ikl

St 34, 12 (2005) 660-668

Received January 25, 2005; Accepted September 29, 2005

RMBERERICL 3FHELARREDAN Y 7ILHEEHE

Hik Fifsf - 1A 507

RIRESGBE R A GG LAY A 7 A L5E T572-8530 EE)IHiPINT 18-8

Locally Ultrasound-Modulated Optical Speckle Measurement for Scattering Medium

Masaki HISAKA and Shohei MATSUDA

Department of Lightwave Sciences, Faculty of Information and Communication Engineering,
Osaka Electro-Communication University, 18-8 Hatsu-cho, Neyagawa 572-8530

Ultrasound-modulated optical measurement for biological tissues with an avalanche photodiode
and a CCD camera has been developed by observing the behavior of speckle pattern modulated
by a pulsed-ultrasound wave propagating through strong scattering media. These methods have
a possibility of revealing optical distribution located at the deep region in biological tissue with
spatial resolution of sub-millimeter. We have observed optical temporal signals and two-
dimensional cross-sectional images of an absorptive material embedded in the acoustically
impedance-matched scattering material and evaluated quantitative measurement for absorptive

material.
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Fig. 1 Experimental setup with an avalanche photodiode.
L: laser, PUT: pulse ultrasound generator, AP: aperture,
APD: avalanche photodiode, OSC: oscilloscope, PG: pulse
generator, DG: delay generator, COM: computer, AMP:
amplifier, SMP: a sample.
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Fig. 2 Ultrasound transducer and optical scatter with an
absorptive object. (a) A concaved ultrasound transducer,
(b) an optical scatter with an absorptive object, (c) the
procedure of how to make an optical sample.
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Fig. 3 Observation of an absorptive object embedded in
optical scatter by APD. (a) One-dimensional temporal
signal of the light intensity in propagating a pulsed-
ultrasound wave along z axis, (b) two-dimensional cross-
sectional image of the ultrasound-modulated light inten-
sity, (c) one-dimensional cross-sectional signal along x
axis.
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Fig. 4 Amplitude dependence of ultrasound-modulated
light intensity for the optical scatters by APD. (a) Depen-
dence for scattering coefficient, (b) dependence for absorp-
tive coefficient.
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Fig. 5 Amplitude dependence of the ultrasound-
modulated light intensity for the size of single speckle
grain to the diameter of APD.
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Fig. 6 Experimental setup with a CCD camera. PL: puls-
ed semiconductor laser, PUT: pulse ultrasound generator,
AP: aperture, CCD: CCD camera, FG: flame grabber, PG:
pulse generator, DG: delay generator, COM: computer,
AMP: amplifier, SMP: a sample.
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Fig. 7 Observation of an absorptive object embedded in
optical scatter by a CCD camera. (a) One-dimensional
temporal signal of the ultrasound-modulated signal along z
axis, (b) one-dimensional spatial cross-sectional signal
along x axis.
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Fig. 8 Amplitude dependence of ultrasound-modulated
light intensity for absorptive coefficient by a CCD camera.
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Fig. 9 Amplitude dependence of ultrasound-modulated
light intensity for the number of cells N of CCD camera.
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Table 1 Signal fluctuation in measurement system with
CCD camera.

Without delay With delay

generator generator
Dark current in CCD camera 0.001 —
Continuous light 0.003 —
Pulsed light 0.008 0.026
Pulsed light & ultrasound wave 0.018 0.027
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