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Experimental study on the auditory feedback navigation of mobile robot
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Abstract This paper discloses the result of the experimental study which explores the feasibility
and performance of manual auditory navigation system of a mobile robot. The navigation is based on
the sensory capability of a human which is refered to as the sound source localization. The operator is
instructed to navigate his mobile robot to the location where a sound source is located, based on the
auditory cues given to the operator via three different sound playback devices for three different sound
sources. The binaural sound which is fed to the operator is captured with a dummy head microphone
mounted on the mobile robot. Experimental results indicate feasibility of the auditory navigation,
provided that the interaural differences contained in the binaural signal are properly transmitted to

the operator’s ears.
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Fig.1 Mobile robot navigation experiment based

solely on the binaural auditory feedback
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Fig.2 Control signal connections

Fig.3 Dummy head microphone for recording binau-
ral environmental sounds and the mobile robot
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Fig.5 Step reponses for 3 different duty ratio inputs

Table 2 Hardware features of LEGO NXT motor unit

Element Feature

control input | PWM duty ratio with direction sign

(-100 to 100 integer)

gear ratio 48:1

encoder 12 [PPR] with two phased outputs

(connected to motor with 10:32 gear

resulting in 1[deg] resolution of output)

Observer (R)

Vief U 5
— R o e P &
Hb {right) — Kinematic
(rot controller | | 1 ;
IE—>H ! Motor | 6t wL relation B (
(left) >
Observer (L)

Fig.6 Block diagram of the PI control system for
mobile robot
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Fig.7 Setup of the Experiment

Table 3 Result of the expriment

white pink pure tone
Headphone OOxO | OAOQO | OAxx
ES-7001 (3D mode) | OOAO | OOOO | OxAO
ES-7001 (Stereo) OOxx AxxO x AxQO
What symbols in the table mean.
O .-+ Successful attempt
A .-+ Heading to correct direction, but ended an

attempt not sufficiently close to target. Or
mobile robot is close to target but operator
lost direction.

x .-+ Lost and/or ended an attempt too far from
target
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Fig.8 An example of navigation input and the robot
response : Successful attempt
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sponse : Unsuccessful attempt
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