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A clinical need.
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Sound Speed Microscope

Acoustic Impedance Microscope

Scanning Sound
Speed Microscopy
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Basic idea.
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Comparison of two types of measurement.
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The system is simple.
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Development of proto-type.
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Waveforms.
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Analysis in the frequency domain.
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Observation of a rat cardiac allograft model.
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Comparison with optical microscopy.

Sound Speed
(m/s)

=1930
=1900

=1850
~1800
=1750
=1700

=1650

=1600

Optical Conventional frequency ! &5 . i ‘
microscopy domain measumrnent 0 0 4o 6080100 E-1511

=1550

(stained) (1 hr) 1mm

. e _ Pulse driven type
Massive hyalinization in the endocardial side (10 min)

(left side of the figure) classified as severe
allograft rejection.




Waveforms before and after the processing.
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Analysis for separated waveforms.
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Calculation for specific parameters.
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Some other parameters | (at 120 MHz).
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Some other parameters Il (at 120 MHz).
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Commercialized system.

SCAN |ANALYZE
Tnm]

Honda Electronics

HMS-1000 ' E}En L
300 x 300 e T e
one minute r=—

[0 g}
(Glass Threshold Level
pi7 —

vascular wall with calcification




Summary

* Pulse driven ultrasonic microscope.

* Quick, Precise, Easy, Compact.

* Prototype: 100 x 100 resolution within 9 min.

» Commercial type: 300 x 300 resolution within1.5 min.

» Rat miocadium was successfully observed.
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Scanning Acoustic
Impedance Microscopy
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Additional needs.
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Waveforms.
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Calibration (assuming vertical incidence).
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Cerebellum, rat. 60-100 MHz
not fixed, postnatal 1 to 21 days

P1 P7 P14 P21

i )

Acoustic impedance images

Stained against calbindin D-28k
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Quantitative assessment
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Improvement of
spatial resolution
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Aberration produced by the substrate
(on the basis of geometriC%al-optics)
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Transducer
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Propagation of beam component
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thick and its sound speed is not the like focus. lIts radius depends on
same as water. the incident angle.
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Signal processing using 3D deconvolution

Calculate impulse response
of the acoustic system

v

Improvement of spatial resolution.
Quantitative observation.
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Aberration along lateral direction

Transducer
film type with PVDF-TrFE
focal length (L) 3.2 mm

Cos angle of focusing (6., 21.5deg
. Substrate
Cs polystyrene 0.8 mm thick

sound speed(csu) 2.3 km/s
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r=dtan0, —(L— L'+d)tan 0,
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Aberration along time direction
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The impulse response
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3D deconvolution processing
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A rat cerebella tissue (intensity image)
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Intensity images before and after processing.
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Improvement of
accuracy
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Beam is focused.
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Calibration (assuming vertical incidence).
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Reflection constant.
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Normalized reflection intensity.
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Apparent acoustic impedance of the target
assuming vertical incidence.
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Compensation curves.
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Measurement for saline solution.
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Cerebellum tissue of a rat.
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Effect of compensation.
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Distribution of the acoustic impedance.
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Acoustic impedance images
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Observation of brain
tumor model of rat
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Brain tumor, rat.

(optical, not. stained)
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Quantitative analysis (average)

Optical, stained
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15 e el e e = : =
1 2 3 4 5 6 A B C D E F G H I J
ROI

4
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Cell size observation

Observation system for cultured cells.

PS film” .
(70 um) ~— Cultured cells ! 3
Transducer  Coupler '
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Commercialized system by Honda Electronics.

incubation cell
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Waveform and spectrum.
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Calibration by saline solution.
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Cultured glial cells, rat.
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In situ observation
after dosage

Glioma DIV 14, Cytochalasin B 25ug/ml

Omin 30min 60min
90min 120min 150min
180min 210min 240min

RERIOD DO 1REOR TIIRSHEELIFHER
TERENTI D, ARRERICT ARz D ZEHE
PEREVWTKBIIBHFARLNS,
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Glioma DIV 14, Cytochalasin B 25ug/ml

0 min after injection. Optical Image

Glioma DIV 14, Cytochalasin B 25ug/ml

Before injection.
Acoustic impedance
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Glioma DIV 14, Cytochalasin B 25ug/ml

60 min after injection.
Acoustic impedance

Glioma DIV 14, Cytochalasin B 25ug/ml

150 min after injection.
Acoustic impedance
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Reflection mode and projection mode,
Glial cells.
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Commercialized by
HONDA Electronics

HONDA Electronics

¥ VYA A= L0 | W g N
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Development in Honda Electronics

I
=== . | 1985 Burst Driven Type
o 2 | Ultrasonic Microscope

2005 Pulse Driven Type
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Control Diagram
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Transducers
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Summary

1. Acoustic impedance microscope was proposed.
2. No need to slice, stain. Non-contact.
3. Estimation error by assuming vertical incidence is
significant if;
(1) angle of focusing is large
or
(2) reference material is far different from target.
4. The error may be compensated.
5. Calibration by using saline solution.
6. Cerebellar tissue was observed.
7. Cultured cells were observed with a sufficient
resolution.
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What can we do next ?

39



Direct probing

Non-sliced specimen Direct probing

~+ ~_t

This presentation Future ?
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A hybrid 2D 3D microscope

2D Profile of

Quantitative

‘ 3D Profile by
~ Synthetic Aperture

Morphological
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Acoustic Impedance
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A hybrid 2D 3D microscope
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Thank you for your attention.
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