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By combining magnetics, acoustics and electrics, the magneto-acoustic-electrical tomography (MAET) proves to
possess the capability of differentiating electrical impedance variation and thus improving the spatial resolution. However,
the signal-to-noise ratio (SNR) of the collected MAET signal is still unsatisfactory for biological tissues with low-level
electrical conductivity. In this study, the formula of MAET measurement with sinusoid-Barker coded excitation is derived
and simplified for a planar piston transducer. Numerical simulations are conducted for a four-layered gel phantom with
the 13-bit sinusoid-Barker coded excitation, and the performances of wave packet recovery with side-lobe suppression
are improved by using the mismatched compression filter, which is also demonstrated by experimentally measuring a
three-layered gel phantom. It is demonstrated that comparing with the single-cycle sinusoidal excitation, the amplitude
of the driving signal can be reduced greatly with an SNR enhancement of 10 dB using the 13-bit sinusoid-Barker coded
excitation. The amplitude and polarity of the wave packet filtered from the collected MAET signal can be used to achieve
the conductivity derivative at the tissue boundary. In this study, we apply the sinusoid-Barker coded modulation method
and the mismatched suppression scheme to MAET measurement to ensure the safety for biological tissues with improved
SNR and spatial resolution, and suggest the potential applications in biomedical imaging.

Keywords: magneto-acousto-electrical tomography, sinusoid-Barker coded excitation, mismatched compres-

sion filter, side lobe suppression
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1. Introduction

Significant differences in electrical impedance among dif-
ferent tissues or tissues in different pathological states were
observed!!?! in previous studies. It was reported that the con-
ductivity of muscle was about ten times that of the fat tissue, !
and the conductivity of breast cancer was much higher than
that of the normal one.'¥! Because of the wide variation
range of electrical conductivity, images with improved con-
trast were achieved using electrical impedance tomography
(EIT).[>%1 However, the spatial resolution and imaging depth
of EIT are still limited by the shielding effect and the high-
level current injection. [7] For the limited number of electrodes,
the practical application of EIT is also hindered by the ill-
posed inverse problem solution.®! By combining the interac-
tion among acoustic, magnetic and electrical fields, magneto-
acousto-electric tomography (MAET),[?! also called Lorentz

force impedance tomography!'0:11]

was proposed as an im-
proved modality for mapping the distribution of electrical con-
ductivity inside tissues. With the excitation of ultrasound and

the detection of electrical signals in a static magnetic field,
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the merits of high spatial resolution and image contrast''?! of
MAET have been demonstrated by theoretical and experimen-
tal studies in the past decades.

The origin of MAET is based on the principle of Hall
effects imaging (HEI),['>!%] which was proposed by Han et
al. With the excitation of a high-voltage pulse on an ultra-
sound transducer, images of the internal structure of plastic
phantoms and tissue samples with apparent conductivity vari-
ations were restored. Then, the reciprocal method called mag-
netoacoustic tomography with magnetic induction (MAT-MI)
was proposed by He et al.!">! and several algorithms were es-
tablished for conductivity reconstruction both in the isotropic
and anisotropic cases.!'-18 Based on the reciprocity theorem
between electronics and acoustics, the MAET was also de-
veloped by Haider et al.!'”! and the distributions of the in-
duced current density inside the phantom were reconstructed.
By applying the modified Wiener inverse filter and Hilbert
transform to the collected MAET signal, the amplitude and
polarity of conductivity variation were retrieved by Zhou et
al.?% and the one-dimensional distribution of conductivity
along the acoustic transmission path was restored. In addition,
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some mathematical models and numerical frameworks were
established for accurate conductivity reconstruction with the
requirement for a higher signal-to-noise ratio (SNR) of col-
lected signals.?'~%3] The practical application of MAET was
still hindered by the obvious drawbacks of low-level ampli-
tude of the induced current and poor SNR of the collected
MAET signal. In order to improve the performance of im-
age reconstruction, a focused ultrasound beam was employed
in practical measurements, 2 and the sectional impedance
image for a beef sample was obtained with a high contrast.
Although the difference frequency magneto-acousto-electrical
tomography!>! was reconstructed by Renzhiglova et al. with
a focused ultrasound excitation at the carrier frequency of
2.25 MHz and the modulated frequency of 2 kHz, the acoustic
intensity in the focal zone was estimated at 37 W/cm?, which
is still far above the safety limit.

