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This paper presents gain optimization of a 6-DOF underwater robotic platform with 4 rotatable
thrusters. To stabilize the 6-DOF motion of the underwater robotic platform, a back-stepping
controller is designed with 6 proportional gains and 6 derivative gains. The 12 gains of the back-
stepping controller are optimized to decrease settling time in step response in 6-DOF motion
independently. Stability criterion and overshoots are used as a constraint of the optimization
problem. Trust-region algorithm and hybrid Taguchi-Random order Coordinate search algorithm
are used to determine the optimal parameters, and the results by two methods are analyzed.
Additionally, the resulting controller shows improved performance under disturbances.
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"""" Step response at initial gains
Step response at TRA-optimized gains
=== Step response at HTRCA-optimized gains
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Fig. 3 Step responses of initial gains and optimized gains

Table 1 Optimization results

Initial gain

K, 10.0 100 10.0 100 100 100
K, 39.0 522 733 30 30 30
S/ 59.64

Optimized gain by TRA
K, 426 426 372 869 107 544
K, 90.2 624 101 39.5 395 58.6
S/ 37.89

Optimized gain by HTRCA
K, 45,0 420 370 780 107  99.0
K, 93.0 62.0 102 340 43.0 40.0
S/ 36.16
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"""" Step response at initial gains under ocean current
Step response at TRA-optimized gains under ocean current
===+ Step response at HTRCA-optimized gains under ocean current
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Fig. 4 Step response of the initial gains and optimized gains under ocean current

o3]m239m0—— e Q-value at initial gains under ocean current
z — Q-value at TRA-optimized gains under ocean current
= o2F---—--A--—---oo AL Ly T Q-value at HTRCA-optimized gains under ocean current
= 0.
g 42 T T T
| | |
S 0l k- e e 1l __________|
= a0 : |
e | T |
= 38 -----—- |- —— - == - - == - == ===
2 0 | | |
- T - e E—
= -0.1 ;}_j | | |
- | L |
% g 34 [ === |
=} | | |
g -0.2 § 32 —-———-—— - |- ——— == - [
3 3 | | |
S | | |
03 5 30— R SR
0 10 20 30 40 = | | |
time [s] £ % 10 20 30 40
< .
> time [s]
Fig. 5 Current disturbance in x-direction o 4 ‘

o} AAAE Q-valueE AA gozAHE & F 9 ‘

U, Fig. 6° =A1%¥ nke} o] Q-value”} # % 3}

g Fd @l 4sALE FANYE FolEe

TRAE AME3I3S wo Q-value?] 5 Zo] &

o, A o] fr(stability margin)7} Z=EA A3} time [s]

o Aol Eoml® AT F Ak Fig. 6 Q-value in the simulation under ocean current



ror

F=dUSS3[X M 30 10E pp. 1031-1039 October 2013 / 1037

"""" Step response at initial gains under reaction moment from a manipulator
Step response at TRA-optimized gains under reaction moment from a manipulator
===+ Step response at HTRCA-optimized gains under reaction moment from a manipulator
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APPENDIX: Parameters of the dynamic model

1. Inertia and added mass matrix

M=M,,+M, =
(9630 0 0 0 0 0]
0 133.04 0 0 0 0
0 0 16857 0 0 0
0 0 447 0 0
0 0 0 0 926 0
|0 0 0 8.10]
2. Coriolis matrix
C(»)=C,, +C,
[0 0 0 0
0 0 0 -168.57w
- 0 0 0 133.04v
- 0 168.57w  —133.04v 0
-168.57w 0 96.30u -8.10r
| 133.04v  —96.30u 0 9.26¢
168.57w —133.04v]
0 96.30u
-96.30u 0
8.10r  —0.26q
0 4.47p
—4.47p 0o |
3. Hydrodynamic damping matrix
D(v) =
[34.55[ 0 0 0 0 0 |
0 10444 0 0 0 0
0 0 1465w 0 0 0
0 0 0 068p 0 0
0 0 0 0 534q o0
| 0 0 0 0 0 3.07]

4. Gravity and buoyancy

g(1m) = Osxi
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