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Introduction

Ultrasound echoscopy of eye is routine investigation
in ophthalmology practice; it is available at university
hospitals and at private specialists’ clinics as well.
Biometrical evaluation of eye is possible by intraocular
images obtained non-invasively [1, 2]. The objective data
is valuable for diagnostics and treatment monitoring [3].
However, in case of complicated oncological diseases e.g.
in planning and monitoring of brachytheraphy [4], the
ophthalmologists are lacking suitable informative
parameters for differential diagnostics [3, 5] as well as
prognostic methodologies to be implemented in clinical
practice [4, 5]. Review of ultrasound diagnostic research in
the field of ophthalmological oncology shows the
possibilities of tumor tissue characterization using radio-
frequency (RF) signal processing since modern analysis of
RF ultrasound signal could give valuable parameters for
tumor characterization. The preliminary trials with animal
models had shown a feasibility of this approach [6].
Therefore the development of the expert system based on
ultrasonic radiofrequency signals had been chosen [7].

The aim of this paper is to develop the mapping
methodology by the use of amplitude and frequency
parameters of raw ultrasound B-scan signal. The first task
in this direction was the implementation of software-based
processing and visualization of RF ultrasound signals
acquired from the conventional B-scan imaging system.

Signal capturing methodology

The ultrasound pulses were sent and echography
signals received by proprietary B scan ultrasonic imaging
system Mentor Advent™ A/B (Mentor Ophthalmics,
Norwell, MA, USA). Broadband (11 MHz) ultrasonic
transducer of the system was mechanically scanned within
the 50° sector. The analog ultrasonic radio frequency
signals (raw data) were acquired directly after primary
amplifiers, digitized using PC oscilloscope PicoScope
5203 (Pico Technology Ltd., Cambridgeshire, UK) with
sampling frequency 250 MHz and amplitude resolution 8
bits and sent to PC. The hardware structure is presented in
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Fig. 1. Programmable synchronizer was developed for the
flexible control over the system and for the effective use of
the large memory buffer (up to 32 MB) of the PC
oscilloscope which enabled to capture online whole B-scan
ultrasound RF frame from the standard phantom.
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Fig. 1. Experimental setup for evaluation of mapping

methodology

General purpose multi-tissue ultrasound phantom,
Model 040 (CIRS Inc., Norfolk, Virginia, USA) [10] was
used during experiments. This phantom has target group
(group of point reflectors) for evaluation of imaging
resolution. The targets in the phantom were nylon
monofilament wires of 0,1 mm diameter immersed in the
background material (Zerdine) for the mimicking liver
tissue microstructure, which is characterized by
0,5+0,05dB/MHzcm@5MHz attenuation coefficient and
1540£10 m/s speed of ultrasound. The targets in groups of
are spaced by 0,5; 1, 2, 3 and 4 mm intervals (0,2 mm), at
the depth of 25 mm, the distances among groups of targets
are 6+0,2 mm.

Processing and mapping of RF signal parameters

The threshold detector was used to rearrange the
acquired samples of raw ultrasound signal into a matrix
containing 250 rows (one frame of B - scan). The rows
from the matrix were processed using digital signal
processing algorithms in order to extract signal parameters



and then to convert into the B-scan sector image of the
parametric map.

For the visualization and mapping we applied three
signal processing algorithms: signal demodulation for echo
amplitude mapping; short time Fourier transform (STFT)
based algorithms for mapping of mean instantaneous
frequency (MIF) and mean instantaneous bandwidth (MIB)
of raw echosignal spectrum. RF signal magnitude (or
instantaneous magnitude (IM)) is widely used for
rendering of B type ultrasound scans. IM represents
variation of RF signal envelope in time. The best way to
calculate IM parameter digitally is to find the magnitude of
an analytical signal:

le(t):\/xz(t)+xi1(t)~ (1

where x(7) is the real part and xy(¢) — the imaginary part of
analytical signal x,=x(f)+jxg(?). Real part is the acquired
signal while imaginary part is calculated using the Hilbert
transform [8]:
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Logarithmic values of IM were used for the
modulation of B-scan image color and obtaining the sector
image.

