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Abstract

This study develops an advanced technique for segmenting the gallbladder from dynamic B-mode ultrasound
images to enhance the accuracy and efficiency of volumetric analysis in medical diagnostics. Using a Wi-Fi probe,
volumetric data are captured and processed into labeled images for training a fully convolutional network (FCN)
model with specifications including an epoch of 9, a batch size of 3, and a learning rate of 0.001. Performance metrics
such as global accuracy, mean accuracy, and Intersection over Union (loU) are evaluated. The MobileNetV2
architecture achieves a maximum mean loU of 0.690 and a mean Boundary F1 (BF) score of 0.990, while the
ResNet50 architecture demonstrates significant effectiveness. This study substantiates the effectiveness of the

MobileNetV2 architecture for precise gallbladder segmentation in dynamic B-mode ultrasound imaging.
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1. Introduction

The gallbladder, a pivotal organ within the human digestive system, is important to various disorders such as gallstones,
cholecystitis, and polyps, each carrying substantial health risks. It is fundamental to develop accurate segmented methods for
depicting the gallbladder with ultrasound images. Ultrasound is a handy and non-invasive tool with wide availability and cost-
efficiency. Meanwhile, ultrasound scanning is also widely used to examine the gallbladder and other soft tissues inside the
human body.

However, the quality of the images is often scattering and spike noise due to the sound wave attenuation in depth. Such
noise in images was produced by the transducer, moving objects, and the operator skill. Moreover, dynamic ultrasound imaging
involves the real-time frames of moving organs and it is difficult to perform image analysis accurately. In general, the
segmentation of ultrasound gallbladder was based on manual or semi-automated techniques. Typically, segmentation requires
considerable labor hours and expertise in human anatomy. The segmentation of ultrasound is usually using machine learning
approaches. Fully convolutional networks (FCNs) have been proven to be an effective method for segmentation of any kind
of image. FCN is designed for segmentation of target regions of the image [1, 2]. Therefore, the FCN is the choice to do the

segmentation of the gallbladder for the dynamic ultrasound images.

Accurate gallbladder segmentation enhances visualization and characterization, crucial for clinicians to identify

abnormalities and assess their size, shape, and other vital diagnostic features [3-10]. Such precision is pivotal in planning both
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surgical and nonsurgical treatments. Specifically, in surgeries like cholecystectomy (gallbladder removal), accurate
segmentation is key for preoperative planning, which renders a detailed anatomical map to guide surgeons during minimally
invasive procedures, thereby reducing complications and improving outcomes [11-13]. Additionally, in managing chronic
gallbladder conditions, segmentation is indispensable for monitoring disease progression or evaluating treatment efficacy,
enabling healthcare professionals to make informed decisions about adjusting or discontinuing treatments [14-16].

The gallbladder segmentation is important to proffer information on location and shape for surgical operation and other
applications. The merits of segmentation techniques are an integration of the FCN model for dynamic ultrasound video and
help to enhance the accuracy of operation. FCN approach is one of the powerful segmented tools that offer high accuracy and
efficiency [17, 18]. The gallbladder segmentation of dynamic ultrasound video has marked an uneasy task. The properties of

FCN architecture are to learn efficiency and adaptability features from input data.

The motivation is to adopt FCNs for segmentation of the gallbladder in dynamic ultrasound imaging primarily focusing
on enhancing the efficiency and accuracy of the diagnostic process. By automating the segmentation task, FCNs significantly
reduce the workload on medical professionals, potentially accelerating diagnostic procedures and enabling the treatment of a
larger number of patients. This work trains an FCN model that could automatically segment the gallbladder in a dynamic

ultrasound video. All sources and references in this paper have been appropriately credited and have rendered originality.

