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1. Robot Audition so far
some demonstrations developed so far

2. Motivations of Outdoor Auditory Scene 
Analysis
rescue robots and natural observations need 
listening capabilities, say, auditory scene analysis

3. Current Status of Outdoor Auditory Scene 
Analysis
robot audition for animal acoustics, unmanned 
aerial vehicle (quadrocopter), and hose-typed 
rescue robots
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1. Wrapping Up BINAAHR Project (Binaural 
Active Audition for Humanoid Robots)
Patrick Danes (LAAS-CNRS), TuBT8-1

2. Introduction to HARK 2.0 – Open Source 
Software for Robot Audition
Kazuhiro Nakadai (Honda Research Institute Japan/ 
Tokyo Institute of Technology), TuDT8-1

3. Map Generation and Scene Analysis for 
Robots
Satoshi Kagami (AIST), TuDT8-2 



1. Robot Audition Software HARK
Open-sourced and free 10 tutorials, ego-noise 
cancellation, semi-blind separation, sound source 
localization and separation, non-parametric 
Bayesian signal processing

2. Telepresence Robot
Visualization of HARK Output based on visual 
information seeking mantra [Schneidermann] 

3. Music Co-player Robots
Theremin players and ensembles with human 
players
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narrower interval 
between speakers

4 times speed-up
by FlowDesigner

• actual human speakers
• sentence recognition
• in a larger room
• less prior information
• on 3 kinds of robots
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1. Telepresence Robot Texai under development at 
Willow Garage (Menlo Park, CA, USA)

http://www.willowgarage.com/

2. 2D visualizer for HARK output based on “visual-
information seeking mantra” [Schneidermann] 
“Overview first, zoom and filter, then details on 
demand”

3. Install HARK on their Texai and develop a new 
interface for sound source localization and 
separation with sound focus control mechanism.



• Texai, Willow Garage’s telepresence robots
• Head with 8 microphones is added.
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Visual-information seeking mantra [Schneidermann] 
“Overview first, zoom and filter, then details on demand”



Sound source localization 
results on the viewer
Line direction: Sound direction
Line length : Power

Direction-based sound filtering 
Specify the center direction and range 
of the filter.

A remote operator hears sound 
from specified directions



http://www.willowgarage.com/

From Indiana

Menlo Park, 
California, 
USA



http://www.willowgarage.com/



1. Robot Audition Software HARK
Open-sourced and free 10 tutorials, ego-noise 
cancellation, semi-blind separation, non-parametric 
Bayesian signal processing, Sound source 
localization and separation

2. Telepresence Robot
Visualization of HARK Output based on visual 
information seeking mantra [Schneidermann] 

3. Music Co-player Robots
Theremin players and emsembles with human 
players



1. Why through music?
An entertainment robot beyond the 
cultural barriers, e.g., generation, gender, 
country, race, … unlike languages

2. Active commitment in interaction
People can participate the entertainment

From audience
(passive) To a participant

(active)
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• Theremin Playing 
Robots

• HARK-Music
• Co-player robot  

for Ensemble

Gesture recognition
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Audio-Visual Integration for Beat Tracking [IEEE Humanoids 2012]
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Analysis
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3. Current Status of Outdoor Auditory Scene 
Analysis
robot audition for animal acoustics, unmanned 
aerial vehicle (quadrocopter), and hose-shaped 
rescue robots



1. CASA in indoor and outdoor/sky  
environments should be more robust
Feasible only in laboratory environments

2. Rescue robots need listening capabilities
Rescue robots do not exploit the possibilities of 
listening.

3. Advanced signal processing is needed by 
natural observations, communication of 
frogs, that of birds.
Robot audition is actually used for human-robot 
interactions, but only a few for other applications.



1. Development of CASA technologies
Non-parametric Bayesian signal processing
Sound activity detection (5W1H), Auditory map generation, 
visualization for sound awareness

2. Listening from UAV 
Sound source localization robust against motor noise and 
wind roar, dynamic calibration of UAV’s unstable attitude, 
3D auditory map, cooperation between land and sky

3. Listening in natural and disastrous environments
Bird/frog recognition, bird/frog song recognition (love, 
territory, alarm, ..), analysis of bird song communication 
between different species (collision detection and 
avoidance like Ethernet), provide auditory awareness



1. From CASA output to Auditory Map 
Generation

2. Simutaneous People tracking and Mapping



Outdoor auditory scene analysis is essential.
• Useful for finding victims in a disaster situation

Robot audition and CASA should provide:
• Sound source localization, sound source separation, 

speech recognition, separated sound identification
However, studied only in laboratory, indoor or simulated 
environments.

