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Abstract: Three dimensional (3D) echocardiogram enables cardiologists to visua-
lize suspicious cardiac structures in detail. In recent years, this three-dimensional
echocardiogram carries important clinical value in virtual surgical simulation.
However, this 3D echocardiogram involves a trade-off difficulty between accu-
racy and efficient computation in clinical diagnosis. This paper presents a novel
Flip Directional 3D Volume Reconstruction (FD-3DVR) method for the recon-
struction of echocardiogram images. The proposed method consists of two main
steps: multiplanar volumetric imaging and 3D volume reconstruction. In the crea-
tion of multiplanar volumetric imaging, two-dimensional (2D) image pixels are
mapped into voxels of the volumetric grid. As the obtained slices are discontin-
uous, there are some missing voxels in the volume data. To restore the structural
and textural information of 3D ultrasound volume, the proposed method creates a
volume pyramid in parallel with the flip directional texture pyramid. Initially, the
nearest neighbors of missing voxels in the multiplanar volumetric imaging are
identified by 3D ANN (Approximate Nearest Neighbor) patch matching method.
Furthermore, a flip directional texture pyramid is proposed and aggregated with
distance in patch matching to find out the most similar neighbors. In the recon-
struction step, structural and textural information obtained from different flip
angle directions can reconstruct 3D volume well with the desired accuracy. Com-
pared with existing 3D reconstruction methods, the proposed Flip Directional 3D
Volume Reconstruction (FD-3DVR) method provides superior performance for
the mean peak signal-to-noise ratio (40.538 for the proposed method I and
39.626 for the proposed method II). Experimental results performed on the cardi-
ac datasets demonstrate the efficiency of the proposed method for the reconstruc-
tion of echocardiogram images.
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1 Introduction

Medical imaging plays an essential role in the healthcare continuum from early diagnosis and selection
of treatment to image-guided interventions [1]. Over the years, 2D Ultrasound has been explored as a
mainstream imaging modality among CT (Computed Tomography), MRI (Magnetic Resonance Imaging),
and PET (Positron Emission Tomography) due to its indispensable features, including cost-effective,
faster, non-ionizing radiation and flexibility [2]. 2D Cardiac ultrasound or 2D echocardiogram becomes
an invaluable tool for the assessment of abnormalities in a mitral valve cardiac pathology.

Although conventional 2D echocardiogram is diffused into the clinical practice, three-dimensional
echocardiogram [3] allows the medical professionals to examine the anatomy of patients and permits
virtual run-through of the complicated surgical procedures [4,5]. In the case of the mitral valve, 3D
echocardiogram reconstruction provides the ability to visualize the complete dimensionality of the
prolapsed mitral valve from multiple views (Parasternal Short Axis (PSAX), Apical 4-Chamber (A4C),
and Apical 2-Chamber (A2C) [6]. However, there are some common issues concerning 3D reconstruction
including missing gaps and interpolation errors. To overcome these drawbacks, a new method is proposed
to reconstruct a 3D volume, which provides the best visualization for the simulation of virtual surgery [7].

The main objective of the proposed approach is to generate the three-dimensional volume and reconstruct
the missing areas using the structural and texture information of the volume. The contributions of the proposed
work are summarized as follows:

a) The first stage constitutes the creation of multiplanar volumetric imaging using three cardiac views
(Parasternal Short Axis (PSAX), apical 4-Chamber (A4C), and apical 2-Chamber (A2C) respectively.

b) In the second stage, the 3D approximate nearest neighbor would be applied to shorten the search for
the nearest neighborhood voxels of missing regions. To obtain the most similar voxels, a novel Flip
Oriented 3D Volume Reconstruction (FD-3DVR) method is proposed which extracts the textural
information along the top, bottom, left, and right positions around the missing voxel.

c) In the third stage, volume and texture directional pyramids are generated to reconstruct the missing
regions of the echocardiogram iteratively.

d) Finally, the proposed FD-3DVRmethod is analyzed using four different quality metrics namely, peak
signal-to-noise ratio (PSNR), feature similarity index (FSIM), structural content (SC), and average
difference (AD).

