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ABSTRACT

Proper control design of Remotely Operated Vehicle (ROV) is especially important for holding
position in the field operation within uncertain environment from strong current. This research can be
mainly divided into 2 parts: 1) controller design using the ROV dynamics simulation, 2) design and
construction of ROV with 4 propellers.

The dynamics models of the VideoRaylIl underwater robot are used for testing and comparing
the depth control in the z-direction between Sliding Mode Control (SMC) and Proportional Integral
Derivative control (PID). While ROV horizontal motion on x-y plane is controlled by PID control.
Furthermore, parameters of both PID and SMC controllers are tuned so that an optimized performance
is obtained. According to depth-control simulation, SMC controller yields fast response in the vertical
motion without overshoot. On the other hand, the response in the vertical motion using PID controller
becomes more oscillatory and drives steady-state error to zero.

Construction of 4-propeller ROV is composed of a pair of propellers aligning along the
z-direction and the other pair of propellers, laying horizontally, all propellers can propel only in
forward direction. ROV structure can dive upto 7-m depth because of a limitation of control-cable
length. Using a microncontroller, propellers’ speed can be manually controlled with a joystick and
water depth is feedbacked with a pressure sensor. All electronics are contained inside 2 waterproof
tanks, producing buoyancy force on top of ROV structure. Experiments in pond show that ROV can
automatically maintain its vertical position according to depth command using PID controller with

accuracy of 15%, since there exists pressure-sensor measurement noise, particularly from current.

Keywords: underwater robot, depth control, sliding mode control, PID control
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D(v) >0 iiio Yve RN (2.27)

3) V- oo luvmgh |Inll = o uag ||fll = oo ledmsvaunsi (2.19)

A ) o ) g aq Y I 1 ~ 1a a
NI 1 dmsuenudninsegauydliuia vessuilumnei (lifannu
vounau M, = O)uaz M =MT > 0

AIAN2 FzUVARd AN lums Posdumssuniu aInMeUo NN
NFLIN

2.2.2 mamuguiaamumsnaeunuuugiila (Closed-Loop Tracking control) [7]

aq ¥ a Y 3 a A A A A I
ﬁich!@]Gl,ﬂﬂTiﬂ'ﬁJﬂiJ HUUEBUTH YDIANULIUTIYY NUARAN AIAN ummﬂu

-~ 3 s o 3 A

V() = v(t) — vy (t) tile vy(t) ADNINIPDI VIR TADIULVIA NG INABINST  (Desired
) Y] ’.3 4 a L)
state vector) §113UMIOBALUVEN UM UL IFa0RIUTTULIATDINE aX15D T Henuilan sy

{ o 9 o
a911Juo1 (Lyapunov) Milumndsnuaal
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wﬁo=%ﬂM$ (2.28)

Feensoannulduuaiiousundanuat! (Pseudo-kinetic) (@uua M = MT
uaz My = 0)
vV =v"Mv (2.29)
naums 2.1 unuaslu ¥ azla
V = V[t — Mg — C(v)vg —D)vg + g() —¥"TD)¥  (2.30)
aeutiAveunmas nFfduinassouunUNzIBIL Skew — symmetric VC (V)Y =
0 vve RN
v=Mvo; —Cv; —DW)vg + g(n) —Kyv (2.31)
ile K, fie mma3ngsasvnenldlumsniuauuuiiuuan (Positive regulator gain
matrix) teunulu (2.30) 9214
V=—v[DW)+K;lv<0 (2.32)

9
v v

v
eV <0181 V() < V0V = 0aniuszyuasiiadesan

2.3 M30RNUUUMSAIURIIULI oA
' 2 A 9 9 a ~ a 4

TuduiivzGuauaie 05 U1eMIENIUDMIAIANLUY Wi 1oA (PID) nazuvud lag
A v 1 v A a o :
asTnua (SMC) szuumsnIuguilszian PID (dadiu,eyiusuazdunnia) seansniou
I @ 1 Y o dy
ihumnrguuaaziuy laaail

