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Abstract 
Introduction: Nowadays, Shear Wave Elastography (SWE) images are extensively employed for the early detec-

tion of various cancers including liver, breast, thyroid, and prostate cancers. This plays a pivotal role in cancer 

management. SWE images rely on estimating the Complex Shear Modulus (CSM), which is contingent upon two 

parameters of tissue properties in vivo: elasticity and viscosity.

Problem: Reflected noise, random noise, and speckle noise affect the quality of ultrasound images.

Objective: Simulating the shear wave propagation by using Finite-Difference Time-Domain (FDTD) method, 

removing noises, and reconstructing the elasticity and viscosity images of tissues.

Methodology: In this study, we utilized several noise filters to eradicate unwanted noise. We employed a direc-

tional filter to eliminate reflected noise, an LMS filter to remove random noise, and a median filter for speckle 

noise removal. Subsequently, we applied the AHI algorithm to estimate the elasticity and viscosity of tissue.

Results: The elasticity and viscosity 2D images are estimated, underwent filtering resulting in improved images 

quality. Root Mean Square Error (RMSE) was used to evaluate the effectiveness of the estimation.

Conclusion: The obtained results include 2D images of tissue elasticity and viscosity, demonstrating the effec-

tiveness of the filter in noise removal and AHI algorithm in estimating. 

Originality: We propose filters for noise removal (consist of reflected noise), before applying AHI algorithm to 

estimate elasticity and viscosity of tissue.

Limitation: The model is applied with a limited range of parameter values in the input scenario. 

Keywords: Shear wave, Reflected noise, Directional filter, LMS filter, Median filter, AHI algorithm, Elastography 

image.

Resumen
Introducción: Actualmente, las imágenes de elastografía por ondas de corte (SWE) se utilizan ampliamente 

para la detección temprana de diversos tipos de cáncer, como el de hígado, mama, tiroides y próstata. Esto 

desempeña un papel fundamental en el tratamiento del cáncer. Las imágenes SWE se basan en la estimación 

del módulo de corte complejo (CSM), que depende de dos parámetros de las propiedades tisulares in vivo: 

elasticidad y viscosidad.

Problema: El ruido reflejado, el ruido aleatorio y el ruido de moteado afectan la calidad de las imágenes de 

ultrasonido.

Objetivo: Simular la propagación de ondas de corte mediante el método de diferencias finitas en el dominio del 

tiempo (FDTD), eliminando el ruido y reconstruyendo las imágenes de elasticidad y viscosidad de los tejidos.

Metodología: En este estudio, utilizamos varios filtros de ruido para eliminar el ruido no deseado. Se empleó un 

filtro direccional para eliminar el ruido reflejado, un filtro LMS para eliminar el ruido aleatorio y un filtro de me-

diana para eliminar el ruido de moteado. Posteriormente, se aplicó el algoritmo AHI para estimar la elasticidad 

y la viscosidad del tejido. 

Resultados: Se estimaron imágenes 2D de elasticidad y viscosidad, las cuales se filtraron, lo que mejoró la ca-

lidad de las imágenes. Se utilizó el Error Cuadrático Medio (RMSE) para evaluar la efectividad de la estimación.

Conclusión: Los resultados obtenidos incluyen imágenes 2D de elasticidad y viscosidad tisular, lo que demues-

tra la efectividad del filtro en la eliminación de ruido y del algoritmo AHI en la estimación.

Originalidad: Se proponen filtros para la eliminación de ruido (consisten en ruido reflejado) antes de aplicar el 

algoritmo AHI para estimar la elasticidad y la viscosidad tisular.
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Limitación: El modelo se aplica con un rango limitado de valores de parámetros en el escenario de entrada.

Palabras clave: Onda transversal, Ruido reflejado, Filtro direccional, Filtro LMS, Filtro de mediana, Algoritmo 

AHI, Imagen de elastografía.

Resumo
Introdução: Atualmente, as imagens de Elastografia por Ondas de Cisalhamento (SWE) são amplamente utiliza-

das para a detecção precoce de diversos tipos de câncer, incluindo câncer de fígado, mama, tireoide e próstata. 

Isso desempenha um papel fundamental no manejo do câncer. As imagens de SWE dependem da estimativa do 

Módulo de Cisalhamento Complexo (CSM), que é dependente de dois parâmetros das propriedades do tecido 

in vivo: elasticidade e viscosidade.

