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NGHIEN CUU THIET KE ROBOT LAN ROV MINI
RESEARCH DESIGN ROV MINI ROBOT

Tran Vin Tao*, Tran Ngec Huy?, Hupnh Tén Pat®, Chau Thanh Hai
'Khoa K7 thugt Giao thong
234phong TN trong diém DCSELAB
Truong DH Bach khoa TPHCM
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Tom tdt: Bai bao trinh bay vé nghién cizu thiét ké md hinhva héthong diéukhién thiét bi lan
dudinuéc (ROV). Bay la mgt trong nhiing robot quan trong duwot su- dung trong moi truong nuéc Vi
nhiéu muc dich, dac biét doi véi hai quan va cong nghié¢p hang hdi. ROV c6 day nay duoc th let ké ¢
trang thai can bang trong mat phang ngang, dwoctrang bj cdc dong co ddy vacam blen cungcdp tin
hiéu cho phép thuc hién chuyén dong sau bdc tir do. Bén canh dé, camera va tay gdp tich hop vao
ROV h4 tro cac tac vu khdo sat dudi nuge. Didukhién ROV 1a mat nhiémvu khé khin do déng hoc rat
phuic tap. B diéu khién sir dung trong bai viét 1a bg diéu khién PID don gian, dé ap dung, thuc té héa.
Phan mém diéu khién diwroc thiét ké don gian, dé sir dung, gidp két néi, giam sat va diéu khien ROV.
Tirkhoa: Sau bdc t do; dwdi nueéc; déng co day; diéu khién PID; ROV.
Chi sé phan logi: 2.2
Abstract: This paper presents the research of the design and control system for Remotely
Operated Vehicle (ROV). This is one of the most important types of underwater robots used for
various purposes, especially in navy and marine industries. The design keeps our tethered ROV self -
stabilized in the horizontal plane. Itis also equipped with thrusters and sensor feedbacks, allowing six
degrees — of — freedom motion. Moreover, underwater tasks can be executed via the integrated camera

and grabber. Control of ROV is not easy due to its dynamic characteristics. The PID controller has
been proposed in this paper as it is easy to study and apply. The remote control software is designed

for a simple and user friendly interface, which allow user to connect, monitor and control the ROV.
Keywords: Six degrees — of — freedom motion; Underwater; Thrusters; PID controller;

Remotely Operated Vehicle (ROV).
Classification number: 2.2
1. Gigi thi¢u

Viét Nam & mot qudc gia ven bién, voi
nhitng hoat dong vé an ninh qudc phong,
kinh t&, moi truong, du lich trén bién dién ra
rat tp nap. O nhitng khu vuc c6 do sau lon
hoic diéu kién phuc tap, con ngudi khong thé
giai quyét cac nhiém vu kho khin. Do do,
viéc ché tao céc thiét bi dudi nude hd tro va
dan thay thé con nguoi A rat can thiét, vira
dam bao su an toan cho con nguoi, vira gidm
sét thuc hién mot cach chinh xac va hiéu qua
céc muc tiéu dé ra vé tac vu, yeu cau ki thuat
Trong do, phuong tién ngam diéu khién tir xa
ROV duoc lién két voi trung tdm diéu khién
trén bo hodc trén mit nudc (tdu me) bang hé
théng cap trong qua trinh hoat dong. Poéi khi
day cép con co tac dung phu gilp truc vot
cac vat thé nang tir dudi day bién. Ban kinh
lam viéc cua loai robot nay bi gidi han boi
chidu dai day cép dan. ROV c6 thé lam viéc
trong khoang thoi gian Ion dudi nudéc ma

khong phai thoat 1en khoi mat nuée dé nap
thém dién nang. Vi vay phuong tién ngam
dleu Khién tir Xa nay dé dang diéu khién, cip
nguén va truyén tin hiéu thong qua day cap.
van hanh mot s thao tac don gian nhu han,
cit, gip, lau chui trén tau me. Véi tinh mo va
da dang tng dung, tuy thuoc vao loai cong
viéc va pham vi ¢ng dung ma nguoi ta thiét
ké ROV véi nhitng kich ¢& khac nhau, theo
d6 1 mdt sb tng dung nhu khao séat bién,
gian khoan, thu thap dir liéu chit lrong nudc
va sinh vat bién.

