5 cho phép né6 hoat dong lién tuc
toi da 2 gi¢ v6i van toc 1.5m/s. LiFePO4 la loai pin
tuong do6i an toan va c6 mat do nang lugng cao. Tuy
nhién pin ¢6 thé bi hu hong khi dién ap giam xudng
dudi miic ngudng 3.0V, d€ ngan diéu nay thi hé thng
ning lugng ludn ludén dugc giam sat boi hé thong
quan ly pin (BMS). N6 giup gidm sat va can bang dién
4p mai cell, gidm sat qua trinh sac, xa va nhiét d¢ caa
pin. Nén trong trudng hgp dién ap cung cép thdp hon
dinh miic hay gdp su c6 dién, thi BMS sé cho hé thong
ngung hoat dong va AUV sé tu dong ndi lén mét nudc
nhd vao sy ndil6n hon trong lugng ctia mé hinh.
Céc bo chuyén déi dién é4p DC/DC dugc st dung dé
ha ép xudng cac mic 12V, 5V cung cdp cho cdc thiét
bi nhu dong co, hé thong diéu khién, cdm bién, dinh
vi, giao tiép nhu Hinh 6.

Toan b hé thong dién dugc gan 1én mot gid trugt dit
bén trong phan than tau nén dé tho ldp va sac pin sau
khi van hanh.

PHUONG TRINH CHUYEN PONG
CUA AUV

Khi phan tich chuyén dong ctha cic phuong tién
dudng thiy véi 6 DOE c6 hai hé truc toa d¢ tham
chiéu thudng dugc chi ra nhu trong Hinh 7. Hé toa do
¢6 dinh trén mo hinh dugc goila hé toa do tham chiéu
déi tugng va géc O cua hé toa do nay dugc dat tring
v6i trong tim néi ctia AUV. Sy dich chuyén ctia hé toa
d6 nay thuong dugc tham chiéu dén hé qui chiéu c6
dinh trdi dat hay dugc goi 13 hé qui chiéu quan tinh.
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Hinh 1: Kich thuéc AUV

Hinh 2: C4u tric phan duéi

Phuong trinh dong hoc

Vi cac ky hiéu nhu Hinh 7, chuyén dong chung ctia
mot phuong tién dudng thiy véi 6 DOF c6 thé dugc
mo ta bing cdc vecto nhu sau:

N =l v 4
m=lo o v . m m=lo o v| . @
n=[af w ] n=[af w ]
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P .
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1' N, I RF FProbeezu10 Acuostic 1 r’ 1
' 1 1 ' T Camera Outland 1
' IMU | |Compass| | GPs ! ! ! ! Light & !
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1 [ 1 ! 1 1
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L & s @ A S L
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1 ! I ] 1 1
' STM32F7 ! ! ; ! 1
! 1
' (INS+Kalman Filter: | <>} JETSON NANO ma] STM32F4 :
' Velocity,Position,Attitude) 1 |
] 1 1
¥ 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 !

s 6 ¢ 0

DVL Altimeter Depth Mechanical Wifi Mass Thruster Rudder
sensor sensor Scanning Sonar Shifter
. 7 LY J ’ \ ‘7

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

Hinh 4: So d6 hé théng diéu khién

Bién ddi van t6c tinh tuyén

T .

- [X Y z} , x u

T y| =Ji(m) |v 4)
7= [K M Nl , 3) 5 w
— T T
T =
[ R ] Vi

Trong d6 n la vector vi tri va hudng trong hé hé qui Ji(m) =
chiéu quan tinh, v 1a vector van t6c tuyén tinh va van cgCy  —CoSytSpSeCy  SeSy +CySeCy
tOc xoay trong hé toa d tham chiéu d6i tugng, 7 la luc CoCy  CoCy +5¢SeSy  —S¢Cy +CoSgSy
va moment tic dong vao AUV trong hé toa d6 tham —56 SpCe CoCo

chiéu doi tugng. e ame e,
Bién ddi van t6c goc
Vi tri va huéng ctia AUV phii dugc md ta lién quan
dén hé qui chi€u quan tinh, trong khi vin tc tuyén