The rest of the sections are organized as follows: Section 2 describes the related works about 3D
reconstruction techniques. Section 3 represents the methodology of 3D Volume Reconstruction followed by
experimental results and analysis in Section 4. Finally, Section 5 highlights the work summary and discussions.

2 Related Works

In terms of state-of-the-art approaches, plenty of techniques have been proposed for performing 3D
ultrasound reconstruction. Generally, volume reconstruction methods fall into three categories based on
implementation [8]: Pixel-Based Methods (PBM), Voxel-Based Methods (VBM), and Function-Based
Methods (FBM). In VBM, every voxel in the 3D volume grid is assigned with the value of the nearest
pixel in 2D ultrasound input slices. Voxel Nearest Neighbor (VNN) and Distance Weighted (DW) are the
most common implementation method in VBM. VNN traverses each voxel in the structured 3D volume
grid at a time and assigns a value with the nearest pixel from the acquired 2D slices. Although its
downside is that, when the distance between voxel to pixel is too large, reconstruction artifacts including
the misalignment of gaps can be observed. Distance Weighted method proceeds across each voxel and
replaces the average value of the voxel based on the weighted distance between the pixel and voxel.
However, the selected voxels smooth the 3D volume causing information loss in the reconstructed volume.
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Pixel-Based Methods (PBM) are used to reconstruct the missing regions in 3D volume by traversing
across all the pixels in the 2D ultrasound slices. Pixel-Nearest Neighbor (PNN) and Direct Frame
Interpolation (DFI) [9] are the most common forms of pixel based methods. The neighboring voxels are
selected based on the parameter valve that defines the distance from the missing voxel to be filled.
Besides that, some artifacts within the reconstructed volume have been observed on the edges with this
method. Function-Based Methods (FBM) always reconstruct the data in 3D volume depending on
functional relationships between voxels. The most widely used FBM methods are Rayleigh interpolation
[10] and Radial Basis Function (RBF) [11]. These methods have been reported with moderate
reconstruction precision and over-fitting problem are also unavoidable.

Wen et al. [12] proposed fast marching method (FMM) for reconstructing 3D ultrasound volume, which
initially determines the volume grid and then fills the empty voxels in the boundary using the forward
approach. Conversely, the reverse approach iteratively fills the empty voxels in an inner boundary.
Although the problem of obtaining accurate reconstruction results in less computational time remains
unresolved. Wen et al. [13] have proposed an adaptive kernel regression (KR) for the reconstruction of
freehand ultrasound images employing a smoothing parameter of the kernel. The difficulties stemming
from over smoothening the 3D volume, causing some information loss on the original 2D slices. Cong
et al. [14] have proposed a Global Patch Matching (GPM) Method using two strategies bin-filling and
hole-filling. Upon comparison with other PNN, VNN, and KR methods they have reported that the GPM
reconstruction method preserves structural distribution effectively. Most importantly, these KR and GPM
methods could not address texture preservation, which is necessary for volume reconstruction.

The problems of existing methods such as inaccurate voxel reconstruction, over smoothing, lack of
texture preservation, and time complexity can be resolved by the proposed flip directional 3D volume
reconstruction method. Here 3D approximate nearest neighbor method is used to decrease the time
complexity for nearest neighborhood voxels. Volume and flip texture pyramids are used for the
reconstruction of missing regions in the volume to preserve the structural and texture directional
information of the original slices. The main purpose of this work is to create three-dimensional
echocardiogram images in parallel with the reconstruction of missing regions using the proposed method
to obtain a desired level of quality in 3D visualization.