In the past decades, pulse compression technology origi-
nating from radar applications has been introduced into ultra-

26271 to enhance the imaging depth and SNR

sound imaging!
with a longer time duration and a lower amplitude of acous-
tic excitation. The matched and mismatched filters were used
to compress the bursts into a short interval pulse and sup-
press side lobes of received signals. Due to the improve-
ment of SNR in ultrasound imaging, the linearly frequency

(28291 with an amplitude of 60 V was intro-

modulated pulse
duced into MAET by Sun ef al. The spatial peak temporal
average intensity of 17.4 mW/cm? was produced in the re-
gion of the sample and the discontinuous conductivity distri-
bution with a spatial resolution of 1 mm was also obtained
by the spectrum of the intermediate frequency signal. How-
ever, the polarity (direction) of conductivity variation was

1301 Except for the amplitude

lost in Fourier transformation.
or frequency modulated technologies, several bi-phase coded
excitation modalities3!! were also used to realize the effec-
tive pulse compression in ultrasonic imaging, such as the
Barker code,[*?! the Golay code,**! etc. Compared with other
schemes, the Barker code proved to have the lowest autocor-
relation range of side-lobe level and the highest sensitivity for
phase among the bi-phase codes with the same length. [34]

To enhance the energy of the incident acoustic signal in
this study, the longest 13-bit sinusoid-Barker coded excitation
is introduced into MAET and the mismatched compression fil-
ter is employed to suppress the noise-level of side lobes. The
formula of the collected MAET signal with 13-bit sinusoid-
Barker coded excitation is derived and simplified for the trans-
ducer with a strong directivity. Numerical simulations are con-
ducted for a four-layered gel phantom with the 13-bit sinusoid-
Barker coded excitation and the improved performance of
wave packet recovery with the suppressed side-lobe level is
obtained by using the mismatched compression filter, which

is also demonstrated by the experimental measurements for a

three-layered gel phantom. It is proved that with the 13-bit
sinusoid-Barker coded excitation, the amplitude of the driving
signal can be reduced to half that of the conventional single-
cycle sinusoidal excitation with an SNR improvement of about
10 dB. The value and polarity of the conductivity derivative
at the tissue boundary can be achieved by the amplitude and
direction of the decompressed wave packet. In this study, we
provide a comprehensive method of the 13-bit sinusoid-Barker
coded modulation and the mismatched suppression scheme
to MAET measurement for biological tissues with improved
SNR and spatial resolution, and we also suggest the potential
applications in biomedical imaging.

2. Principle and method

The schematic diagram of the MAET measurement sys-
tem using sinusoid-Barker coded excitation is shown in Fig. 1.
In a static magnetic field with a constant intensity By along
the y direction, a multi-layered phantom with the conductivity
0(z) is immersed in distilled water with two plate electrodes
placed on both sides to detect the time-varied electrical voltage
generated inside the conductive medium. Driven by a Barker
code modulated sinusoidal sequence, an ultrasound beam gen-
erated by the transducer transmits through the phantom, creat-
ing ion vibrations inside the object. Interacted with the static
magnetic field, the positive and negative ions move toward the
opposite sides of the phantom, producing the electrical poten-
tial between the plate electrodes.

In an in-viscous homogeneous medium, the particle ve-
locity v satisfies the motion equation ppdv/df = —V p, where
p is the acoustic pressure and py is the density of the medium.
For the planar piston transducer with the center frequency f
and radius a located at z = 0, the velocity on transducer sur-
face is u = u, exp(jot), where u, and o are the amplitude and
the angular frequency of the acoustic wave. Thus, the acoustic
pressure at (r, @, z) in cylindrical coordinates can be described
by

k 2T a _]((Ot*kR)
plrg.s) =R [T [T —rarag )

where (¥, ¢’,0) represents an arbitrary point on the transducer
surface, ¢ is the acoustic speed in the medium, k = @/cy is
the wave number, and R is the distance from (v, ¢’, 0) to (r,
¢, 7). The radiation pattern of the planar piston transducer is
D(8) = |2J1(kasin )/ (kasin 0)|,1>) where J; (x) is the Bessel
function of first order and 6 is the radiation angle of the acous-
tic beam. For the experimental transducer with f = 500 kHz
and a = 20 mm, ka = 41.9 is much larger than 1. The main
lobe of the acoustic beam is in the narrow angle scope of
20 = arcsin(0.61A /a) of 5.2° and the influence of radiation
side lobes can be ignored for much lower pressure. Hence, the
acoustic propagation can be approximated as a straight line
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Fig. 1. Schematic diagram of MAET measurement system using sinusoid-Barker coded excitation.

