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_ THIET KE VA XAY DUNG ROBOT VIAM-ROV600 PHUC VU
KHAO SAT PANH GIA CHAT LUQNG CONG TRINH HO, PAP THUY LQI
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Tém tit: Hién nay nhiéu ho, ddp thuy loi co tinh trang xuong cdp va can bdo tri thwong xuyén.
Nhung luc lwong tho lan lai c6 nguon lyc gioi han va ddy ciing la cong véc nguy hiém nén cdc
hoat déng cia tho lgn ciing chiu nhiéu han ché. Vi thé trong bai bdo ndy sé dé xudt phwong dn sir
dung Remotely Operated underwarter Vehicles (ROV) cho viec khao sat hé, dap thiy loi. Cu thé
sé tién hanh nghién civu xdy dung b diéu khlen PID Cascade diéu khién dé sdu va trang thdi cdc
goc cua robot. Qua d6 mo phong lai mot 6 trwong hop van hanh dac trung cua robot ROV. Thi
cong mgt mé hinh c6 chi so ky thuat phu hop dé chiu dwoc ap sudt ¢ do sau khoang 50m. Xay dung
hé thong diéu khién gom cdc mach nguon, board diéu khién, mét s6 cam bién va cdc ngoai vi co
ban phuc vu nhu cau khdo sat ho, ddp nhie dén, ong ldy mau nwée, cam bién ro, ... Pong thoi nhiing
giai thuat PID ma ta da mé phong vao mo hinh robot ROV.

Tw khoa: Remotely Operated Underwater Vehicle (ROV), md phong déng luc, PID Cascade.

Summary: Nowadays many reservoirs and dams have degradation and need regular
maintenance. However, the divers' force has limited resources and this is also a dangerous work,
so the activities of divers are also subject to many limitations. Therefore, in this article, we will
propose a plan to use Remotely Operated Underwater Vehicles (ROV) for a survey of the
reservoirs, and dams. Specifically, the study will build a remote control PID Cascade that controls
the depth and angle state of the robot and simulates some typical operating situations of the ROV
robot. A model with suitable parameters is built to withstand pressure at a depth of about 50m.
The control system including basic source circuits, control boards, sensors, and peripherals is
developed to serve the needs of surveying reservoirs, dams such as lamps, water sampling
equipment, leak detection sensors, etc. In addition, the PID that has simulated embedded into robot
ROV model.

Keywords: Remotely Operated Underwater Vehicle (ROV), Dynamic simulation, PID Cascade
4-Dof Controller.

1. GIOI THIEU CHUNG

Remotely Operated underwater Vehicle —
ROV- la phuong tién tu hanh dudi nudc dieu

ROV c6 thé c6 thém canh tay robot, dng lay
mau nudc,... Ngay nay ROV la thiét bi dang
dan thay thé con nguoi lam viéc trong moi

khién c6 day. Vi thé ROV khong bi gii han
thoi gian hoat dong nhu con nguoi. ROV hoat
dong dudi nude dugce thiét ké c6 camera, sonar,
altimeter, dén chiéu sang,... dé co thé quan sat
va do dac ma khong qua phu thudc vao tim nhin
nhu con nguodi. Tuy thudc vao nhiém vy ma
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truong nguy hiém.

VIAM ROV600 duoc nghién ciru dung dé khao
sat vét nut de dap thuy loi, hd chira nude. O
nude ta c¢o sd lwong ho, dap 1a vo cung 16n (=
7000 ho chtra 16n nho), da phan cé tudi doi da
lau nén can dugc béo tri thuong xuyén. Trong
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qua khwr, Viét Nam ting chiu nhiéu thiét hai
nghiém trong do hd, dap thiéu an toan. Tir thang
10/2012 — 6/2013 da c6 3 vu vo dap thay 1gi nho
& 3 tinh mién Trung va Tay Nguyén, d6 1a dap
Pa Krong 3 (Quéang Tri), Pak Mék 3 (Kon Tum)
va la Krel 2 (Gia Lai). Pap chinh thuy dién Song
Tranh 2 x4y ra sy cd thém, 10 ri nude 2012, hay
gan day nhat 1a sy c¢6 duong ham dan dong thi
cong tai dap cua thuy dién Song Bung 2 bi vo
vao nam 2016.

