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Abstract. The tissue elastography ultrasound technique has witnessed signifi-
cant advancements in recent years. It is a non-invasive, cost-effective and high-
ly reliable method. This approach estimates the elasticity and viscosity of dis-
eased tissue by utilizing an ultrasonic Doppler probe to measure the velocity of
shear waves. However, this technique faces challenges due to the presence of
noise caused by reflected waves and random noise, which can impact the accu-
racy of the results. To address this issue. we employ a directional filter to elimi-
nate reflection noise before using a Kalman filter to estimate elasticity and vis-
cosity.
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1 Introduction

Tissue elastography imaging has significantly contributed to early disease diagno-
sis in various organs, including the breast, thyroid gland, liver, and prostate gland.
Modern ultrasound devices now offer the capability to generate elastographic images
that provide valuable information about tissue properties
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Fig. 1. (a) Elastography image showing high peritumoural stiffness (mean 40kPa) (b) B mode
image [15].

In Fig.1(b), the gray-scale image represents the B-mode ultrasound. The B-mode
image provides information about the structural characteristics of the tissue. While
Fig.1(a), the image displays the elastography ultrasound. The color scale represents
the stiffness of tissue, The range of dark blue to red indicates the ascending the stiff-
ness of tissue. By analyzing the color patterns in the image, doctors can identify areas
of tissue that are stiff and show signs of pathology.

1.1  Human tissue elasticity

To quantify tissue stiffness, a physical parameter known as Young's modulus is
employed. This parameter is calculated by applying a uniform, external compression
(or stress S) to diseased tissue, which generates a corresponding deformation (e) with-
in the tissue. By measuring this deformation, the stiffness of the tissue can be evaluat-
ed and diagnosed.
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Fig. 2. Deformation of solid under an external stress.
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where S is external stress, € is strain inside the tissue, E is Young Modulus.

Hard tissue is characterized by higher density compared to soft tissue, and diseased
tissue typically exhibits greater stiffness than healthy tissue. For instance, the young
modulus of breast adipose tissue ranges from 18 to 24 kPa, while fibrous tissue falls
within the range of 96 to 244 kPa. Normal liver has a value of 0.4 to 6 kPa, whereas
cirrhosis E demonstrates arange from 15 to 100 kPa. The density of tissues in the
body is known to be approximately 1000 kg/m”3. While tissue density remains rela-
tively constant, tissue elasticity can vary significantly depending on the pathological
state. In terms of wave propagation, compression waves travel at a faster pace in tis-
sue at approximately 1500 m/s, while shear waves propagate at a considerably slower
speed of 1 to 10 m/s. There exists a correlation between tissue elasticity and the ve-
locity of wave propagation [6].
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Where pis density of tissues (1000kg/m®), Cis Shear wave propagation speed is

external stress, € is strain inside the tissue, E is Young Modulus. By measuring the
shear wave velocity and considering a tissue density of 1000 kg/m”3, it becomes pos-
sible to estimate the elasticity of the tissue [6], [7], [8].

1.2 Determination of elasticity and viscosity of tissues

In this paper, we employed a vibrating needle to generate deformation waves and
measured their propagation velocity within the tissue environment. This allowed us to
calculate the viscosity and elasticity of the examined tissue [1], [2]. However, during
the propagation of the incident waves, they were influenced by reflections caused by
the heterogeneity of the transmission medium and random noise. To address these
challenges, we utilized directional filtering and Kalman filtering techniques to effec-
tively eliminate noise and enhance the accuracy of our measurements [3],[4]. We
calculated the velocity of the shear wave at a specific location indicated by the wave
propagation equation [6], [9], [10].



Equation of the incoming wave
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The heterogeneity of the tissue causes the acoustic wave to undergo reflection at the
boundary between two different environments. This phenomenon affects the accuracy
of measuring the shear wave velocity.
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The equation for the reflected wave is represented by equation (4)
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Table 1. Parameters used in equations (3) and (4)

r The spatial coordinate of | ¢ The Initial phase

the incoming wave.

r, The coordinates of the in- k.

coming wave's source

I, The spatial coordinate of | A The amplitude of the re-

the reflected wave. Py flected wave’s source

Mo The coordinates of the re- c

flected wave's source

The wave number

A The amplitude of the in- | @ The angular frequency
coming wave’s source
At | The time step a The attenuation coefficient
n The number of time step Vv The velocity

According to the Kelvin-Voigt model, the calculation of elasticity (E) is equivalent
to determining the complex shear modulus [11], [12], [13].

p=—ion (5)

For accurate location analysis, it is important to determine the elasticity and viscosity
of the medium at that specific location.
Viscosity and elasticity are calculated based on equations (6) and (7).
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Where s is complex Shear Modulus, 77 is viscosity of the medium, 4 is tissue
elasticity

2 Data processing flow

The received signal is a composite signal consisting of the incident wave, the re-
flected wave, and random noise. The noise needs to be eliminated to obtain a signal
that closely resembles the incident wave. The data processing flow is illustrated in
Fig.3 [9].
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Fig. 3. Data processing flow.

In Fig.3, it illustrates the data processing flow using a directional filter and Kalman
filter to remove noise from the acquired signals. This noise includes reflections from
the reflected waves and random noise added to the incident wave signal. The compo-
site signal undergoes Fourier transformation and is multiplied by the directional filter
mask. Subsequently, the signal is inverse Fourier transformed and passes through the
Kalman filter before yielding the final velocity signal. This velocity signal is then
used to generate graphs representing tissue viscosity and elasticity.