Problema: Ruído refletido, ruído aleatório e ruído de speckle afetam a qualidade das imagens de ultrassom.

Objetivo: Simular a propagação da onda de cisalhamento utilizando o método de Diferenças Finitas no Domínio 

do Tempo (FDTD), remover ruídos e reconstruir as imagens de elasticidade e viscosidade dos tecidos.

Metodologia: Neste estudo, utilizamos diversos filtros de ruído para eliminar ruídos indesejados. Empregamos 

um filtro direcional para eliminar o ruído refletido, um filtro LMS para remover o ruído aleatório e um filtro de 

mediana para remover o ruído de speckle. Posteriormente, aplicamos o algoritmo AHI para estimar a elastici-

dade e a viscosidade do tecido.

Resultados: As imagens 2D de elasticidade e viscosidade foram estimadas e submetidas a filtragem, resultando 

em melhoria na qualidade das imagens. O Erro Quadrático Médio (RMSE) foi utilizado para avaliar a eficácia 

da estimativa.

Conclusão: Os resultados obtidos incluem imagens 2D da elasticidade e viscosidade do tecido, demonstrando 

a eficácia do filtro na remoção de ruído e do algoritmo AHI na estimativa.

Originalidade: Propomos filtros para remoção de ruído (consistindo em ruído refletido) antes da aplicação do 

algoritmo AHI para estimar a elasticidade e a viscosidade do tecido.

Limitação: O modelo é aplicado com uma faixa limitada de valores de parâmetros no cenário de entrada.

Palavras-chave: Onda de cisalhamento, Ruído refletido, Filtro direcional, Filtro LMS, Filtro mediano, Algoritmo 

AHI, Imagem de elastografia.

I. INTRODUCTION
SWE imaging has become an important tool in the medical, especially in the early 
diagnosis of diseases, including cancer. This method aids healthcare professionals in 
detecting early signs of cancer. Additionally, it offers benefits such as low cost, non-in-
vasiveness, and quick examination time. However, like any other medical methods, 
SWE image also has limitations, especially the quality of imaging is affected by noise.

Diseased tissue often exhibits distinct elasticity and viscosity values compared 
to healthy tissue, which makes accurately estimating these values crucial for distin-
guishing diseased tissue with normal tissue. This estimation is based on the analysis 
of shear wave velocity which propagate in tissue. In our research, we employed a 
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vibrating needle to generate these shear waves. Capturing this velocity signal necessi-
tated the use of a Doppler ultrasound system. Before being captured by the ultrasound 
probe, the shear waves propagated through both normal tissue and diseased tissue 
(tumor). At the border between normal and diseased tissue, a part of the shear wave’s 
energy was reflected back to the source, affecting the incident wave [1-3], while the 
rest of the energy continued to propagate through the diseased tissue. Moreover, the 
shear waves propagated through tissue is also affected by random noise [3].

In Section 2, the authors review previous studies related to SWE image and 
methods for noise removal. Section 3, we presents the background study. In Section 4 
we have demonstrated the proposed methodology. Following that, Section 5 presents 
experimental results and discusses. Finally, In Section 6, the authors summarize the 
conclusions and propose the future works for this research.

2. LITERATURE REVIEW
The earlier cancer can be identified, the higher the chances for effective treatment. 
However, approximately 50% of cancers are diagnosed at an advanced stage [4-5], 
SWE image is highly useful for the early detection of malignant tumors. Research 
by Jung Min Chang et al. demonstrated a significant difference in stiffness between 
benign and malignant breast masses. The average elasticity values were significantly 
higher in malignant masses (153.3 kPa ± 58.1) compared to benign masses (46.1 kPa 
± 42.9) [6]. Therefore, identifying tissue stiffness provides many benefits for diagnosis. 
However, noise in SWE images presents a significant challenge in signal processing. 
Removing it is crucial for improving the reliability of SWE images. Numerous studies 
aim to eliminate noise to enhance signal reliability.

In 2007, Zheng et al. utilized the Kalman filter to analyze the harmonic motion of 
particle velocities at different spatial locations [7]. Their method estimated both abso-
lute phase and phase differences, allowing for the determination of shear wave speed 
and dispersion curves across various frequency bandwidths. However, their approach 
to reconstructing the Complex Shear Modulus was computationally intensive due to 
requiring multiple shear wave frequency measurements, which could potentially lead 
to artifacts. The authors did not address issues related to reflection noise and speckle 
noise in their study.