The MIF parameter of ultrasound RF signal was
calculated according to the equation [8]:

Fuar©)= [ 1 -STET(. /)i / [sTEr.r, )

where STFT(tf) is a short time Fourier transform of each
ultrasound RF signal (raw of the matrix of captured RF B-
scan). STFT’s were evaluated using these empirically
optimized parameters: the shape of the window - Gaussian,
the length of time window - 2,5 us (it is equivalent to 3,87
mm in a distance scale), overlap factor of windows — 98 %.

The MIB parameter of ultrasound RF signal was
evaluated according to following equation [8]:

.fM,B(r>=\/ [ = Fiuetf STFTe s | [STFTe, praf - (4)
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RF signal parameters were used for the synthesis of
the parametric map. The B-scan sector image was
synthesized on the PC screen using time sequences of
ultrasound signal parameters (IM, MIF and MIB) of each
scan line using following scan conversion equations [9]:

{

Here x(f) and y(f) — projections of the vector
following the ultrasound beam, x, and y, — initial
coordinates, ¢ — mean ultrasound velocity in the eye tissues
(assumed 1550 m/s), ¢ — time, y — the instantaneous angle
of the ultrasound beam (assumed range of y=+25°).

x(t)=x,+0,5-c-t-cos(y)

. (5)
Y()=y, +0,5-c-t-sin(y)

Evaluation of mapping results

In this section we present results of processing and
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mapping using MATLAB programs. The examples of raw
ultrasonic RF signal and results of it’s processing are
presented on Fig.2. As an example a raw ultrasound RF
signal from 82-th line in B-scan is shown in top panel of
Fig. 2 (a). The demodulated signal (IM) is presented in
Fig.2, (b). The software demodulated signal can be
compared with the hardware demodulated signal given in
bottom of original B-scan image (see Fig. 3, (a)). Strong
echo pulse from the phantom target occurring at the depth
of 22 mm is shown magnified on Fig.2, (c) and its
amplitude spectra on Fig.2, (d). We see significant
downshift of echo central frequency from 7,5 MHz set in
ultrasound system. This could be explained by influence of
strong attenuation in Zerdine, which damps more higher
frequencies than lower, and therefore downshift of central

frequency is observed.
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Fig. 2. B-scan data processing results: a — raw RF signal x(t)
from line Nr.82 of B-scan; b — calculated instantaneous

magnitude xpy(t) of RF signal; ¢ — pulse of echo from one-
dimensional scatter; d — amplitude spectra of echo pulse

The conventional B-scan from the screen of Mentor
Advent TM A/B scanner is presented in Fig. 3 (a). The
instantaneous magnitude map synthesized on the screen of
PC by the developed system is presented in Fig. 4. The IM
parameter based B-scan map is presented using 0,08
normalized cut-off frequency 2nd order low pass filtering
and logarithmic scale. Comparison with the original B-
scan image on Fig. 3 shows the visual similarity of both
images.

The parametric maps of frequency parameters of
ultrasound RF signal were calculated according to (3, 4)
equations and are presented in Figs. 5, 6. Mapping result
on Fig. 5 shows the better homogeneity of the image and
better lateral resolution when compared with amplitude
mapping in Fig. 4.

Fig. 6 shows 2D maps from the central phantom
region in depth 21-26 mm. The region on the map
corresponds with neighboring reflections from two targets,
therefore from the map one can estimate the point spread
function (PSF). The isolines on the echo amplitude map
are drown at levels from —34 dB to 46 dB in -3 dB
intervals.



a)

Fig. 3. The B scan acquired from reference points in CIRS Model
040 phantom (system acquisition parameters were: frequency 7,5
MHz, range 35 mm, gain 80 dB, velocity 1550 m/s, time gain
control uniform for whole depth): a — original image; b —
magnified image of points reflectors in center of B scan
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Fig. 4. Echo amplitude mapping result in case of phantom
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Fig. 5. Mapping spectral parameters of echo signal: a — mean
instantaneous frequency; b — mean instantaneous bandwidth