2. Methodology

The methodology of this research followed a structured path, beginning with the acquisition of ultrasound videos. These
videos were transformed into individual static images or frames. There are steps involved in labeling frames with human
drawing boundaries of the gallbladder, followed by the training FCN models and obtaining final results. The entire research

process is encapsulated in Fig. 1, providing a visual overview of the workflow.
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Fig. 1 Diagram illustrating the research methodology
2.1. Data Collection

High-resolution dynamic ultrasound videos of the gallbladder were collected from one of the authors using a cutting-edge
Wi-Fi probe and jelly, resulting in detailed volumetric data. These videos, each 11 seconds in length with a frame rate of 9
frames per second and a resolution of 1088x720 pixels, are illustrated in Fig. 2. The videos underwent a systematic process to
extract static B-mode ultrasound images, from which forty labeled B-mode sonography images were compiled. This curated

dataset was subsequently utilized to train a fully convolutional network (FCN) model.
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Fig. 2 Displays two frames from the ultrasonic video
2.2. Image Labeling

Experienced radiologists meticulously labeled the extracted images, providing accurate outlines of the gallbladder's

boundaries, as depicted in Fig. 3. This careful procedure yielded a dataset comprising forty labeled B-mode sonography images.

Fig. 3 Left is one frame of ultrasonic video concerning the label of the gallbladder (right)
2.3. Training FCN Model

The FCN model underwent training on a meticulously labeled dataset, utilizing the MobileNetV2 and ResNet50
architectures known for their effectiveness in image segmentation tasks. The training parameters were introduced as an epoch
count of 9, a batch size of 3, and a learning rate of 0.001. The models' candidates include InceptionResNetV2, MobileNetV2,
ResNet18, ResNet50, and Xception. Using them to train segmentation of gallbladder for dynamic ultrasound video based on
their excellent deep learning architecture. Meanwhile, a personal computer is configured as RAM 1 TB, hard disk (SSD) TB,
and Nvidia GTX-4090 GPU for training FCN models. These components are particularly adept at navigating the complexity
and variability characteristic of medical imagery, as seen in ultrasound scans of the gallbladder. Their depth and complexity

enable FCN models to learn detailed and subtle image representations, which are essential for achieving precise segmentation.

2.3.1 Dataset Split and Rationale

In this study, a structured approach was applied to split the dataset into training, validation, and test sets. The dataset
consisted of 40 labeled and raw B-mode sonography images. The division was performed as follows: training set 20 images
(50%), validation set 10 images (25%) and testing set 10 images (25%). The rationale behind this split was to ensure enough
data for training the model while also preserving enough samples to validate and test the model's performance. Given the

limited dataset size, maintaining a balance was crucial to avoid overfitting and to ensure the model's ability to generalize.

2.3.2 Data Augmentation to Overcome Potential Limitations

The relatively small dataset size of 40 labeled images presents potential limitations concerning the generalizability of the
findings. Small datasets can incur overfitting, where the model learns the specific features of the training data rather than
general patterns applicable to new data. This could reduce the model's effectiveness when applied to a broader range of images
with different characteristics. In this study, a data augmentation technique was used to simulate twelve different levels of spike

noise and contrasts in ultrasound images (Fig. 4). The original image after being normalized as 0 to 1, denoted as Y, underwent
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a transformation, based on a normal distribution to generate new images (Y™") with varying noise and contrast levels. The

process is mathematically represented as Eq. (1).

Y™ =Y +|df )

Where o is a random number sampling from N(0, 1) representing a normally distributed variable with mean 0 and standard
deviation 1.

Fig. 4. Data augmentation for ultrasound images using spike noise and contrast variations.

2.4. Evaluation Metrics

The evaluation of the model's performance encompassed a range of metrics, including global accuracy, mean accuracy,
mean Intersection over Union (loU), weighted loU, and mean Boundary F1 (BF) score, as illustrated in Fig. 5. This suite of
metrics offered a thorough evaluation of the model’s proficiency in segmentation accuracy and its ability to delineate

boundaries accurately.

Input Image

Target Prediction by FCN

False ! False Y
Negative (FN) X Positive (FP) !

