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Advances in modern technology increases requirementsofodestructive characteriza-
tion of material and biological properties in then range.

The acoustic microscope presented in this paper combingsag-and B-scan modes.
The data collected during singl€Y” scan allow to present transversal and horizontal cross-
sections of the sample as well as real three-dimensiongémaf the sample interior.

The system consist of several components: step motor dmeghanical scanner, trans-
mitter/receiver device, ADC 1 GHz board, ultrasonic he&iS;class computer and image
processing and visualization software.

Image processing software is used for initial 3D image asislgf the whole image or its
fragments, and for preparing it this way for vectorizatido.achieve vectorization we used
VTK (Visualization Tool Kit) library from Kitware Inc., with is the open source software,
designed for 3D graphics and image processing.

Finally iso-surface is constructed and presented as 3Desnenteractive GUI (Graphical
User Interface).
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1. Introduction

We have built the Acoustic Microscope that operates at gguiency up to 200 MHz
and allows to visualize the internal structures of matsri&@canning Acoustic Mi-
croscopy (SAM) is a relatively new technique rapidly becagréstablished as a method
for non-destructive evaluation (NDE) of engineering miaterusing high frequency ul-
trasound. The acoustic microscope presented in this pap#sines C-scan and B-scan
modes. The data collected during singl@” scan allows to present transversal and hor-
izontal cross-sections of the sample as well as real treersional (3D) images of its
interior. Taking an advantage of relatively low attenuatif the ultrasonic waves at
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very high frequency, acoustic microscope can penetrateriaks that are opaque to the
light [1, 2] and [3]. The following paper reveals the abild SAM to visualize unseen
internal three-dimensional structures.

2. Components of ultrasonic microscope

Mechanical scanner

Mechanical scanner enables positioning of the ultrasemis (lens with transducer)
over the investigated sample with a high step precision®mén. Stepping motors
assure movements alongY Z axes. The positioning table with the attached sample
can perform scanning iXY plane in the rang80 mm x 50 mm.

Transmitter-receiver

The commercial transmitting-receiving device (Panarogtmc., model 5900PR)
was applied to excite the transducer and to receive higluénecy ultrasonic bursts re-
flected inside the sample. The device operates (transmitseaeives) at the frequency
up to 200 MHz. The system transmits short excitations (2 op&l of energy in the
range 1-16.J.

Analog/Digital converter board

The A/D converter board (PDA1000) from Signatec, Inc. wadliad for sampling
and recording echo-signals originating in the sample. Tdaedcan operate with signal
sampling frequency up to 1 GHz and with 8 bits resolution (Ba@ls). The card has
1IMB RAM memory.

Ultrasonic lens

The system utilizes self-designed ultrasonic lenses #rabperate in the frequency
range 30—200 MHz. The lenses (transducer with the lens) onmized for subsurface
imaging taking into account geometrical aberration ancamtion at the water-sample
interface as well as internal spurious reflections withmléns rod [2].

Computer control and imaging software

The heart of the system is the driving computer (PC). Thedsedigned software is
used to control the scanner motion and the sampling boandtges. Also, the ded-
icated software was developed to collect the data and terréirthem into computer
memory. In the next step the software processes the sigmairtove internal lens re-
flections, to increase signal-to-noise ratio, detects thglitude and finally creates two
or three-dimensional images using the vector graphics.
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3. Acquisition, processing and visualization

The sampling board of the microscope collects ultrasonimes — the object re-
sponses to the ultrasonic burst send into the sample. Figusaows a typical sequence
of R.F. signals recorded with the microscope (“oscillosamode of the microscope).
The presented signal consists of the transmitting elesigioal, reflections within the
sample and multiple ultrasonic reflections in coupling flaid! in the lens.
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Fig. 1. The signal recorded from a microchip: a) acoustioestand b) windowed part of amplified signal
is shown together with the amplitude envelope. FrequentyMBz.

The echo-signal is sampled so assuming the wave speed indibe {o be constant,
the relationship between time\¢) and penetration deptfAz) is linear and can be
described as:

Az=1/2 x At xV, Q)

whereV stands for the longitudinal wave velocity in the sample.

The proper selection of a limited-duration time periadi¢) that contains echoes
from the chosen internal structures and excludes the Hismireflections, assures a
good quality of images and reasonable time of data proagskirtig. 1a a window is
presented which is used to select a part of the signal tha&xissubjected to amplitude
detection (Fig. 1b).

The analysis software supports several image processouggures which allow
remove background and noise and are used to enhance intehsie chosen regions
of the volume. Digital data processing are based on theviolip filters [4]:

e threshold value— leave in the image only the points that intensity exceedesom

threshold value while the other points are set to zero (hjack

e boundary cutting — select the part of the image of the investigated objectishat

assumed to process;

e smoothing—remove isolated peaks of intensity that often are met imtbasured

data;

e intensity coefficient— increase or reduce image brightness.
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The proper applying of these filters can result in “cleanitig’ data from disturbing
components and prepare volume data for vectorization duoee

To achieve vectorization we used VTK (Visualization Toot)kboftware from Kit-
ware Inc., which is the open source library, designed for 8&8phics and image pro-
cessing [5].

The imaging abilities of the microscope were tested usingstomn-designed phan-
tom. The phantom consisted of two copper wires (diameter.25 éhm and 0.5 mm)
and a steel ball (diameter of 1 mm) embedded in the epoxy (esigitudinal wave ve-
locity = 2800 m/s). The waves of 100 MHz frequency were focused insidedhspte,
approximately 1.0 mm under the surface. The selected pimjescof 3D image of this
sample are presented in Fig. 2.
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Fig. 2. Projections of 3D image of the test sample. Distogiof geometrical dimensions introduced due
to the different velocity of waves propagating in the olgestd epoxy are clearly visible.

4. Conclusions

The scanning acoustic microscope described in this papebeaised for imaging
internal structures embedded in the materials that areuspfay the light. The scene
rendering GUI (graphical user interface) was used whatallfor rotation of visual-
ized objects and movements of observation point (camehat ignificantly increases
human perception and image recognition. The microscopbeaised in material stud-
ies and microelectronics as well as for biological investiins.
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The imaging resolution of the microscope, lateral and lamtjnal, depends on ma-
terial properties of the samples as these define the focusadanic field properties
and the length of the probing pulses.

The microscope collects the RF data what allows for utilmabf amplitude and
phase information. This information will be used in the lfent study that will focus
on resolution enhancement and compensation of geomaetiigtaktions in 3D images
obtained with the microscope.
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