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Abstract—This study aims at developing a digital signal 
processing algorithm to extract positive and negative peak velocity 
profiles from Doppler echocardiographic images. These profiles 
are useful in estimating cardiac time intervals and establishing 
realistic boundary conditions for computational hemodynamic 
studies. The proposed image processing algorithm is based on two 
different thresholding methods. The histograms of image intensity 
function were used to help threshold values selection so that the 
algorithm yields velocity profiles properly represent Doppler shift 
envelopes. One of the thresholding methods tended to provide the 
lower-limit (i.e. underestimate) of the velocity profile, while the 
second tended to provide the upper-limit of the velocity profile 
(i.e., overestimate). The final peak velocity profiles were estimated 
from the combination of the estimates from both thresholding 
methods. The peak velocity profiles were then qualitatively 
compared with the results of the standard edge detection methods 
such as Canny and Prewitt approximations. The proposed 
automated approach might be helpful for objective estimation of 
peak velocities and cardiac time intervals. 
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I.  INTRODUCTION 
ardiovascular disease is one of the leading causes of death 
in the world [1]. Doppler echocardiography is a common 

method used to provide quantitative and qualitative diagnostic 
information about blood flow velocity and direction. In addition, 
the measured velocity profiles are used in clinical settings to 
determine cardiac time intervals which would provide useful 
information for various cardiovascular conditions [2]–[5]. These 
velocity profiles also have utility in research studies of cardiac 
physiology and hemodynamics. For example, profiles are useful 
in elucidating the relationship between physiological processes 
and cardiac signals such as seismocardiography [6], [7]. Profiles 
can also be used to develop realistic boundary conditions in 
computational fluid dynamics simulations of the heart and 
arteries, and can potentially lead to more accurate predictions of 
local and systemic hemodynamics [8]–[10]. Peak flow velocities 
in different cardiac phases, including systolic, early and late 
diastolic are also measured from these velocity profiles [11]. 

Image processing and edge detection techniques have been 
used in various medical research studies [12], [13] including 
Doppler ultrasound processing and extraction of velocity 

profiles from these images [14]–[17]. In this paper, a new image 
processing algorithm is presented for the automatic extraction of 
peak velocity profile from Doppler echocardiographic images 
which is less computationally expensive compared to the 
available methods in literature. This paper is organized as 
follows. Section II provides information about the image 
acquisition methods and the proposed image processing 
algorithm. The results are reported and discussed in section III, 
followed by conclusions in section IV. 

II. METHODOLOGY 
Doppler echocardiography data was recorded from the video 

monitor of a Doppler machine (Model: EPIQ 5, Philips, 
Netherlands) using a video recorder (Model: CA-998P, HDML 
Cloner Box Pro, ClonerAlliance, USA) at a frame rate of 30 
frames per second. The echocardiography video frames were 
then read as 8-bit unsigned integer images using MATLAB 
(R2015b, The MathWorks, Inc., Natick, MA).  

The images were considered as a scalar function f (X, Y), 
where X ∈ x = [1, …, m] and Y ∈ y = [1, …, n], and m and n are 
the number of pixels in the horizontal and vertical directions, 
respectively. Fig, 1 shows a sample Doppler echocardiography 
image (i.e., 1 frame of the recorded video) taken from the center 
of the mitral valve of a 55-year-old male with no history of heart 
disease. In this figure, m and n are 1920 and 1080, respectively. 
The Doppler baseline (i.e., zero velocity) is shown as a yellow 
solid line at Ybase = 790. Positive and negative shifts are 
displayed above and below this line, and indicate blood flow 
towards and away from the transducer, respectively. The subject 
electrocardiographic signal (green solid line) is also shown in 
Fig. 1. 

An image processing algorithm was developed to extract 
peak velocity profiles from the echocardiography images. The 
algorithm was based on identification and thresholding of gray 
color pixels in the echocardiography images and it can be 
summarized in the following steps: 

i. The original echocardiographic image (such as the one 
shown in Fig. 1) is loaded.  

ii. A region of interest (ROI) is defined such that it only 
contains the Doppler shift (1 < x < m, nup < y < nlo), 
where nup and nlo are the upper and lower borders of the 
ROI, respectively. Pixels outside the ROI are then 
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removed. For instance, all pixels above nup = 575 and 
below nlo = 1030 in Fig. 1 are removed. 