Tu nhitng ndm 1950 dén nay, finh vuc
nay da duoc phat trlen khip thé gioi, dap ung
da dang yéu cau vé kich thuéc va khd ning
thuc hién tac vu theo yéu cau. Mot sb ROV
da duoc nghién ctru va thwong mai hoa trén
thé gisi. Co thé ké dén mot sé6 nhu ROV
Hercules Mystic Aquarium - Institute for
Exploration c6 kha nang lam viéc ¢ do sau
4000m voi hai canh tay mdy va camera HD


mailto:tao_tranvan@hcmut.edu.vn

45

TAP CHi KHOA HOC CONG NGHE GIAO THONG VAN TAI, SO 30-11/2018

hay ROV JHUROV dugc ché tao tai phong
thi nghiém Hé théng Bong luc hoc va Bidu
khién (The Dynamical Systems and Control
Laboratory) thuoc Bai hoc John Hopkins, sir
dung lAm nén tang phuc vu céc thi nghiém
giai thuat didu khién va dinh vi. Ngoai céc
ROV dugc nghién cau trong phong thi
nghiém, cac cong ty lén da cho ra doi cac thé
hé ROV da dang phuc vu theo yéu cau khach
hang nhu VideoRay, BlueRobotics, Seabotix
[7a, 7b]. Trong hinh 1 & mdt s6 md hinh
ROV.

Hinh 1. Métsé mé hinh ROV dang hgp.

Bai bao tap trung md ta vé thiét ké md
hinh ROV dang hop, b tri cac thiét bi, hra
chon céc thiét bi cam bién, chip hanh, linh
kién dién tir dé thiét ké he thong diéu khién
cho robot lan. Bén canh d6 1 nghién ctu &
md hinh toan dong hoc, dong hrc hoc cho
ROV phuc vu cho md phong diéu khién md
hinh thuc té.

2. Thiét ké ché tao ROV

2.1. Két cu chung

Muc tiéu dit ra trong thiét ké ROV Ia
bao vé va cach li hoan toan cac thiét bi, cam
bién ciing nhu dong co. Han ché rui ro khi
gap su cd hay va cham c6 thé dan dén hu hai
hoic mit kiém soat ROV. Vi thé két cau
duoc hra chon la kiéu khung gian hinh hop,
trén do lap khoang thiét bi, cic dong co day
va co thé mo rong lip thém cac co cdu Chap
hanh khac néu can. Robot duoc két ndi voi
trung tim diéu khién dat trén mat nude (trén
bo, trén tau me...) thong qua day céap. Day
cap cung cap dién ning, cho phép robot cé
the lam viéc lau dai dudi nudc ma khong can

quan tim dén viéc Nap nang luong dé s
dung. Ngoai ra, cap noi con dugc ding dé
truyen lénh didu khién t6i robot, truyén dir
liéu thu dwoc tir robot vé tram trung tim dé
quan li va diéu khién, ddéng thoi hd tro thu
hdi robot.

Két cau chung va thong s6 ky thuat cua
ROV duoc trinh bay trong bang 1 va hinh 2.

Bdang 1. Thong sé kjthudt.

Chi tiéu Théng so6
Kich thudc + Chiéu dai: 0.6m
+ Chiéu rong: 0.37m
+ Chiéu cao cua than: 0.4m
Khoi lugng 25 kg
Toc do chophép 0 - 2 knots
Do sautoida 20m
Két noi/ Ethernet

Truyén thong
Ngudn cung cap
Hé thong dinh vi
Hé thdng quan sét

220 VAC-50Hz
GPS, AHRS, USBL

Mechanical Scanning Sonar,
Camera, Lights

+ Ché do manual: Su dung
joystick dé diéu khién robot

+ Ché d6 tu dong: Gom giir
hudng va gitr 4o sau

Ché dovan hanh

Hinh 2. Két cdau khung ROV.