3 Methodology of 3D Volume Reconstruction

3.1 Multiplanar Volumetric Imaging

Multiplanar volumetric imaging is standard clinical practice for many modalities namely CT, MRI, and
ultrasound datasets. This display format permits examination of the 2D ultrasound slices in three orthogonal
planes representing sagittal, axial, and coronal planes. Such an interactive volumetric display involves
mapping the 2D cardiac ultrasound pixels into a regularly arranged volume grid. Initially, an empty
volume grid is generated and a stack of three cardiac views (Parasternal Short Axis (PSAX), Apical 4-
Chamber (A4C), and Apical 2-Chamber (A2C) are mapped based on position to display 3D volume. The
mapping relationship [15] between the ultrasound scan coordinate system and 3D volume coordinates can
be defined as

Vx ¼ T � Vy (1)

where Vx is the location of a pixel in the ultrasound scan coordinate system, T is the model transformation
matrix among the coordinates and Vy is the corresponding voxel location in 3D volume coordinates.
Moreover, mapped slices to volume view are positioned 90 degrees from each other and defined by
volume coordinates X, Y, and Z. This mapped volumetric arrangement is represented in Fig. 1.
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As the typical acquisition of ultrasound scan images is distorted with misalignment of pixels, there is
missing data in the volume. Hence these missing values need to be reconstructed according to the nearest
neighboring voxels in volume data.

3.2 Overview of Proposed Flip Oriented 3D Volume Reconstruction (FO-3DVR) Method

An efficient 3D reconstruction method is a significant requirement for volumetric cardiac imaging. Most
of the existing approaches rely on single-dimensional textural features to build the 3D volume. Assume there
are L levels in volume, and missing voxels at L Level are replaced using information propagated from the
L� 1 level. Similarly, missing voxels at level L� 2 are replaced with the nearest neighboring voxels,
which are searched based on the information propagated from L� 1 level. The same process is repeated
iteratively for all the other subsequent levels until the finest level of reconstruction is completed. This
approach is observed with some unfilled white regions and also made the 3D reconstruction results more
blurry. To mimic these issues, our proposed approach reconstructs the 3D model by integrating texture
pyramid information from L� 1 level and Lþ 1 level in the top, right, left, and bottom dimensions from
the center voxel element.

Fig. 2 depicts the complete map of the proposed 3D reconstruction method. The proposed methodology
is performed in two steps. The first step is, searching for the nearest neighbor of the missing voxels. Similar
neighboring voxels are obtained through the 3D Approximate Nearest Neighbor (ANN) matching method
[16]. The most similar voxels are obtained through the texture features in all flip directions and
information is aggregated to the voxel distance calculated by the 3D ANN method.

Next, in the reconstruction step, missing voxels in 3D ultrasound volume are reconstructed by
propagating the pyramid scheme at intensity level and texture level. The basic idea of the proposed
approach is to reconstruct the missing voxels of 3D ultrasound slices in terms of volume, corresponding
mask, and flip directional textures through iterative down-sampling.

3.2.1 3D ANN Patch Matching
The non-local 3D patch matching method finds similar patches of the missing voxels in 3D ultrasound

volume by randomly searching the entire volume into consideration. Let d : l ! R3 represents the 3D
volumetric imaging and �l denotes the missing occluded voxels being reconstructed. The volumetric
spatial position in the 3D ultrasound volume is defined as k ¼ x; y; zð Þ 2 m and wk ¼ q1; q2 . . . :qnð Þ
corresponds to volumetric patches around k. Let d represent the distance between voxel patches and D be
the correspondent shift map between position k and its similar neighboring voxels. Hence, q ¼ k þ Dk is
the correspondent shift that associates with each voxel k, where k þ Dk 2 �l. Inspired by the work of
Barnes et al. [17], similar neighboring voxels are calculated in the following manner:

Figure 1: Schematic multiplanar volumetric arrangement of cardiac ultrasound along the X, Y, and Z axis
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d 2
1 wk ;wkþDkð Þ ¼ 1

N3

X
q2nk kv qð Þ � v qþ Dkð ÞÞk22 (2)

where N3 is the normalization parameter and nk represents the neighborhood voxels of k.

3.2.2 Flip Directional Texture Pyramid (FDTP)
The volume texture pyramid aims to reconstruct missing areas by subsampling the texture features for

the x, y, and z directions. This technique lacks reconstruction quality by the missing pixels. Hence in this
study, we propose a pyramid that captures all the texture attributes in all the eight directions which we
refer to as Flip Directional Texture Pyramid (FDTP). The angle range is subdivided into eight sub-ranges
between 0� � h � 2p whereas p ¼ 180� as shown in Fig. 3.

