Journal of Korea Robotics Society (2018) 13(1):063-071
https://doi.org/10.7746/jkros.2018.13.1.063

ISSN: 1975-6291 / eISSN: 2287-3961 63

=y A=Y 5 2F(CALEBL10) 9] Z AM=5
F213F AHA| Ao

Posture Control through Decomposed Control for
Multi-ILegged Biomimetic Underwater Robot (CALEB10)
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Hansol Lee', Jihong Lee'

Abstract: This paper describes a study on posture control of the multi-legged biomimetic underwater
robot (CALEB10). Because the underwater environment has a feature that all degrees of freedom are
coupled to each other, we designed the posture control algorithm by separating each degree of
freedom. Not only should the research on posture control of underwater robots be a precedent study for
position control, but it is also necessary to compensate disturbance in each direction. In the research on
the yaw directional posture control, we made the drag force generated by the stroke of the left leg and
the right leg occur asymmetrically, in order that a rotational moment is generated along the yaw
direction. In the composite swimming controller in which the controllers in each direction are
combined, we designed the algorithm to determine the control weights in each direction according to
the error angle along the yaw direction. The performance of the proposed posture control method is
verified by a dynamical simulator and underwater experiments.
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[Fig. 1] CALEB10
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[Fig. 3] Reasons for unstable movement along the pitch direction

Rear view
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[Fig. 4] Reasons for unstable movement along the roll direction
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[Fig. 5] Joint structure of CALEB10

[Table 1] Configuration of CALEB10

Body size | 1.15m (L), 0.64 m (W), 0.35 m (H)

Legsize | 0.1 m(Linkl), 0.325 m (Link2), 0.385 m (Link3)

Mass 73.7kg

Power | External power via cable (48 V, 12V, 5V)

Operating | OS: Linux (Ubuntu 12.04 with Xenomai)
System | Middle ware: ROS

Sensor | IMU (Spatial Evaluation Kit)

Motor: Maxon EC60 Flat BLDC (14 EA)

A
OMAIOT | < car: Harmonic Drive (100:1, 160:1)
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[Table 2] Name and role of ESPG control variables

Parameter Explanation
ROx ROP ROW
(P, W) | (Region of power stroke) | (Region of weak stroke)

(Range) i=1 <> i=8

! (Role) Determine the drag force intensity of the

(Index) Hec
swimming pattern
n (Range) n=2 <> =8
(Phase) (Role) Determine the phase angle difference of

joints 2,3

k (Velocity)| (Role) Determine the speed of the swimming pattern

0.6 0.6
0.4 0.4
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[Fig. 7] Posture control algorithm for CALEB10

[Table 3] Explanation of notation

Notation | Explanation

P, 0 Yaw, pitch angle of the IMU sensor

Ty Ty | Target angle of yaw, pitch direction

€y €y | Error angle of yaw, pitch direction

w,, wy | Control weight of yaw, pitch direction

P Output of PID controller, Converting block for pitch

9 .
Final | directional control
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[Table 4] ESPG control variables according to error range
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[Table 5] Control input for simulation

Scope of Error (°) ESPG control variables

Number of ESPG iteration (times) | 10

Areal [-50<e,>w, (Right): ROP, i=7, n=4, k=1

T, (degree) -60, -30, 0, +30, +60

Area2 |-50<e, > w,<-40 (Right): ROP, i=6, n=4, k=1

Area3 |-40=e, > w,<-30 | (Right): ROP, /=5, n=4, k=1

Aread |-30=< e, e wy, <20 (nght) ROP, i=4, =4, k=1

Area5 |-20<e,xw,<-10 (Right): ROP, =3, n=4, k=1

Safety | - <t (Right): ROP, i=3, n=4, k=1
one | 10T C W =TI b ROP, =3, =4, k=1

Area6 |+10<e, X w,<+20 (Left): ROP, i=3, n=4, k=1

Area7 | +20< ey X wy, <430 | (Left): ROP, i=4, n=4, k=1

Area8 |+30<e, X w,<+40 (Left): ROP, i=5, n=4, k=1

Area9 |+40< ey X wy, <450 | (Left): ROP, i=6, n=4, k=1

Area 10 | t50<e, X w,, (Left): ROP, i=7, n=4, k=1
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Number of ESPG iteration (times) 10
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[Fig. 15] Experiment result

Rotation Straight Rotation
20 Wg=1" Wy = 1
0 O Vg £ w2
5 e
£ -20
3
3 -40 . '
0
E _ AV
60 F e Roll \ V
..... piteh| Safety zone
—Yaw ! !

-3
<)

=3

Angle(degree)

&
=1

o

10

20 30 40 50 60 70 80 90

=1

Time(s)
(@) T, =—60°, T)=—6°
Rotation Straight Rotation Straight
| We =1 wy=1 W FT

1
Safetyl zone

—Y AW
40
1] 10 20 30 40 50 60 70 80 90
Time(s)
(b) 7, =—30°, T, =—6°
15 ﬁtuuﬂhl Rotation Slnlght
Z T We=1]
10F
Safety zone

Angle(degree)

Angle(degree)

Angle(degree)

20 30 40 50 60 7 80 90
Time(s)
(©) 7),=0°, T, =—6°

Rotation Straight Rotation

Wy =1 [ Wy =1 Ty =1

80

20 30 40 50 60 70 80 90

Time(s)
) 7, =+30° , T,=—6°
Rotation Straight
men)| V=1 Wy =1
=====Pitch

Yaw

Safety zone
= Fa

(e) T,

[Fig. 16] The data of IMU

Time(s)

=+60°, 7, =—6°




70 23ss) =54 A13W A5 (2018.3)

Straight,wo =0 = [— Pitch

-5

Angle(degree)

L h L I
0 10 20 30 40 50 60 70 80 90
Time(s)

[Fig. 17] The data of IMU which is not applied with pitch
directional posture control

[Table 7] Tracking error variance of pitch direction data

Variance |Control performance ratio
Without control 30.3921 1
(a) T, =—60°, T, =—6° | 15.6388 1.9434
(b) T, =—30°, T, =—6° | 16.4090 1.8522
(©) I,,=0°, T, =—6° 16.1355 1.8836
(d) T, =+30°, T, =—6° | 13.2472 2.2942
(e) T, =+60°, T, =—6° | 11.7912 2.5775
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