ROV ¢ két cau khung dan bang nhom
dinh hinh, v6i két cau nay co thé dé dang
thao Iép va stra chira. Trong d6 cac thanh
phan gom: (1) hé ba phao nhya gilp robot
noi va gitt thang bang, (2) khoang trong suét
chdng thim nudc chia bo xir Ii trung tam va
camera quan sat, (3) tay may hd trg mang Vac
va gap vat thé dudi nuée, (4) bod phan thu
thap mau nudc Vvoi dung tich du kién 1a 2.5
lit, (5) hop nhom kin nuéc dugc ding dé
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chira mach c6ng suat, mach ngudn cip cho
robot, (6) hop nhwa kin nuwdc ding dé chua
cac cam bién (IMU, &p suit, GPS), mach
diéu khién thu nhan tin hiéu tr cam bién va
mach diéu khién dong co, (7) nim dong co
day phy dung dé gir huoéng, gitt do sau va
ddi huéng cho robot, (8) dong co khong chdi
quét cong suat 400W dong vai trd day chinh
cho robot, (9) cam bién USBL (Ultra — Short
BaseLine) ding d& dinh vi vi tri va huéng
mii tdu cua robot khi dudi nwdc. Cac thanh
phan cét 161 dwoc gisi thiéu trong hinh 3.

2.2. Hé théng van déng

Hé thong van dong cua ROV gom nim
dong co cuia hdng Seabotix, mdi dong c6 thé
dat dén cong suat 50W c6 vo chdng nuéc va
an mon voi moi trudng nudc.

Hinh 3. Cacthanh phan cot 18i gom:
a) Hop camera va trung tam xir ly;
b) Hép chira cam bién;
¢) Hop chuvarmach ng‘uén,va driver.
Hinh 4 cho thay so do bo tri dong co trén
khung robot dam bao cho robot c6 thé hoat
dong sdu bac tu do.

%

Trai/PhailGéc yaw

&L T
. oy [ |

—— - N o=
b LA

Tién/Lui

)
C

Lén/Xudng/Géc roll/Géc Pitch

Hinh 4. So' @6 bé tri déng co va diéu khién.
Trong hinh 5 & md phong ROV di
chuyén trong méi trudng nuwdc bang phan
mém ANSYS.

0
ms*1]

Hinh 5. Md phang ROV di chqyén trong méi truong
nuoc bang phanmém ANSYS.

2.3. So' d6 thiét bi dién

Hinh 6 cho thdy toan bo so dd dién cua
ca hé thong ROV. Chuan giao tiép duoc
ding cha yéu trong hé thong A CAN
(Controller Area Network), véi toc do co thé
1én dén 1 Mbps nén chuan CAN c6 thé dam
bao duoc toc do dap ung cho toan hé théng
ddng thoi ¢ thé han ché nhidu anh huong toi
duong tin hiéu dya vao viéc iy vi sai hai day
CANBUS. Board xir i trung tam fa
Raspberry Pl 3 (Model B) véi 16i ARM tc
d6 xir i Ién d&én 1 Gbps dam nhiém tinh toan
va dieu khién chinh, hai board ARM
STM32F407VGTxx [3] dugc diung dé thu
thap dir liéu tir cam bién ddng thoi nhan 1énh
diéu khién tir board xir Ii trung tam dé diéu
khién dong co. Chuan Ethernet TCP/IP s&
dugc ding dé giao tiép giira board xir Ii trung
tAm ca tram mat dat.
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Hinh 6. So dé dién.

3. M6 hinh dong hoc, dong lwc hoc
ROV

Chuyén dong ctia ROV dugc md ta trong
hai hé quy chiéu khac nhau [5]: Hé quy chiéu
quéan tihh NED (North — East — Down), gbc
On bat ki va hé quy chiéu gan voi vat thé,
gbc Op & tdm trong hyc cua vat. Tur hai hé
quy chiéu do, ta dinh nghia md hinh dong
hoc va dong luc hoc sdu bac tu do cua ROV
Voi cac tham sb trang thai nhu hinh 7.