As noted, texture features are identified by averaging the absolute value of all gradient derivatives over a
correspondent spatial neighborhood wkþDk . More formally in this paper, we propose a three-dimensional flip
directional texture pyramid F ¼ FR ;FL ;FT ;FBð Þ sampled at each level q 2 �l :

F kð Þ ¼ 1

card wkþDkð Þ
X

q2wkþDk

FDTPx qð Þj j; FDTPy qð Þ�� ��� �
(3)

where FDTPx qð Þ and FDTPy qð Þ are the flip directional volume derivatives correspond to the different angle
areas in right, left, top, and bottom positions of the voxel q and card wkþDkð Þ refers to the number of voxels in
a spatial neighborhood wkþDk respectively. The proposed approach deals with two methods for the extraction

Figure 2: A complete map of the proposed flip directional 3d volume reconstruction (fd-3dvr) method
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of flip directional texture information. Extraction of this texture information along the 8 chain code directions
is explained as follows:

(i) Inter Voxel Based Flip Directional Texture Pyramid (Method I)

This proposed method results in the extraction of textural attributes of most similar neighboring voxels
by taking up both the top and right level intensities from Z � 1 slices. Consequently, for the sake of
enhancing the reconstruction quality, the same procedure is repeated for the bottom and left level
intensities from Z þ 1 slices. The proposed inter voxel slice alignment is shown in Fig. 4. The top and
left level intensities are shown in green and light turquoise colors. Similarly right and bottom levels are
colored blue and yellow.

Figure 3: Directions regarded for the proposed flip directional texture pyramid

Figure 4: Proposed slice alignment for inter voxel based flip directional texture pyramid
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The first row represents the top and left level and the second row indicates right and bottom level
intensities.

In a single slice Z of cardiac ultrasound, let Vi;j be the central element of a 5 × 5 block B. Let D0
T1

qð Þ and
D0

T2
qð Þ are the first set of intensities along the top directions 45°, 60°, 90°, 120°, and 135° above the center

element in Z � 1 slice and it is computed using the values ða, b, c) = (1,1,2) as shown in Eqs. (4) and (5)
respectively.

D′
T1

qð Þ ¼ V h1
i�c;j�b;z�1 þ V h2

i�c;j�c;z�1 þ V h3
i�a;jþb;z�1 (4)

where h1; h2; h3 = 120°, 135°, 60°

D0
T2

qð Þ ¼ V h1
i�a; j�b; z�1 þ V h2

i�c;jþb;z�1 þ V h3
i�c;jþc;z�1 (5)

where h1; h2; h3 = 120°, 60°, 45°

The next bottom set of intensities is constructed below the center element Vi;j in Z þ 1 slice as shown
in Eqs. (6) and (7) and it is defined as D0

B1
qð Þ and D0

B2
qð Þ along the directions 225°, 240°, 270°, 300°,

and 315°.

D0
B1

qð Þ ¼ V h1
iþa;j�b;zþ1 þ V h2

iþc;jþb;zþ1 þ V h3
iþc;jþc;zþ1 (6)

where h1; h2; h3 = 240°, 300°, 315°

D′
B2

qð Þ ¼ V h1
iþa;jþb;zþ1 þ V h2

iþc;j�c;zþ1 þ V h3
iþc;j�b;zþ1 (7)

where h1; h2; h3 = 300°, 225°, 240°

Similarly, the set of intensities is also extended along the right and left directions in slice Z � 1 and
Z þ 1 which are termed as D′

R1
qð Þ;D′

R2
qð Þ; D′

L1
qð Þ and D′

L2
qð Þ and it is estimated using the Eqs. (8)–

(11).

