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Abstract : In this paper, the autormatic depth control system and the collision auoidance system of the Manta UUV have been established
in vertical and horizontal plane. The PID control theory and the Fuzzy theory are adopted in this system. The 6-DOF MMG model had
been established by theoretical calculations and captive model test results. The depth control simulation results have been fully presented
The collision risks of the UUV had calculated by the fuzzy theory with the virtual sonar system. Finally, the automatic depth control
system and the collision avoidance simulation system of Manta UUV have been fully developed and sirmudated,
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Fig. 1 Plane figure of Manta-type UUV
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Table 1 Principal dimensions of Manta-type UUV

Parameter Dimensions
length 12.0m
breadth 44m
Fuselage height 12m
disp. vol. 31.88m?
centroid 6.333m from nose
root chord 2.0m
Upper
vertical tip chord 0.45m
plate span 1.0m
Lower root chord 0m contains
vertical tip chord 35m vertical
plate span 0.97m rudder
‘ root chord 1.0m NACAGOR
Horizontal . .
tip chord 08m section
rudder
form
span 1.0m
Vertical chord 0.5m
rudder span 0.6m
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Fig. 2 Coordinate system

Linear velocity transformation 1)
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B {e) = 1_2(€§+€§) 2(6162*63?7) 2(6163—627))

1-2(e2+e2) 2(ee5—€m)
2(e64+em) 1 —2(% +¢2)

2(eye,+€3m)
2(e65—eqn)

Angular velocity transformation 2)
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1 1

E (e) = 37 56 2 €
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553 577 - 561
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Fig. 3 Block diagram(auto-pilot)
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Fig. 4 Heading angle and Depth control
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Fig. 7 Membership function of TCPA / (L / U )
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Fig. 8 Membership function of DCPA / L

Table 2 Fuzzy label

S small
M medium
B big

P positive
N negative
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Table 3 Reasoning rules of degree of collision risk

TCPA
NB NM NS PS PMS PM PMB PB
PS -02 -0.6 -10 1.0 0.8 06 0.4 0.2
D | PMS -02 -0.2 -06 0.8 06 04 0.2 02
;: PM -02 -0.2 -0.2 06 04 0.2 02 02
A | PMB -0.2 -02 -0.2 04 02 0.2 0.2 0.2
PB -02 -0.2 -02 0.2 0.2 0.2 02 0.2
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Fig. 9 Maximum collision risk point

Table 4 Avoidance rules

Direction Minimum value Order angle a
Right Right Collision Risk + 4,
Left Left Collision Risk -4,
Up Up Collision Risk + 4,
Down Down Collision Risk -4,

)l

6. Al2d0jM 23 ¥ 1F

AMug| o= ZA 27HA 2, g UUV7E 3gd B39 FH
o) Fofgof istel A o, W HAE Y FAL
Fysh=AE Aot Ageoldol e Table 59 Zo
Al AL 16 &3 UUVERS A1435ta, 18 J4

7h sk sict.

_

AN 2 AgEy FUslA)

Table 5 Principal dimensions of Manta type UUV

(Simulation)
Parameter Dimension
Speed 1.0m/s
Length 20 m
Breadth 0.73m B
Height 0.2 m
disp. vol. 0.14760 m?
centroid 1.0555 m
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