1. mimmmmuﬁﬂﬁm (Proportional Control)

2. MIAVANUVUBUNNTA (Integral Control)

3. ﬂﬁﬂ?]Jf]iJLL‘U”]J’t]ié!ﬁJuﬁ’ (Derivative Control)

a o

4. MINUANUDVTAGIUTINAUBUNNTS (Proportional plus integral Control)

A

5. MINMANUVUFTATIUTINAVBYNWUT (Proportional plus derivative Control)
6. MImuAUIDLTATIUT AU UANTALAZeYWUT (Proportional plus integral plus
derivative Control)
2.3.1 mimuﬂmmuﬁ’ﬂdau (Proportional Control; P)
mMImuguuUUdadin  aweduanuduiutszniemdaaaeonvedin
A2UAY (Controller Output;u(t) ) HAzAFYYIUANUAANAIAVDITZUUADAID1NDY (Actuating

. = = v o Yo A
Error Signal; e(t) 9@ 11150 eUANUFUWUT IAadaun1sn (2.33)
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u(t) = Kye(t) (2.33)

Jo 1 (YA {
Wandunie Teuveanmsaruquuuudadiu ldninmsutasanlawsvesaunisi

(2.34)

us) _

o = Ko (2.34)

T o (g ~

1 Y
AMdyauoanveIiINILANLDUN szulsAumuMdyauRanaainaIY

9 @ 1 1 o o 1 a { Y]
foiFevoImsnIuaNIUUdadIuAe ludmwnsaivamANuAANaIANaN112A9R7 (Steady-State
A A a 4*’ o = 19 A A Yo o
Error 130 eg) Mnalu nasninmalasuulasanihvine vie e lasudyaasuniunn
Tvian
2.3.2 MIAIUANUVVBUNNTA (Integral Control; 1)
a a o ) o o J v A ' o
MInUAUIUUBUNNT g lannudunusuesdasiman)asunlasmdyna

[ a

o < [ Y {
aaﬂm@ﬂﬁ?ﬂ’]ﬂﬂu!ﬂuﬁﬂﬁ’)uﬂﬂﬁﬂ]uq‘_l']mﬂj'lﬂp\lﬂwa1ﬂ ﬂ\‘]ﬁuﬂﬁliﬂ (2.35) uag (2.36)

=0 = Ke(t) (2.35)

u(t) = K, f, e(t)dt (2.36)

Jo 1 a a o < {
Wandunie Teuvosmsaduguuuuduinga iuliawannsi 2.37)

e(s) s @.37)

a = U B~ 1 L % { v
manuRanaalinuiudowmmdyaiaesnvesinuanazalasuulacedis
3 F) a = B~ E4 T W o = A o Y
sInEwazaIANUAaNaaNAugud  mdyaiaesnueddinluuazimagi Mlnns
9 H 9
ATUAUUULUFIBAAAIANUAANAIANANIZAIAD  (Steady-State Error) UNATINITHINUYD
MIAIANLUVIUNNTA (5811 MIAIVANLLVIN 11U (Reset Control)
4
2.3.3 MINMUANLUVVDOUNUT (Derivative Control; D)
" o o v J < Y] [ Y]
MAYYIUDDNVDIAIN VAUV LD YWUT 2T Udad 11030031013

o

a 1 a 2 A @ Jd v ~
wasuuasmanurana1n FIUANUTUNUTAITUNTN (2.38)
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de (t)

u(t) = Ky m

(2.38)

% = % %

Jd o 1 J d @ {
ﬁﬂﬂ%uﬂ’lﬂi@uﬂl@ﬂﬂ'ﬁﬂ']']JﬂlILL'UU@H U UANUFUNUTAIFUNITN (2.39)