p
tinh va vén t6c xoay phai dugc thé hién trong hé toa =h(m) |q (5)
r

d6 tham chiéu d6i tugng. Ta co”:
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24v 3.2v
Hinh 5: Pin clia hé théng
DC/DC DC/DC
tol2v to 5V
Battery 24V
|
) ] i 1 l
Propulsion MSM “ ._'__... (B,
Motor Motor i 3
driver driver DVL USBL Camera Sony
€ i Mainboard  ADIS
G Camera Outland
% Depth Sensor Sonar
| 2 *
/ Light 0 ‘“
Thruster Mass Shifter m - RTK GPS
Motor Motor Altimeter Sensor  Acoustic e Sub-board
Hinh 6: So d6 phan phdi dién ap
Véi V6i xG,yG,2c 1a trong tam cta AUV, Iy, Iy, I, 12
. moment qua tinh. Bé&i vi ddi trong di chuyén tron
1 singtan® cos¢@tan6 . q L ’ ~g Y , g
h(m) 0 cos® sin¢ moét khoang nhé nén Iy, Iy, I, sé thay d6i nho va
2\I12) = - P N ; x N «
. nhu dugc dé cap & phan trudc, goc toa do dugc dit
0 singsec cos¢@secHd

Ta c6 thé thdy khi goc pitch bing £90° thi ma trin
J>(m2) khong xac dinh. Tuy nhién theo thiét ké co khi
va cach van hanh khi thay déi cac co cdu déi trong, goc
pitch khi van hanh chi vao khoang +60°8. Vi vy ta
¢6 thé sti dung cong thiic trén ma van dam bao khong
c6 van dé trong tinh todn.

Pong luc hoc AUV
Phuong trinh chuyén dong 6 DOF ctia AUV trong hé
toa d6 tham chiéu d6i tugng nhu Hinh 8 8,

tring vé6i vi tri tdm néi nén cic thanh phin ngoai
duong chéo sé rat nho va gan nhu c6 thé bé qua nén
Ly=1I;=I,=0.

Trong d6 vé€ phai ctia 3 phuong trinh dau tién 13 tong
cdc ngoai luc, vé€ phai ctia 3 phuong trinh sau 1a téng
cac moment ngoai tac dong vao AUV.

Tuyén tinh héa phuong trinh diéu khién do
sau

Hé thong diéu khién thuong dugc tach thanh cac
bo diéu khién theo phuong ngang va theo phuong
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Hinh 7: Cac hé toa dé tham chiéu

m [ — vr + wq — 24(q% +17) + yo(pg — 7) + 2o (pr +¢)] = ZX.m
m [ — wp + ur — yg(r® +p%) + z(ar — B) + 2(@p + )] = D Yexr
m [t — uq +vp — 2g(p* + ¢%) + 2 (rp — ) + Yo (rq + P)] = Y _ Zext
Loxp+ (Lz — Lyy)gr — (7 + pg) s + (r* - qz)fyz + (pr — )1y
+mlyg (b — uq +vp) — 24 (0 — wp +ur)] = Y Kext
Ly + (Ine — L2)rp — (B + qr) Loy + (0° — 1) Loz + (qp — 7)1z
+mzg(t — vr + wq) — Tg( — ug +vp)] = Y Mext
Lot + (Iyy = I )pg = (4 + D) Iy + (6% = P*) Moy + (rq = p) s
ey (5 — wp+ ur) — yg(6 — vr +wg)] = 3 New

Hinh 8: Equation (6)

ding. Diéu d6 c6 nghia ring, cic chuyén dong theo
phuong ding dugc diéu khién mot cach doc lap véi
cac chuyén dong theo phuong ngang. Vi thé, dé thiét
k€& bo diéu khién do sau cho AUV, chi nhiing phuong
trinh chuyén dong trong mit phdng diing dugc quan
tdm nén c6 thé gia st ring:

. p =yV=r= 0
« Vantdc doc theo phuong xlahings6 U=1.5m/s

« Van t6¢ doc theo phuong w 1a nho so véi cac
thanh phan con lai.
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o Moment quén tinh it bj anh hudng boi su thay
d6i vi tri ctia d6i trong.
T phuong trinh (6), ta c6 phuong trinh tuyén tinh
chuyén dong ctia AUV trong mit phing dting 12°:
Lyg = Myq+ My owo—xow
z=-U6 (7)
0=gq

Véi
W la trong lugng ctia m6 hinh
Iy, 1a moment quén tinh theo trucy
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X trong tdm clia md hinh

Nhiing hé s6 con lai 1a cdc hé s6 phi tuyén cta luc va
moment.