MIB map shows isolines from 1 MHz to 3,5 MHz in
intervals of 0,5 MHz. The details in amplitude and MIB
maps show, that echo amplitude is the largest from start of
one-dimensional target, but the MIB has minimum just
after large echo amplitude. The displacement of MIB
minimum from IM maximum is about 0,5 mm into the
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depth. The true positions of targets are indicated with “+”
signs in diagrams of Fig.6. The other interesting feature
which was observed in frequency parameters maps is the
different distributions of extreme values when comparing
MIB and MIF maps. In the MIB map small values
dominate in the area of the map where strong
backscattering from Zerdine microstructure takes place and
also from point reflectors. From this point of view MIB
map looks similar to IM map. The MIF map shows
extreme values (minimums) only from point reflectors,
eliminating backscattering from Zerdine microstructure.

This differentiation could be wused to facilitate
differentiation of point reflectors in the strong background
of backscattering.

The estimated dimensions of PSF are: axial - 0,2 mm
and lateral - 1,9 mm in amplitude map at —6 dB level (peak
amplitude was —30 dB). In case of MIB map we see that at
the level of 1 MHz dimensions of PSF are: axial - 0,9 mm,
lateral - 0,8 mm. (Amplitude spectra of echo pulse from
plexiglass at 20 mm depth in water helped to estimate the
bandwidth of ultrasonic transducer. The measured
spectrum width is 8 MHz at the level of -30 dB.) It can be
observed that mapping of frequency based parameter is
able to improve lateral resolution up to two times at the
price of decreasing the axial resolution which becomes
worse up to four times. But here should be noted that
frequency based mapping gives an image containing a new
information potentially valuable for tissue characterization
and differentiation.
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Fig. 6. Echo spread from one-dimensional targets in axial and
lateral directions: a — mapping using IM; b — mapping using MIB

Conclusions

Ultrasonic B-scan radiofrequency signal acquisition
and processing methodology was developed and a map of
frequency-related parameters was synthesized. Evaluation
of map resolution and comparison with conventional B-
scan images obtained from reference targets in standard
phantom have shown that parametric mapping gives a
qualitatively new information about frequency dependent
characteristics of the tissue and at the same time the
resolution of the image remains comparable with
conventional amplitude based mapping. The maps obtained
using mean instantaneous frequency and bandwidth of
radiofrequency echoscopy signal show different resolution
features. We found that lateral resolution in B-scan image
could be improved twice if mapping instantaneous
bandwidth instead of instantaneous amplitude. The
presented mapping technology could be easily modified for
the development of new parametric maps by varying the
parameter calculation algorithms. Parametric maps could
be used for the differential diagnostics of the tissue.
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R. Jurkonis, S. Daukantas, A. JanuSauskas, A. LukoSevicius, V. Marozas, D. Jegelevifius. Synthesis of Parametric Map from
Raw Ultrasound B-Scan Data // Electronics and Electrical Engineering. — Kaunas: Technologija, 2009. — No. 6(94). — P. 109-112.
There are presented results of ultrasound radio-frequency signal sampling and processing to synthesize B-scan maps and evaluate
two-dimensional visualization of ultrasound signal parameters. Our source of signal was ultrasound echoscope Mentor AdventTM A/B
with mechanical scanning transducer of 11 MHz. Radio-frequency signal was digitized with digitizer Picoscope 5203. Amplitude and
frequency based parameters were used for mapping B-scan ultrasound images. Standard phantom with axial resolution targets was used
for the evaluation of mapping performance. We conclude that the signal processing and image transformation implemented in Matlab
programs provide adequate two-dimensional mapping of B-scans. The usage of mean instantaneous bandwidth of radio frequency
echoscopic signals enables to improve lateral resolution. I11. 6, bibl. 11 (in English; summaries in English, Russian and Lithuanian).