U(s)
£(s) = K;s (2.39)

o J J { o J 1A
MIAIVANUVDOYIUS Daumsaiuauivhldamany  (Overshoot) Hwue
A dya o A [ a A a da!
analeIINMIAIANLDLNNIITANBAsIMIlasun)asmanuianan ey
2.3.4 MIAIVANUVVTAGIUIIWNUBIUNNTA (Proportional plus integral Control; PT)
MIMUANLLUFAEIUTINAVOUNANTA WIoNiFondu U1 msaruguiL
%% o J J @ @ @ J a !
il vzlianuduiusszninedyaueonnndaniugy u® tazdyaiamnnuianaialy
TUIAADU e(t) AIANNITN (2.40)
t
u(t) = Kye() + K; fO e(t)dt (2.40)

o

dao [ Jd v A
WenFunieTouvoanisnruguuuuil o Ianudunusasaunsi (2.41)

U(s)
E(s)

K 2 (2.41)
N

{ I @ A o 1 I o A a a o 4
Taon K, Wusanvenamedadiv uazk; ilusasiveneyiouinia uenanil

[ J o 1 =3 < Y o {
daonvvzuaasiendunie Touludngluuuuialdaseaumsn 2.42)

ugs) _ &\ / K, (14T;s)
E(s) (] Kp (1 Al Tis) o T;s (2.42)

~ I Aa a o . 1 [~ (Y
Tagn T, iHuna1dounnia (Integral time) CARER T; = K, /K wimiuna
auquuuniile Ilwa (Pole) ogngaiuiia nazlid1s (Zero) Ndwwiia s = —1/T; msdSua
I [ v 1 Aa a o A ] 1 [
T, i]xnJumiﬂimgmmww°lumu6ummimmmmuaumﬂia Tuamznnisdsum Kyazaana

9 v
ADNITAIUANMITDIAIU A1 HTUVLHUNINATOUUDIA ’Jﬂ’)‘]JﬂlIlL‘]J‘Uﬁul@ WUANHULA Eﬂﬁ 2.2
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[ a

&Y y I do & . ] o o
suindyanuranaiadumaeu e Wuilinduiunilivite dyanaesnandiniuguuuL

~ S o v ci
iile vdidnvazawanslugii 2.3

| Kb

E(s) 1 U(s)

—

v | =

B

\ 4

= o ~
ETJ‘VI 2.2 LLWL!ﬂTWﬂﬁ’f)iJ‘lJENﬂ’Jﬂ’J‘]JﬂiJLL‘U‘UWllﬂ

u(r) r MIMURNLUUR 10

IRWIZNAAUUUURA

R —— L LT T T L P

ol §

o)

=).

1

[ @ =] A < o ¥ & ]
2.3 m@?mﬂ@ﬂiﬂﬂ@]')ﬂ?ﬂﬂﬂllﬂﬂwqﬂ 149 e(t) iWulansuvun iy

o 1 1 @ o d
2.3.5 MIMUANBVUAATIUTIUNVOYUNWUD (Proportional plus derivative Control; PD)
[ ' o v ¢ A A~ v J J A
MIAIUANUVUFTATIUTINNUDYNUD ﬁﬁ@'ﬂliﬂﬂﬂu‘ﬂﬁul‘ﬂ?'] NITAIVAULVUNA

o o J @ @ @ a @ 4 [ X
fl]8ﬁﬂ’ﬂllﬁll‘W‘L!‘ﬁ3$W31Qﬁﬂluﬂ101mﬂﬂﬂmﬂﬁ3ﬂﬁﬂﬂil u(t) ngﬁﬂluﬂlﬂmWﬂWﬁ”lﬂaUﬂmﬁﬂu e(t) A3
A
TUNIIN (2.43)

u(t) = Kye(t) + Kd% (2.43)

J o 1 [ v o A
WanFun1e TouueansnIuANLLUNA UANUTUHRUTAITUNITN (2.44)
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UE) _
ro = Ko+ Kas (2.44)

{ I @ a o 1 < o a o o
Tagh K, Hudasveadedaaiu tag Ky 1usasvenaimaeywus (Derivative

