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This study concerns the development and investigation afva composing method of
short coded sequences and their transmission based orkwesllh Golay complementary
codes and applied compression technique allowing to iserthee signal-to-noise ratio (SNR)
and penetration. This new method can potentially play ingmtrrole in examination of su-
perficial structures, e.g. dermatology, ophthalmology, et

This paper reports the results of examination of the twosgb MHz coded sequences of
the same duration: the single 32-bits pair Golay sequemzks@nbined sequences consisting
of two 16-bits Golay codes separated in time. The resultriglelemonstrate the potential of
the combined coded transmission obtainingIh&R = 22.6 dB that is 2.6 dB higher than for
the traditional Golay sequences and it is in case when caaegih is two times shorter. For
obtaining the same SNR using traditional method the codgtteshould be at least 64 bits
long, resulting in the increased dead zone up to 1.4 cm.
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1. Introduction

Permanent development of the ultrasound technique using the cociatier sig-
nals is connected to technological progress — from the methods of the gemera-
tion to computer programs, which facilitate the measurements as well sianaf
the changes and monitoring of the treatment of disease. Nowadays itadsmission
in ultrasonography is dynamically developing — from parametric imagingooie in
the range 0.5-2 MHz, through imaging in classic ultrasonography 18.54Hz) up to
imaging in micro ultrasonography (above 20 MHz).

Coded ultrasonography is intensively developed and studied in the zdeleThe
reason of such interest lies in the properties of the coded transmissiveasing of
penetration depth, signal-to-noise ratio improvement, exploring the sigittalower
amplitude and improving of the axial resolution moving to the higher frequesnge.
Nowadays extensively explored coded sequences are: lineanefmeg modulated sig-
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nals (chirp) and phase-modulated signals like Barker codes and Gmigylementary
sequences (side-lobe canceling codes).

Within the last few years, the increasing interest in visualization of tissudecsur
[1] as well as vessel wall research using high frequency ultrascande observed
among biologists and clinicians. Development of high frequency ultras@udirected
to a new region of application in dermatology and diagnostics of the skinsdisea
well as lesion treatment. Ultrasonography methods are applied to examaeentiain
skin layers: epidermis, cutis vera and hypodermis. Also, the applicatiatirasound
diagnostics in ophthalmology is very important as it allows to examine and goose
the pathological changes of benign and malicious tumours, cysts aadriseand other
parts of the eye. The one more advantage is that ultrasound allowsgigmginto the
structure of the atherosclerosis changes in blood vessels.

2. Coded excitation in ultrasonography

In comparison to the classic ultrasonography where the short busstspare trans-
mitted in coded transmission the longer signals with special shape desigeeat¢6,
7]. As a result the signals with complicated internal construction and exa@efityed by
time duration are obtained.

Actual research overview and development trend of the coded tissismmethod
in ultrasonography was presented bysSMRIDIS [5]. He presented the clinical results
by using chirp signal and Golay codes at nominal transducer freguémMHz. The
echo data were digitized at a 40 MHz sample rate using 12-bits analog#aldigpui-
sition board. All computations were performed with MATLAHn off-line processing.

KAl Liu et al. [3] presented actual development of the coded transmission and
its usage in commercial systems. They concentrated on using compémn&olay
sequences in ultrasound ophthalmology diagnostic. For that reaso-thies35olay
coded sequences at nominal transducer frequency 4 MHz wede Tke radiofre-
qguency (RF) echo signal was digitized at a 40 MHz sample rate using4 8ralog-to-
digital acquisition board. The author noticed also that the collateral effébe coded
transmission was considerable increase of the dead zone next to tauizan

The structural scheme for obtaining the impulse response for the amoliegle-
mentary sequences is shown in Fig. 1.

The impulse response, as shown in Fig. 1, can be write as:

Cr=AL@7r) + By@rP = Ay @ (A x hy,) + By, @ (By x hy) = 2nhy,,

where® means convolutiony, is impulse response of the transdudgf;, C2 are the
impulse response of the complementary sequeAgesnd By, respectively.

The final output i®22n times larger than the response to a single impulse; however,
the noise is increased by a factor ¢&n (/n for each correlation and/2 for the
addition) [7]. Therefore, an improvement of the SNR/iBn is obtained in comparison
with the single period burst transmission. More realistically, transmitting tgoesgces
per observation time, the SNR improvement factor is actughy
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Fig. 1. Impulse response for complementary sequences.

3. The Golay complementary sequences

Among the different excitation sequences proposed in ultrasonogr@play codes
evoke more and more interest in comparison to other signals. Thenre&sloat lies
in the fact that Golay codes, like no other signals, suppress to zero thiiwata of
side-lobes in ideal case. This type of complementary sequencesdrastreduced by
GoOLAY [2]. The principle of construction and properties of the Golay compldargn
sequences are described in [7].

By now the usage of Golay complementary codes was limited by transmittigig sin
pair with later processing (correlation and summing) as shown in Fig. 2.

