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ABSTRACT

Signal processing techniques are often necessary to improve signal-to-noise ratio in ultrasonic imaging, These
techniques include random noise reduction, microstructure noise reduction, deconvolution of the transducer response.
Because of the variety of experimental conditions, a wide range of signal processing techniques is needed.

We present USCAN, a PC-based data acquisition and signal processing system for laboratory ultrasonic imaging,
which can perform more than 100 signal processing operations. All the waveforms are stored and may be processed
with different signal processing procedures, Various images can thus be generated from a single experiment, e.g. from
the deconvolved or matched filtered waveforms. The signal processing procedure can be written in a specific high-level
language which requires no programming skills. Applications of the software are demonstrated,

RESUME

L'emploi de techniques de traitement du signal est souvent nécessaire pour améliorer le rapport signal-sur-bruit en
‘imagerie ultrasonore. Ces techniques comprennent par exemple la réduction du bruit aléatoire de mesure, la réduction
du bruit de microstructure, ou la déconvolution de la réponse temporelle du transducteur. Un large éventail de
techniques de traitement du signal est généralement requis, de par la variété des conditions expérimentales.

Nous présentons dans cet article USCAN, un systtme de laboratoire d’acquisition et de traitement du signal pour
I'imagerie ultrasonore. Ce systtme est basé sur IBM-PC ou compatible et permet d’effectuer plus de 100 opérations
de base de traitement du signal. Tous les signaux ultrasonores temporels sont sauvegardés et peuvent étre traités A 'aide
de différentes procédures de traitement du signal. Plusieurs images peuvent donc étre générées 2 partir d’une seule
expérience, en utilisant par exemple les signaux déconvolués ou filtrés avec un filtre adapté. Chaque procédure peut
étre écrite dans un langage symbolique spécifique qui ne requiert aucune connaissance de programmation. Quelgques
exemples d’applications du progiciel sont présentés.

1 INTRODUCTION

Ultrasonic C-scan or B-scan imaging is a widely used
technique in nondestructive testing (NDT) for detecting
flaws or characterizing materials. The development of
electronics and computers have favorized the design and
use of automatic computerized NDT systems. Such
systems perform automatic acquisition of the ultrasonic
signals and automatic processing and display to aid the
evaluation process.

Fast acquisition and processing rates are obtained when
the acquisition and processing are performed on the
analog ultrasonic signal. However, complex signal
processing operations such as deconvolution of the
transducer impulse response or fast Fourier transform
cannot be implemented on the analog signal, and the
processing is therefore limited to simple operation such
as filtering, gating, thresholding or amplitude detection.



Digital acquisition and processing systems have been
developed to perform complex signal processing
operations, to extract more information from the
ultrasonic signal, and to visualize faster and more clearly
the results, e.g. using 3-dimensional imaging {1]. Since
all the ultrasonic signals or A-scans of an experiment are
digitized and stored, the acquisition and processing rate
is slower than with analog systems, and a huge data
memory is required. Moreover the architecture of such
systems is complex and involves generally several
application specific processors, such as digital signal
processors, array processors, and image processors. The
exploration of signal processing procedures is thus
limited to specialized users, and requires intensive
programming.

We present USCAN, an ultrasonic data acquisition,
signal processing and imaging software, designed
specifically for easy implementation and exploration of
signal processing techniques for ultrasonic imaging. This
PC-based software allows knowledgeable users to
explore without programming a wide range of ultrasonic
signal processing technique, in order to extract valuable
information from a single experiment. All the A-scans of
a single experiment are stored and can be processed

automatically using a set of more than 100 basic signal .

processing operations. With the help of these high-level
commands, the user can concentrate on his research
problem without having to program entirely his
algorithms. This exploratory phase being completed, the
final signal processing procedure can later be
implemented on a more powerful but less flexible
imaging system. The architecture and software modules
or USCAN are described, and some examples of
application are presented with ultrasonic data measured
on graphyte-epoxy samples.

2 USCAN ARCHITECTURE

The main criteria taken into account when designing
USCAN were low cost equipment and ease in operation
and in signal processing implementation. An IBM-PC or
compatible hardware solution has been adopted to meet
the low cost equipment criterion. The signal processing

software has been based on a high-level language
previously developed for a nondestructive evaluation
oriented software (2-3].