. dyw da 1 = & Y v =
gainuonNUgIeIzHaasiansuneTouludngiuuuniildasaunisn (2.45)

Ues) _ —
E(s) = Kp + KdS = Kp(l + TdS) (2.45)

! < o J X . . : ' < 1w
Tagh Ty Wunaeywus (Derivative time) B3 Ty = Kq/K, 1w
{ o 1 1 ' o v
AANUVUNANF T (Zero)NAMNUI s = ——=—K,/Kq wazluiiIna  (Pole) dmsy

d
UHUNINNTOLVBIAIAILANLLLNA vz lianpuzawaadlugln 2.4 Simndyaudanais
o A < Jd o =2 & ' Y @ aa A o @
Tunaeu et Wulansuaialeailaniig dyauesnanaIAIUNIUINAIZTANYUZAS
~ = <3 1 1 v % o Y A g Y =K
paraalugii 2.5 FaezmunaIueyiusYeIAIAILANAINITINHIINAIAN TV 1NHIIDINS

z:i [ a &7 d' 9y
nasunilasvesdnanaranaiadumnaou 1

Y

E(s)

v

35U 2.4 LHUATNNTOUYBIAINILAVULUN

U

u(f) + AIAIUAUUILTARA

Salt
=i
=).

o @ aa A I Jd o 2 & ]
2.5 dIU99NIINAINIUANLUUNA 1UD e(t) WulansuaIneariaruag
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MImUguUUDAR  9zlSuljimaneuaueInguetszuy  Juminzdmsy
At Y o "y 0 9 ¥ = Sy 3 X A a
FTVUNT MINHAINNIAIAUINNN M 1HNMIAIUHUDIANABINITIIAGITY 1199911

A

wa 7 Y = A @ a o A 12y A
ﬂﬂ!ﬁﬂﬂﬁiuﬂ'liﬂ'lﬂﬂ'lima’J\TWH?O\TﬂﬁLﬂ@ﬂHLLaQ"U@Q UUTUNANAIAVUAADU  LUAUUDLTIND

o g

o

= 1T @ =< ] 9 v A~ o o Y v
tanu hasdyanasuniuinn 39 lias Ienussuatidyaiasuniugs tazdienezyi 1dan
o A a A (J é’ Y k)
VUAADUINA ﬂﬁﬂuﬁﬂﬂlu‘lﬂf’)ﬂﬂﬁﬂ
o 1 1 v o a a o v
2.3.6 MIMUANUVUTATIUIIUNVOUNNTALASOYWUS  (Proportional plus integral
plus derivative Control; PID)
o 1 ' v A a o o J A Aa o < '
NMIAIUANLVUFTATIUTINNVDIUNNIALASDYNUD ﬁﬁ@ﬂlﬁﬂﬂﬂuiﬂﬂ‘ﬂ’ﬂﬂ’ﬂ
3 [ a a o
ﬂﬁﬂ?ﬂﬂuﬁkl’ﬂa (PID Control) nJumsianmimmmmummu UUUDUNNIA Lastiuy
v [ o o J @ @ [ a
’E)°L§W‘Ll‘ﬁlalsl)']ﬁ)’JEJﬂ“LH]%ﬁﬂ’NllﬁiJW‘L!‘ﬁﬁ%TT’ZINﬁQJJQ_ﬂﬂl’E)’E)ﬂ‘UWﬂWJﬂ’J‘Uﬂ?J u(t) HASHYUIUNANAA

VYULANDU e(t) AITUNITN (2.46)

t de (t)
u(t) = Kye(t) + K; [ e()dt + Kq — (2.46)
Wanduae Touvesnmsnruguuuui lod Ianuduriusasaumsi (2.47)
U@s) _ K; _ Kgs?+Kps+K;
o KL PR (2.47)

! 3 @ S\ Ay I 3| @ A a a o I
Tag K, dudanvensmidaaiu K; luaasveneyiouinia uaz Ky i

