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Abstract—Deep Vein Thrombosis (DVT) is caused by an
abnormal condition of blood clots in the network of blood vessels.
No accurate profile data has been found on the number of
common DVT cases in Indonesia. Several studies were conducted
in several hospitals but with small sample sizes. In common cases,
the diagnosis of DVT is made using Doppler Ultrasonography
to monitor the condition of blood flow through the veins. This
study uses the UNet-ResNet Deep Learning model to semantically
segment the venous area on a 2D ultrasound image. The segmen-
tation model is built from the pre-trained model UNet with the
encoder ResNet-34. The dataset is taken from phantoms, a human
body parts simulation tool. Ultrasound image acquisition on the
Phantom will use Ultrasound Telemed SmartUs EXT-1M, which
is directly connected to a PC. The segmentation model from the
training process was evaluated with the Intersection-over-Union
score (IoU) and Dice Loss. The result of the IoU evaluation on
the standard UNet model resulted in an IoU score of 81.22% and
an assessment of the dice loss of 0.1341. The UNet segmentation
model assessment results with the ResNet-34 encoder using the
IoU score of 84.50% and the dice loss matrix evaluation of 0.0857.
The ResNet-34 model as an encoder in the UNet architecture can
improve segmentation accuracy.

Index Terms—Semantic Segmentation, Ultrasound Image,
UNet-ResNet

I. INTRODUCTION

Deep Vein Thrombosis (DVT) is a disease caused by of-
forming of a blood clot (thrombus) in a deep vein. These blood
clots can block blood vessels in the lungs, potentially causing
serious conditions, such as Pulmonary Embolism (PE) [1].
There is no official confirmation regarding the total number
of DVT cases in Indonesia. Still, in 2020 a research at RSUP
Dr. Kariadi Semarang reported an increased risk of DVT in
patients with glioblastoma and COVID-19 infection due to
hypercoagulability and coagulopathy due to tumor cells and
the SARS-CoV-2 virus [2].

Medical imaging of DVT cases can use MRI, CT Scan,
and Ultrasound (USG) to diagnose DVT areas. The ultrasound
modality is the doctor’s initial choice in diagnosing a group
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of patients who are most likely to be positive for DVT [3].
The choice of ultrasound as a diagnostic modality for DVT
does not cause pain to the patient, does not pose a risk of
spreading radiation exposure to the doctor or patient, and the
cost of imaging using ultrasound is much cheaper than CT
Scan and MRI. Doppler ultrasound is a type of ultrasound
used in diagnosing blood clots based on the results of the
evaluation of blood flow in the veins.

A study that clustered DVT on ultrasound was conducted
by Berthomier et al. [4]. However, they did not show the
clustering results, which proved that the segmentation was
successful. Cluster-based segmentation on ultrasound images
does not give good results. Studies on blood vessel segmen-
tation were carried out using an elliptical shape approach by
Sunarya et al. [5] and Guerrero et al. [6]. In patients with
DVT, the use of an ellipse to determine the contours of blood
vessels on ultrasound images is difficult because blood clots
block it. The weakness of the elliptical approach method is
that it is only an estimated outline of the detection area and
not the actual area. Research conducted by M. Ikhsan et al. [7]
showed the results of identification and classification of blood
vessels could be done using the cascading classifier method.
Research by Jianfeng et al. [8] finger-vein segmentation based
on KFCM and active contour model succeeded in combining
the traditional active contour method with a fuzzy kernel to
produce an optimal segmentation process. The technique used
in the two studies that have been mentioned is still using the
semi-automatic method.

Semantic segmentation is the task of producing pixel-level
labelling of different object categories. In medical image
segmentation, this translates to separating the dominant back-
ground class from the smaller Region Of Interest (ROI) class,
to produce a binary segmentation map. Studies on automated
semantic segmentation using the Deep Learning model Xin
Yang et al. [9] and Nabila et al. [10]. The research shows
the success of the UNet model training for detecting and
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segmenting outliners in the specified area. According to Yang
Ji et al., the accuracy of Dual-Path UNet was 4% - 5%
greater than that of Seg-Net and UNet utilizing an intravascular
dataset from Ultrasound. Intravascular modalities can only be
achieved since ultrasound must be put into the body and into
the vessels [11]. Lang Yuan et al. [12] discovered that when
compared to the standard UNet architecture, the modified
UNet design with ResNet can recognize many objects with
a greater degree of accuracy. The use of deep learning models
with multi-object detection capabilities is very important in
the case of medical imaging DVT which will detect two object
outlines, the vein area, and the blood clot area.