P. FOpkonnc, C. [Jaykanrac, A. SIuymayckac, A. JlykomsiBuuoc, B. Mapo3zac, 1. Sraassuyoc. CHHTe3 mapamMeTpU4ecKoii
KApThl U3 HEOOPOOOTAHHBIX YJbLTPa3BYKOBBIX AaHHBIX Bb-ckana // Jnexkrponnka u siaexkrporexnuka. — Kaynac: Texnonorus,
2009. — Ne 6(94). — C. 109-112.

B crathe mpezicTaBiaeHBI pe3yNbTAaThl JUCKPETH3AlMH U OOpabOTKM YNbTPa3BYKOBBIX PaAMOYACTOTHBIX CHUTHAJIOB C LEJBIO
CHHTE3MpOBaTh H300paxeHHs b-ckaHa M HccrnenoBaTh JBYMEPHYIO BHU3yalM3alMI0 I1apaMETPOB YJIbTPa3ByKOBBIX CHIHAJIOB.
VICTOUHHKOM yNBTPa3BYKOBEIX CHIHAIOB Gbi exockorn Mentor Advent™ A/B ¢ npeoGpazoBaTeneM MEXaHHUECKOTO CKAHMPOBAHUS Ha
11 MI'u. Curnamel onuQpoBBIBAIHCE C MOMOLIBIO ycTpoiicTBa Picoscope 5203. Paspemraromasi crmocoOHOCTh HCCIEAOBAlach MPH
MOMOIIY cTaHAapTHOTO (anToMa. Ha m300paxkenmnm b-ckaHa ObUIM NpeACTaBIEHBI HE TONBKO AMIUIMTYIHBIC, HO M YaCTOTHBIE
napaMeTphl eXOCHrHAJIOB. PaboTa IO3BOMISET ceNaTh BBIBOJ, YTO IPOrpaMMbl 00pabOTKH CHTHAJIOB U TpaHc(hOopManus H300paxeHus,
peamusoBanHble B cpere MATLAB, no3BoilOT MOIY4YMTh XOpOIIUE IBYXMEpHBIE KapThl b-ckaHoB. IIpuMeHeHue mnapamerpos
MOMEHTHOW YaCTOTHOMU IMOJIOCHI CIIEKTPa €XOCKOMUUECKHX CHTHAIOB MO3BOJIMIIO YIYYIIHTh MONEpPEeYHOe paspeuieHue. M. 6, 6udm. 11
(Ha aHTIIMICKOM sI3bIKE; pedepaThl Ha aHIIIMICKOM, PyCCKOM M JINTOBCKOM f3.).

R. Jurkonis, S. Daukantas, A. JanuSauskas, A. LukoSevi¢ius, V. Marozas, D. Jegelevifius. Parametriniy vaizdy sintezé
naudojant neapdorotus ultragarsinius B skenavimo duomenis // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2009. —
Nr. 6(94) . — P. 109-112.

Pateikiami ultragarsiniy radijo dazniniy signaly skaitmeninimo ir apdorojimo rezultatai siekiant sintezuoti B skenavimo vaizdus ir
ivertinti dvimatj ultragarsiniy signaly parametry vaizdavima. Signalo $altinis buvo ultragarsiné echoskopiné sistema Mentor Advent™
A/B su 11 MHz mechaninio skenavimo keitikliu. Radijo dazninis signalas buvo skaitmenintas skaitmenikliu Picoscope 5203. [vertintos
dvimacio vaizdavimo galimybés tiriant i$ilginio skiriamumo taikinius standartiniame fantome. B skenavimo vaizduose parodytos ne tik
amplitudinés, bet ir dazninés echosignalo savybeés. Sis tyrimas parodé, kad apdorojant signalus ir transformuojant vaizdus Matlab terpéje
galima gauti adekvacius dvimacius B skenavimo vaizdus. Naudojant radijo dazninio echoskopinio signalo vidutini momentinj juostos
plotj, galima pagerinti skersinj skiriamuma. Il. 6, bibl. 11 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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