@

o a o o . \ . v Ay a A
OATTVIIYLTIDYNUD (Derivative gain) Llagﬁ%ﬂﬂ‘lﬂm ﬂ']iﬂ'J‘U?;llllﬂJllW]l@ﬂ NN |5 (Zero)

[
[ o a

v Y
U 2 dataz Twa (Pole) DNIIUIU 1 AINYARUTIA LAZINUBUAVVBITZUVIUDN 1 dUAL 1A

4 1 dyo/ d o 1 = ] Y o A
oaAdsenoy — uaﬂmﬂuﬂqmmmﬁmﬂqﬂ%umﬂiauiuaﬂgﬂuwﬁm"lﬂmﬁumm (2.48)
S

u@s) _
E(s)

Ky (1+ ot Tys) (2.48)

Jd o o

{ I A a a o I a o
Iﬂﬂﬁ TiL‘]_IuL’JaHGIN@u‘VIﬂﬁa uag Ty Lﬂunauwmgwu‘ﬁ TINITUUNUNINNITDU

(Y =\ A A w [ ~ 9 [ a o A I d o
"]J@\W]')ﬂ')ﬂﬂllll‘]_l‘]_lwhl@ﬂ uaﬂymzmgﬂw 2.6 MMINAUYIUNANIIAVLIAAD U e(t) wWulanau

=

=) é 1 7 QU =) A v 4 d‘
AU UIY atgﬂunm@@ﬂmﬂmmuﬂmmuw"laﬂ %zuaﬂymzmgﬂ‘n 2.7
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P Kye(t)

L+ t
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A

de(t)
] D K
> T
d‘ % =} S
E‘IJTI 2.6 LLN‘L!J']TWﬂi@ﬂﬂl@ﬁﬁ?ﬂ?ﬂﬂullﬂﬂwqﬂﬂ
u(r)T
-~ N3ATAUIULTA 107

e
\ MIATUFNUULHA

RN ATUAUIULRA

- |
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9y
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AN VBIAINILANIUNTZNIMANUAaNAIANA 11 1INUUMIAIANILDE ulinTavy
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auqu sz linmsniuauuuuduiinda hidiwadensniunu lesninaianuAanainag  gn

o w 1 [ < )
MialurrnadusiasEdenInuguuLoYuT
Y
2.3.7 msmmgmmuﬁ”laﬂﬂm (Sliding Mode Control)
o 22
WANMIVIITMIAIUANIUDE lafaa (Sliding Mode Control 150 SMC) fio 113
% 1A 4 1 1 o’Qy 4 Y
amuquatlsanuzuosmAanaa liindouiiiigszuinealanas (Sliding Plane) ioaauls
Y 1 o2 ¥y A A ] o2 a T Y 4
anuzingszunud laaas tazaug ulindeunoguuszinua laaasluniamanmsguinggud

[

31N 2.8

finite-time

X sliding mode
reaching phase

. J

v ] ' Y
511 2.8 namuaaamsmasunuuva lane Tviua

Y

aumsvesszuususumeslugnalil 2 Order
mij + din + doii| = < (2.49)

4 a o ~ YA 1
114® m, dquax dy Ao WSRO (Parameter) N li3Afiivou

L A

d o
TunseanuuungMsnIuA(Control Law) [3] 92 14Wansuae11uou (Lyapunov
) Y
Function) (V) 901 lygatl
9 = = =31 A
1) 91V >01@U8 520U NADYITAINNADII
2) } V<0 rauo szuvIHIADeTMN
fMiasan Lyapunov Function I

V= %msz (2.50)

o 1 v
fmualid V = 2ms? > 0 awondimoyiinsaz 14
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V = mss (2.51)

aunIn llyesannunaia wasuvoINImdouNauals 8199anmurua

(Tracking Error, €) L‘ldJLl

A

9 e=n—"ny (2.52)
[ g’/ A 1 v 2 . . .