Hinh 1: Kiém tra dinh ky cac bo phan
quan trong dap

Lower Baker

Do d6, viéc dam bao an toan ho dap, hé thong
dé trong cong tac phong chéng thién tai 1a cong
viéc rat quan trong [2]. Trong viéc khao sét, bao
dudng cling nhu stra chita nhitng cong trinh nay
thi phuong 4n dung tho 1an gap nhiéu han ché.
Thuong thi tho 1dn gioi nhat ciing chi 1an duoc
& khoang 20m va thoi gian ngan. Nhiing cong
viéc khao sat cong trinh dé, dap dac biét 1a khu
vue xung quanh dap tran 13 vo ciing nguy hiém,
rii ro vé nhan mang cao.

Vi vay tmg dung cong nghé robot 1an dé khao
sat hd dap 1a vo cung phu hop va tiét kiém chi
phi. Hién nay mot s6 cong ty & Viét Nam s& hitu
va cung cép dich vu thiét bi 1an bién, c6 doi ngil
ki su gidm sat va van hanh ROV dang duoc xay
dung va phat trién, timg budc lam cha khoa hoc
cong nghé, ndi dia hoa ngu6n luc vé cong nghé
va thiét bi. Va VIAM-ROV600 ra doi nhu 1a
minh chimg cho nd lyc nghién ciru va phat trién
cuia nhém téc gia.

2. THIET KE VIAM-ROV600

10

Nham thiét ké va ché tao md hinh VIAM-
ROV600 phuc vu khao sat danh gia chét luong
cong trinh hd, dap thay loi c6 kich thudc nho
gon, gia thanh thap, d& van hanh cho nguoi st
dung. M6 hinh VIAM-ROV600 dugc thiét ké
nhu sau:

- Dang hop: toc do di chuyén thép nhung linh
hgat kha nang 6n dinh cao thu\(mg duoc dung
deé khao sat trong moi truong ho, dap.

Ong ngudn

Ong dieu Khsen

Hinh 2: M6 hinh VIAM-ROV600

Hinh 3: M6 hlnh VIAM-ROV600 trong thuc té

- VIAM-ROV600 sir dung vat li¢u nhom 1a mot
hop kim nhém pho bién hién nay, dé gia cong
va do bén tot.

- Sur dung phuong phap chéng thAm O-ring: dé
dang bao tri va thay thé, chiu dugc ap suit tot.

- St dung phuong an ndi 1én 1an xudng bang
ngoai lyc: sir dung dong co ngoai lam lyc day.
kha ning can bang khdi tim cao, thoi gian lan
ndi nhanh, d& diéu khién, dé chéng tham.
VIAM-ROV600 c6 tong 8 dong co bao gom 4
dong co ding va 4 dong co ngang duoc danh sd
thtr tu tir 1 dén 8. Vi tri dit coa dong co ngang

s& léch mot goc +60° so véi phuong ngang.
bicu nay dam bao cho ROV c¢6 thé di chuyén

TAP CHI KHOA HOC VA CONG NGHE THUY LOI SO 81 - 2023



linh hoat theo phuong ngang. Ngoai ra véi 4
dong co dimg c6 thé gitp cho ta diéu khién
duoc vi tri cac goc roll, pitch, yaw va do sau
mot cach d& dang. Do vy, hé ROV di thiét ké
c6 thé bam duoc mot quy dao bat ki trong khong
gian ba chiéu.

Xuét phat tir thyc trang cac rii ro & cac dap thay
dién, cac hod chira nudc hay cac cong ranh,...
Nén ching ta can mot thiét bj 1in ROV dé thay
thé con nguoi trong trong viée khao sat & cac
hd, dap, céng, .... Tur thyc trang trén, nhém tac
gia dua ra cac yéu cau thiét ké mot thiét bi 13n
c¢6 day diéu khién tir xa:

"\; | "
',,\-;"\.