True Negative (TN)

Global Accuracy = (TP+TN)ATP + FN + FP+TN)

loU = Intersection/Union = TP/(TP + FN + FP)

BF score = 2(Recall x Precision)/(Recall + Precision) = 2TP/(2TP + FN + FP)
Recall =TP/(TP+ FN) (also call mean accuracy, true positive rate or sensitivity)

Precision = TP/(TP + FP) (also call positive predictive value or specificity)

Fig. 5 The evaluated matrix for training the FCN model
3. Results

The FCN methods used in this study are Inceptionresnetv2, MobileNetV2, Resnetl8, Resnet50, and Xception. The
MobileNetV2 model furnished the highest mean Intersection over Union (loU) score of 0.690 and a mean Boundary F1 (BF)
score of 0.990 among those of the other methods. The Resnet50 architecture also demonstrated substantial effectiveness,

recording marginally lower mean loU and BF scores in comparison (as detailed in Fig. 1 and Fig. 6).
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Fig. 6 Performance Metrics Comparison of Five FCN Models.

The graphs and detailed discussion highlight the relative strengths and weaknesses of each model. While MobileNetV2
shows slightly better performance in terms of loU, BF Score, and Mean Accuracy, the differences, though small, can be crucial
in high-stakes medical applications. Therefore, the choice of model should consider the specific requirements of the task at
hand, balancing the need for precision with computational efficiency and robustness. The loU is a critical metric for assessing
the accuracy of segmentation models. The difference of 0.014 (1.4%) between MobileNetV2 (0.690) and ResNet50 (0.676)
might appear negligible at first glance. However, in applications requiring high precision, such as surgical planning or

automated diagnosis, even a small improvement in loU can elicit better clinical outcomes.

For instance, more accurate segmentation can reduce the risk of missing critical regions, thus improving the reliability of
the diagnostic process. The Boundary F1 Score measures how well the model delineates the boundaries of the segmented
object. MobileNetV2 achieves a BF Score of 0.990 compared to ResNet50 of 0.976. The 0.014 difference indicates that
MobileNetV2 is slightly better at capturing the precise boundaries of the gallbladder, which is crucial in applications where
boundary accuracy directly impacts the effectiveness of subsequent medical interventions. MobileNetV2 also shows a higher
mean accuracy (0.711) compared to ResNet50 (0.707). Although the difference is small, it suggests that MobileNetV2 has a
slight edge in correctly identifying the gallbladder across different images. This can be particularly important in real-world

clinical settings where variability in patient anatomy and imaging conditions can affect model performance.

These findings render substantial implications for the field of medical imaging, especially for non-invasive diagnostics.
The accuracy and boundary precision achieved by models like MobileNetV2 and ResNet50 are promising for enhancing the
diagnosis and treatment planning of gallbladder-related conditions. This comparative analysis highlights the importance of
choosing the right FCN models for medical image segmentation, considering their unique strengths and challenges.
MobileNetV2, in particular, emerges as a potential benchmark setter in dynamic ultrasound imaging analysis, offering a

promising blend of accuracy and efficiency.

Fig. 7 presents a side-by-side comparison of gallbladder segmentation: one side is the segmentation marked by a clinical
expert (True Label), and the other side is the segmentation generated by the Al using the MobileNetV2 framework (Al Label).
The left image shows the manual segmentation, where a clinician has delineated the gallbladder boundaries, establishing a
reference standard or "ground truth.” On the right, the Al segmentation was demonstrated, showcasing the outcomes of the
automated process. This juxtaposition is designed to illustrate the model's ability to match the precision of the segmentation

of an expert. The resemblance between the two images, particularly in the outlined regions, serves as visual evidence of the
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Al’s proficiency in accurately identifying and outlining the gallbladder’s structure in ultrasound images. The performance of
the MobileNetV2 model is further indicated by the proximity of its generated boundaries to the true labels. This comparison
provides a tangible demonstration of the model’s effectiveness in medical image segmentation, highlighting its potential utility

in clinical settings.

Target Prediction by FCN

Fig. 7 True (Left) and Al (Right) labels generated by Mobilenetv2 model
4. Discussions

The high mean IoU achieved by MobileNetV2 not only underscores its effectiveness in accurately segmenting the
gallbladder but also emphasizes the role of advanced neural network architectures in medical imaging. This distinction in
performance, particularly against traditional methods, highlights the transformative potential of deep learning models in
clinical applications. The comparative analysis between MobileNetV2 and ResNet50 reveals nuanced insights into how
architectural variations can impact feature extraction capabilities, a critical aspect of image segmentation. MobileNetV2's
efficiency in handling image data, coupled with its robustness in delineating intricate structures like the gallbladder, suggests

its suitability for real-time diagnostic applications.