P
Oy

{Heave)

b
Hinh 7. a)Hé quy cr1)iéu gdn Véi vat thé;
b) Hé quy chieu NED.
3.1. M6 hinh dgng hoc
Xét hé quy chiéu NED, vecto do doi va
toa do goc Euler dugc dinh nghia chung béng

T T
n] =[xy.zlg0w] .
Trong khi do, xét h¢ quy chicu gan vei vat,
van toc tuyén tinh va van toc goc duge dinh
nghia  chung bang vecto  van  toc
v=[u,v,w, p,q,r]T [8]. Phwong trinh dong
hoc cua ROV su dung ma tran xoay Jacobian
chuyén hé toa d0 dugc dinh nghia voi quy
udc cos(X) = cx, sin(x) = sx, tan(x) = tx nhu
sau:

vecto vi tri 77:[771

n=3(m,)v 1)
3 (17,) 0
Im,)=| ™ )
0 g,
[cwchd —sycp+cysOsp  sysp+Cycgsd
J,(n,)=| swcO cwCh+spsOsy  —Cy S+ SOSyCh
| —sO cosg cocy
1 sgté  coto

J,(m)=|0 c¢ —s¢
0 sg/cOd colco
3.2. M6 hinh dong luc hoc
Khi vat rén’di qhuyén trong moi trwdng
nuoc, ¢O nhicu yeu to phai xet den [4]. Tuy
nhién, phuwong trinh dong hrc hoc tong quat
co thé &p dung cho hau hét cac truong hop:
Mv+C(\V)v+D(V)v+g(n) =7 3)
Vé tréi cia ma tran 1 tong hop Iyc va
momen tac dong, gom nhicu thanh phan nhu
hre day dong co, nhiéu,‘ hrc tac dung cia
song, gid, dong chay ngam, con veé phai la



48

Journal of Transportation Science and Technology, Vol 30, Nov 2018

cac thanh phan khoi lwong, lyc can tré do M=M,, +M, (4)
chuyén dong gay ra. - -

. . , . m 0 0 0 mzg —myg

Khi ROV di chuyén, hrong lru chat 0 m 0 -mz 0 mx
(nrde) xung quanh cling dao dong theo, tac 0 0 nom ° °
A - R A hia . Yo —mx; 0

dong qua lai lan nhau lam xuat hién cac Mg =

> A A A - 0 -mz; my, L -, -l

thanh phan cong thém. Trong phuong trinh 0 | | Y |
dong hrc hoc tong quat, M I ma tran khoi M ™ e b T
lwong quéan tinh, gom khdi hrong quan tinh [TWe M 0 e Ayl
cia ROV (Mgs) va khoi lugng cong thém M, =-diag(X,.Y,,Z,,K,, My, N,)

cia nuéc (Ma) véi m, | va khdi keong va cac

momen quén tinh theo cac truc X, Y, Z. Tuong ty C(v) la ma tran tong hop thay

dong luc Coriolis — Hudéng tam cua vat ran
(ROV) va thanh phan cong thém.

C(v)=Cpy (v)+C,(v) (5)
{ s Cu (V)}
Ce(v) =

Ca(v) Cy(v)

m(qu+Z r) _m(XG q_W) _m(XG r"'V) ]
C12 (V) (pr+W) m(ZG r+XG p) _m(ye r—u)
M(zg P-V)  —M(zgq+u) mMXg P+ Ys0)]
0 “lg-lp+lr 1r+l p-1g
Cyo (v)=| 1a+1,p-1r 0 L r=1,0+1,p
6
“Lr=1plg 1+l g-1p 0| 6)
[0 0 0 0 -Zw YV
0 0 o zZw 0 —Xu
c |0 0 0 =Yv o Xy 0
=0 2w Yv o 0 SN Mg
Z,W 0 -X,u  N.r 0 -K,p
—Yv X,u 0 -M,g K,p 0

D(v) la ma tran glam chan thity dong lec lam can tré chuyén dong cuia ROV gém thanh
phan tuyén tinh va phi tuyén:

D(v)=—diag{X,.Y,,Z,, K,,,M,,N,}
~diag{X Ir}

Cubi cung A ma tran lec phuc hdi g(n) do twong tac cua hrc day Archimedes va trong hrc
tac dung IEn ROV.