iii. The gray scale intensity of pixels is calculated. For this 
purpose, the average RGB intensity, µ, at pixel (X ∈ x, 
Y ∈ y) is calculated as: 

𝜇𝜇 = (𝑅𝑅 + 𝐺𝐺 + 𝐵𝐵)/3, (1) 

where R, G, and B are the intensities of red, green, and 
blue components at (X, Y), respectively. 

iv. The RGB image is then smoothed by a moving average 
process. The smoothed image intensity, Ismooth, at (X, Y) 
is calculated as the mean intensity of a (2p + 1) × (2q + 
1) rectangle centered at (X, Y): 
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ(𝑋𝑋,𝑌𝑌) = ∑ ∑ 𝐼𝐼(𝑖𝑖, 𝑗𝑗)𝑋𝑋+𝑝𝑝

𝑖𝑖=𝑋𝑋−𝑝𝑝
𝑌𝑌+𝑞𝑞
𝑗𝑗=𝑌𝑌−𝑞𝑞 /

((2𝑝𝑝 + 1)(2𝑞𝑞 + 1)), 
(2) 

where I is the image intensity (i.e., RGB values) before 
smoothing. In this study, the results are shown for 
p = q = 3. 

v. The maximum µ intensity at each vertical line (i.e., at 
each X ∈ x) is found within the ROI. This value is called 
µmax,X. 

vi. Gray pixel edges are detected using two different 
thresholding methods. In the first method (Fig. 2, up 
panel), edge search starts at upper and lower borders of 
the ROI and moves towards the baseline. The upper 
and lower edges of the Doppler shift at each X are 
chosen as the smallest and largest Y ∈ (nup < y < nlo) 
such that µ(X, Y) > θ1 µmax,X, where θ1 is the threshold 
value (solid blue line in Fig. 2). This method is 
designed to provide a lower-limit of the velocity 
magnitude. 

In the second method (Fig. 2, bottom panel), edge 
search starts from the pixels where maximum intensity 
occurs before and after the baseline (vertical gray lines 
in Fig. 2, bottom panel), and it moves towards the ROI 
borders. The upper edge at each X is found as the 
smallest Y ∈ (nup < y < Ybase) such that µ(X, Y) < θ2 
µmax,X. The lower edge is calculated as the largest Y ∈ 
(Ybase < y < nlo) such that µ(X, Y) < θ2 µmax,X. This 
method is designed to provide an upper-limit of the 
velocity magnitude. 

The intensity histograms of the ROI consisted of two 
main peaks around gray intensities of 0 and 175. The 
first peak corresponds to the black background. The 
second peak falls in the gray color RGB range of the 
Doppler shift. The threshold values for both methods, 
θ1 and θ2, were chosen to be between the two peaks 
such that their resulting velocity profiles agree with 
the expert opinion of the study clinicians. 

vii. The positive peak velocity profile for each 
thresholding method is constructed by connecting the 
upper edges detected in Step vi above. The negative 

 
Fig. 1. A sample Doppler echocardiographic image at the center of 
the mitral valve taken from a 55-year-old male subject with no 
history of heart disease. The horizontal and vertical axes represent 
the number of pixels. 

  
Fig. 2. Edge detection using (up) method 1, and (bottom) method 
2. The averaged intensity is shown for (X = 600, nup < y < nlo). 
Yellow line: baseline, blue line: threshold, gray line: maximum 
intensity before and after the baseline, blue arrows: sweeping 
direction, red dots: upper and lower detected edges. 
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peak velocity profile for each thresholding method is 
similarly constructed by connecting the lower edges.  

viii. The two proposed thresholding methods in Step vi 
estimate the peak velocity differently and necessitate 
different threshold values. The first method starts 
searching for the peak velocity at the ROI borders (see 
the blue arrows in Fig. 2, up panel) and uses relatively 
higher threshold to avoid artifacts at the borders. This 
method estimates a lower-limit (underestimate) for the 
peak velocity magnitude. In contradistinction, the 
second method starts searching for the peak velocity 
from baseline (see the blue arrows in Fig. 2, bottom 
panel) and uses a lower threshold, which would 
estimate an upper-limit (overestimate) of the peak 
velocity profile. The estimated velocity profiles from 
both methods are averaged to construct the velocity 
profiles. The averaged profiles, Pavg, are calculated as: 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎,𝑢𝑢𝑝𝑝 = 𝑃𝑃1,𝑢𝑢𝑝𝑝 + 𝑃𝑃2,𝑢𝑢𝑝𝑝, (3) 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎,𝑙𝑙𝑠𝑠 = 𝑃𝑃1,𝑙𝑙𝑠𝑠 + 𝑃𝑃2,𝑙𝑙𝑠𝑠, (4) 

where P1,up and P1,lo are the upper and lower limits of 
the peak velocity profile from thresholding method 1, 
respectively. P2,up and P2,lo are the upper and lower 
limits of the peak velocity profile from thresholding 
method 2, respectively. The proposed algorithm is 
summarized in Fig. 3. 

