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Design and Control of 6 D.O.F(Degrees of Freedom) Hovering AUV
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Abstract: In this paper, a study of a new hovering six dof underwater robot with redundant horizontal thrusters, titled HAUV
(hovering AUV), is presented. The results of study on the structure design, deployment of thrusters, and development of the
developed control system of the AUV was presented. For the HAUV structure, a structure design and an analysis of the
thrusting system was performed. For navigation, a sensor fusion board which can proceed various sensor signals to identify
correct positions and speeds was developed and a total control system including EKF (Extended Kalman Filter) was designed.
Rolling, pitching and depth control tests of the HAUV have been performed, and relatively small angle error and depth tracking

error results were shown.

Keywords: CROV (Convertible Remotely Operated Vehicle), HAUV (Hovering Type Autonomous Unmaned Vehicl)
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Fig. 1. Picture of developed HAUV.
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Fig. 2. Composition of interior parts of HAUV.
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719 3. HAUV®| BE F-F.
Fig. 3. Modular parts of HAUV.

®Thrusters
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Fig. 4. Assembly process of HAUV.
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Front Area = 0.157 m?

19 6. HAUVS] T H A,

Fig. 6. Projected area of HAUV.
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III. HAUV 223
. HAUVE| 23ulx4|

HAUVA HE SEUAEAL
coordinates)ol] 2J3l] EHIATH7T].

= A3 A (body-fixed

mlii—vr +wq=x,(q" +r°)+ v, (pqg =)+, (pr+ )= X

my—=wp+ur—y (> + p*)+z,(pr—p)+x,(qgp+i)] =YY

mv—ug+vp—z,(p* +q*)+x,(p—§)+y,(rg+ p)| = D Z

L p+(~1,)qr =+ p)l .+ =g +(pr—=9)I,,
+m[y,(W—uq+vp)—z,(V—wp+ur)]= ZK ?2)

L,g+U =1 )p=(p+qr)l, +(p" =r)_ +(gp=7),

+mlz, (i —vr+wq)—x,(W—ug+vp)] = ZM

i+, =1 )pg—(G+rp)l . +(q" = p), +(rg=p)I.

+m[xg(\>—wp+ur)—yg(ﬂ—vr+wq)] = ZN

o714 4 Q= vl YEHom ks 2@

M+ Clw)+Dv) +gln)=r 3)
o714
M=Mp,+M,, C=Crz+C,

Mpp . The rigid-body inertia matrix
M, . Added inertia matrix
#s : The rigid-body Coriolis and centripetal matrix
C.i: The added coriolis matrix
v=luvw,p.qrl B F4e) Szt e
t=[X,Y,Z,K,M,NI". o|gi5} wale mE
D=D,()+Dg()+ D, (v)+D,,(v)

Dp,y: The hydrodynamic damping matrix is mainly ~caused
by radiation-induced potential damping,

Dy, linear skin friction,

Dyyy,y: wave drift damping

Dyy,y: damping due to vortex shedding

g(n): Gravity and buoyancy vector(forces and moments)

17 7. HAUV®] 718F8H 4.
Fig. 7. Geometrical configuration of HAUV.
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Fig. 8. Propulsion test device.

ag9. 2EA
Fig. 9. Load cell.

X 1. ZEAL AR
Table 1. Specification of Load cell.

340, 34

S Ty

Model | Rated Capacity | Zero balance | Rated output

UMM 0~1.961 kN 2 mV/V+
+0.06 mV/V

200K (200 kgf) m 0.01 mV/V

1910, 300W F3A o] AR,
Fig. 10. Propulsion test of 300W thruster.

2 F20A AgA,
Table 2. Test results of the thruster.

Ferward Direction Backward Direction
Current(A) rpm Throst [N] || Current{d) rpm Thrust [N]
1 626 412 1 549 0,98
A B45 5,00 Z 655 255
3 975 10,79 3 743 412
4 1084 1393 4 a64 8,04
5 1152 15,70 5 968 11,18
g 1200 1962 B 1056 13.24
7 1251 2197 T 1132 1422
B 1289 2403 ] 1185 1491
g 1291 #2551 g 1215 15,70
10 1324 26,98 10 1242 16,87
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Fig. 11. The Geometry of the duct propeller.
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Fig. 12. Grid of the computational domain.
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Fig. 13. Results of test and CFD analysis.
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Fig. 14. Control system of HAUV.
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Fig. 15. Complex sensor system of HAUV.
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Fig. 16. Block diagram of applied extended Kalman filter.
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Fig. 17. PID control with optimal input distribution for HAUV.
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Fig. 18. Depth control result of HAUV.
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Fig. 19. 30° Picth control result of HAUV.
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Fig. 20. 30° Roll control of HAUV.
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Fig. 21. Roll and Picth control for HAUV.
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Fig. 22. Picture of 30° Roll and Picth control test in water tank.
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