along the z direction?” and the acoustic pressure can be sim-
plified into
ijoua02 j(wr—kz)
P(’?‘Pvz):Te . (2)

Then, the particle velocity of a charged particle can be
calculated from v = — [{ Vpdt/py. With the interaction be-
tween the static magnetic field and the ion vibration, the par-
ticle g is deflected by exerted Lorentz force F' = qv X By,
which is perpendicular to v and By. During the acoustic prop-
agation, a time-varying electrical field intensity £ = v X By
is generated inside the tissue. Since the static magnetic field is
in the y direction and the electrodes are in the x direction, only
the z component of v contributes to the electrical field. Thus,
the electrical field intensity can be approximated as

By ['dp

——dt

E,.=v,By=——
X zD0 p() OaZ

and the corresponding current density generated in the con-
ductive medium can be calculated from

BO t&pdl

Jo = Bo=-0()—2 | Ztdr.
o(z)v x Bo G(Z)po | 9

3)

By introducing the electrical collection factor § into the ex-
perimental system,*%! the collected MAET signal can be ex-
pressed as?"]

V() = —ﬁREW/Omedz

ﬁBoRE /m /t 8p
— PPoTEy, dz [ 24 4
Po 0 G(Z)Zoaz b @

where W is the effective sectional area of the acoustic beam
at the transmission distance z, and Rg = [? (1/0(z))dz is the
equivalent electrical resistance of the entire model. By con-
sidering the absence of DC components of the practical ultra-
sound transducer,® the MAET signal can be simplified to[3°!

V() = M/Om/otpdtac(z)dz

Po Jz
_ BWBoRga* [=u(t—z/c) do(z)
. /0 O a )

The equation can also be rewritten as

_ BWByRga® 96 (2)
Vi) = 2 70z

@u(t),

meaning that the MAET signal is the convolution result be-
tween the conductivity derivative along the z direction and the
surface velocity of the transducer. Considering the impulse re-
sponse R(t) of the transducer, the surface velocity u(¢) can be
written as

u(t) = ER(1) @ T (1), ©)

where £ is the piezoelectric conversion efficiency of the trans-
ducer and T(¢) is the driving signal applied to the trans-
ducer. In this study, T(¢) = s(¢) ® ¢(¢) is the Barker coded se-
quence modulated with a single-cycle sinusoidal carrier, where
s(t) = sin(27mft) and c(t) = YN cx8(t —kTp) for 0 <t < T,
¢ denotes the amplitude of the Barker coded sequence, N is
the length of the Barker code, and 7, is the time duration. The
13-bit Barker coded sequence and the corresponding sinusoid-
Barker coded signal used in this study are plotted in Fig. 2(a).
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Therefore, the formula of the MAET signal can be achieved as

V(r);g/ac’a(z)@)R(t)@ sin(27rft)®Nick6(t—kTp) ,
707 =
@)

where &' = EBWBoRga®/2 is a constant coefficient deter-
mined by the experimental system.

A matched filter is employed to restore the output from
the collected MAET signal, which is defined as the autocor-
relation function of the sinusoid-Barker coded signal and ex-
pressed as d(t) = T(t) @ T(—t). As shown in Fig. 2(b), the
envelope of d(t) is displayed as the same-shaped side lobes
(—22.3 dB) spread around the main lobe symmetrically. How-
ever, in order to restore the wave packets at the conductiv-
ity boundaries, a filter with side-lobe level suppression over
40 dB is needed to satisfy the requirements for acceptable im-
age contrast and spatial resolution. The mismatched compres-
sion filter is employed to suppress the side-lobe level of the
sinusoid-Barker coded signal, whose transfer function in the

frequency domain is presented as!?’]

sin27N. pr) - ®

sin27 T,

H(f):(N—H—

—_
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Fig. 2. (color online) (a) Waveforms of the 13-bit Barker-coded sequence
and the corresponding sinusoid-Barker coded signal, and (b) output en-
velopes filtered with the matched and mismatched compression filters.