The edges of the Doppler shift (i.e., peak velocity profiles) 
are also detected using two standard edge detection methods 
including Canny and Prewitt. In both methods, the gradient of 
the image intensity function is calculated (e.g., using the 
derivative of a Gaussian filter in Canny method). The edges are 
then found by looking for local maxima of the gradient [18].  

III. RESULTS AND DISSCUSSIONS 
Fig. 4 shows the peak velocity profiles extracted from the 

Doppler image using the proposed method. The proposed 
algorithm incorrectly estimated the positive peak velocity 
profile at the upper left edge of the ROI. In this portion of ROI 
(1 < x < 200, 500 < y < 700 of the original image), there was 
some white text. Since the first thresholding method scanned 
the pixels at each vertical line starting from the borders of the 
ROI, this error resulted. The proposed method, however, 
estimated the peak velocity profiles correctly in the other ROI 
regions. The standard edge detection methods used in this study 
(i.e., Canny and Prewitt) were tested for different thresholding 
values in the range of 0.02 – 0.5. Fig. 5 shows the edge detection 
results obtained from these methods for 2 sample thresholding 
values of 0.05 and 0.3. First, Canny approximation with a 
threshold of 0.05 was used to detect the Doppler shift edges in 
vertical direction (Fig. 5.a). Although the method detected the 
Doppler shift edges, it detected too many other edges either 
inside or outside of Doppler shift. A higher threshold can be 
used to reduce these extra unwanted edges. This is shown for a 
threshold value of 0.3 (Fig. 5.c). Here, the number of artifacts 
drastically decreased. However, there are still some artifacts 

 
Fig. 3. Proposed image processing algorithm for peak velocity profile 
extraction from Doppler echocardiographic images. 
 
 
 

 
Fig. 4. Positive and negative peak velocity profiles extracted from the 
proposed algorithm. 
 
 
 
(a)

 
(b) 

 
(c) 

 
(d) 

 
Fig. 5. Edge detection results from standard edge detection methods. (a) 
Canny approximation with a threshold of 0.05, (b) Prewitt method with a 
threshold of 0.05, (c) Canny approximation with a threshold of 0.3, and (d) 
Prewitt method with a threshold of 0.3. 
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around the baseline and Doppler shift borders. Fig. 5.b and 5.d 
show the edge detection results for Prewitt approximation with 
threshold values of 0.05 and 0.3, respectively. Results show that 
Prewitt approximation was not as efficient as Canny method in 
estimating the Doppler shift edges, and, in general, needed 
smaller thresholds. For example, this method did not detect any 
edges for the threshold value of 0.3 as shown in Fig. 5.d. This 
is in agreement with the fact that Prewitt method is more 
sensitive to noise compared to Canny method [18]. The 
proposed method introduced fewer extra edges and artifacts. It 
was also simpler and less computationally expensive than both 
standard edge detection methods since it was only based on two 
thresholding operations. 

IV. CONCLUSIONS 
An image processing algorithm based on thresholding was 

proposed to extract peak velocity profiles from Doppler 
echocardiography images in a simple and straightforward 
manner. Two different thresholding methods were employed to 
estimate the upper and lower limits of the peak velocity 
profiles. Doppler images were smoothed using moving average 
process to improve the quality of extracted velocity profiles. 
The upper and lower limits of the velocity profiles were 
averaged to calculate the peak velocity profiles. The proposed 
algorithm was more efficient and less computationally 
expensive than available edge detection methods including 
Prewitt and Canny approximations. These velocity profiles can 
be used in clinical and research studies including cardiac time 
intervals estimations and computational cardiovascular 
hemodynamics. Future work would quantitatively compare the 
estimates obtained in the current study with more standard edge 
detection methods along with validating these profiles using 
more accurate velocity profiles from invasive catheterization. 
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