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A study on the Development of AUV (Autonomous

underwater vehicle) Dynamic Motion Control Simulator

Jong min Kim

Department of Mechatronics Engineering,
The Graduate School,

Pukyong National University

Abstract

An Autonomous:, underwater vehicle is | utilized in variety field for underwater
circumstances. So we need. to _know the system of AUV to use properly. The
motion of AUV can be-defined+asia 6 Degree of freedom dynamics model which
is composed of the complex components.” The-~dynamics model of Autonomous
underwater vehicle includes hydrostatic force, hydro damping, fin force, added
mass, thrustor force. These variables control system in order to apply it to reflect
the actual physical phenomenon about the characteristics of the various forces and
the hull needs to be modeled mathematically. Set the path to take command of
the driver and the path and progress of AUV heading to compensate for the
difference between each Track angle error tracking algorithm and the PD
controller via the control input value to minimize the error value was calculated.
The dynamic simulation of AUV is based on Matlab program which can perform
the horizontal, vertical , way-point tracking motion including 3 dimension points.

And using Labview simulation was performed to configure the Simulator AUV

_iV_



made applicable to the actual performance compared to the motion controller and
the performance of the algorithm were verified.

Keywords : AUV(Autonomous Underwater Vehicle), PD Control, Simulator,
Way-Point Tracking
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Body fixed coordinate

Sway :v, Y
Pitch:q, M

Heave :w, Z Sy
Yaw r, N

L vz, y
Global coordinate

Fig. 2.1 AUVe| ZtEA.



Table. 2.1 AUV 6XFRE 5H4[10]

Linear .
DOF Forces[N] ] Position[m]
velocity[m/s]

Motion in the
1 o X u X
x-direction (surge)
Motion in the
2 o Y v y
y-direction (sway)
Motion in the
3 ] Z w z
z-direction (heave)

DOE Moments] Angular Euler
velocity[rad/s] anglesirad]
Nm]

Rotate about the

4 ' K p ¢

x-axis (roll)

Rotate about the

5 M q 0

y-axis (pitch)

Rotate about the
6 | N r )
z-axis (yaw)
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vy =luvwl”, v,=Ipqr]"e& AA 1A HFFA] I MZEE(Linear
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”'7.1: 4 (772)7’1 (2.1)

no= J (772)7’2 (2.2)
cosycos)  —sinwycose +cosysinfsing  sinysing + cosysinfcose
J,(n,) = |sintcosf  cosipcose +sinysinfsing  —cosysing +sinysinfcose
—sind cosfsin¢ cosfcose
(2.3)

1 singtanf  cos¢tan®
J(n,) =10  cos¢ —sing (2.4)
0 _sing/cosf. cos¢p/cosd
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angle), d(pitch angle), ¢(roll-angle)®] == A3t} 2(2.4)04 2
2] 7+ Ag AEFAgsA e X zhe] Ao A R )k
o] 0 o] ¥t =T FH A}, ARt AwkA Q) RS FQxkeg e A
G FAo 77k 5ol Ao dojuA Feormm g Wek A A7t

WAE A kS Ao dET



il

B e

WHow 679 ARFEE THAE

(2.5)
, #d)

138
:EZ
Lp+ (L, — L )gr+mlyc(wtpv—qu) = 260+ ru—pw)l = Y K
:ZM
=N

714 % (Added mas

E
—

|

F ek,

=

s}

S oS- Zop A

S

I =4
33 wHlE | Dragel ¢

A

A

ol
2t

14
L, 1, Lol W

m[(ﬁ—vr-i—wq) —xG(q2+r2) +yG(pq—7'“)+zG(pr+c} )] = ZX

m[(o—wp+ur) —yu(r* #p°) +2glgr—p) +zalgp+r)]
ml(w—ug+pv)— 20> + &) +aglrp— @) +ye(rg+p )]

Iyy.q-f— (Im - Izz)rp—f—m[zG(iL—i—wq—vr) —xG(iu-l—pv—uq)]
L+ (T, L,) pg+ mlolo—wq +ur) — yglu—or -+ )

o} 2t} [10]
LHERU ™
s)ell <]

o

o
!
o



A 37 AUVe] FAIZEH

3.1 Hydrostatic Force

FAd G HA 2 AUVe FAeE Bl oA TAeE 33 wmwl
2 ougth. A W=mg, %8 B=pVg= Hehjo]An, me A
Aol FA, gv TENEE, pu FH FALE, Ve A9 Ry
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Yys = (W—B)cosfsing
Zys = (W— B)cosfcosg
(3.3)
Kys =—(y,W—1y,B)cosbcos¢ — (z,W— z,B)cosfsin¢
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3.2 F71& = (Added Mass)