Hinh 4: Hinh chiéu dimg VIAM-ROV600

o’

e Thiét bi phai kin nuéc va chiu dugc ap luc &
do sau 50m.

o Khdi luong cua thiét bi 1a khoang 30 kg.

e ROV c6 kha ning di chuyén duoc 6 bac tu
do (6DOF).

e ROV phai sir dung dong co day va c6 téc do
di chuyén theo huéng trugc(surge) toi da la
1.5m/s, theo hudng xudng dudi(yaw) vai toe do
imfs.

e ROV phai mang duoc cac thiét bi dudi day:
o Cam bién 4p suat: Dung do ap sut va xac
dinh d6 sau hoat dong.

o Cam bién sonar: Phat hién vat can xung
quanh ROV, phéat hién vét nat, bién dang cua
vat thé can khao sat.

o Cam bién altimeter: Po khoang cach tir ROV
dén day ho.

o Hé thong camera: Quan sat mdi truong dudi
nuoc.

o Cam bién phat hién nudc: Phat hién nudc
vao thiét bi dién.
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o Pén chiéu sang: Ho6 trg camera quan sat moi
truong nudc.

Béng 1: Thong sb ky thuit ciia VIAM-ROV600

P 6 sau 50 m Sé déng co 8
Chieu 600m )
N Vantéctéida 1.5 knots
dai m
Chieu 600m 640x480
Camera )
rong m pixel
Chieu 480m pién ap
. 325VDC
cao m ngudn
Khéi Da ca 8.9mm —
0k y p | o
lvgng ngué n 150m
Ca truyén 5mm —
vatlieu | Nhom | > T y
thong 10mm

THEN Iy

Hinh 5: So do két noi cac phan tir

Nhu hinh 5, khi ¢ trén bo ta s€ st dung 2 may
tinh. M4y tinh thir nhat s& phuc vu viéc quan sat
cac gia tri vi tri va goc, cac gia tri cam bién tra
vé, quan sat hinh anh tir camera va ra 1énh diéu
khién. May tinh thtr 2 s€ c6 nhi¢m vu thu thap
céc dir lidu tra vé tir sonar va xdy dyng phan
mém phuc vu nhu cau st dung cia ngudi ding.
Tram trén bo giao tiép véi ROV thong qua
duong day Ethernet. Bén trong ROV gdm c6 2
may tinh nhung, mot cho viéc xur ly cac thuat
toan va may tinh nhing con lai dung dé xir 1y
tinh hiéu sonar. Vi diéu khién chinh s& c6 nhiém
vu cdp cac xung ra dong co va thu thap cac gia
tri cam bién. Ngoai ra, camera s& duoc két ndi
truc tiép toi Switch Ethernet dé tra hinh anh vé
bo.

3. BQ PIEU KHIEN MIMO PQ SAU
(DEPTH CONTROLLER) AP DUNG PID
CASCADE
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Ta c6 h¢ phuong trinh dong hoc cho robot lan
nhu sau [5]:

{ 1=Jo (1)

MV+C(V)V+D(V)v+g(,7):T [1]

M e[ % 1a ma tran quan tinh (khéi luong)
va added mass

C(v)ell 6. 13 ma tran Coriolis va added mass
D(v) el 6. 13 ma tran giam chan thity dong

g(n) el L. 1a vec-to luc va mo-men do tac
dong trong luc,luc ndi gay nén

. . 61 .
v=0w,v,) =((u,v,w),(p,q,r)) el
Ia vec-to van toc thang va van toc goc trong hé
toa do Body

n=0mm) =(ned) ($6,p) el

14 vec-to vi tri va goc xoay trong hé NED

Jo(n) ell 6. 1a ma tran chuyén dbi tir hé
Body sang h¢ NED

Ta xay dung mo hinh mé phong

bbbyt

ot

LA

) - Ly - o o
A e = x v

Hinh 6: M6 hinh ROV cho mé phong

Ta tién hanh xdy dung giai thuat diéu khién
dung PID Cascade. Trong do:

Bo diéu khién cho d6 sau

Tang 1 Wyeg = Ky g (dges —d) [2]
Téng 2 Wiges = Kp,w(Wdes —W) [3]
Tang 3:

d (Wdes - W) [4]

i = K (Wees = W) + K [ (s — )t + K g m

(of0] e} \[e]3]2

Bo diéu khién cho géc roll, pitch, yaw

Tang 1:
Pdes K p.¢ (¢des - ¢)
Ques |=| K p,o (Oges —0) [5]
(des K oW des —)

Tang 2 :

d —
K. (P~ P) K, (P~ P+ Ky, (PP 6]
o 12| k ek ot k. 90 —9)
in | = p,q(qdes a)+ |,qj(qdes q)dt + d,q dt

Vin d(rges — 1
K pr (s = 1)+ K [ (s 1)t + Ky %

Ma tran anh xa PWM
[0 0 -1 0 1 -1]
0O 0 1 0 1 1
0 O 0 -1 -1 [7]
Moy 0 0 -1 0 -1 1
1 -1 01 0 O
-1 -1 0 1 0 O
1 1 01 0 O
-1 1 0 1 0 O]
Ng0 ra
U
um2 I Xin i
Uns Yin
Una _ * Zin 8
Ups | Mo iy e
mé eIn
Un7 | Vin
[ Ume _

Véi U, 1a cac luc ciia dong co

Ta c6 so d0 giai thuat nhu hinh sau:

Hinh 7: PID Cascade 3 tang cho diéu khién dg siu

Trong d6 ta thay c6 su két hop cua viée giir on
dinh dd sau z va trang thai cac goc roll, pitch,
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yaw. Nhin chung thi day 1a sy phdi hop nhiéu
diéu bo khién PID dé dam bao dép rng nhicu
dac tinh ngo ra cia ROV.

4. KET QUA MO PHONG ROV TRONG
CAC TRANG THAI CO PINH

Dé don gian hoéa, ta cho lyc ndi 16n nhét B bang
voi trong luong ctia robot W, ¢6 nghia 1a ROV
s& gan nhu lo limg trong nudc trong trang thai
khong hoat dong. Nguyén nhan 1a khao sat strc
néi theo dd chim trong nudc cia robot twrong déi
phirc tap do phan b6 thiét bi khong dbi ximg theo
cac phuong. Pong thoi, da phan thoi gian hoat
dong cia ROV déu chim hoan toan trong nude.
Ma tran luc hoi phuc ¢ bén dudi ciing bo qua anh
hudng ciia Iyc ndi theo timg phuong ma chi xét
luc ndi t6i da B vao tinh toan nham don gian hoa
mo hinh.

Ma tran lyc hoi phuc [4]:

(W —B)siné
—(W - B)cosOsing [9]
—(W -B)cosBcos¢
9(’7): —(ng—be)cosé’cos¢+(ng—sz)cosé’sin¢

(ng—sz)sinGJr(xHW7be)cost9cos¢

L —(ng—be)cosé’sin¢—(ng—be)sinH ]

(Xg: Y 2g )T la toa do trong tdm cua robot.

(X9 Yo Zp )" 1a toa do tim néi cita robot.

Dudi day 1a két qua mo phong 1 sO truong hop
dac chung cua ROV trong dicu ki¢n khong cod
tac dong cua dong chay.

e Pj sau 2m 6n dinh roll/pitch/yaw tai 0

Cho tin hiéu dit cua d6 sau la ham nic c6 budc
nhay tai gidy tha 10, gia tri cuoi la 2m.