Directional Filter



image of directional filter
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Fig. 4. Image of directional filter mask

The input signal is transformed using the Fourier transform, and then it is multi-
plied by the mask matrix shown in Fig.4. This matrix determines which signals are
preserved and which are discarded, with a value of 1 representing signals to be trans-
mitted (yellow) and a value of O representing signals to be filtered out (dark blue).
Finally, the processed signal is converted back to its original form [14].

Kalman filter

Specifically in this paper, the Kalman filter is utilized to estimate the propagation
velocity of shear waves in the tissue. The filter considers the noisy measurements of
wave propagation and combines them with previous estimates to obtain an improved
estimation of velocity. Through the use of the Kalman filter, the authors aim to miti-
gate the impact of random noise and enhance the accuracy of wave velocity estima-
tion in the tissue.

3 System setup and results

3.1  System setup

In this paper, we utilize MATLAB for simulation purposes, and the input data is ob-
tained from the values provided in Table
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Fig. 5. Vibrating needle generate shear wave.

Table 2. The information is presented in the following table.

Frequency 100Hz
Amplitude of incident wave 0.003
Amplitude of reflected wave 0.0003
Normal tissue viscosity 650k Pas
Normal tissue elasticity 0.1kPa
Elasticity of diseased tissue 800kPa
Viscosity of diseased tissue 0.2kPas
Density 1000kg/m®
3.2  Results
We assess the impact of filters by comparing the outcomes before and after its ap-
plication.
Before using directional filter and Kalman filter
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Fig. 6. (a) Incomming wave. (b) Reflected wave.
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Fig. 7. Mix wave

Image Fig.6 (a) represents the graph of the incident wave, while image Fig.6 (b)
represents the graph of the reflected wave. The reason for the attenuation and pres-
ence of this reflected wave in the incident wave is due to the presence of diseased
tissue towards the right side of position 50, while healthy tissue is present towards the
left side. The viscosity and elasticity values for the respective tissues are provided in
Table R. Image Fig.7 depicts the composite wave graph, illustrating the influence of
the reflected wave on the composite wave.
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Fig. 8. (a) Image of incident wave. (b) Image of reflected wave.

The color represents the amplitude of the propagating wave, with a maximum val-
ue of 0.3 and a minimum value of -0.3. Observing graph Fig.8 (a), we notice that its
value is highest at the source and diminishes as it moves away from the source. Par-
ticularly, there is a significant reduction in energy at position number 50. This is due
to the interaction of the sound wave with the boundary between healthy and diseased
tissue, causing partial reflection. In graph Fig.8 (b), we observe the opposite pattern,
where the energy of the reflected wave reaches its peak at position number 50 and
gradually attenuates towards the source.



image of sum wave

Number of points in space
8 8 3 8 8 & 8

g

50 100 150
Number of time points

Fig. 9. Image of sum wave before using filters.

In image Fig.9, we observe the composite wave formed by the incident wave and
the reflected wave. It is evident that at position 50, there is significant dynamic noise
present. This indicates that the reflected wave has an influence on the incident wave,
causing interference. To obtain accurate signals, it is crucial to minimize the impact of
the reflected wave on the incident wave as much as possible.
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Fig. 10. The mix wave before using filters.

The velocity at a specific point at position 25 fluctuates over time and follows a pat-
tern as shown in Figure.10. Figure.11 represents the graph of the synthesized wave
before using filters, with the black line indicating the ideal graph and the green line
representing the measured signal.

After using directional filter and Kalman filter

The application of the directional filter results in the removal of data propagating
from right to left, retaining only the information pertaining to the incoming wave.
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Fig. 11. The mix wave after using filters.

Based on Figures 10 and 11, it can be observed that after passing through filters, the
measured signal in Figure 12 closely resembles the ideal graph more than in Figure

10.
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Fig. 12. Velocity in space.
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In Figure.12, the blue line represents the ideal velocity graph in space, while the
red line represents the velocity of the synthesized wave in space after passing through
filters, which helps reduce the impact of reflected noise. The red graph closely aligns
with the ideal blue graph.

The amplitude of both the blue and red graphs reaches its maximum value at the
source point (0) and decreases as they move away from the source. Both graphs ex-
hibit a pronounced response at position 50, which represents the boundary between
healthy and diseased tissue based on the input data of the problem. Based on the ob-
tained velocity data. We will extract information about the characteristics of the dis-
eased tissue, specifically the values of elasticity and viscosity.
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Fig. 13. Image of forward wave after using filters.

The image of the transmitted wave is filtered after passing through filters. The col-
or scale on the right represents the amplitude of the shear wave, with the maximum
amplitude located at the source and decreasing as the wave moves away from the
signal source
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Fig. 14. (a) The elasticity of tissue (b) The viscosity of tissue
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After calculating the velocity of the sound wave traveling from the starting point to
point 90, we can reconstruct the elasticity and viscosity of the tissue. In Fig.14 (a) and
Fig.14 (b), the dashed lines represent the ideal conditions of elasticity and viscosity
without any noise, while the blue line represents the measured signal with noise and
filtering. Both the blue lines and dashed lines exhibit a strong response at position 50,
which represents the boundary between healthy and diseased tissue.

By determining the propagation velocity of the sound wave, we can accurately de-
termine the viscosity and elasticity of the tissue. This valuable information aids in
diagnosing abnormal tissue conditions. Furthermore, in this paper, directional filter
and Kalman filter are employed to eliminate the influence of noise caused by reflected
waves, thereby increasing diagnostic accuracy.
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