Dua trén co sG 1y thuyét ctia co hoc vat rdn ta xéc dinh
dugc phuong trinh tinh toan trong tim ciia AUV nhu
sau:

My * Xy + Mg * Xg My * Xm
X6 = = (8)
m m

Trong d6 x,, 1a vi tri ctia d6i trong, x,, la vi tri trong tam
cta md hinh, m, 1a trong lugng ctia mo6 hinh khong
bao gém trong lugng ctia d6i trong my,.

Thay (8) vao (7) ta dugc phuong trinh tuyén tinh cudi
cung chuyén dong theo mit phing diing cia AUV
1a10:

4 My/Myg Mg/Myg Of | g
o= 1 0 0| |6
z 0 U 0| |z ©)
My, [Myq
+ 0 [%m]
0

Vi My, = =¥ My — —26W va Myg = Ly — M,
Ta c6 thé viét (9) dudi dang sau:

x1 =A1x1 +Biuy (10)

Tuyén tinh héa phuong trinh diéu khién géc
heading

Tuong ty nhu b diéu khién d6 sau cho AUV, bo diéu
khién géc huéng hay con dugc goi 1a b diéu khién
goc heading ciing 1a mét bai todn diéu khién co ban
nhung rt quan trong.

Ta ciing gia dinh cdc diéu kién d€ tuyén tinh héa nhu
sau:

. W:p:v:r:¢:9:0
o biémlamviéclau=U =1.5m/s
Khi d6 thuc hién cdc budc tuong tu nhu cho chuyén

dong lin-n6i ctia AUV. Ta sé thu dugc phuong trinh
trang thai nhu sau!!:

m=Y, =Y. 0| |v
-N, L—-N., 0| |r
0 0 O_ 4 (11)
Y, Y,—mU O] |v Ys
- Nv Nr 0 r|+ N5 5r
0 0 0] v 0

V6i 9, 1a goc banh léi ctia AUV
Ta 6 thé viét (11) dudi dang sau:

Xy =Asxy + Boup (12)

PHUGONG PHAP THIET KE BO PIEU
KHIEN

Mot phuong phép diéu khién hiéu qua cao va van giii
dugc chit lugng khi thong s6 mo hinh thay d6i khong
qua 16n 1a diéu khién trugt (Sliding mode control) sé
dugc 4p dung dé€ xay dung luat diéu khién cho cic hé
thong da tuyén tinh héa & trén.

Téng quét, mo6 hinh tuyén tinh cia AUV trong mat
phéng ding va mit phing ngang c6 thé dugc viét
lai duéi dang mo hinh SISO (Single-Input-Single-
Output):

x=Ax+Bu (13)
DPinh nghia mét trugt nhu sau:
Sy=8Tx= [$1.--5p]x =0 (14)

Trong d6 x = x — x4 14 sai s6 trang thai, x, 13 trang thai

mong mudn. Ta xét ham Lyapunov sau '2:

1 1.7 .
V= ESSTSX =¥ SsTx (15)
Theo dinh ly Lyapunov, dé bién trang thdi x hoi tu
vé trang thdi mong mudn x, ta chi cin tim luat diéu
khién théa man:

V =8,8, <0, Vx (16)

Néu ta chon:

Sy = —Ksign (Ss) (17)

Trong d6 Ky > 0 la ma tran xac dinh duong, thi rd

rang thoa man diéu kién trén.
Tu (14) ta tinh dugc:

Sy =58Tx = ST (Ax+Bu—3x4) (18)
T (17) két hgp vdi (18) ta co:
u=—KTx+ (STB) " [Tiy— Kiysign(S;)]  (19)
Vi KT = (STB) ' sTA
Thay (19) vao (18) ta dugc:
Sy = ST Acx — Kysign (Sy) (20)

VéiA. =A—BKT
Chon S1a vector tri riéng clia A7 ting véi tri riéng A =
0 nén

S, = —K;sign (Ss)
Dé han ché hién tugng chattering gay ra bdi luat diéu
khién v6i ham chuyén sign (Ss) thi ham sign c6 thé
thay bing tan/ (%) v6i ¢ 1a o ddy bién mit truot.
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Thiét ké bo diéu khién géc heading