In the research [8], Hengzhao et al. determined the viscosity and elasticity of 
tissue by calculating the attenuation αs of shear wave and velocity cs. The source gen-
erated shear waves was a probe that created a non-focused ultrasound beam (4.1 
MHz with 128 elements and 400s duration). Another probe was used to receive signals 
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was placed on the opposite side of the object, with μ1 = 4kPa, μ2 = 1Pa.s, and mass 
density of 1000 kg / m3 . The sampling frequency was 10 kHz. The values of cs and 
αs were calculated by 2D Fourier transform (K-space). Using both the peak extraction 
method and the full-width-at-half-maximum (FWHM) method. Viscosity and elasticity 
values are important factors in evaluating tissue properties. However, the authors of 
this study did not address the types of noise generated on their study, and the phantom 
study had consistent viscosity and elasticity. There was no scenario where a tumor 
needed to be tested.

In the study [2] of Deffieux T, an experiment was conducted to examine the 
effect of reflected waves on the estimation of shear wave velocity. The reflected waves 
were generated at the interface between two media with different stiffness levels and 
affect the incident wave, thereby reducing the signal quality. The authors conduct-
ed experiments on objects with different diameters and different stiffnesses (8 and 
12mm), respectively, at 10, 15, and 20 kPa, with a background shear modulus of 5 kPa. 
The shear modulus maps obtained after estimating the shear wave velocity (using 
time-domain cross correlation) showed the effect of reflected noise on the quality 
of the shear modulus images. Deffieux T used a simple directional filter to remove 
reflected noise. The quality of the shear modulus image was improved significantly. 
However, this study did not mention random noise. This is also an unavoidable factor 
in the signal acquisition process.

In our previous study [3], The Finite-Difference Time-Domain (FDTD) method  
was employed to simulate the propagation of waves in tissue containing a tumor. 
Diseased tissue has higher elasticity and viscosity values than healthy tissue. 
Specifically, the elasticity and viscosity values of healthy tissue are 100 Pa and 0.1 
Pa·s, respectively. The elasticity and viscosity values of the tumor tissue are 1300 Pa 
and 0.3 Pa·s, respectively. The density was 1000 kg/m³, and the frequency of needle 
vibration was 200 Hz. The amplitudes of the incident wave and the reflected wave were 
2 mm and 0.4 mm, respectively. The sampling frequency was 2000 Hz. Directional 
and LMS filters were employed to remove both reflected and random noise [9]. The 
AHI algorithm was used to estimate SWE images of elasticity and viscosity based 
on velocity [3]. In this study, we introduce several improvements compared to pre-
vious work. Directional and LMS filters, along with a median filter, were employed 
to eliminate speckle noise [10-13]. 2D SWE images of elasticity and viscosity were 
estimated. To assess the effectiveness of the filtering method, the root mean square 
error (RMSE) was used. RMSE represents the average error between the estimated 
image and the ideal image. A smaller RMSE value indicates a better filtering method 
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[14-15]. Therefore, in addition to qualitative evaluation, the RMSE parameter serves as 
the basis for evaluating the effectiveness of the method in this research.

3. BACKGROUND STUDY
We employed the Finite Difference Time Domain (FDTD) method to simulate the prop-
agation of shear waves. This method considers both spatial and temporal factors 
that affect shear wave velocity, allowing for a more realistic simulation compared to 
using the wave equation. To eliminate noise in the composite wave, we employed a 
directional filter and an LMS filter sequentially to remove both reflected and random 
noise. The AHI algorithm was utilized to estimate the elasticity and viscosity images 
based on the filtered velocity of the shear wave. Lastly, speckle noise in the elasticity 
and viscosity images was removed using a median filter.

3.1. Generation and propagation of shear wave
A needle is controlled to vibrate at a constant frequency on the surface of tissue, in-
ducing compression and expansion of the tissue, thus generating shear waves. These 
shear waves propagate through the tissue and reach a tumor mass (Figure 1). The 
particle velocity of the shear wave attenuates spatially and varies as it travels through 
two different environments (healthy tissue and diseased tissue). This velocity signal 
is captured by a Doppler ultrasound system.

Shear wave

Tissue

Tumor

Vibrating needle

Actuator
Push pulse

Figure 1. Vibrating needle generates shear wave [3].
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3.2. Complex Shear Modulus
The CSM G (x, y,ω) is defined as following equation (1).