amiwiommeyiusezld e =1 —1ny (2.53)
uazimuald i, =14 — Ae (2.54)

A A A v 2 dy a a J . .
o A ADAININAIUINUDIAIINAIALDYI (slope) VDINUNITINY (SWltChlng
surface)
ya A A A @ Y Aa A
LlazﬂlﬂufﬂllWaﬁ')ﬂ‘ll@ﬂﬂ’ﬂl]ﬂﬁTﬂLﬂa@u‘ll@\iﬂTﬁLﬂﬁ@u‘i’lﬂTN@n!Lﬂﬁ DN (s) N
o I
vty
s=ée+ e (2.55)

@

agtuuvvesaums2.5n)lniag1d
V = —d,lils + [t — mij, — din — dy |75, ] (2.56)

= o Y 3 1 a 1 S 1A
99291 11 V dlumasay (negative) NABIUBAUNITUDINGNITAIVAN (Control

Low) Hunianily
T = mij, + din + dy |9, — Kys — Ksgn(s) (2.57)
e K, = o w52 @n59090A510810U99ANUNUI (Damping coefficient) (K>

0)

v a -4
K = 90319818U03N15 0384 (switching gain)

m= anlszanmvesniam
d; = MlszanavesmanumiIaFadu d,
d, = Mszanavesmanuvtayy liFadu d,
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1 ifs>0
ay sgn(s)=y 0 ifs=0
-1

o o Ay 4
dmsudoulvou

2.4 15909807 (Buoyant force)

wanmsvewssaugnnanauuAl Idsansodunldmuanssdugniuuiagia
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FB=LDdy (p, - p)dA,=- yj(z2 - z)dA, = ()(W5nasvesing) (2.58)

{ ' 4 %’ v o U o g
’ﬁ'llfﬂi‘ﬁ 2.58 ﬂ'WTu@31%@Q1Wﬁﬁﬁﬂ1ﬁﬂﬂﬂ1lw1$ﬂ\Wl’JLL‘H’Jﬂ1§ﬂi%‘ﬂ'lsl]ﬂ\‘llljﬂﬁ'i]ﬂ@n

] J @ { g { X 1o & 4 [ <
wiugaguenanlinasvesiagien lunuin - e lusiiludes gaquinarsuiavesing nld
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= (

o 1 4 o
PANLTINDYNT (Buoyant force 130 F,) AEFA MR MYAFUINANN1TADIA (Center of buoyant)

Q

v

=2 o v 3 a A ' ) s o 3 ¥ R
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(FB)LF=Zpig (Displace volume), (2.59)
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F, = () (f5masngnunui) = hmiinvesingnass luveunad (2.60)

1 1 o 1 v g v v 1 " o 1
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Abstract

The objective of this research 1z to design a control system capable of operating a dynamic model of a
VideoRay underwater robot effectively in an uncertain environment such as undersea with a strong current.
Furthermore, the control system must exlubit a small tracking emor when given specified paths. In this research, a
Proportional Integral Denvative (PID) controller controls the horzontal motion in the xy plane and a comparizon
between the PID conirol and the Shiding Mode Conirol (SMC) 15 examined for vertical motion or depth control. The
depth control dynamic simulation results show that the PID controller had less steady-state errors than the SMC
controller, but the tracking response of the SMC controller was much faster with a similar thrust magnitude. When
mmlti-hydrodynamic parameters like M., Z,, and Z,,,,, were uncertain, the PID and SMC controllers exhibited poor
performance and slow response. The SMC controller could not reduce the tracking error to zero because of the non-
perfect cancellation of the nonlinear hydrodynamic terms, but the PID controller was sull able to maintain the zame
depth level. Moreover, motion in 3D requires simultaneously controlling the honizontal motion and depth. Therefore,
force i x.y directions and the moment around the z axis must be generated by the controller to enable the 3D motion

of the underwater robot to be controlled.

Keywords: underwater robot, depth comtral, shding mode comtyol
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