u|u |v|v

(W —B)sing
—(W —B)cos@sin g
—(W —B)cos&cos¢ (7)

9(7) = —(YoW — yzB)cos@cos ¢+ (zg W —z,B) cosdsin ¢

(zgW —2z5B)sin @+ (Xxg W —xgB)cos @ cos ¢
—(XgW —xgB)cos@sing —(y;W —ygB)sing
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Xét vé phai ctia phuong trinh (1), goit =
[X,Y, Z, K, M, N]" la ma tran lgc day va
momen quay dic trung ciia ROV, duoc tong
hop tir vecto u = [F1, F2, F3, F4, Fs5, F6]T ld
cac lyc day thanh phan cua ting dong co
(hinh 8).

[

e wm
|

[ ' &

b)
Hinh 8. a) Hé quy chiéu gan vdi vdt the;
b) Hé quy chieu NED.

Tur cach bd tri gd dit cac dong co trén
ROV, ta xay dung duoc mdi quan hé gitra
va u théng qua ma tran phan bb lyc B nhu
dudi day [1][2].

1 0 0 0 0 O]F]
0 1 1 0 0 0/|F
0 0 0 1 1 1|F
T=Bu= y (8)
4, -, 0 0 I, - ||F,
, 0 0 -, I, 1 ||F
0 I, -, 0 0 O0|F,
Trong do: 11 = 10mm, l2 = 150mm, I3 =
140mm, la = 200mm, Is = 125mm, ls =
115mm.

4. Hg théng diéu khién ROV

4.1. Giai thuat diéu khién

C6 nhiéu phuong phip diéu khién doi
twong phi tuyen, cang phic tap cang cho ket
qua dicu khién toi wu [6]. Tuy nhién véi md
hinh khong du kha nang xac dinh toan bo

théng s6 nhu ROV thi bo diéu khién PID van
dap ung dugc ¢ mdt mic d6 nao do. Uu
diém cua giai thuat diéu khién nay la dé& dang
md hinh héa va ap dung trén thuc té cho két
qua khé tot.

Giai thuat diéu khien chinh trong ROV
d PID dé gitt goc phuong vi VA gitr do sau
cho robot lan. Khi ROV gir dugc goc
phuong vi va d6 sau sé cho phép robot thuc
hién dwoc céc tAc vu nhu: Gap vat bang tay
gip, ldy miu nudc.

4.1.1. Piéu khién giir géc phwong vi

Cam bién IMU s& doc dir ligu goc
nghiéng cua robot. Tin hiéu dat va bo sé PID
s& duoc cap nhat tryc tiép bang GUI diéu
khién, bo dieu khién ding Raspberry dé tinh
toan va thuc thi tic vu diéu khién robot (hinh
9).

Disturbance

Desired

Heading

Hinh 9.So d6 diéu khién PID giir g6c Heading.

4.1.2. bidu khién giir do sau

Cam bién ap suat s& doc dir licu dé biét
dugc do sau hién tai cua robot. Tin hi¢u dat
va b so PID cho giir d6 sau s& dugc cap nhat
trgc tiep trén GUI dicu khien, by dieu khien
dung Raspberry dé tinh todn va xa li (hinh
10).

Disturbance

|

Desired

Hinh 10. So do diéukhién PID gid Depth.

4.2. Két qua md phéng

Dua trén md hinh tpén da duoc md ta &
noi dung trén, cadc hé so PID duoc tinh chinh
theo phuong phap thir va sai dé tim ra céc hé
s6 co dap ¢ng tot. Hinh 11 va 12 cho thiy
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dap &ng ngd ra md phong, cac hé s6 PID hiéu
chinh dbi voi diéu khién lan & [120, O,
180]T, gitt huong [25, 0, 0.5]. Pap ng cua
hé thdng ddi v6i bo dieu khien xay dung la
kha tot: Thoi gian dap &ng nhanh, sai s6 nho,
khong c6 hién twrong vot 16, dao dong tai
trang thai yéu cau. Robot c6 thé duy tri hoat
dong tét ¢ nhiéu mac trang thai khéc nhau:
Gitr d6 sau tai 1m, 5m, 3m; gitr hudng 60 do,
30 d9, 40 do.