Sai s x4c lap ctia d sau trong md phong (Hinh
8) 14 bang 0, tuy nhién trong qua trong qua trinh
dap ung thi xut hién vot 16 lem/2m (khoang
0.5%) khong dang ké. Thoi gian xéc 1ap khoang
10s ke tir lac xuat tin higu diéu khién, toc d¢ 1an
khoang 0.2m/s. Sai s6 RMSE thé hién trong
Bang 2.
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Hinh 8: Dap vng do sau va goc
Bing 2: Sai s6 RMSE

RMSE_¢
RMSE_x (m) 0 0
(deg)
RMSE_6
RMSE_y (m) 0 0
(deg)
RMSE_y
RMSE_z (m) 0.181 0
(deg)
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Hinh 9: Dap ung cua dong co

Luc cua cac dong co Ts, Te, T7, Tg co gia tri
bang 0 (Hinh 9) tai gia tri xac 14p cua d6 siu do
gia dinh trong luong ROV (W) bang véi luc nbi
16n nhat (B). Trong diéu kién thyc t¢ W < B
hay lyc hdi phuc theo phuong z 1a g(z)>0 thi
robot van thé dap tng duoc do khau tich phan
trong bo diéu khién.

P sdu 2m 6n dinh goc pitch 30°
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Hinh 10: Pap vng do sdu va goc
voi goc O thay doi

Tiép ndi két qua mo phong trén, tai do sau 2m
ta cho goc pitch chéch 1én mot goc 30°. Nhan
thiy dap tng d6 sdu bi anh huong va léch
khoang 13cm (6.5% so voi d§ sau hién tai).

0 100 200 300 0 100 20

[—m]

00

0 100 200 300

o
=)
3
N

=

100 20

T5
0 3
T6
00 300
T7
0 301

0 100 200 300 0

T8

0 100 200 300 100 200 300

Hinh 11: Padp iing dong co véi géc 0 thay doi

pé gilt gdc pitch ¢ 1 gié tri, khac véi d sau, cac
dong co Ts, Te, T7, Tg phai khac 0 nhu Hinh 11.

e D) sdu 2m, on dinh goc roll 30°

%102

D(‘S‘ng thot vi tri theo x cling thay do6i (Hinh 10). o @ZZ
Diéu nay la tinh tat yéu vi céc vi lyc gilt goc ) S
pitch cho ROV s€ lam hop lyc trén truc x cia 2! L N o 1 Sz zn e
robot khac 0. Do dic tich ctia bo diéu khién - 10
PID, khi sai s0 ctia z du 1on s& anh huong léen ‘\/\ 2 '
dap ung goc pitch (0) cia ROV. Khi sai sb zdat = =’
dinh twong Ung v&i gian doan trong dap irng cua '0'050 T o T R——t
g6c pitch (0). Sai sé RMSE thé hién trong Bang , — 610"
3. z, Ez
Bang 3: Sai s6 RMSE C o
RMSE_x
m 0.0339 | RMSE_¢ (deg) 0 Hinh 12: Ddp ing dg sdu
va goc voi goc ¢ thay doi
RMSE_y
m) 0 | RMSE_6(deg) | 24264 | Tyong ty, tai 6 sdu 2m ta cho robot tao mot goc
VSE 3 roll (¢) 30° nhu Hinh 12. Khéc véi goc pitch 6 thi
- 0.1837 | RMSE_y (deg) 0 nghiém trén. Ta nhan thay goc dép tmg goc roll
(m) s& anh hudng dén vi tri ROV theo phuong y. Tac
dong 1én cac thong sb trang thai khac 1a nho.
Nhung ta dé nhan ra rang dap tmg dugc goc roll
s& gy nhiéu tac dong 1én robot hon 1a dap tmg
dugc goc pitch. Goc roll con dao dong (du bién
do dao dong nho) do van chua xac dinh dugc bd
s0 PID that sy phi hgp véi md hinh. Sai s6 RMSE
thé hién trong bang 4.
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Hinh 13: Dap iing dong co véi géc ¢ thay doi

Bing 4: Sai s6 RMSE

6.5437e- |  RMSE_¢

RMSE_x (m) 2.2636
21 (deg)
RMSE_0

RMSE_y (m)| 0.0283 1.1488e-18
(deg)
RMSE_y

RMSE_z (m)| 0.1851 4.2855e-18
(deg)

