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Abstract

Ultrasound remains an attractive option for car-
diac imaging due to its real-time imaging capabili-
ties and high temporal resolution. One key challenge
in echocardiographic imaging is locating an optimal
acoustic window for generating high-quality images.
This task is confounded by the presence of anatomi-
cal structures such as ribs creating imaging shadows.
This study presents an automated algorithm capable
of detecting shadows. The algorithm was tested on a
tissue-mimicking phantom that incorporated specular
objects mimicking the acoustic shadows of ribs. The
algorithm successfully detected and visualized the rib-
sized objects and their accompanying shadow artifacts
with a specificity of 0.73 and sensitivity of 0.76. It’s
implementation could enhance the accuracy and con-
sistency of echocardiographic measurements, leading
to more accurate diagnoses and improved treatment
planning.

1. Introduction

Ultrasound is a widely used tool for cardiac diag-
nostics, providing clinicians with valuable anatomi-
cal and physiological information to evaluate cardiac
health. Despite its widespread use, ultrasound is com-
monly associated with low image quality [1]. Nonethe-
less, ultrasound remains an attractive option due to its
real-time imaging capabilities and the ability to offer
high temporal resolution that can rival the electro-
cardiogram. However, the improvement in temporal
resolution comes at the expense of image quality as
the available acoustic energy for image formation is
reduced due to parallel transmit-receive (TX-RX) op-
erations [2, 3]. A further compounding of the image
quality issue occurs when the transmit wave is ob-
structed by anatomical structures such as ribs, leading
to shadows that can affect larger portions of the field
of view [4, 5]. The current focus of high frame rate
ultrasound has been identifying effective frameworks
for improving image quality [6]. Coherent Compound-
ing of waves uses several successive transmit emissions

pulses fired at various angles. The resulting echoes
are combined to generate a single signal. This is of-
ten done simplest using in-phase and quadrature (IQ)
signals [6]. Coherent Compounding has been shown
to increase SNR by a factor of

√
N , where N being

the number of compounded waves [7]. Coherent Com-
pounding can use a rolling window for generating the
compounded waves, to preserve frame rate. However,
it should be noted, that temporal resolution will be
affected, as the compounded frames are not tempo-
rally unique from each other, making it less suited for
some clinical applications [2].

Harmonic imaging takes advantage of the fact that
tissue behaves differently at different frequencies.
When high-frequency sound waves are transmitted
into the body, the tissue tends to produce sound waves
at double the frequency of the transmitted waves.
These higher-frequency waves are called harmonics
and are more consistent and have less noise than the
original transmitted waves [8].

Clutter-filters are widely used for removal of noise
in echocardiographic imaging. Clutter filters can be
particularly useful in imaging challenging anatomi-
cal structures, such as the heart, which is prone to
ultrasound clutter due to the surrounding anatom-
ical structures [9–11]. While some post-processing
filtering do not handle shadowing and reverberation
artifacts, and potentially removing clinically signifi-
cant information from the ultrasound images, station-
ary noise filters can to some extend reduce shadows
[11]. While filtering shadows has advantages, reduc-
ing the elements generating these shadows could be
advantageous for guiding system operators. Here, al-
gorithms have been created for detection of shadows
or blocked transducer elements [12, 13]. Such algo-
rithms could potentially be used for element-base am-
plitude correction, for optimizing the image quality
[12]. The aim of this manuscript was to identify shad-
ows, due to obscuring objects such as ribs and lungs,
and thereby identifying transducer elements produc-
ing shadows during the imaging process.



2. Methods

The echocardiographic signal is a combination of
acoustic reflections (s) and noise ϵ. The signal is am-
plified dependent on depth. The pixel is then a time-
of-flight sum of the signal as defined in Equation 1.∑

s+ ϵ (1)

The idea behind the algorithm described in Section
2.1 is that if a highly specular target is introduced
between the transducer and region of interest, the re-
flected echoes beyond the specular target will be re-
duced, tending towards 0. However, noise remains
constant, and hence noise along the scan line i will
account for a larger fraction of s. Hence a noise enve-
lope of the IQ data could provide information regard-
ing shadows from specular targets.

2.1. Algorithm

1. Log compressed envelope of IQ signal

Ienv = 20 log10(1 +
√

I2 +Q2) (2)

Where I is the in-phase and Q the quadrature, of the
IQ signals.

2. RMS envelope
A moving rms window size (SRMS(θ)) was calculated
using a window width w = 2.5λ, corresponding to 10
samples as defined in Equation 3.