D′
R1

qð Þ ¼ V h1
i�a;jþc;z�1 þ V h2

iþa;jþb;z�1 þ V h3
iþa;jþc;z�1 (8)

where h1; h2; h3 = 30°, 300°, 330°

D′
R2

qð Þ ¼ V h1
iþa;jþc;z�1 þ V h2

i�a;jþb;z�1 þ V h3
i�a;jþc;z�1 (9)

where h1; h2; h3 = 330°, 60°, 30°

D′
L1

qð Þ ¼ V h1
i�a;j�c;zþ1 þ V h2

iþa;j�c;zþ1 þ V h3
iþa;j�b;zþ1 (10)

where h1; h2; h3 = 150°, 210°, 240°

D′
L2

qð Þ ¼ V h1
iþa;j�c;zþ1 þ V h2

i�a;j�c;zþ1 þ V h3
i�a;j�b;zþ1 (11)

where h1; h2; h3 = 210°, 150°, 120°

Thus, the flip directional feature for the patch P is estimated by taking the maximum value among each
pair of directions and it is represented in Eqs. (12)–(15) respectively.

D00 P; qTð Þ ¼ rmax D′
T1

qð Þ�� ��; D′
T2

qð Þ�� ��h i
(12)

D00 P; qBð Þ ¼ rmax D′
B1

qð Þ�� ��; D′
B2

qð Þ�� ��h i
(13)
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D00 P; qRð Þ ¼ rmax D′
R1

qð Þ�� ��; D′
R2

qð Þ�� ��h i
(14)

D00 P; qLð Þ ¼ rmax D′
L1

qð Þ�� ��; D′
L2

qð Þ�� ��h i
(15)

Figure 5: (a) and (b) Top T1 and T2 level voxel representation, (c) and (d) bottom B1 and B2 level voxel
representation, (e) and (f) right R1 and R2 level voxel representation, (g) and (h) left L1 and L2 level
voxel representation

The resultant flip directional texture pyramid for three-dimensional reconstructions is computed using
the Eqs. (16) and (17).

FOTPx qð Þ ¼
X

i;j;z2m D00 P; qRð Þ � Vi;j

�� ��; Vi;j � D00 P; qLð Þ�� �� (16)

FOTPy qð Þ ¼
X

i;j;z2m D00 P; qBð Þ � Vi;j

�� ��; Vi;j � D00 P; qTð Þ�� �� (17)

Let us consider the following representation for estimating FDTPx qð Þ and FDTPy qð Þ. Tab. 1 represents the
intensities around the center element Vi;j and flip directional voxel representation for Vi;j is depicted in Fig. 5.
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Using the above representation, flip directional values along the directions between the ranges
0� � h � 2p are estimated separately as presented in Tab. 2. The steps are followed as per Eqs. (12)–(15)
to find out values for D00 P; qTð Þ;D00 P; qBð Þ; D00 P; qRð Þ and D00 P; qLð Þ as shown in Tab. 2. The same
procedure is repeated for all the other patches.

Now, the maximum value representation for the above pair of directions is shown in the Tab. 3.

The flip directional texture pyramid FDTPx qð Þ is formed by subtracting Vi;j from D00 P; qRð Þ and
subtracting D00 P; qLð Þ from Vi;j with the help of Eq. (16). The same process is repeated for estimating the
value of FDTPy qð Þ using Eq. (17). Tab. 4 shows the resultant flip directional values.

Table 2: Flip directional value representation for each pair of directions

D′
T1

qð Þ D′
R1

qð Þ D′
B1

qð Þ D′
L1

qð Þ
80 73 74 77

D′
T2

qð Þ D′
R2

qð Þ D′
B2

qð Þ D′
L2

qð Þ
79 75 73 78

Table 3: Maximum value representation for top, bottom, right and left directions

D00 P; qTð Þ D00 P; qRð Þ D00 P; qBð Þ D00 P; qLð Þ
80 75 74 78

Table 4: Flip directional value representation

FDTPx qð Þ FDTPy qð Þ
89 116

Table 1: Representation of intensities around the center element Vi;j
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(ii) Intra Voxel Based Flip Directional Texture Pyramid (Method II)

This method almost follows the same strategy as the aforementioned method, but the difference lies in
the fact that here, textural features are extracted by constructing the initial top level intensities from the
previous slice and next top level intensities from the successor slice in the range between 0 � h � 2p.
The same procedure is repeated for the bottom, right, and left level intensities. The proposed alignment is
presented in Fig. 4.