• UAVs to capture sounds from sky
• Hose-shaped robots to capture sounds under debris



Unmanned Aerial Vehicle
Hose-shaped Robots
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Indoor field for UAV
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GPS
ANT.

Microphone array

GPS receiver

Control board

• Carry the helicopter around a speaker 
with the rotors rotating.

• Bearing to the speaker was estimated 
by MUSIC (HARK).

• Estimate the speaker location based 
on LMS estimation.

Motion path of 
the helicopter

MUSIC spectrum SSL result

True

Estimate



● Accurate control of the platform is necessary in order to keep the 
attitude of the microphone array stable.  

● Uncertainty of the dynamics deteriorates flying performance. 
→ Simple Adaptive Control for Quadrotor helicopter

Mechanical System   

Model compensator

Reference 

Augmented error

Error

Gain

Block diagram of the proposed 
controller

Numerical simulation result
Inertia of the plant is four times larger 
than that of nominal value. Roll and 
pitch angles are commanded to follow 
sine curves



1. Improve Poster Estimation
Posture estimation with inertial 
sensor or GPS sensor is not 
robust.  Microphone array on the 
hose may help. Localize 
microphones’ position by sound.

2. Localize victims
Microphone positions provided by 
posture estimation can be used to 
improve sound source localization, 
sound source separation and 
separated sound recognition.

Push or Pull ?



Robot’s Posture (State variable)
 angles of the joints

State Update model is stable (Random walk)
݈

݈

Model with Piecewise Linear Curve 

Positions of the microphones and 
loudspeakers are calculated from angles of 

the joints and joint length 

ଵߠ

ଷߠଶߠ

௄ߠ…

of the joint # :ܭ
݈: the length between 

mic. and speaker



1. Hard to find or see
Small nocturnal animals such as bats, crickets, frogs,

2. Species identification
Needs sound source localization and separation

3. Song identification
Should work on distorted signals due to separation.

4. Integration of Microscopic and 
Macroscopic observation
Microscopic activities by species and song 
identification through sound source separation and 
macroscopic activities by “Firefly” sound-to-light 
conversion device.



・Size of one rice field is about 10m×20m.
・There are about 10 Japanese tree frogs in one rice field.

・At night, we have to detect the positions and call timings. 
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Okuno Lab. Kyoto University

90 [deg]

We can see where the sound is.
Two frogs are calling alternately.

LED

Microphone



Firefly2
Motivation
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 Problem:
Firefly1 visualizes any sounds without distinguishing calls.
 multiple species chorus at the same time!

 Two frogs chorus from Apr to Jun @ Iwakura&Oki

 Can we visualize each chorus separately?

R. schlegelii 
(Schlegel’s green tree frog)

H. japonica 
(Japanese tree frog)



Firefly2
Key idea 
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 Add band-path filters for each species

 Cut-off frequencies are decided from solo-calls
recorded by indoor experiments.

Gain
adjusting

BPF
Frequency LED

Gain
adjusting

BPF
Frequency LED

Implemented on 
PSoC microcomputer

by H. Awano



Firefly2
Demonstration
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 Indoor experiment (5 May 2012)
We took Two R. shlegelii and two H. japonica at Iwakura
Firefly2 are placed in front of each frogs

 H. japonica:  Red LED  (They called a lot.

 R. shlegelii:  Green LED  (Only two times)
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1. Hard to find 
They usually hide.

2. Species identification
Needs sound source localization and separation

3. Song identification
Should work on distorted signals due to separation.

4. Song activity detection (Which species 
sing where, when, why and How)
Continuous observation with distributed microphone 
array systems is needed.

5. Understand grammar and meaning of bird 
song





Why Bird Song Activity 
Detection is needed?



We are engaged in extending 
HARK robot audition software to 
for outdoor CASA (Computational 
Auditory Scene Analysis) so that 
robots can be deployed to real-
world to help people recognize 
and understand auditory scene in 
natural and disastrous 
environments.




