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Abstract In these days, researches about underwater robots have been actively in progress for the
purposes of ocean detection and resource exploration. Unlike general underwater robots such as
ROV(Remotely Operated Vehicle) and AUV(Autonomous Underwater Vehicle) which have
propellers, an articulated underwater robot which is called Crabster has been being developed in
KORDI(Korea Ocean Research & Development Institute) with many cooperation organizations since
2010. The robot is expected to be able to walk and swim under the sea with its legs. Among many
researching fields of this project, we are focusing on a swimming section. In order to find effective
swimming locomotion for the robot, we approached this subject in terms of Biomimetics. As a model
of optimized swimming organism in nature, diving beetles were chosen. In the paper, swimming
motions of diving beetles were analyzed in viewpoint of robotics for applying them into the
swimming motion of the robot. After modeling the kinematics of diving beetle through robotics
engineering technique, we obtained swimming patterns of the one of living diving beetles, and then
compared them with calculated optimal swimming patterns of a robot leg. As the first trial to compare
the locomotion data of legs of the diving beetle with a robot leg, we have sorted two representative
swimming patterns such as forwarding and turning. Experimental environment has been set up to get
the motion data of diving beetles. The experimental equipment consists of a transparent aquarium and
a high speed camera. Various swimming motions of diving beetles were recorded with the camera.
After classifying swimming patterns of the diving beetle, we can get angular data of each joint on
hind legs by image processing software, Image J. The data were applied to an optimized algorithm for
swimming of a robot leg which was designed by robotics engineering technique. Through this
procedure, simulated results which show trajectories of a robot leg were compared with trajectories of
a leg of a diving beetle in desired directions. As a result, we confirmed considerable similarity in the
result of trajectory and joint angles comparison.
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Fig. 1. Crabster CR200
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Fig. 2. Picture of Cybister lateralimarginalis. It is a species of diving
beetles and swims on the brim of shallow water using its
strong pinchers. In addition, it can survive in water and on
land
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Fig. 3. A (transparent aquarium), B(diving beetles), C(a high speed
camera), D(a laptop computer) , E(a lamp) , F(a residential
aquarium). An Experimental environment has been set up to
get the motion data of diving beetles (B) while they are
swimming in a transparent aquarium (A). The recorded data
by the high speed camera (C) is imported to a laptop
computer (D). A lamp (E) was positioned on the ground to
make video images clear
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Fig. 4. Video images recorded by a high speed camera were
transferred through MotionScope M1.0.3 software™™
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Fig. 5. Recorded video images are dealt with image processing
software, Image J, so as to get angular values 641 6, on
the leg of diving beetles.
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Fig. 9. Trajectory of two hind legs (A), (B) of the diving beetle for
turning movement by the diving beetle
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Fig. 10. A Case of forwarding swimming. Comparison of trajectory
between the leg of a diving beetle (A) and the robot leg
(B)
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Fig. 11. A Case of forwarding swimming. Comparison of joint angles
between the leg of the diving beetle (A) and the robot leg
(B)
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Fig. 12. A Case of turning swimming of a left leg. Comparison of
trajectory between the leg of a diving beetle (A) and the
robot leg (B)
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Fig. 13. A Case of turning swimming of a left leg. Comparison of
joint angles between the leg of the diving beetle (A) and
the robot leg (B)

wskE e e

3 AAE Sz A

)
k1
)
il
o
E
)
2
o
rlr

Fig. 149} Fig. 1501]/\1% EH907) Q_%éégi 3 A5
s T oo Sl cE2E5TY teAdY oedd

[

EaE g SRR
Fig U v nxn Tadi Dome Andy b T ol e s dods Cokii ende re ~
Oude|k SAR09E4 3(0H a0 Oida ¥ RAL 834 J30E aD
el o 2 dhing il Injasiey el
E
AL i
A b
5 : 1
" \/ g [ —
Sl PN e P

Fig. 14. A Case of turning swimming of a right leg. Comparison of
trajectory between the leg of a diving beetle (A) and the
robot leg (B)
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Fig. 15. A Case of turning swimming a right leg. Comparison of joint
angles between the leg of the diving beetle (A) and the
robot leg (B)
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Table 2. Comparison of trajectory between the leg of a diving beetle
and the robot leg by end-coordinates of the links

Forwarding| End-coordinate .

Swimming of the link Min Max
Diving Link1 (0.2032,0.5645) | (0.4344,04138)
beetle Link2 (0.139,-1.402) |(1.373,0.06839)

Link1 (0.4283,-0.5537) | (0.2646,0.6481)
Robot
Link2 (-1.1315,-1.39) | (0.998,1.376)

Table 3. Comparison of trajectory between the left leg of a diving
beetle and the robot leg by end-coordinates of the links

Turning | End-coordinate .
swimming |  of the link Min Max
Diving Link1 (0.5249,-0.2907) | (0.3833,0.4616)
beetle Link2 (0.0467,-1.091) | (1.392,0.7327)
Link1 (0.6293,0.3066) | (0.413,0.5652)
Robot
Link2 (0.1248,1.055) | (1.253,1.137)
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