3.3 Reconstruction of Volumetric Imaging

Once the volume pyramid and proposed flip directional texture pyramid are built, three-dimensional
volume reconstruction of the cardiac ultrasound procedure follows. Assuming there are N levels in the
pyramid, in particular, every missing region is reconstructed in terms of structure and flip directional
features as per Eqs. (18) and (19).

u kð Þ ¼
P

q2nk S1
q
ku k þ Dkð ÞP

q2nk S1
q
k

(18)

F kð Þ ¼
P

q2nk S2
q
ku k þ Dkð ÞP

q2nk S2
q
k

(19)

The same reconstruction procedure is repeated iteratively until the convergence of the finest resolution
level. Therefore, the proposed reconstruction methods create a 3D volume and interpolate the missing
regions in terms of structure and flip directional textures. The overall algorithm for the proposed method
is presented here.

Figure 6: Proposed slice alignment for intra voxel based flip directional texture pyramid
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Algorithm: 3D Cardiac ultrasound reconstruction using proposed FD-3DVR

Input: Cardiac perspective views with N slices

Output: 3D reconstructed image

Let d : l ! R3 represents multiplanar volume grid and PSAX, A4C, and A2C denote three cardiac
perspective views.

�l denotes the occluded regions being reconstructed.

Do for each missing region �l

Similar neighboring voxels of the center element Vi;j are computed as given in Eq. (2).

Missing regions in all the slices are reconstructed as shown in Eqs. (18) and (19).

Most similar voxels of the center element Vi;j along the directions between the ranges

0� � h � 2p is computed as shown in Eqs. (16) and (17).

End

4 Experimental Results and Analysis

In this section, experiments were conducted with the proposed Flip Oriented 3D Volume Reconstruction
(FO-3DVR) Method for the echocardiogram images. The images are obtained from a publicly available
echocardia database [18]. The database contains more than 10,000 echocardiogram images and videos
presenting various pathologies of the heart such as mitral valve disease, aortic valve prolapse, anterior
myocardial infarction, etc., and the database also presents the visualization of cardiac views from
different angles and orientations. A total of 200 prolapsed mitral valve echo images in three perspective
views, Parasternal Short Axis (PSAX), Apical 4-Chamber (A4C), and Apical 2-Chamber (A2C) are
chosen for our implementation. The current implementation is carried out using MATLAB 2019a.

The experiment is processed on five different ultrasound volumes with the four different predefined
masks with a dimension of 240 � 200 as shown in Fig. 6. These predefined masks are the samples that
could interpolate the missing gaps in 3D cardiac volume. The experiments described below were worked
out to test the performance of the proposed method by comparing it with existing algorithms including
FMM (Fast Marching Method) [19], NEWSON [20], and MVR (Multiresolution Volume Reconstruction)
[21]. Figs. 7–9 shows the reconstruction results in Parasternal Short Axis (PSAX), Apical 4-Chamber
(A4C), and Apical 2-Chamber (A2C) views.

The 3D reconstructed cardiac ultrasound image is shown in Fig. 10.

Figure 7: Four predefined masks used in the analysis

CSSE, 2023, vol.45, no.3 2981



Tabs. 5–8 depicts the PSNR (Peak Signal-to-Noise Ratio) and FSIM (Feature Similarity Index) values of
the proposed 3D reconstruction method compared against three different algorithms. Here, the two methods
of the proposed approach are tested with four masks in terms of volume. From the observing performance
analysis, it is evident that the proposed FD-3DVR method outperforms the other methods concerning higher
PSNR and FSIM values. The graphical analysis for five volumes with mask 3 is shown in Fig. 11.