The major components of USCAN are shown in figure 1,
and consist of a data acquisition module, a signal
processing module, a database management module, an
imaging module, and finally a utility module. The major
components of USCAN are described in the following
sections.

3 DIGITAL ACQUISITION AND MOTOR
CONTROL

The digital acquisition module controls the displacement
of the motors, the excitation of the ultrasonic transducer,
and finally the digital acquisition of the ultrasonic
signals, The motor controller, pulser/receiver and
acquisition boards are directly plugged on the AT-bus,
and the whole displacement, acquisition, data transfer
and storage cycle can run at a maximum rate of 25 Hz,
This scanning speed is slow for industrial applications,
but is acceptable for laboratory measurements, The
sampling rate of the digital-to-analog converter is 100
MHz single:shot, allowing to measure ultrasonic signals
with frequencies below 50 MHz from the Nyquist
sampling theorem. For specific applications where
higher frequencies are required, the pulser/receiver board
can be replaced by any external pulser/receiver, and the
digital acquisition board can be replaced by an external
digitizer linked through a General Purpose Interface Bus
(GPIB) interface. This IEEE-488 external bus standard
allows interfacing to most digital acquisition devices, at
the expense of a slower data transfer rate. Interfacing.
with some commercial digitizers has already been
realized, and the typical cycle time for displacement,
acquisition, transfer and storage jumps down to about 1
to 5 Hz.

4 DATABASE

All the data acquired or generated by USCAN are stored
in disk files and constitute a database, The database is
represented in figure 1 and includes waveforms
(individual ultrasonic signals or A-scans), scans
(ensembles of A-scans composing an ultrasonic scan),



images (a colorcoded ultrasonic image), and
miscellaneous files (processed data such as frequency
spectra, digital filters coefficients, digitizer set-ups,
imaging set-ups, ... ).

The waveforms and scans can be recirculated in the
signal processing unit. This allows to apply different
. signal processing procedures to a single experiment and
therefore to extract different information, or to increase
the signal-to-noise ratio,

5 UTILITY SOFTWARE

The utility software includes the user interface, an
on-line help software, a data compression utility and a
digital filter design utility, The USCAN user interface is
shown in figure 2. Images or signals are displayed in the
graphic area, and each option of USCAN is selected from
a set of interactive menus, either from the keyboard or
with a mouse. The on-line help gives information on the
use of USCAN as well as on the syntax and operation of
the signal processing commands. A data compression
utility can reduce the storage size of the waveforms
corresponding to a scan. Finally, a digital filter design
utility allows to design multiple passband / stopband
finite impulse response (FIR) or infinite impulse
response (IIR) digital filters,

6 SIGNAL PROCESSING SOFTWARE

The signal processing software of USCAN consists of a
set of high-level commands which can be executed either
step-by-step or chained in procedures. The high-level
language commands, and the step-by-step and procedure
interpreters were specifically developed for UDASP, an
ultrasonic data acquisition and signal processing
software [2], and are extensively documented in
reference [3]. Some of the signal processing commands
are given in figure 3, and are classified in different
categories: transfer operations, graphics commands,
arithmetic operations, time signal editing, windowing,
frequency analysis, filtering, NDE oriented commands,
system and utility commands.

The step-by-step signal processing mode allows a
knowledgeable user to explore various techniques on
typical A-scans and to define the proper procedure to
solve a particular problem, With the help of the
high-level commands, the user can concentrate on his
research problem without having to program entirely his
algorithms. Once the procedure has been defined, the
commands can be assembled in an executable file that
can be later recalled and executed automaticaily by a
non-expert user, either during an ultrasonic scan or for
further processing of a stored A-scan database.