Ea
£
a
@D
=

1

o

o 10 20 30 40 50 60 70 80 a0 100

Time (s)
Hinh 11. Két qua diéu khién gidg sau.

70

60
— 50
@
[
&
S 40
-
=
S 30
£
5
g
a

10

o

0 10 20 30 40 50 60 70 a0 a0 100

Time (s)
Hinh 12. Két qua diéu khién gii huéng.

4.3. Phan mém diéu khién

Phin mém diéu khién (hinh 13) duoc
xay dyng trén nén tang Visual Studio, cho
phép ngudi ding gidm sat cac thong sb trang
thai nhu chidu quay, cong suat day cua dong
co (%), cac goc nghiéng dinh hudng cua
ROV, d6 sau, ...va lru ching lai dudi dang
bang tinh Excel, phuc vu cho viéc khao sat,
phan tich sau ndy. Bén canh d6, sau khi két
ndi giira GUI véi ROV qua giao dién két ndi
Ethernet, ta c6 thé ding Joystick dé diéu
khién ROV theo ¥ mudn hodc diéu chinh cac
théng s6 Kp, Ki, Kq, cua bo diéu khién PID
dé robot c6 thé bam theo gia tri dat ban dau.

Hi“nh 13. Giao dién GUI diéukhiéntéong hop.

Md hinh ROV hoan chinh da dwuoc xay
dung va dang thuyc nghiém, tinh chinh robot
nhu hinh 14.

Hinh 14. Hinh anh thuc nghiémtrong ho boi.

5. Két luan

Bai bao da trinh bay cac nghién ctu vé
thiét ké mo hinh va diéu khién thiét bi diéu
khién tr xa dudi nwéc ROV, co kha nang tu
noi thing bang & trang thai nghi va sir dung
cac dong co ddy dé di chuyén du sau bac ty
do. Thong qua cac md hinh toan dong hoc va
dong lyc hoc gilp hiéu rd vé& ban chat vat ly
ctia ROV dé ap dung vao bo diu khién thuc
té. Ngoai ra, viéc thiét ké md hinh da duogc dé
cap phén tich va lam ré nho vao viéc lya
chon thiét bi, vat liéu, sau do Ia ga dat bd tri,
lién két cac thiét bi da chon & vj tri thich hop
dé dam bao hoat dong 6n dinh cho ROV O

Loi cam on

Nhom tdc gia cam on truong Dai hoc
Bach khoa TPHCM da tai trg nghién ctru
trong khuén khd dé tai T-KTGT-2017-59.
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Thuat ngir
GPS - (Global Positioning System) Hé

théng Dinh vi Toan cau, i hé théng xac dinh

vi tri duatrén vi tri cua cac v€ tinh nhan tao;

GUI - (Graphical User Interface) Giao dién
do hoa nguodi ding, trén cac phan mém may
tinh;

IMU - (Inertial Measurement Unit) Thié;
bi do gia toc va goc xoay, duogc su dung dé
di€u dong may bay va tau vi try;

PID - (Proportional Integral Derivative)
Bo di€u khién vi tich phan ti I§, 1a mdt co ché
phdn hoi vong dieu khién tong quat, qua 3
khau: ti l¢ (P), tich phan (I) va dao ham (D);

'ROV - (Remotely Operated Vehicle)
Thiet bi dugc diu khién tir xa, trong bai nay
1a céc thiét bi hoat dong dudi nude.

Ngay nhan bai: 15/10/2018

Ngay chuyén phan bién: 18/10/2018

Ngay hoan thanh sira bai: 8/11/2018

Ngay chap nhéan diang: 15/11/2018



https://translate.googleusercontent.com/translate_c?anno=2&depth=1&hl=vi&rurl=translate.google.com.vn&sl=en&sp=nmt4&tl=vi&u=https://en.wikipedia.org/wiki/Inertial_measurement_unit&xid=25657,15700023,15700124,15700149,15700186,15700190,15700201,15700214&usg=ALkJrhgvcMCc7WzMudssrbyPnLatOabvfg