. .
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Hinh 14: Pap wng do sau va goc voi goc 6
thay doi va ROV di chuyén

Pbi véi viée didu khién di chuyén, chung ta
diéu khién mo hinh thong qua céc tin hiéu tir tay
cam. Ta nhan thay déap tmg do sdu co sai s6 do
di chuyén ctia md hinh, du sai sO nhung dap tmg
ngd ra ctia do sau lai rat on dinh. Piéu nay 1a
quan trong vi trong mo phdéng ta dung ham step
dé tao tin hiéu dat cua do sau con trong thuc té
thi ta c6 thé tiép tuc ting gia tri z dat dé robot
dat dugc do sdu mong mudn cua nguoi diéu
khién. Sai s6 d6 sdu trong md phong nay la
0.83m (41% ). Sai s6 RMSE thé hién trong

Tuong tu, dé giit goc roll & 1 gia tri, khac véi
do sau, cac dong co Ts, Ts, T7, Tg phai khac 0
(Hinh 13). Lyc cua cadc dong co Ts, Ts, T7, Tg
kho ton tai trong thuc té, vi vay tim dugc bo
s6 PID phu hop cho timg dap tng 1a rat qua
trong.

* P§ sdu 2m, pitch 30° va cho ROV di chuyén
theo truc x

Cho tin hiéu di chuyén duoc cip vao thoi diém
gidy thtr 100 (Hinh 14), ta c6 dép ting sau.

Bang 5.

Bang 5: Sai s6 RMSE

RMSE_x RMSE_¢

60.1913 0
(m) (deg)
RMSE_y RMSE_6

0 2.4508

(m) (deg)
RMSE_z RMSE_y

0.6815 0
(m) (deg)
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Hinh 15: Pdp vmg dong co véi géc 0 thay doi
va ROV di chuyén
Luc cta cac dong co Ts, T, T7, Tg khong dao

dong ghiéu, c6 kha nang dap ung dugc trong
thuc t€ (Hinh 15).

-10 -5 0 5 10 15 20 25 30

Hinh 16: Hinh dang quy dao

5. KET LUAN

Bai bao da trinh bay khai quéat hién trang chét
lwong cong trinh hd, dép trong nude ciing nhu nhu
cau cap bach can tmg dung céc tién bd khoa hoc
k¥ thuat moi. Tir d6 ciing dé ra phuong 4n nghién
clru va phat trién mot moé hinh VIAM-ROV600 ¢
thé thyc hién nhiém vu khao sat danh gia chat
luong cong trinh hd, dap thay loi. Nhom tac gia dé
xuit qua trinh tudn ty tir thiét ké hé théng, mo
phong thudt toan cho mo6 hinh, va nhuing thuat toan
vao mo hinh that. Cu thé:

- Ché tao dugc md hinh ROV hoan chinh chiju
duoc ap luc nude ¢ do sdu 50m. Va tich hgp dugc
c4c ngoai vi nhu dén, 6ng lay mau nudc, camera
va sonar...

- Nghién ctru xay dung mé hinh va mé phong giai
thuat PID Cascade 4-Dof cho ROV trong céc kich
ban gitr d6 sau, gitr goc va di chuyén.

Loi cam on:

Nghién ctru nay dugc tai tro boi Bo Nong nghiép
va Phat trién Nong thon trong khudn kho dé tai
tiém ning cap Bo “Nghién ciru co sé khoa hec,
thiét ké thiét bi lin c6 diéu khién phuc vu
khao sat, danh gia chat lwong cong trinh hd,
dap thay lgi”. Chung téi xin cam on Vién Ky
thuat Bién, Vién Khoa hoc Thuy loi Viét Nam
va Truong Pai hoc Bach Khoa, PHQG-HCM da
hd tro thoi gian, phuong tién va co so vat chat
cho nghién ciu nay.
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