SRMS(θ) =

√
(
1

R

∫
R

(Ienv(θ, r)− µIenv , θ)(θ, r))
2dr (3)

Where r is the pixel scan depth, θ is the pixel an-
gle, and R is the total scan depth of a frame, and
µIenv(θ, r) being the average pixel value if the angle
θ of over the range window w centered around r.

3. Identify Shadows
A beam θ was identified as shadow, if it was a subset
of a 5◦ region (Φ), and where all scan lines (ϕ) of a Φ
satisfy Equation 4.

SRMS(ϕ) > µSRMS
(4)

Where µSRMS
denotes the average value of SRMS over

all scanlines θ in the FOV . θ, ϕ ⊂ Φ, and Φ ⊂ FOV

2.2. Data & Validation

Data was generated with a resolution of ∆θ = 0.5◦

and ∆r = 0.25λ using a tissue mimicking phantom
(CIRS Model 040GSE, USA VA). Here areas of both

high and low acoustic impedance were captured with
a total scan depth R = 120mm and field of view of
FOV = 80◦, resulting in 160 scan lines per frame.
To facilitate shadow generation, a 2 cm water column
was placed on top of the phantom, and finger was in-
troduced in the path of the transmit beam at various
angles. Validation was done using A graphical user
interface (GUI) presenting the real-time identification
of shadows was utilized to superimpose overlays, high-
lighting the regions of shadow detection in real-time.
For each frame, every scan line was annotated as ei-
ther shadow or not-shadow. In a similar fashion, the
algorithm denoted all scan lines in every frame as ei-
ther shadow or not-shadow. Specificity, sensitivity,
precision, and accuracy were then calculated from all
scan lines for all frames.

3. Results

10 frames, with 160 scan lines each, were acquired
in the CIRS tissue mimicking phantom for both high
and low attenuating medium using a single TX-RX
operation, resulting in a total of 20 frames or 3200
scan lines. Figure 1 shows one frame of a tissue mim-
icking phantom.

Figure 1. Frame of a tissue mimicking phantom, with-
out any shadows. At the 25mm on the x-axis, distance
markers are visible with 10mm spacing between 40mm
and 110mm.

On the right side, at a depth of 40mm, distance
markers can be observed, while Figure 2 shows the
same view for another frame, while a bone obstructs
the distance markers of the tissue mimicking phan-
tom. Using the algorithm described in Section 2.1 ,
SRMS(θ) was calculated for each frame, Figure 4 show



the normalized SRMS(θ) for the frame in Figure 2.

Figure 2. Frame of a tissue mimicking phantom, with-
out any shadows. At the 25mm on the x-axis, distance
markers are visible with 10mm spacing between 40mm
and 110mm.

Measurement High att. Low Att. Total
Specificity 0.83 0.66 0.73
Sensitivity 0.74 0.67 0.76
Precision 0.89 0.67 0.70
Accuracy 0.81 0.67 0.74
f1Score 0.79 0.64 0.73

Table 1. Statistical results for the segmentation algo-
rithm. The results are presented for areas with high,
and low attenuation respectfully, and the combined
results for all scan lines.

The resulting shadows identified by the algorithm
are superimposed with the segmented shadow regions
on Figure 3. The algorithm sensitivity for identifying
shadows was calculated to be 0.73, precision 0.70, and
accuracy 0.73, see Table 1.

4. Discussion

The algorithm presented in this manuscript has
been tested in a tissue-mimicking phantom, and it has
shown promising results, where shadows were identi-
fied correctly in 73 % of scan lines. Further studies are
required to validate its performance in a clinical set-
ting. The algorithm’s clinical potential is not limited
to echocardiography, and it may have applications in
other ultrasound modalities where shadows may de-
grade image quality, such as abdominal or lung imag-
ing. Future directions for this research include ex-

Figure 3. Frame from Figure 2 where identified
and annotated shadows are superimposed on a frame.
Here green represents false negative, yellow true pos-
itive, and gray true negative shadows. The red arrow
denotes scanline (θ = 22.5◦) where the algorithm did
not identify a shadow, see Figure 3.

-40 -20 0 20 40
°

-2

-1

0

1

2

Figure 4. RMS shadow estimator (SRMS) as a func-
tion of scan lines (θ) denoted by the scan line angle.
The red area annotates threshold for shadows. The
red arrow denotes a scan line at θ = 22.5◦ where S is
below the threshold.

ploring the algorithm’s performance on a diverse pa-
tient population, optimizing the algorithm’s parame-
ters for real-time implementation. Furthermore, the
algorithm’s potential for reducing shadow and rever-
beration artifacts in dynamic element exclusion during
transmit-receive operations should be explored.
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