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Outline

ÅIntroduction: NDE of hazardous environments 

using robots

ÅSonar system supporting autonomous 

navigation

ÅBiomimetic receiver for sonar system inspired by 

bat ear

ÅMeasurement of beam pattern of bat ear and 

biomimetic receiver



ÅAgeing infrastructure require periodic inspection, often in 

situ, to ensure continued safe and economic operation

ÅOil, nuclear, gas, aerospace and power generation 

industries present difficult inspection scenarios

Inspection Problem

One solution is to use inspection robots

ÅSafety

ÅCost

ÅMinimal disruption of inspection site

ÅLarge area coverage

http://upload.wikimedia.org/wikipedia/commons/d/d3/Nuclear.power.plant.Dukovany.jpg
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Inspection robots

Remote Sensing Agent

Å175Ĭ124Ĭ85 mm

ÅOnboard power 

ÅWireless communication

ÅVisual/ultrasonic/electromagnetic sensors for NDE

ASCTEC Farefly (UAV hexacopter) 

Å605 x 665 x 165 mm

ÅIntelÈ CoreÊ i7 Processor

ÅMax. take off weight 1,6 kg

ÅWireless communication and autopilot



Target position in spherical coordinates

ÅDistance from time of flight

ÅOrientation estimated from sound attenuation of reflected 

echoes that is compared to beam pattern of the receivers

ÅDirectional receivers ensure a more accurate estimation

Ultrasonic localization

ʍȟ•ȟ

Sonar system

Å1 emitter, 2 receivers

ÅBroadband signal generation

ÅDirectional receivers



Sonar system components

Directional beam pattern

ÅMain lobe extending on both azimuth and elevation

ÅMain lobe allows a more accurate discrimination 

between the direction of the echoes

Rousettus leschenaultii

ÅEmitter is an air-coupled electrostatic transducer

ÅReceiver is B&K microphone mounted onto with external 
structure



Bat-inspired receivers

An ideal version of Rousettusleschenaultiiôs left ear is 

designed as the Basic Receiver using:

ÅLower cone with linear flare

ÅUpper cone with parabolic flare

ÅTragus

Bat ear Basic receiver

Dimensions (extreme points)

Bat Ear Basic
Template

height (mm) 20 22

width (mm) 19 15

depth (mm) 10 15



Receiver #1 and #2 are constructed by modifying the 

following parameters of the basic receiver

ÅPerimeter

ÅTragus

ÅOutward bending of the upper edges

Bat-inspired receivers

Bat ear Basic receiver Receiver #1 Receiver #2



Measured beam pattern

Experimental setting

ÅKUKA robot arm and B&K 4138 microphone

ÅLabVIEW program

ÅReference signal recorded straight ahead of transducer

ÅMeasurements at points where microphone is placed at 

with robot arm

Air-coupled transducer

Å 5cm diameter

Å 18 to 300kHz

Å >80dB SPL @25cm



Measured beam pattern
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Sound attenuation in frequency 

domain

ÅReciprocity principle

Å3ms chirp, linear sweep rate

ÅAverage over 5 chirps for each 

position

ÅFourier transform of measurements

and of reference signal
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Quarter sphere scanning 
arrangement and plane 

transformation
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Measured beam pattern @ 20kHz

Template #1 Template #2 R. ƭŜǎŎƘŜƴŀǳƭǘƛƛΩsear

Beam pattern of two receiver structures compared to bat ear

ÅMain lobe domain for Template #2: azimuth 40Áto 165Á, 

elevation 20Áto 50Á

ÅBeam attenuation values from 0dB down to -8dB



Measured beam pattern @ 24kHz
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Template #1 Template #2 R. ƭŜǎŎƘŜƴŀǳƭǘƛƛΩsear

Beam pattern of two receiver structures compared to bat ear

ÅMain lobe domain for Template #2: azimuth 40Áto 160Á, 

elevation 20Áto 55Á

ÅBeam attenuation values from 0dB down to -10dB



Measured beam pattern @ 28kHz
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Template #1 Template #2 R. ƭŜǎŎƘŜƴŀǳƭǘƛƛΩsear

Beam pattern of two receiver structures compared to bat ear

ÅMain lobe domain for Template #2: azimuth 40Áto 150Á, 

elevation 20Áto 50Á

ÅBeam attenuation values from 0dB down to -14dB



Measured beam pattern @ 32kHz
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Beam pattern of two receiver structures compared to bat ear

ÅMain lobe domain for Template #2: azimuth 50Áto 160Á, 

elevation 20Áto 50Á

ÅBeam attenuation values from 0dB down to -12dB

Template #1 Template #2 R. ƭŜǎŎƘŜƴŀǳƭǘƛƛΩsear



Main lobe extension
Receiver #1 Receiver #2 Bat ear