By taking the inverse Fourier transform of Eq. (8), the time
response of the mismatched compression filter can be approx-
imated to

!
h(t)= Y, bid(t—2Ty), ©)
k=—1

where [ and b; are the stage number and the coefficient of the
filter. By applying the mismatched filter (I = 8) to d(¢), the
envelope of the output plotted in Fig. 2(b) exhibits an obvious
side-lobe suppression from —22.3 dB to —42.6 dB. Finally,
the MAET signal filtered with the mismatched compression
filter can be rewritten as

vt = ¢ 22%

QRO)RT()QT(—t)@h(t). (10)

3. Numerical study

In order to verify the performance of MAET measure-
ment using sinusoid-Barker coded excitation, numerical stud-
ies were performed for a four-layered gel model. As illustrated
in Fig. 1, the model was immersed in distilled water for acous-
tic coupling and electrical insulation (6w = 0 S/m). The den-
sity and acoustic speed of water were set to be p = 1000 kg/m>
and ¢p = 1500 m/s, which were similar to those of the gel
phantom. The static magnetic field with the intensity of 0.3 T
was assumed to be homogeneous, covering the entire object.
A planar piston transducer with a radius of 20 mm and center
frequency of 0.5 MHz was placed at z = 0. The experimen-
tal impulse response of the transducer was measured with a
hydrophone, which shows a Gaussian damping packet (short
pulse) as illustrated in Fig. 3(a). A cubic gel model with a

1.0
0.8
0.6
0.4
0.2
0
—0.2
—-0.4
—-0.6
—-0.8

Normalized amplitude

-1

m

—_

o
T

0.9t B C (b) ]
0.8
0.7
0.6 | E
0.5 E
0.4
0.3
0.2+ A -
0.1 B

0 . . . .

140 150 160 170 180 190 200 210

z/mm

w)
=

Electrical conductivity/S-

Fig. 3. (color online) (a) Impulse response of the transducer, and (b) con-
ductivity distribution of gel phantom along z direction.
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side length of 50 mm positioned at z = 150 mm was divided
into four layers with a thickness of 1.25 cm and the conductiv-
ities of 0.2 S/m, 1 S/m, 0.5 S/m, and 0.8 S/m, respectively, as
shown in Fig. 3(b).

With the excitation of a 13-bit sinusoid-Barker coded
signal, the MAET signal collected by the electrodes was sim-
ulated as plotted in Fig. 4(a). Since the duration of the coded
excitation was much longer than the thickness of each layer,
long-time wave packets covering the entire signal from 104 ps
to 170 ps were generated, which can hardly differentiate the
conductivity derivative along the acoustic transmission path at
each medium boundary, including the amplitude and polarity.
By applying the matched filter to the collected MAET signal,
five short wave packets were restored with opposite vibration
polarities as plotted in Fig. 4(b), which correspond perfectly
to the conductivity interfaces A, B, C, D and E as marked
in Fig. 3(b). However, although the packets B, C and E are
clear, the packets A and D are not so significant due to the high

1.0 T T T T T T T T
0.8} (a)]

0.6 h

0.4}
0.2}
0
—0.2}F
—_0.4Ff

706 -
—0.8}F m

_1'090 100 110 120 130 140 150 160 170 180 190

Time/pus

Normalized amplitude

1.0 B (b)7]
0.8 ]
0.6 ]

04 A C D

0.2 ]
O

—0.2FfF w ]
—0.4F

—0.6 B
—-0.81 B
—10f ]
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Normalized amplitude

1.0 ————
0.8} B
0.6

E
04 C D ]
0.2} AH ]
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—0.4rt
—0.6 E

—0.8}F 4
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Time/us

(©) ]
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Fig. 4. (a) Simulated waveform of the collected MAET signal with 13-bit
sinusoid-Barker coded excitation, and decoded results using (b) matched
and (c) mismatched suppression filters.

side-lobe level. Then, the improved mismatched compression
filter was used to restore the wave packets with further sup-
pressed side-lobe level and the decoded waveform is shown
in Fig. 4(c). Combined with Fig. 3(b), five short packets are
clearly shown with the amplitudes and vibration polarities rep-
resenting the values and directions of conductivity variations
along the z direction, which are similar to the collected MAET
signall'3! with a single-cycle sinusoidal excitation. Beside the
accurate positions and amplitudes as well as the vibration po-
larities of the corresponding short packets, the SNR is also
improved greatly by the low-level of side-lobes, exhibiting
the advantages of sinusoid-Barker coded excitation for MAET
measurement.