Céu tric bo diéu khién goc heading dugc mo ta nhu
Hinh 9. V6i y, 13 ngé vao mong muén, vector trang
théi héi tiép 1a x = [v r 1,/] GOC 141 8, ugger 12 ngd
ra ctia bo diéu khién géc heading va cing 1a ngo vao
moé hinh phi tuyén cia AUV. Thay cc hé s6® vao
phuong trinh (12), cdc cuc cta bo diéu khién goc
heading dugc chonla (—1.4 —1.55 0> vatu (14),
(19) luat diéu khién dugc xac dinh nhu sau:

Sgp = [0.0563 0.4772 0.8770] i
1y = 5r = —0.8v+0.682r + 0.934m;, tanh (S, /9)
—7m/6 <up <m/6 (21)
N, =0.5, ¢,=0.1

Thiét ké bd diéu khién d6 sau

So d6 diéu khién do sdu cho AUV dugc mo ta nhu
Hinh 10. Tét ca cdc bo di€u khién déu dung bo diéu
khién trugt (SMC). D4u tién, vector sai s8 trang thai
dugc xac dinh dya trén tinh hiéu ddt va cac gid tri hoi
tiép clia vector trang thai x = [q 0 z], bd diéu
khién ldn sé tinh todn ra vi tri mong mudn cta déi
trong. Roi sai s6 vi tri ctia d6i trong dugc tinh toan tit
vi tri dét va vi tri hoi tiép cua ddi trong lang ngd vao
ctia by diéu khién vi tri d6i trong. Ngd ra cua bo diéu
khién nay sé cung cdp mot luc u,, dé€ ddy déi trong tu
vi tri X, t6i x,,_g. Cubi ciing, v6i ludt diéu khién lin,
AUV sé dugc diéu khién dén do sdu mong mudn.
Thay céc hé s6 8 vao phuong trinh (10) va cac cyc clia
bo diéu khién lin dugc chon tai <70.7 -0.75 O)
ta dugc luat diéu khién nhu sau:

Ssh:[—0.06670 —0.7337 0.1297}5@,

u, = Sg = 0.067g — 0,0986 — 0,4041, tanh (Ssy/04)

0.1 <uy <0.1
Na = 1.1, ¢d =0.25

(22)

KET QUA MO PHONG VA THAO
LUAN

Mot s6 chuong trinh m6 phdng da dugce thuc hién
dé cho danh gid tinh hiéu qua cta hé théng diéu
khién da dé xuét dudi nhiing anh hudng cta tinh phi
tuyén ctia m6 hinh ciing nhu céc thong s6 khong chic
chdn. Chuong trinh m6 phéng dugc thyc hién dya
trén phdn mém Matlab/Simulink nhu Hinh 11. So d6
toan bd hé théng gom c6 md hinh phi tuyén 6 DOF
& phuong trinh (6) dugc mo6 phong boi khoi AUV
Model va cac b diéu khién bao gom bo diéu khién
goc heading va bo diéu khién lin da dugc thiét ké &
phén truée.

S1109

Hinh 12 va Hinh 13 th€ hién géc heading mong mudn,
dap ting thuc géc heading ctia AUV, gbc banh ldi trong
mo6 phong diéu khién géc heading. Két qua moé phong
nay dugc két hgp véi viéc diéu khién gitia 0 su z =
Om dé tranh hién tugng chuyén dong theo mit phing
diing xay ra khi mé phong trong mit phing ngang.
Goc heading ban dau la 0. Sau d6 AUV dugc dit goc
heading mong muén 14n lugt 1a 45, 02 va -30° trong
15s cho mdi chu ki thay d6i. Két qua moé phong cho
thdy dap ting goc heading bam t6t theo tin hiéu dat va
mdt gan 6s dé€ dat trang thdi xdc lap trong chu ki dau
tién tuy nhién & chu ki thi 2 thi mat gan 4s va chu ki
thi 3 thi khoang 3s.