(1), ,  ( , ) ( , )G x y x y i x y

Where µ (x, y) (x, y) represents elasticity, and η (x, y) represents viscosity 
at the spatial position

The CSM and the velocity of shear wave have relationship with each other 
through Equations (2), (3) and (4).

(2)t z x zx y zyv

(3)( )t zx t x zv

(4)( )t zy t y zv

Where vz is the particle velocity vector in the (x, y) plane, σzx, σzy is element of the 
stress tensor, ρ is the density of the tissues, ∂z represents a partial derivative operator 
with respect to time, denoted as t, ∂x is partial derivative operator with respect to the 
spatial coordinate x, ∂y represents a partial derivative operator with respect to the 
spatial coordinate y.

Applying the Finite-Difference Time-Domain (FDTD) method to transform 
Equations (2), (3) and (4) into Equations (5), (6) and (7) in discretized [10], [16].

(5)

(6)
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Δx and Δy represent the distances between consecutive spatial locations 
along the X-axis and Y-axis, respectively. Δt represents the sampling cycle or time 
step, i represents a spatial increment along the X-axis, j is spatial increment along the 
Y-axis, n represents a temporal step.

4. PROPOSED METHODOLOGY
The workflow diagram in Figure 2 outlines the data processing flow, providing a 
clear and comprehensive overview of the sequence of signal processing steps in this 
paper.

Directional filter mask

XDFT

AHI
algorithm

Medium
filter

Elasticity and
viscosity

image

Elasticity and
viscosity

image
LMS
filter IDFT

Incoming Wave

Random noise

Composite
wave

Reflected wave

Figure 2. Data processing flow of the proposed method.
Reference: The authors

The measured - shear wave velocity signal contained reflected and random 
noise. This signal underwent discrete Fourier transformation. (DFT), then multiplied 
by a directional filter mask to eliminate the reflected noise in the composite wave. 
Subsequently, the velocity signal was inverse discrete Fourier transformed (IDFT). The 
velocity signal then underwent a Least Mean Squares (LMS) filter to remove random 
noise before proceeding with the estimation of elasticity and viscosity by using the 
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AHI algorithm. The estimated-elasticity and viscosity images were passed through a 
median filter to smooth images.

4.1. Eliminating Reflection Noise by using Directional 
Filter
In this study, to eliminate reflected noise, we utilized a directional filter by multiplying 
the composite signal after Fourier transformation with a directional filter mask (Figure 
3). This mask allowed selected signals to pass through while blocking the remaining 
signals. The directional filter mask in Figure 3 was encoded with two colors: dark 
blue and yellow. The dark blue color represents a value of 0, blocking the signal from 
passing through, while the yellow color represents a value of 1, allowing the signal to 
pass through.

Image of directional filter

1600

10 20 30 40 50 60 70 80

1400

2000

1800

1200

1000

800

600

400

200

Figure 3. Image of the directional filter mask.
Reference: The authors
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4.2. Remove random noise by using LMS Filter
The ideal velocity at each position in space, d(n), was established based on equations 
(2), (3), and (4). This ideal signal was then added with Gaussian, noise, v(n), which 
affected the accuracy of the signal. The LMS filter effectively eliminated the impact of 
Gaussian noise, as shown in Figure 4.

Figure 4. LMS Filter Performance 
Reference: The authors

Algorithm 1: Remove Random Noise using LMS Filter
Step 1: Set the step size μ*, the filter length of the LMS filter, and the noise 

variance.
Step 2: Initialize the coefficients ω(n) = 0.
Step 3: For n=0, 1, 2 …
Calculate the output of the filter. y(n) = w(n) x(n) 
Calculate the prediction error. e(n) = vz(n) - y(n) 
Update the filter coefficients:
w(n + 1) = w(n) + µ×e(n)x(n)
calculate the filtered signal by convolution.

vz(n) = e(n)

Repeat until the end of the signal.



11Nguyen Sy Hiep, Duc-Nghia Tran, Vijender Kumar Solanki, Duc-Tan Tran, Quang Hai Luong

Ingeniería Solidaria e-ISSN 2357-6014 / Vol. 21, no. 3 / september-december 2025 / Bogotá D.C., Colombia
Universidad Cooperativa de Colombia

4.3. Utilize the AHI algorithm for estimating viscosity 
and elasticity
We utilized the AHI algorithm to estimate tissue viscosity and elasticity based on 
shear wave velocity values [9], [15], [18]. The formulas for calculating the elasticity and 
viscosity of tissue are represented as equations (8) and (9).