Figure 8: Comparison of five different reconstruction results. (a) Original cardiac ultrasound in PSAX view
(b) ultrasound volume with missing regions. (c)–(g) Reconstruction results of FMM, MVR, NEWSON,
Proposed Method I and II. (h)–(l) Magnified regions corresponding to the second row results

Figure 9: Comparison of five different reconstruction results. (a) Original cardiac ultrasound in A2C view
(b) ultrasound volume with missing regions. (c)–(g) Reconstruction results of FMM, MVR, NEWSON,
Proposed Method I and II. (h)–(l) Magnified regions corresponding to the second row results
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Figure 10: 3D Reconstructed cardiac ultrasound image

Table 5: Volume based performance analysis in terms of PSNR with Mask 1 and Mask 2

Mask 1 Mask 2

Vol.
No

FMM Newson MVR Proposed
method I

Proposed
method II

FMM Newson MVR Proposed
method I

Proposed
method II

1 32.34 34.55 36.67 40.32 39.04 29.14 33.26 34.77 38.44 37.05

2 33.03 35.77 37.33 40.54 40.12 31.89 34.12 35.12 39.72 38.12

3 32.88 35.04 37.12 40.95 39.31 30.31 33.98 35.22 37.89 37.01

4 33.45 36.08 37.99 41.02 40.62 31.12 34.19 35.11 39.75 38.1

5 32.98 35.01 36.33 39.86 39.04 30.34 33.62 35.44 38.22 37.33

Table 6: Volume based performance analysis in terms of PSNR with Mask 3 and Mask 4.

Mask 3 Mask 4

Vol.
No

FMM Newson MVR Proposed
method I

Proposed
method II

FMM Newson MVR Proposed
method I

Proposed
method II

1 28.88 31.33 32.98 37.33 36.16 27.45 29.99 30.88 36.55 35.88

2 29.04 31.55 33.62 38.27 36.77 28.04 30.12 31.95 36.14 34.05

3 29.32 30.33 33.06 36.35 35.83 27.89 28.88 31.48 35.03 34.95

4 28.33 31.389 32.88 38.22 36.43 26.89 29.53 30.88 36.98 34.77

5 30.01 30.66 32.95 36.37 35.77 29.45 28.88 30.66 35.96 34.77
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Table 7: Volume based performance analysis in terms of FSIM with Mask 1 and Mask 2.

Mask 1 Mask 2

Vol.
No

FMM Newson MVR Proposed
method I

Proposed
method II

FMM Newson MVR Proposed
method I

Proposed
method II

1 0.9333 0.9377 0.9588 0.9833 0.9733 0.9199 0.9211 0.9497 0.9711 0.9632

2 0.9364 0.9402 0.9622 0.9813 0.9744 0.9277 0.9396 0.9577 0.9804 0.9677

3 0.9312 0.9422 0.9599 0.9799 0.9634 0.9207 0.9311 0.9481 0.9688 0.9511

4 0.9372 0.9501 0.9644 0.9895 0.9711 0.931 0.9433 0.9572 0.9721 0.967

5 0.9246 0.935 0.9599 0.9744 0.9744 0.906 0.9177 0.94355 0.9633 0.9577

Table 8: Volume based performance analysis in terms of FSIM with Mask 3 and Mask 4.

