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Abstract :

To control the depth of an underwater glider, a control method by using Lyapunov’s

direct method is proposed. The underwater glider has a torpedo-shape hull, a movable mass in

the hull, and an inflatable buoyancy bag in the hull, but doesn’'t have large wings that increase

the lift force for the conventional underwater glider. The control laws to adjust the position of

the movable mass and the mass of the inflatable buoyancy bag are derived. For a selected speed

and an angle of attack, we simulated

the

operation of the underwater

glider

using

Matlab/Simulink. The efficiency of the proposed controller is shown in the fact that the control

effort is active during only a short period of time when the zigzag trajectory is changed from

downward to upward or vice versa.

Keywords: Autonomous underwater vehicle, Underwater glider, Depth control, Lyapunov's direct
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Fig. 1 Underwater glider with a moving mass

and a buoyancy bag
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ZXM, Xys ; HydroStatic
+ X;Lu-‘r Zwq+ Z;]qq— Y.vr—Y.rr; Added Mass,
Coriolis Centripetal

+ Xouu [ul ;Azial Drag
+ X,n -op ; Propella Thrust
Z You= Yys i HydroStatic

+ Y;,{)-‘r Y;J.“-‘r X;Lur + Z;“wp — Z;]pq ; Added Mass,
Coriolis Centripetal

+ Y lvl+ Y rir] ; Crossflow Drag
+ Yuv ; Body Lift

+ Y, 50l + Y, uv+ Y, ur i Fin Lift

Z Zowt = Zps s HydroStatic

+ Z{“w-‘r Z;](.]— Xuq+ Yop+ Yrp ; Added Mass,
Coriolis Centripetal

+ Zyywlwl+ Z,,qlql ; Crossflow Drag

+ Zguw ; Body Lift
+ Z5su 05 + Zyppuw+ Z,, a1q s Fin Lift
(2)

ZKm = Kyg s HydroStatic

Kpp 1 Added Mass, Coriolis Centripetal
+Kplplplpl ; Rolling Drag Moment

prop ;Propella Torque

Z My = Myg iHydroStatic

+ Myt Mg = (Z,— X, Juw— Ywp+ (K, = N)rp = Zuq
; Added Mass, Coriolis Centripetal

+ M“|“,|w| wl+ Mq|q|q| ql ;Cross flow Drag
+ M, uw ; Body Li ft Moment
+ M, ;.u’ds + M puw+ Mag 5 FinLift

ZNm = Nys s HydroStatic

+ N]ﬂ‘)—'r N;J'“— (X{L— Y;,)uv + Z;]wp— (K]v?— Mé)pq-‘r Y, ur
; Added Mass, Coriolis Centripetal

+N, |,,|U|U|+N7|7|7“|7“| ; Cross flow Drag
+ Nyuv ; Body Lift Moment
+ N, 5u0r + Nypuv+ N, ur i Fin Lift
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Table 1. Desired parameters for stable gliding

downward
¢, (deg) -30° —45° —60°
a, (deg) 12° 7 4°
6, (deg) —18° —38° —56°
v, (m/s) 0.30 0.30 0.30
u, (m/s) 0.2936 0.2978 0.2993
w, (m/s) 0.0615 0.0364 0.0209
z,, (m) 0.0080 0.0167 0.0305
Z, (m) 0.02 0.02 0.02
my, (kg) 0.9436 0.8954 0.8778
upward
&, (deg) 30° 45° 60°
o, (deg) —12° -7° —4°
6, (deg) 18° 38° 56 °
v, (m/s) 0.30 0.30 030
u, (m/s) 0.2936 0.2978 0.2993
w, (m/s) | —0.0615 —0.0364 —0.0209
z,, (m) —0.0080 —0.0167 —0.030
Zg (m) 0.02 0.02 0.02
my, (kg) 0.7262 0.7743 0.7919
2o Fvtold HHate] WA Ay Agde, of
AL 2 (99 #AxEF FJdom vekd 5 vk
I’ _ C(?S dfsingd] I} ©
z sin§; cos§; |lz

Acls, m%%ﬁ%:ﬁﬂﬂﬂ

Fig. 3 Coordinate transform.
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Hybrid Autonomous Underw ater Vehicle: AUV + Glider

At the end of the simulation, XY graph, XZ graph, depth graph, and XYZ graph appear.
tested in Matlab R2012a. 201441

http://cal.plnu.ac.kr
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Fig. 4 Simulation using Matlab/Simulink
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Table 2. Parameters used for simulation.

m, =30.4791  z,=0 I, =0.1770
m=1 Yy, =0 1, =3.4500
m = 32.3140 z,=0 I, =3.4500
g=19.8100 z,=0
Y, =0
z, = 0.0200
X, =—0.9300 Y,,=-1310 Z,, =—131
Z, =—35.5000 Y, =06320 Z,  =—0.6320
Z ==19300 Y, =—18.9600 Z,,, =—18.9600
Y, =—35.5000 Y, =9.6400 Z ;. =—9.6400
Y, =1.9300 oy =—9:6400 7, =—9.6400
X, |, =—39000 Y, =6.1500  Z,, =0.9300
1qp = 61500
K, ==00704 M, =—19300 N, =19300
K, =—0.1300 M =—4.8800 N, =—4.8300
M, =3.1800 N, =—3.1800
M,q, =—188 N, =9
M, =—44200 N, =4.4500
M, ;. =—6.1500 N, ;. =—6.1500
M, ==6.1500 N,,, =6.1500
M, =—3.9300 N, =—3.9300
AlgHoldell= A (149 22 2719 999
s Frhersith
u,,,v,,,w, : rand(—0.0051, 0.0051) (DVL)
P ,q ,r :rand(—0.2618, 0.2618) (DVL)
xyz s rand(—0.5000, 0.5000) (GPS) 14)
¢,,0,,%,, : rand (= 0.0175, 0.0175) (IMU)

AHgE @Y AEAS 9lstel DVL (Dopper
velocity logger)2 LinkQuest®] NavQuest 600
GPS (Global positioning
Septentrio?] AsteRx1, IMU (Inertial
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