(8)
2 ( , , )0 0( , ) 2 ( , , )0

V x yzx y
V x yz

 

(9)
( , , )0 0( , ) 2 ( , , )0

V x yzx y
V x yz

 

Vz (x, y, ω0) is determined by applying the Fourier transformation at a specific 
angular frequency ω0, and ∇2

 Vz (x, y, ω0) is calculated using the function Discrete 
Laplacian, represented as del 2(Vz (x, y, ω0)), which provides an approximation of 
the Laplace differential operator applied to Vz (x, y, ω0) in discrete form.

4.4. Remove speckle noise by using the median filter
Ultrasound images often contain speckle noise, which can make the images look 
grainy and less clear, there by affecting the accuracy of medical diagnoses [13][19]. In 
this research, to reduce speckle noise, a median filter with a window size of 3×3, equiv-
alent to 9 pixels, was employed and precisely positioned at the area requiring filtering 
in the image. The values of all pixels in the window were arranged in ascending or 
descending order. Subsequently, the median value, representing the middle position 
after sorting, was selected. In cases of an even number of pixels, the average of the 
two middle values was computed. The value at the center of the window, correspond-
ing to the examination area, was then replaced by the selected median value. This 
process was iterated across all pixels in the image, resulting in noise reduction and 
the preservation of essential features.

Algorithm 1: Using a median filter to remove the speckle noise
Step 1: Define height and width as the dimensions of the input_image.
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Step 2: Iterating over each pixel (i, j) in the input_image:
For i = 2 to (height – 1) do For j = 2 to (width – 1) do
Step 3: Create a 3x3 window around pixel (i, j). Then, extract pixel values within 

the 3x3 window around pixel (i, j).
Step 4: Sort the values within the window in ascending order.
Step 5: Assign the median value (value in the middle) to the corresponding pixel 

in output_image.
Step 6: Repeat for all pixels

5. EXPERIMENTAL RESULTS AND 
DISCUSSION
5.1. Experimental setup
To verify the proposed solution, we set up a simulation scenario as follows. Size of tis-
sue is 80 x 80 mm and digitalized by an image 80 x 80 pixels. Size of tumor is 25 x 25 
mm. The viscosity and elasticity values of tissues are shown in Table 1. Density of tis-
sue is 1000 kg/m³. A needle is controlled to vibrate with a vibration frequency of 150 
Hz and amplitude of 5 mm. The reflected noise formed at the interface between the 
two environments (the border between healthy and diseased tissues). Additionally, we 
added the random noise to simulate actual conditions and explore ways to eliminate 
this random noise. The amplitude of the reflected and random noises are changed in 
experimenting.

Table 1. The tissue’s elasticity and viscosity

Type of tissue Elasticity (Pa) Viscosity (Pa.s)
Healthy tissue 6000 1.2

Disease tissue 7000 1.5

Reference: The authors

5.2. Results analysis
Figure 5 shows the ideal shear wave velocity graph in space, which was simulated by 
using the FDTD method. It is attenuated-sine shape.
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Figure 5. Ideal velocity in space.
Reference: The authors

According simulation scenario, Ideal elasticity and viscosity image are illustrated 
in the Figures 6a and 6b, respectively.

ideal-elasticity Image ideal-viscosity Image
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a) b)

Figure 6. a) Ideal-elasticity image; b) Ideal-viscosity image.
Reference: The authors
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After removing reflected and random noises from the shear wave velocity, the 
estimated elasticity and viscosity images obtained through the application of the AHI 
algorithm are depicted in Figure 7. The images in Figure 7 are visually comparable to 
the elasticity and viscosity images in Figure 6. However, there is still some noise in the 
images, and the contrast is not very high. Noise is more noticeable in the lower-right 
corner of the images, aligning with the explanation in Figure 8.

Estimated-elasticity Image Estimated-viscosity Image
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10

10 20 30 40 50 60 70 80

a) b)

Figure 7. a) Estimated-elasticity image; b) Estimated-viscosity image.
Reference: The authors

To compare the estimated elasticity and viscosity values at each location in 
space with the ideal elasticity and viscosity values, the author considers a horizontal 
line with vertical coordinate 30 (line 30), the results are shown in Figure 8. Although 
some noise remained, the red chart (estimated) closely followed the red chart (ideal). 
It was noticeable that the estimated-result from the source (position 0) to position 
80 in space deteriorates gradually. The reason for this is that the signal-to-noise ratio 
(SNR) gradually decreases from the source position to positions farther away from 
the source (shear wave is attenuation sine shape). This observation matched what 
happened in actual conditions.
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Figure 8. Estimated - elasticity and viscosity at line 30.