AAZE A FellA w&st7] HeliMs A Fawae fAls 2o

Uokstth, ol EA|7 7tEEa gthd A4S Sy e FA &
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A 1o 0 00 0 (34)
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Y, =Yt Yot Xur—Z,0— Zpq
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3.3 Hydrodynamic Damping
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Y X= Xy + X"+ Xout X, wq+ X gq+ X,or + X, " + X, (3.10)

Y= Yyt Vi >+ Y, 7 + Yoot Yirt VY 0 (3.11)
g, PG+ Y LI u’s,

Y125 Zys+ Zp itk Zofl + 7, 02 Gk Z, g + Z,0p (3.12)
+ Z,rp + Z, = Z,,5u°08

Y K= Kyt Kgp® +Kpt K5, (3.13)

> M= Myg+ M, w0 + Mg + Mw+ Mg+ M,uq (3.14)

+ M, vp+ M, rp+ M, uw + M, su’S,

Y IN=Nyg+N,0° + N7’ + No+ Nr+ N, ur (3.15)
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Aw7HA o] Wee AElste] YEhd & WA A
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m[(i)—prrU?“) —yG(?“Q +p2) +Zg(q7"_].7) +«Tg(qp+7" )] = (2)
Yys+ Yo' + Y, ' + Yoot Yort Y ur+ Yoo
+ Y, pqt+ Y, uv+ Y s u’s,

ml(w—ug+pv) =z:(" +)Fzalrp—@+ yalrg+p )= (3)
) ) ) ¥

Zyst Zypwt Zq" + Zwik qu+ Zyfuq + ZaUpst Z,,rp

+ Zuwuw+ Zuudeltasu25s

Ix].)—f— (IZZ—IW)qr—i—m[yG(w-f—pv—qu) —zG(i)+ru—pw)] =l 1)

Kys+ K, p° + Kpt K,
L,qt+ (L, — L)rp+mzglutwg—vr) =z glit-po—uq)) = (5)
Mys+ M0 + M,g* + Mo+ Mg+ M,uq

+ M,,vp+ M, rp+ M, uw + Muud&lmsugés

IZZH— (Iyy - Im) pg+m [xG(z')— wq+ ur) — yG(iL— ur + wq)] = (6)
Nys+ N>+ N,,r* + N.o+ N.r+ N, ur
+N,,wp+ N,pqg+ N, uv+N,, (;Tugér

(3.12)



A 4 & AUV Ao]7] AA

a1 de] 2hol= PDA|o17]

A

Ay

- H

th.  AUVAS] 7]

39

A7z v 4

il

Feh,

)

Aol 7bs

H=

—_
10

3

el M

S|
“=

oo Al laky o 2717

S

Sl

b4 ergie,

S

A



& (surge, sway)

Surge, sway, yaws5 % Qo2 2 Uz 24 Heave, roll, pitchQ4
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m(u— or) = ZX
m(v-f— ur) = Z Y

(4.3)
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Surge, heave, pitch &5 % Jorm= YUmx Q4 sway, roll, yaw &

aE FAT S
v=0,9=0,6=1=0, p=7=0 (4.5)
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4.2.1 PDA| 7]
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4.2.2 +HH Aoj7] A
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3ol A Adojgt FAIYH A S A1) didste] AEstH 2
(4.12)9} 2t}

m: [_0'81247 8] m* [_ 0'5383] 5, (4.12)
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1

ARG A

a)Hull parameter

rho = 1.03E+03; % Seawater Density [kg/m"3]
A_f = 2.85E-02; % Hull Frontal Area [m™2]
A_p = 2.26E-01; 9% Hull Projected Area (XZ=plane) [m"~2]

S_w = 7.09E-01; % Hull Wetted Surface Area [m™2]

Vol = 3.15E-02; % Estimated Hull Volume [m"3]
\WY =1 299E+02; 2% Measured Vehicle Weight [N]
B = 2.99E+02; 9% Measured Vehicle Weight (horizontal) [N]
B_est = 3.17E+02; % Estimated Hull Buoyancy [N]
x_ch = 5.54E-03; % Estimated Long. Center of Buoyancy [m]
C_d = 3.00E-01; % REMUS Axial Drag Coeff. [n/al
C_dc = 1.10E+00; %.-.Cylinder Cross-flow Drag Coeff. [n/al
c_yd = 1.20E+00; % ‘Hoerner Body Lift Coeff. [n/al