On the other hand, the slightly lower performance of ResNet50 could be leveraged to understand the trade-offs between
complexity and accuracy in model selection. The implementation of FCN-based segmentation, as demonstrated in this study,
could be a major step forward in reducing diagnostic errors and enhancing the early detection of gallbladder diseases. This is
especially significant considering the challenges posed by the varying shapes and sizes of gallbladders, as well as the dynamic
nature of ultrasound imaging. Beyond the scope of gallbladder diagnostics, the success of these models points to a larger trend
in medical imaging, i.e., the growing reliance on and integration of advanced machine-learning techniques The presented
methods are opening new avenues for exploration and innovation in ultrasound dynamic imaging. However, there are still
some limitations in current deep learning approaches. The dependence on large datasets for training, potential biases in data,
and the need for extensive computational resources are factors that must be addressed for these technologies to be more widely

adopted.

This work also opens discussion on the practical implications of uncooperative patients. Both deep learning and machine
learning models are promisingly and pervasively deployed in clinical applications. However, adjusting training
hyperparameters is instrumental, especially during creating deep learning and machine learning models. Therefore, the efficacy
of FCN-based models like MobileNetV2 in the segmentation of gallbladder with dynamic ultrasound has been successful.
Meanwhile, improving the applications can be further investigated in the broader field of medical imaging. The continual
evolution of machine learning technologies promises enhanced diagnostic accuracy and efficiency and symbolizes a need for

a deeper understanding of their impact on healthcare as a whole.

5. Conclusions

This study substantiates the effectiveness of the MobileNetV2 architecture for precise gallbladder segmentation in

dynamic B-mode ultrasound imaging. The presented results demonstrate that MobileNetV2 improves segmentation accuracy
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and expedites the diagnostic process, which is crucial for prompt and efficient clinical decision-making. The notable
performance of MobileNetV2, reflected in high mean Intersection over Union (loU) and Boundary F1 (BF) scores, marks a
significant advancement in medical imaging, where accuracy and speed are of utmost importance. The integration of FCN
models, such as MobileNetV2 into clinical practice, offers more than technical benefits; it has the potential to revolutionize
patient care by enhancing diagnostic precision. The application of FCNs holds promise for the creation of real-time diagnostic

tools, providing healthcare professionals with vital support in the early detection and management of gallbladder conditions.

Additionally, this research lays the groundwork for further investigations into the application of FCNs in a wider range
of ultrasound imaging contexts. It opens avenues for exploring how these Al-driven tools can be standardized and implemented
across different healthcare settings, ensuring consistent and reliable patient care. While the current findings are encouraging,
continuous research and validation within clinical settings remain essential. Enhancing dataset diversity, refining the models,
and further evaluating these technologies in practical scenarios are critical steps toward the seamless integration of advanced
machine-learning methods into routine medical diagnostics. Such efforts are poised to bring significant benefits to both

healthcare professionals and patients.

6. Research Limitations and Future

The training of FCN model on a dataset, comprising forty B-mode sonography images. presents limitations in fully
capturing the diverse spectrum of gallbladder pathologies and patient demographic variations. The inclusion of a larger, more
varied dataset could significantly enhance the model's ability to generalize across different conditions. Currently, the evaluation
of the FCN model has been confined to a controlled environment, leaving its efficacy in varied real-world clinical scenarios,

which involve diverse imaging conditions and equipment, unverified.

Future research should aim to expand the dataset to encompass a wider array of gallbladder conditions, include a broader
demographic representation, and incorporate images from various types of ultrasound machinery. Such diversification is
expected to bolster the model’s robustness and practical utility in clinical settings. The development of automated Al-driven
labeling methods could also prove instrumental in minimizing human bias and reducing the workload involved in dataset
preparation for FCN training. Furthermore, investigating the integration of FCN-based segmentation into prevailing diagnostic
procedures and its consequent impact on clinical decision-making processes would offer significant insights and advancements
in the field.
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