A median filter was utilized to remove speckle noise and improve image quality. 
The results are illustrated in Figure 9. It is evident that the elasticity and viscosity 
images of the tissue in Figure 9 exhibit improved image quality compared to Figure 
7. It can be observed that the noise in Figure 7 has been significantly reduced. These 
outcomes closely resemble the ideal images compared to before being filtered by the 
median filter.

Estimated-elasticity after median filter Estimated-viscosity after median filter
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Figure 9. a) Estimated-elasticity image; b) Estimated-viscosity  
image after using median filter.

Reference: The authors

5.3. Evaluation Measures
Root Mean Square Error (RMSE) is used to measure the magnitude of differences be-
tween ideal values and estimated values. Therefore, a smaller RMSE value indicates 



16 Enhancing 2D elasticity and viscosity images: A denoising approach for reflected and random 
noise removal

Ingeniería Solidaria e-ISSN 2357-6014 / Vol. 21, no. 3 / september-december 2025 / Bogotá D.C., Colombia
Universidad Cooperativa de Colombia

that the estimated value is closer to the ideal value. The Equation (10) is used to cal-
culate the value of RMSE.

(10)
1 1

2

0 0

1 [ ( , ) ( , )]
M N

i j
RMSE I i j K i j

MN

where K is the image before filtering, I is the image after filtering, and MN is 
the size of the image.

Thus, the RMSE value is effective in evaluating the quality of the proposed 
solution. However, the calculation of the RMSE value needs to be considered with a 
specific noise level. Therefore, the signal-to-noise ratio (SNR) is utilized and calculated 
according to the equation (11). A higher SNR value indicates that the signal intensity 
exceeds that of the noise. This factor also impacts the resulting estimated elasticity 
and viscosity images [16-17].

(11)

where Psignal is the power of the signal, Pnoise is the power of the noise.
In this study, the RMSE values were calculate with various levels of noises. 

Specifically, 10 levels of noises were used. For each level of noise, the amplitude of 
the reflected noise and the random noise were changed. The amplitude of the shear 
wave remained unchanged at 5 mm.

10 different levels of noise was simulated, and Equation (11) was applied ac-
cordingly. Consequently, 10 SNR values ranging from 19.9 dB to 39.9 dB were obtained. 
In Figure 10, the blue line represents the RMSE values for the estimated - elasticity 
image before applying median filter, while the red line represents the one after apply-
ing median filter. For each SNR value, there is a corresponding RMSE value. It can 
be observed that the RMSE values after filtering are significantly smaller than before 
filtering. For example, at the first position where SNR is 19.9, the RMSE value before 
filtering is 0.13, and the RMSE value after filtering is 0.0639.
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Figure 10. The RMSE values for the estimated - elasticity  
image corresponding to SNR. 

Reference: The authors

In Figure 11, the graph illustrates the RMSE for the estimated - viscosity image 
before and after applying median filter, similar to Figure 11. The RMSE values for the 
estimated - viscosity image also decrease significantly after median filtering. From 
Figures 11 and 12, it can be observed that the RMSE values decrease when the SNR 
values increase and the RMSE values decrease substantially after applying median 
filter. This demonstrates the effectiveness of the median filtering method and the in-
fluence of SNR to obtained-RMSE values.
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Figure 11. The RMSE values for the estimated - viscosity image corresponding to SNR. 
Reference: The authors

6. CONCLUSION AND FUTURE WORK
In this paper, The Finite Difference Time Domain (FDTD) method was utilized to 
simulate the propagation of shear waves. Next step, effective mitigation of the re-
flected and random noises was achieved through the utilization of directional filter 
and LMS filter, respectively. Then the elasticity and viscosity images were estimated 
successfully by using the AHI algorithm. Finally, a median filter was used to smooth 
the estimated elasticity and viscosity images. The Root Mean Squared Error standard 
was used to evaluate the quality of proposed solution.

In the future works, authors will primarily focus on improving the quality of direc-
tional filter to completely eliminate reflected noise. Accordingly, enhance the accuracy 
of the estimation of the elasticity and viscosity images. Additionally, the goal is to 
develop 3D images for the elasticity and viscosity of tissue, which will facilitate easier 
tumor detection.
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