The signal processing software capabilities of USCAN
will be illustrated with data measured on a
graphyte-epoxy composite sample shown in figure 4.
The depths of the 17 flat-bottom holes are indicated in
inches, and the diameters of the holes are 1/2" and 3/4".
The ultrasonic data were measured with a pulse/echo and
water immersion configuration, The ultrasonic
longitudinal transducer has a center frequency of 5 MHz,
a-3 dB frequency bandwidth of 6 MHz and a diameter of
1/2". The sample was scanned by steps of 2 mm, with a
total of 50 x 90 points. Each waveform was digitized ata
50 MHz sampling rate with 8 bits resolution and 1024
points, and the resulting scan base requires thus 4.5 MB
memory. :

Figure S gives an example of the signal processing
possibilities of USCAN. The upper image is a B-scan of
the sample of figure 4, in a plane containing the first row
of 7 flat-bottom holes (0.1" to 0.01" depths) obtained
with the unprocessed data. The reverberations are caused
by the time response of the ultrasonic transducer. The
middle image of figure 5 is a B-scan obtained in the same
cross-section, but after deconvolution of the transducer
impulse response. The flat-bottom holes are localized
with a better resolution, The method of deconvolution
used is the split-spectrum processing technique, which is
reviewed in reference {4], and the USCAN procedure
includes the following commands:

DCOFF

TRIGGER,32,+1
SPLIT,2,8,0.8,0.8,UNC,POL
BMUL,C1

QUIT



The first command (DCOFF) removes the DC offset or
mean value of the waveforms. The second command
(TRIGGER) digitally triggers on the ultrasonic surface
echo at a level of 32 and on the positive slope; this
command allows to follow the surface of the sample and
align all the surface echoes in time. The command SPLIT
performs split-spectrum processing in the frequency
band 2 to 8 MHz with gaussian filters of half-bandwidth
0.8 MHz and separated by 0.8 MHz, and using the
polarity threshold optimization [4]. The fourth command
(BMUL) multiplies the signal with the buffer C1, which
contains an exponential function designed to decrease
the effect of the diffraction and attenuation in the
material, and finally the QUIT command indicates the
end of the procedure, The exponential correction was
loaded in the buffer C1 before the processing using the
commands:

RAMP,0.1
CEXP
STOC1

which generate and store in C1 the function exp{0.1%t},
where t is the time. '

All the commands of USCAN can be used to edit the
digitized waveforms and extract different information
from the same experiment. Crosscorrelation of the front
surface and back surface echoes in a constant thickness
sample can lead to the evaluation of the local material
density, elastic moduli, or porosity [5]. Phase-derivative
images can be obtained from the calculation of the
analytic signal [6). Porosity can be estimated from the
measurement of the backscattered energy [7]. The wide
range of USCAN commands allows a flexible and easy
implementation of signal processing techniques.

Images can also be generated from frequency domain
data, as illustrated in the lower image of figure 5. The
data corresponds to the ratio of the magnitude of the fast
Fourier transform (FFT) of the waveforms to the
magnitude of the FFT of the transducer response, for the
same cross-section as the upper and middle images. The
spacing between the dark arcas on the scan is inversely
proportional to the time delay between the successive
ultrasonic echoes. Holes located at a large depth have
therefore a closer frequency spacing than near-surface
holes. Frequency domain images can be useful to detect

resonances or measure frequencies of spectral peaks,
with application for example to the characterization of
disbonds [8].

7 IMAGING SOFTWARE

The imaging software controls the plots of processed or
unprocessed signals, and of B-scans or C-scans. USCAN
requires a Video Graphics Array (VGA) mbnitor, but
supports a wide range of commercial printers and
plotters. Simple image processing techniques.such as
filtering, smoothing or edge extraction are currently
under development. USCAN displays color or
black-and-white (B&W) images, and can plot in color or
B&W depending on the plotter options available. All
scans in this paper have been plotted in B&W on a laser
printer.

Time or amplitude C-scans can be generated. A time
C-scan is a color-coded image of the time at which a
given amplitude threshold is crossed. The upper image of
figure 6 is a time C-scan of the sample of figure 3 as the
depth of the hole increases, the ultrasonic echo from the
hole is delayed and the amplitude threshold is crossed at
a larger time. On the time C-scan, holes appear thus
darker as their depth increases. An amplitude C-scan isa
color-coded image of the amplitude in a given time
window. The middle and lower images of figure 6 are
amplitude C-scans. The time window is large for the
middle image of figure 6, and all the ultrasonic echoes
from the holes and the back of the sample are located
inside the window. The colors on the scan therefore
correspond to the amplitude of the first echo after the
surface echo. On the other hand, the time window is
narrow for the lower image of figure 6, and it contains
only the ultrasonic echoes corresponding to a narrow
depth window. As a result, only four holes are visible on
the lower image of figure 6. Amplitude scans of variable
software time gate have been proved very useful to
characterizes flaws as a function of the depth [9].