Specifically, we employ the UNet as our segmentation
framework and perform some experiments on UNet architec-
ture’s encoder. To improve the segmentation accuracy perfor-
mance we provide use ResNet-32 to construct the contraction
part of U-Net on Figure 3. Therefore, the residual structure
guarantees the network a better description capability when
contracting images with deeper layers. This study aims to
produce a comparative analysis of UNet and UNet-ResNet
in the segmentation of ultrasound images of veins. The best-
performing model will then be used in the development stage
of a clot determination system (thrombus) in the DVT case.

II. MATERIALS AND METHODS
A. Data Acquisition

The ultrasound Telemed SmartUs EXT-1M modality and
Echowave II software collected venous ultrasound image data.
Researchers collected ultrasound data on a lab-scale and
handled it directly. Data is taken from phantom body parts.
The total data used is 536 ultrasound images, where 445 data
are used for training, 81 data for validation of training, and 10
data for testing. The probe used for the image data collection
on Phantom is a linear probe-type L15-7L40H-5. This probe
has a frequency range of 7.5 MHz - 15 MHz. Figure 1 shows
phantom, modality to acquired data ultrasound image, and
probe.

B. Preprocessing

Ultrasound image data acquired using Ultrasound Telemed
SmartUs EXT-1M is still raw data, so the acquired image
needs to be refined in the preprocessing stage. Preprocessing
has several stages. The first is removing unnecessary parts
from the image by cropping. This method can eliminate
unnecessary parts and focus the image on the object of the
vein to be detected. Next is the stage of equalizing the size of
the image by rescaling, the cropped image has a size that is
not the same between one image and another. The ultrasound
image size is set to 224x224 pixels.

Ultrasound imaging exhibits considerable difficulties for
medical visual inspection and for the development of au-
tomatic analysis methods due to speckle, which negatively
affects the perception of tissue boundaries and the performance
of automatic segmentation methods. Anisotropic diffusion
filter was chosen to reduce image noise without removing
significant parts of the image content. Anisotropic diffusion

Fig. 1. (a) Phantom human body part standart, (b) USG modality Telemed
SmartUs EXT-1M, and (c) Linear Probe type L15-7L40H-5.

resembles the process that creates a scale space, where an
image generates a parameterized family of successively more
and more blurred images based on a diffusion process. The
method needs the estimate of a parameter qO(t) related to the
coefficient of noise variation. The estimation of this parameter
is precisely the weakest point of the method [13]. Aisotropic
diffusion filter in image filtering is shown in 1.

QD) ~9 - (efg) Vulx, 1),
et =0) =wlo, 200 o0

The last step in preprocessing ultrasound images is creating
a masking image (labelling) on ROI of venous. The labelling
process using the freehand method. Figure 2 show an overlay
ultrasound image of venous ROL
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Fig. 2. Venous ROI on Overlay Ultrasound Image.
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Fig. 3. UNet Architecture with ResNet Encoder

C. Model

UNet is a fully convolutional neural network for seman-
tic image segmentation. Convolutional neural networks are
commonly used for classification tasks, where the output to
an image is a single class label. However, in many visual
jobs, particularly in biomedical image processing, the intended
result should contain localization, and each pixel should be
allocated a class label. Furthermore, thousands of training
images in biomedical tasks are generally out of reach. Trained
a network in a sliding-window setup to predict the class label
of each pixel by providing a local region (patch) around that
pixel [14]. Comprises encoder and decoder elements linked
via skip connections. The encoder extracts characteristics of
varying spatial resolution (skip connections), which are then
employed by the decoder to produce an appropriate segmenta-
tion mask. Concatenation is used to join decoder blocks with
skip connections.

In theory, an increase in the number of layers in a neural
network should increase the quality of the model as long as
over-fitting is taken care of. However many architectures have
the problem of “vanishing gradients”. The ResNet architecture
is designed to solve this problem. It is based on the idea of
shortcut connections. They make it possible to guarantee that
with an increase in the number of layers of a neural network it
will not need to learn the identical transformation to remain no
worse than its counterpart with fewer layers. This is because
immediately add a direct connection between the output of
each layer with the input of the next to it layer. Thus the neural
network remains to learn only residuals. In this regard, ResNet
has a great advantage: it is relatively easy to optimize and
thereby increases accuracy by adding more layers [15]. Figure
3 shows UNet architecture with ResNet encoder backbone.

