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Outline

!Photo-Acoustic Tomography 
(PAT)

!Acousto-Optic Tomography 
(AOT)



Photo-Acoustic Tomography



Terminology

! Laser ultrasound
! Photoacoustic (UK & Europe)

"Pulse photoacoustic
"Photoacoustic spectroscopy

! Optoacoustic (US)
! Thermoacoustic (Microwave to ultrasound)



Historical milestones
! E.G. Bell firstly observed the conversion process 

from light to sound.
! The first ultrasonic signals generated by modern 

laser system (Ruby laser) (Carome et al. 1964)
! Theoretical and experimental investigation of 

laser-generated ultrasonic signals (Scruby et al. 
1980, Dewhurst et al. 1982, Hutchins et al.1989)

! The first demonstration of biomedical 
applications of laser-generated ultrasound (Chen 
et al. 1993)

! The first in vivo functional brain image 
constructed by photoacoustic system (Wang et al. 
2004)



Photophone 1880



Potential applications

! Intra-arterial imaging and therapy (Chen et al. 1993)
! Monitoring of glucose level (Quan et al. 1993)

! Monitoring of cerebral blood oxygenation (Esenaliev
et al. 2002)

! Monitoring an interface tissue layer within an eye 
(Payne et al. 2000)

! A diagnostic system for breast cancer (Esenaliev et al. 
1999)

! Functional imaging of brain activities (Wang et al. 2004)







Mechanism of photoacoustic 
generation
! Dielectric breakdown (Laser intensities >1010 W.cm-2)

! Vaporization (conversion efficiency 1%)

! Material ablation
! Thermoelastic process
! Electrostriction
! Irradiation pressure



Thermoelastic process

Laser irradiation
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Laser ultrasonic system : UMIST, UK
Insulating Perspex shell
(Outside covered with 
conducting paint)

Silver loaded 
epoxy

Signal lead

Annular 
piezoelectric PVDF 
film

Optical fibre

600µm

Laser 
light

Braiding of signal 
cable (ground 
connection)

Sample



Laser ultrasound system 



Typical photoacoustic signals

( )ωOAH
( )ωLF

Laser pulse spectrum

( )ωOAP
Photoacoustic pressure

spectrum

Backward/reflection mode Forward/transmission mode



Examination of human aorta

Normal aorta Atheromatous aorta

Beard et al. 1997



Boonsang et al. 2004



Outline diagram of bovine eye 
together with Photoacoustic signal

Dewhurst et al.



A. Water-cornea interface
B. Cornea-aqueous humor interface
C. Aqueous humor-lens interface Dewhurst et al.



Laser ultrasound system 
Nd:YAG 

Laser
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B-Mode image
Improved by
Time domain 
Synthetic aperture

Improved by
Frequency domain 
Synthetic aperture

Boonsang et al. 2003



Aluminium housing      N S1.0cm N S

B
vJ

coil

Pick up coil
(1mm coil width)

Permanent magnet 
(3mm-diameter)

(a) (b)

Electromagnetic acoustic 
transducer (EMAT)



Laser ultrasound system : UMIST
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Without blood vessel With blood vessel



EMAT

Scan directionOptical fibre

2 mm holes 
containing
Evans blue solution 

PVA Phantom 

Ultrasound 

EMAT
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Laser ultrasound system : UMIST
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Laser ultrasound system : Texas 
A&M



Laser ultrasound system : Texas 
A&M







Breast cancer image

Ultrasound PAT

Oraesky et al.





Acousto-Optic tomography



Frequency swept AOT

Wang et al. 2002







Levequet-Fort et al. 2001



Conclusions

! Hybrid photonic-ultrasonic tomographies 
combine the strength of optical and ultrasonic 
tomographies.

! Higher contrast image than ultrasonic 
tomography, Better resolution than optical 
tomography.

! Cost effectiveness (a lot lower than MRI)
! Non-Ionization unlike X-Ray CT
! However, they are at early stage of 

development. 
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