X_Cp = -3.21E-01; % Center of Pressure [n/al
alpha = 3.59E-02; % Ellipsoid Added Mass Coeff. [n/al

b)Center of Buoyancy w.r.t. Origin(CB)

xB = 0.00E+00; % Center of Buoyancy: X-dir [m]
vB = 0.00E+00; % Center of Buoyancy: Y-dir [m]
zB = 0.00E+00; % Center of Buoyancy: Z-dir [m]



c) Center of Gravity w.r.t. Origin at CB

xG = 0.00E+00; % Center of Gravity: X-dir
vG = 0.00E+00; % Center of Gravity: Y-dir
zG = 1.96E-02; % Center of Gravity: Z-dir

d) Moments of Inertia w.r.t. Origin at CB

Ixx = 1.77E-01; % -Moment of Inertia
Iyy = 3.45E+00; % Moment of Inertia
1zz = 3.45E+Q0; 9% Moment of Inertia

a) Non-linear Force Coefficients

Xuu = -3.90E+00; % Cross—flow Drag

Xudot = -9.30E-01; % Added Mass

Xwq = -3.55E+01; % Added Mass Cross—term
Xaqq = -1.93E+00; % Added Mass Cross—term
Xvr = 3.95E+01; % Added Mass Cross—term
Xrr = —-1.93E+00; % Added Mass Cross—term
Xprop = 9.25E+00; % Propeller Thrust

Yvv = -1.31E+03; % Cross—flow Drag

[m]
[m]
[m]

(kg m™2]
(ke -m"™2]
(kg -m2]

[kg/m]

[kg]

[kg/rad]
[kg-m/rad]

[kg/rad]
[kg-m/rad]

[N]
[kg/m]



Yrr = 6.32E-01; % Cross—flow Drag [kg m/rad 2]

Yuv = -2.86E+01; % Body Lift Force and Fin Lift [kg/m]
Yvdot = -355E+01; 9% Added Mass kel
Yrdot = 1.93E+00; % Added Mass [kg m/rad]
Yur = 5.22E+00; % Added Mass Cross Term and Fin Lift [kg/rad]
Ywp = 3.55E+01; % Added Mass Cross—term [kg/rad]
Ypa = 1.93E+00; % Added Mass Cross—term [kg m/rad]
YuudeltaR = 9.64E+00; 9% Fin Lift Force [kg/(m-rad)]
ZWW = -1.31E+02; % Cross—flow Drag [kg/ml]
Zaq = -6.32E-01; % Cross—flow Drag [kg m/rad"2]
Zuw = -2.86E+01; 9% Body Lift Force and Fin Lift [kg/m]
Zwdot = -3.55E+01; % Added Mass [kg]
Zqdot = +1.93E+00; % Added Mass [kg m/rad]
Zuq = =5.22E+00; 96 Added Mass Cross-term and Fin Lift [kg/rad]
Zvp = -3.55E+01; 9% Added Mass Cross-term [kg/rad]
7rp =\ 1.93E+00; 9% Added Mass Cross-term [kg/rad]
ZuudeltaS = “9.64E+00; 9 Fin Lift Force [kg/(m-rad)]

b) Non-linear Moment Coefficients

Kpp = -1.30E-01; % Rolling Resistance [kg -m2/rad"2]
Kpdot = -7.04E-02; % Added Mass [kg -m2/rad]
Kprop = -543E-01; % Propeller Torque [N'm]
Mww = 3.18E+00; % Cross—flow Drag [kg]
Maq = -1.88E+02; % Cross—flow Drag [kg'-m"2/rad"2]
Muw = 240E+01, % Bodyand Fin Lift and Munk Moment [kg]
Mwdot = -1.93E+00; % Added Mass [kg-m]
Madot = —4.83E+00; 9% Added Mass [kg-m2/rad]
Muq = -2.00E+00; 9% Added Mass Cross Term and Fin Lift



ke -m/rad]

Mvp = -1.93E+00; % Added Mass Cross Term [kg-m/rad]
Mrp = 4.86E+00; % Added Mass Cross Term [kg -m"2/rad™2]

MuudeltaS = -6.15E+00; % Fin Lift Moment [kg/rad]

Nvv = -3.18E+00; % Cross—flow Drag [kg]

Nrr = -9.40E+01; % Cross—flow Drag [kg'm"2/rad"2]
Nuv = -2.40E+01; % Body and Fin Lift and Munk Moment [kg]
Nvdot = 1.93E+00; % Added Mass [kg-m]
Nrdot = —4.88E+00; % Added Mass [kg -m™2/rad]
Nur = -2.00E+00; 26-Added Mass Cross.Term and Fin Lift

ke m/rad]

Nwp = -1.93E+00; % Added Mass Cross Term [kg m/rad]
Npag = ~4.86E+00; % _Added Mass. Cross Term [kg-m"2/rad"2]
NuudeltaR = -6.15E+00; % Fin Lift Moment [kg/rad]
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