D. Segmentation Evaluation Matrics

To evaluate the model trained performance, use Intersection
over Union (IoU) and Dice Loss. The quality measure used is
ToU, also known as the Jaccard index; it is one of the most
used metrics in semantic segmentation, shown in equation 2.
IoU is a stan extremely powerful and very simple metric. IoU

equals the overlap between the predicted segmentation and the
terrain truth, divided by the joining area between the predicted
segmentation and the terrain truth [16].

 BiNB,
_B1UB2

Dice equation 3 as a reproductive measure [17] as a form
of validation of manual annotation statistics with segmenters
repeatedly annotating with the same ultrasound image, then
the pair-wise overlap of segmentation performed repeated
calculations using Dice.

IoU 2

2(Sa|Sh)
DICE = ———~— 3
|Sa| + |Sp| ©)
III. RESULT

This research was conducted on a computer-based on Ana-
conda with the processor specification of AMD Ryzen 5
4600H and NVIDIA GeForce GTX 1650 Ti. In training the
UNet-ResNet model, several input parameters will be defined.
Batch size will be defined as 16, epoch 40, initial learning rate
of 0.001, the optimizer will use adam, and activation layer in
the model architecture will use sigmoid. The first step is to
divide the dataset from the data acquisition results with the
proportion of 80% (445 images) for training data, 15% (81
images) for validation data and 5% (10 images) for testing
data. The training process will use two different segmentation
models, first using the standard UNet architectural model and
then using the UNet model with the ResNet-34 encoder. The
results of the IoU evaluation on the standard UNet model
resulted in IoU score of 81.22% shown in Figure 4. The
evaluation of the dice loss is 0.1341 shown in in Figure 5.

Training the UNet model with the ResNet-34 encoder using
an ultrasound image dataset of venous shows an increase in the
accuracy of segmentation of the venous area in each training
epoch. The graph of the increase in IoU score in each training
epoch can be seen in Figure 6. The results of the model
performance evaluation using the IoU score show that the
UNet-ResNet model can achieve IoU score of 84.50% and
the dice loss value is at 0.0857 shown in Figure 7.
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Different results were obtained from the training results of
the two segmentation models, UNet and UNet-ResNet. Figure
8 shows the comparison results of segmentation visualization
between UNet and UNet-ResNet model, on the left is an
ultrasound image of veins as input, column 2 is a masking
image (ground truth), column 3 is a predictive image of
segmentation results using the UNet model, and column 4 is
a predictive image of segmentation results using the UNet-
ResNet model. After the model has gone through the training
phase, the model will then be tested using 10 testing images.
At this testing stage, the model shows the predicted results
of the segmentation of the vein area which is shown in the
yellow area.

Image Input Ground Truth Mask UNet Predict Unet-ResNet Predict

Fig. 8. Comparison Results of Segmentation Visualization between UNet and
UNet-ResNet Model

Based on the graphical analysis (Figure 4) of the UNet
training process, there is a vanishing gradient problem. This
problem occurs because of the use of the sigmoid activation
function. Because the value of the sigmoid function ranges
from O to 1, the value of w will get smaller over time.
The longer the layer, the faster the weight (w) value will
decrease, especially if repeated epoch processes. Thus, over
time the value of the gradient Aw will approach zero, and the
adjustment of the w value will no longer be significant. If the w
value adjustment is not significant, the decrease in the epsilon
value (error) will stagnate, even though the solution has not
yet converged. The vanishing gradient problem can be solved
by using ResNet architecture as UNet encoder, where a neuron
skips several neurons in front of it. The results of the UNet-
ResNet model training process in Figure 6 do not indicate the

108



occurrence of the vanishing gradient problem. Training results
comparison between UNet and UNet-ResNet can be seen in
Table I.

TABLE I
TRAINING RESULTS COMPARISON UNET AND UNET-RESNET
Evaluation Model
UNet UNet-ResNet
IoU Score 81.22% 84.50%
Dice Loss 0.1341 0.0857

IV. CONCLUSION

Based on the comparison of the IoU scores for the segmen-
tation of the venous area using the UNet-ResNet model with
the standard UNet architecture, it shows that the segmentation
accuracy performance of the UNet-ResNet model is better than
the standard UNet model. The result of the IoU evaluation on
the standard U-Net model resulted in IoU score of 81.22%
and an assessment of the dice loss is 0.1341. The evaluation
UNet segmentation model with the ResNet-34 encoder using
the IoU score is 84.50% and evaluation of the dice loss matrix
is 0.0857. ResNet-34 architecture for the UNet encoder can
solve vanishing gradient problems during the training process.
The segmentation of the UNet-ResNet34 model can provide
better performance when compared to the UNet architecture.
ResNet-34 model as an encoder in the UNet architecture can
improve segmentation accuracy.
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