Figure 2 shows the practical realization of the transmitting Golay coded:regs.
As can be easily seen in practice different artifacts are present aadde of that the
noise elimination and side-lobe cancellation in resulted signal cannot heedtAnd
this high noise level can lead to wrong visualization of the examined orgahsaage
ambiguity. The nice method, which can decrease the noise level is usirgnier
Golay coded sequences i.e. 128 or even 512 bit lengths. Using looded sequences
is welcome in radar technique or hydrolocation — where information loacatsely to
transducer is not important. In ultrasonography the usage of longedcsequences is
rather limited since it leads to increase of the dead zone that is not acéedeche
diagnostic application.

The area closely connected to transducer surface is called dead keresthe mul-
tiple reflections have very high amplitude and mask real echoes. The laudifections
occur in the cupolas of the mechanical heads and on the interfaceucansgkin. Theo-
retically, the dead zone area is equal to the half burst pulse time duratibm @actice
the time duration of the burst pulse is calculated from the beginning to monfest
the power drops to the-3 dB level, so the dead zone area is assumed to be equal to
burst pulse time duration.

Increase of the echo detection using Golay complementary sequemoasparison
to short pulse is evident. Experiment shows the two echoes receiwedréflectors
distanced one from other by 1 cm. SNR improving in compressed sigoahiparison
to direct echoes is about 15 dB.
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Fig. 2. Correlation and summing of the received echo sigmalsase of using Golay complementary
sequences.

4. Double transmission

Using the double transmission in ultrasonography is supported by grdanieg
est in dermatology, ophthalmology, oncology etc. everywhere, wiieae zone plays
important role.

Figures 3-5 present the results obtained from the mimicking tissue phd&itim
405GSX using 32-bits Golay complementary sequences and new meftittmlifnle
transmission using 16-bits Golay sequences.

Figure 3a shows transmitting 32-bits Golay coded sequences at nongigaéhcy
3.5 MHz and time duration 9.1¢s. Figure 3b shows proposed method of the double
transmission of 16-bits Golay coded sequences with shorter time duragitis gual
4.57 us. The start time of the second sequence depends on penetration @ejxrei
amined. In the given case, the plot illustrates the examined environme@retration
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Fig. 3. a) transmission of the 32-bits Golay sequence witle tiluration 9.141s, b) double transmission
of the 16-bits Golay sequence with time duration 4us7

depth up to 4 cm. The starting time of the second sequence can be caléwdaied

2
t =22 =50 ps,
12

wheres is the depth, and is speed of the ultrasound wave in examined environment
and is equal 1540 m/s.

Figure 4 shows reflected RF echo signals obtained from the tissue mimuikary
tom RMI 405GSX recorded by oscilloscope Agilent 54641D.
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Fig. 4. RF echo signals obtained using: a) 32-bits Golay eecgs; b) double trasmission 16-bits Golay
sequences.

Using longer coded sequences results in increasing of the dead man@-ay. 5a)
that increases proportionally to the coded sequences length and iperBequency.
In the second case (Fig. 5b) the RF echo signal is split into two sequer@dscom-
pressed and summed. For objective comparison the SNR is calculated.
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Fig. 5. The resulted RF signals obtained using: a) 32-bitayasequences, b) double transmission 16-bits
Golay sequences.
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Figure 5 shows advantages of the double transmission of the Golay segeences
(Fig. 5b) in comparison to single Golay coded transmission used here{@ig. 5a). In
double transmission case the SNR improves by 2.6 dB. It has to be natdgtid¢tcoded
sequence in double transmission case is 2 times shorter. According tssilm@ation
[7] for getting the SNR equals 22.6 dB the coded sequence length in meseadby
now must be not less than 64 bits. In that case and for the nominakineys.5 MHz
the dead zone area would be 1.4 cm!

5. Conclusions

This paper discusses actual study and development trend of the ttadsihission
method in ultrasonography. One of the important parameter in ultrastiagdostic is
dead zone area that makes the real echoes lying closely to transdidaee sinreadable.
For that reason the using of the coded sequences in medical ultrad@gmbstic is
considerably limited.

The proposed work concerns the development and investigation of eamposing
method of short coded sequences and their transmission based dmuweti-Golay
complementary codes. This method allows to increase field of ultrasaagdastic
application where dead zone plays important role, e.g. dermatologyhamology,
etc. Also, this composed technique allows to increase the SNR and pemetiepith.

The results obtained show the effectiveness of the double transmisgidtsae-
sistance to the refraction, attenuation, and reflection of ultrasound w@kiessing of
the coded sequences of the appropriate length allows to find the besttipgeditdution
taking into consideration not only one parameter but few of them, fanplaside-lobe
level and main-lobe width.

The proposed coded method of double transmission can be applied atmin
dard ultrasonography. Introduction of this proposed coded methoddincal ultrasound
equipment can increase the effectiveness and quality of the ultrasicagrbstic.
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