4. Experiment and results

The sketch map of the experimental MAET measurement
system using the 13-bit sinusoid-Barker coded excitation is il-
lustrated in Fig. 5. In distilled water, two silver plate elec-
trodes (50 mmx 60 mm) were attached on the front and back
sides of a cubic gel phantom. The static magnetic field with
an intensity of 0.3 T along the x direction was produced by a
pair of permanent magnets (100 mmx 100 mm x50 mm) with
a distance of 120 mm. A 13-bit Barker code (500 mVpp, PRF
100 Hz, time duration 2 ps) modulated by a single-cycle si-
nusoidal signal was sent out by a function generator (Agilent
33220A, Agilent Technologies, USA). After being amplified
by a power amplifier (53 dB, E&I 2200L, Electronics and In-
novation Ltd, USA), the 13-bit sinusoid-Barker coded signal
was used to excite the planar piston transducer (radius 20 mm,
center frequency 500 kHz). The MAET voltage between the
plate electrodes was amplified by a low-noise pre-amplifier
(46 dB, NF SA-230F5, 0-10 MHz) and a homemade band-
pass filter (46 dB, 370-840 kHz). After 256-time data aver-
age, the MAET signal was collected by the digital oscilloscope
(Agilent DSO9064A, Agilent Technologies, USA), and saved
on the computer for further signal processing.

A three-layered cubic gel phantom with a side length of
50 mm was prepared by sol-gel method in an acrylic mold, ?"!
and the electrical conductivity of each layer was controlled
by adjusting the concentration of NaCl solution, which was
measured by the impedance analyzer (Agilent 4294A, Agi-
lent Technologies, USA). In order to analyze the accuracy of
MAET measurement, a three-layered gel phantom was pre-
pared layer by layer as shown in Fig. 6. The thickness val-
ues of the three layers were set to be 18 mm, 17 mm, and
15 mm with the conductivities of 1 S/m, 0.05 S/m, and 1 S/m,
respectively. Because the acoustic characteristics of the gel
phantom were similar to biological tissues, the mismatch of
acoustic impedance was neglected during acoustic propaga-
tion. The transducer and the gel phantom were placed at z =0
and 160 mm, respectively.
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Fig. 5. (color online) Sketch map of the experimental setup of MAET measurement with sinusoid-Barker coded excitation.

Fig. 6. (color online) Photograph of three-layered gel phantom used in this
study.

The collected MAET signal with the 13-bit sinusoid-
Barker coded excitation at a peak amplitude of 500 mV is
present in Fig. 7(a). Even though several wave packets have
different amplitudes and widths, it is not possible to obtain
the accurate locations and amplitudes for the boundaries of
the layers. By applying the mismatched compression filter,
four packets are restored as clearly displayed in Fig. 7(b). The
time intervals between the adjacent packets are about 11.7 us,
11 ps, and 9.8 s, denoting the thickness values (the value is
the time interval multiplied by the acoustic speed) of the three
layers in the gel phantom. The vibration polarity of packets
A and C is contrary to that of packets B and D, correspond-
ing to the polarity of the corresponding conductivity deriva-
tive. Comparing with packet A, the amplitude of packet D de-
creases for the longer distance attenuation of d6(z)/dz. Due
to the decline in the conductivity derivative for the ion motion
between the surrounding water and the outer boundaries, the
amplitudes of packets A and D are obviously lower than those
of the inner packets B and C. In addition, the level of side-lobe
is suppressed significantly between the adjacent packets. Also
as indicated by the dashed lines in Fig. 7(b), the noise-level of
the experimental MAET signal, defined as the amplitude be-
fore the first wave packet, is about 4% (—28 dB) relative to the

maximum value (normalized 1).

T S —
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Fig. 7. (a) Waveform of collected MAET signal with 13-bit sinusoid-

Barker coded excitation, and (b) normalized result decoded with the mis-
matched compression filter.

