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Abstract

This report describes the 2% year result of
sub-project no.4 of the joint project titled ‘Basic
Study on Biomemetic Autonomous Underwater
Vehicles(BAUVs),” which aims to build a fish-like
underwater vehicle as a testbed to investigate
interactions and coordination among appearance,
motion, behavior, and perception modules.

In this sub-project, we aim to develop the
sensing and perception modules for BAUV. The
sensor module consists of visual, auditory, olfactory,
tactile, temperature, altitude, and torque sensors.
The perception module relies on the sensor module
to provide sensory information about the dynamic
environment and internal state of vehicle. The
active perception mechanism allows the BAUV to
learn its sensor fusion operation through training.
The perceptual information is controlled by an
intention-driven way from sensory data and sent to
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the behavior control module, which will be
implemented by sub-project no.3.

This sub-project is a three-year one, and the
major research goal of this year is to establish the
sensor fusion module with real-time operation
capability.

Keywords : Autonomous Underwater Vehicle
(AUV), Biomimetics, Sensor Fusion,
Artificial  Intelligence, Learning,
Underwater Robot Vision, Digital
Signal Processor (DSP).
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Figure 1 Flow of Processing in Sensing and Perception Module for Fish Robot



Back Screen for Calibration
[ ] [ ] [ J

b

Y- Direction \_J

Left Camera Right Camera

Figure 4 Sketch of Underwater Active Stereo Vision System

Two sets ™1 £+1” images soquisition
Dwtection abject by i .

The el of satching is set 0 be position
To find the volosity of object by dividing a cycla time

| == |

Modeling by wisg gry theory
I Defving wepping motors ¥ peedict position

Figure 5 Algorithm of Tracking

Sound Source
Z  p(x,2)

(x+b,/2 +2* - J(x-b, [2Y +2* =At-v
A

XYZTable

[ s
< Steppi
“Back Motors

I
Y
é Hydrophones (j—’
\ g Cameras
Object h_
Water tank
% 77 G
Audio
Si
DSP(C6701) based fgnals
Signa! Procesing Unit
Video
meieﬁw Signals
DSP(C6201)Engine
<—-l GPIB Interface IL M;;mc te [—

PC-based System Coatroller

Figure 6 System Configureuration of Sensing and Perception

Module Development Platform

Zy Zx

2%, -4,

(a) Independent Monocular Visions (b) Binocular Vision

Figure 7 Modes and Working Angles of Fish Robot Visual System

=

es V-BHAL V) +(A-V) + 4B -4V §,

2At-v

4 by baseline(=10 cm)

8§,(-6,/2,0) o

X o
5.(b,/2,0) At: arrival time Qlffe.renoe
v : sound speed in 0il(= 1400m/s )
Ad =At-v
S,,8, : positions of hydrophones

(a) Geometry of Binaural Hearing

Fi1s

£

locus of sound source  (unit: pis)
T T T T

A=21.71

-

+32

5 0

(b) Locus of Sound Source and Results of Experiment
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(a)Image pair at position (24.2, 20.4, 163.3) cm

(d) Image pair at position (21.1, 21.4, 65.0) cm

(e) Image pair at position (17.4,21.2, 165.1) cm

Figure 9 Image Sequence

(c) Image pair at position (36.0, 21.8, 164.2) cm

(f) Image pair at position (12.5, 23.1,167.1)cm ‘
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Figure 10 Object Tracking and Motion Trajectory Estimation
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Figure 12 Curved Surface Reconstruction by Stereo Vision

Using Scanning Point Beam