Két qua mo phong diéu khién d6 sau dugc thé hién
nhu Hinh 14 va Hinh 15. D0 siu ban d4u la z = Om,
sau d6 diéu khién cho AUV lin xuéng d$ sdu mong
muén z = 4.5m so v6i ban d4u trong thdi gian 40s r6i
diéu khién néi 1én lai d6 sau ban dau z = Om. Khi lin
xuéng thi AUV mat khoang 15s d€ bam theo tin hiéu
dat tuy nhién khi n6i lén mit nudc thi lai nhanh hon
chi t6n tAm 10s. D&i trong duge diéu khién trong mot
pham vi chiéu dai trugt gi6i han [-0.15m, 0.15m] dé
thay d6i trong tdm ctia AUV trong qua trinh lin cing
nhu néi.

KET LUAN

Nghién ctiu nay trinh bay vé ciu triic phan co khi, ciu
tric phin dién, thiét ké va mo phong b diéu khién
cho m6 hinh AUV. Véi co cdu d6i trong lam thay d6i
trong tim md hinh va co cdu banh l4i giup cho AUV
chuyén dong mot cach doc lap trong mit phdng ngang
cting nhu mit phéng dung.

Viéc stt dung b diéu khién trugt (SMC) g€ thiét ké
mot cach doc 1ap bo diéu khién géc heading va do sau
cho AUV da thé hién tinh 6n dinh bén viing ctia né
v6i tinh phi tuyén ctia mé hinh, tham s6 khong chic
chén va véi cdc nhiém ngoai. Cudi cuing, két qui mo
phong cho théy ring b diéu khién SMC c6 thé diéu
khién dugc mo hinh phi tuyén AUV dé€ bam theo céc
gid tri dat goc 1ai va d6 sdu mong mudn véi do chinh

X4c cao.

LO1 CAM ON

Nghién ctu dugc hd trg bsi phong thi nghiém
Trong diém Qudc gia Piéu khién s6 va Ky thuat Hé
théng(DCSELAB), Dai hoc Béch Khoa va kinh phi
badi Dai hoc Qudc gia Thanh phé H6 Chi Minh duéi
ma dé tai B2018-20b-01.

TUYEN BO XUNG POT LOI iCH

To6i xdc nhén bai bdo nay khong c6 xung dot lgi ich
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Hinh 9: So d6 diéu khién géc heading
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Hinh 11: So d6 khéi hé thngmé phéng

PONG GOP CUA CACTACGIA

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

Nguyén Dtc To thiét ké hé théng dién, mé phong
thuat toan diéu khién.

Huynh Thai Hoang xay thuat toan diéu khién va viét
ndi dung diéu khién.

DANH MUC VIET TAT

AUV: Autonomous Underwater Vehicle
SMC: Sliding Mode Control
REMUS: Remote Environmental Monitoring UnitS

GPS: Global Positioning System
DVL: Doppler Velocity Logs
IMU: Inertial Measurement Unit
CAN: Controller Area Network
DOF: Degree of Freedom
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Design, simulation of AUV (VIAM-AUV1000) for research and
rescue

Tran Ngoc Huy", Nguyen Duc To, Huynh Thai Hoang
P
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VVVVVVVVVVV ABSTRACT
H Autonomous Underwater Vehicles have gained popularity for the last decades, especially a lot of
[Eikatsz AUVs were considered as the most suitable tool for the purpose of reducing risks of people in dan-
Use your smartphone to scan this gerous marine operations. This paper presents the preliminary results of the research on hardware
QR code and download this article design, the controller of an autonomous underwater vehicle model for the task of survey, search

and rescue ... With a compact design, AUV can operate in limited spaces. Through a unique ducted
propeller and rudder located at the aft, the AUV can perform horizontal motion. It can also con-
trol pitch angle and depth motion by an inside mass shifter mechanism (MSM) which changes the
vehicle center of gravity. In addition, The AUV is integrated with powerful eletronic system, high-
precision sensors helping it carries on missions from simple to complex. The use of Sliding Mode
Control (SMC) to independently design the heading and depth controllers for AUV demonstrates
the steady stability of the controllers with the nonlinear model, uncertainty parameters and distur-
bances. Finally, the simulation results show that the SMC controllers can control the AUV nonlinear
model to track the desired steering angle and depth with high accuracy and stability.

Key words: Autonomous Underwater Vehicle, Sliding Mode Control, Steering Control, Depth
Control
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