>
w

2
B

Normalized amplitude

To compare the performance of the collected MAET
signal with sinusoid-Barker coded excitation, an experimen-
tal measurement using single-cycle sinusoidal excitation was
conducted for the same gel phantom The amplitude of the
sinusoidal signal was set to be 1 Vpp, which was twice
that of the 13-bit sinusoid-Barker coded signal as mentioned
above. The waveform collected by the electrodes is plotted in
Fig. 8(a) and the normalized result filtered with a digital low-
pass filter is also provided in Fig. 8(b) for comparison. Com-
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pared with the collected MAET signal with sinusoid-Barker
coded excitation as shown in Fig. 7(a), four packets are clearly
displayed with the times presenting the positions of the con-
ductivity boundaries of the gel phantom, and the width of each
narrower packet is much smaller due to the short-time excita-
tion. Although the transducer is driven with a higher electrical
voltage, the peak amplitude (about 300 mV) of the MAET sig-
nal is obviously lower than that (about 500 mV) excited with
the sinusoid-barker coded signal. After being filtered by the
digital low-pass filter, four wave packets are clearly shown in
Fig. 8(b), which are similar to those in Fig. 7(b) in terms of
the shape and position. However, the noise-level of the re-
stored MAET signal is about 0.1 (—20 dB), which is much
higher than the decoded result in Fig. 7(b).
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Fig. 8. Experimental waveforms of (a) collected MAET signal with single-
cycle sinusoidal excitation and (b) normalized result filtered with a low-
pass filter.

5. Discussion

By adjusting the output amplitude of signals, the ex-
citation amplitude dependence of SNR for the collected
MAET signals with single-cycle sinusoidal and sinusoid-
Barker coded excitations are measured as plotted in Fig. 9. It
can be observed that the SNR of the excitations increases ac-
cordingly with the increase in the excitation amplitude, while
the SNR of the 13-bit sinusoid-Barker coded excitation is
about 10 dB higher than that of the single-cycle sinusoidal

signal with an identical amplitude. Meanwhile, in order to
achieve an MAET signal with an SNR of 20 dB, the ampli-
tudes of 800 and 300 mV for the single-cycle sinusoidal and
sinusoid-Barker coded excitations are required. Thus, the im-
proved SNR can be obtained with the excitation of a sinusoid-

Barker coded signal at a lower amplitude.

SNR (dB)

sk —a— single-cycle sinusoidal signal ]
[ —e- sinusoid-Barker coded signal
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

100 200 300 400 500 600 700 800 900 1000
Signal amplitude/mV

Fig. 9. (color online) Experimental amplitude dependence of SNR for
MAET signals with the single-cycle sinusoidal and sinusoid-Barker coded
excitations.

Like the other ultrasound imaging methods, the SNR of
the MAET signal is dependent on the acoustic energy incident

1381 and the spatial resolution is determined by

to the medium,
the frequency of the sound wave and the radiation pattern of
the transducer. With a given pressure amplitude, the energy
emission is proportional to the time duration, which is benefi-
cial to enhancing the penetration depth in the safety limit. In
this study, the longest 13-bit sinusoid-Barker code excitation
is employed to improve the SNR of the MAET signal with a
relatively low acoustic pressure, while the spatial resolution
of conductivity boundary differentiation can be reduced to a
certain extent. The waveform of the simulated ultrasound is
the convolution of the driving signal and the impulse response
of the transducer with a limited bandwidth, which makes the
wave packet wider and reduces the spatial resolution of the
experimental system. The modified Weiner filter and Hilbert
transformation are employed to reduce the wave packet influ-
ence of the impulse response?”! to achieve an improved per-
formance. Although the transducer with a centre frequency of
500 kHz is used in this experiment, the 13-bit sinusoid-Barker
code excitation can still be extended to a high-frequency sys-
tem to improve the spatial resolution. In addition, by combin-
ing the linear frequency modulation with the Barker coded se-
quence, a higher SNR with good spatial resolution is obtained
in B-mode sonography,®°! which might be used to improve
the performance of MAET measurement for biological tissues
in further studies.
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6. Conclusions

Based on the principles of MAET and pulse compression
technology, theoretical and experimental studies on MAET
measurement using sinusoid-Barker coded excitation are con-
ducted for a multi-layered gel phantom. The explicit formula
of the MAET signal is derived and simplified for a strong
directional transducer, and the corresponding decoded algo-
rithm with side-lobe suppression is also employed to enhance
the SNR and spatial resolution. Based on the simulation re-
sults of the MAET signal and the decoded waveforms, the per-
formance of wave packet recovery with suppressed side-lobe
level is improved by using the mismatched compression filter,
which is also demonstrated by the experimental measurements
for a three-layered gel phantom. With the sinusoid-Barker
coded excitation, the amplitude of the driving signal can be
reduced greatly with an SNR improvement of about 10 dB.
The value and direction of conductivity variation (conductivity
derivative) at tissue boundaries can be achieved by the corre-
sponding amplitude and polarity of the decoded wave packet.
The favorable results provide a coded excitation method and a
compression algorithm to improve the SNR and spatial reso-
lution for MAET measurement, and suggest the potential ap-
plications in biomedical imaging.
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