Mask 3 Mask 4

Volume
No

FMM Newson MVR Proposed
method I

Proposed
method II

FMM Newson MVR Proposed
method I

Proposed
method II

1 0.9011 0.9106 0.9533 0.9688 0.9611 0.8955 0.8955 0.9355 0.9544 0.9437

2 0.9055 0.9066 0.9421 0.9755 0.9588 0.9 0.8935 0.9244 0.9649 0.9377

3 0.9114 0.9163 0.9295 0.9533 0.9484 0.8766 0.9088 0.9125 0.9467 0.9412

4 0.9188 0.9244 0.9377 0.9633 0.9537 0.8949 0.9053 0.9198 0.9522 0.9488

5 0.8944 0.9064 0.9244 0.9537 0.9438 0.8724 0.8855 0.9099 0.9453 0.9353

Figure 11: Graphical plot analysis for five volumes based on (a) PSNR and (b) FSIM with mask 3
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Tab. 9 presents an overall performance analysis of 3D reconstruction results for all the five
reconstruction methodologies. Compared to the other techniques, the observed results of the proposed
method I and II provides an improvement in mPSNR (mean PSNR, average PSNR values of all the five
volumes for the corresponding mask) and mFSIM (mean FSIM, average FSIM values of all the five
volumes for the corresponding mask). Moreover, numerical analysis concerning average difference (AD)
and structural content (SC) are tabulated in Tab. 10. From the table, it is clear that the average difference
of proposed methods I and II outperforms the other methods, particularly with a low difference of
0.25124 and 0.28136 for mask 3. Also, the proposed method achieved maximum structural content
similarities for all the masks, particularly with higher values of 0.9975 and 0.9969 for mask 3. The
graphical plot analysis of the proposed method in comparison with existing methods is shown in Fig. 12.

Table 9: Overall performance analysis in terms of mPSNR and mFSIM.

mPSNR mFSIM

Different
masks

FMM Newson MVR Proposed
method I

Proposed
method II

FMM Newson MVR Proposed
method I

Proposed
method II

Mask 1 32.936 35.29 37.088 37.308 36.192 0.93254 0.94104 0.96104 0.96292 0.95316

Mask 2 30.56 33.834 35.132 38.804 37.522 0.92106 0.93056 0.95125 0.97114 0.96134

Mask 3 29.116 31.0518 33.098 40.538 39.626 0.90624 0.91286 0.9374 0.98168 0.97132

Mask 4 27.944 29.48 31.17 36.132 34.884 0.88788 0.89772 0.92042 0.9527 0.94134

Table 10: Overall performance analysis in terms of AD and SC.

AD SC

Different
Masks

FMM Newson MVR Proposed
Method I

Proposed
Method II

FMM Newson MVR Proposed
Method I

Proposed
Method II

Mask 1 0.76906 0.634 0.54608 0.43946 0.55734 0.97946 0.98832 0.9952 0.986376 0.97962

Mask 2 0.7874 0.75798 0.65792 0.35914 0.42022 0.96658 0.9709 0.9851 0.990352 0.98552

Mask 3 0.79688 0.78588 0.77186 0.25124 0.28136 0.959206 0.96978 0.976 0.9975 0.9969

Mask 4 0.80542 0.79718 0.78582 0.55812 0.724 0.948892 0.958764 0.968708 0.979736 0.972304
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5 Conclusion

In this paper, a novel Flip Oriented 3D Volume Reconstruction (FD-3DVR) Method has been proposed
for reconstructing the cardiac ultrasound (echocardiogram) images. The processing pipeline starts with the
generation of a 3D volume grid using three cardiac views namely parasternal short axis, apical
2 chamber, and apical 4 chamber. The pixels of these 2D cardiac views are mapped into voxels of the
volume grid according to the position. During this mapping, missing data is usually found in the
reconstructed volume as the ultrasound scan images are discontinuous with the unequal separation in
slices. This condition will affect the diagnosis of the exact location of the damaged mitral valve. Hence
the proposed method effectively reconstructs the missing regions using neighborhood voxels. These
neighborhood voxels are obtained by finding similar patches through the 3D ANN matching method. For
finding the most similar neighborhood voxels, flip directional texture information is calculated and also
incorporated into the voxel distance calculation. In this way, the presented work reconstructs the missing
regions and permits the reconstructed regions to blend naturally with the neighboring voxels. According
to the experimental results, the proposed FD-3DVR method can reconstruct the 3D cardiac image with
fewer artifacts and provides better performance than the traditional FMM, MVR, and NEWSON methods
in terms of higher PSNR and feature similarity values. The computational complexity of the proposed
method, however, is primarily due to the searching procedure for similar matching voxels across the
entire volumetric grid. With the development of GPU-based acceleration techniques, computational

Figure 12: Graphical plot of performance metrics for proposed and existing methods (a) mPSNR (b)
mFSIM (c) AD (d) SC
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complexity will be reduced in the future. Along with flip directional features, other features will be
considered to improve the efficiency in echocardiogram reconstruction.
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