The ultrasonic imaging interface of USCAN has two
dynamic modes of image generation: the B & D-scan
mode and the unprocessed & processed A-scan mode. In
both modes a C-scan is first generated from the processed
A-scans base, representing an upper ultrasonic view of
the sample. In the B & D-scan mode, which is illustrated



on the upper image of figure 7, the displacement with a
mouse of the horizontal and vertical cursors on the
C-scan generates the display of the B-scan and D-scan
situated respectively in the vertical and horizontal planes
of the cursors, i.e. cross-sections of the sample in two
perpendicular planes. The A-scan measured at the
intersection of the two cross-sections is also displayed at
the bottom right of the screen. As seen in the upper image
of figure 7, positioning the cursors on the 0.04" deep
flat-bottom hole causes the display of two cross-sections:
below the C-scan a cross section of the seven flat-bottom
holes of the first row, identified as D-scan, and at the
right of the C-scan a cross section showing a single hole,
identified as B-scan, The A-scan measured on the 0.04"
deep hole is also displayed at the bottom right of the
screen.

In the unprocessed & processed A-scan mode, which is

illustrated on the lower image of figure 7, the
displacement of the cursors generates the display of the
unprocessed and processed A-scans located at the
intersection of the cursors. This mode allows to see the
effects of a particular signal processing procedure on the
ultrasonic waveforms, or to investigate singular points
and check the validity of the procedure.

SUMMARY

We have briefly described USCAN, a PC-based signal
processing oriented package for ultrasonic imaging. It
has the advantage of low-cost and ease of use for
implementation of signal processing procedures. The
step-by-step signal processing mode of USCAN allows a
knowledgeable user to explore various techniques on
typical A-scans and to define the proper procedure to
solve a particular problem, With the help of the
high-level commands, the user can concentrate on his
research problem without having to program entirely his
algorithms. Once the procedure has been defined, the
commands can be assembled in an executable file that
can be later recalled and executed automatically by a
non-expert user, either during an ultrasonic scan or for
further processing of a stored A-scan database, The 25
Hz acquisition rate, the large memory size required to
store all the A-scans, and the signal processing time limit
USCAN mainly to a laboratory utilisation, However, it

can allow expert users to test and define signal
processing procedures to solve a particular problem
without programming. The procedures can later be
applied by non-expert users, or implemented on more
powerful but less flexible imaging systems.
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Figure 4 - The graphyte-epoxy composite sample used to
illustrate the operation of USCAN. The units are in
inches and indicate the depth of the flat bottom holes.

Figure 5 - Applications of the signal processing
capabilities of USCAN. The upper screen is a B-scan
obtained with the unprocessed A-scan, the middle screen
is a B-scan obtained with A-scans deconvolved from the
transducer response, and the lower screen is a B-scan .
obtained with the amplitude of the Fourier transform of
the A-scans.



Figure 6 - Applications of the C-scan capabilities of
USCAN. The upper screen is a "time" C-scan, in which
the time when a given threshold is crossed is color-coded.
The middle and lower screens are "amplitude” C-scans,
in which the maximum amplitude in a given time
window is color-coded. In the middle screen, the time
window is large and allows visualization of all the echos
from the flat-bottom holes, whereas in the lower screen
the time window is short and selects the holes situated
within a depth window,

Figure 7 - The Ultrasonic Imaging Interface of USCAN.
The upper screen illustrates the B & D-scan mode, in
which the displacement of the horizontal and vertical
cursors on the C-scan causes the display of the B-scan
and D-scan situated respectively in the vertical and
horizontal planes of the cursors, together with the A-scan
measured at the intersection of the two cursors. The
lower screen illustrates the unprocessed & processed
A-scan mode, in which the displacement of the
horizontal and vertical cursors on the C-scan causes the
display of the unprocessed and processed A-scan at the
intersection of the two cursors.



