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Abstract

Bruises can appear when blood vessels rupture, which can lead to the risk of blood leakage into the surrounding
tissues. Evaluation and detection of these symptoms, especially those related to health problems or accidents, are very
important in medical environments. Bruises can also serve as an alert sign of health problems that a medical evaluation
is recommended and might be urgently needed. Unfortunately, it can be very challenging for medical practitioners to
appropriately identify and categorize bruises due to the complexity of the situations and many types of bruises. The
main goal of this study is to promote the use of Artificial Intelligence (AI) in healthcare systems. It aims to help
improve computer-aided practices by making use of an open-source algorithm such as YOLOvS8 and incorporate it
into a case-based reasoning (CBR) approach for fast and precise identification of bruises. In this study, we introduce
an approach to this problem by using the CBR-YOLO approach. The use of the CBR-YOLO approach can help and
support the decision-making practice. Although bruises have many types and the same appearance, it can still provide
recommendations and commentary on the bruises. This method can be useful in diagnosing patients in a timely
manner.
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1. Introduction

Bruises, the condition is also known as ecchymosis (Hartley et al. 2023), occurs when the blood vessels get ruptured.
As aresult, blood can leak into surrounding tissues. In medical contexts, the identification and evaluation of symptoms
is of the highest significance since symptoms can serve as possible markers of underlying injuries or physical
disorders. Symptoms may also act as potential indicators of psychological or health issues in general. Bruises are
another potential reason for additional medical testing recommended. The process of visually detecting and classifying
bruises may be challenging for healthcare professionals since they frequently require a large degree of expertise in
addition to the use of the individual's personal sense of judgment.

Due to recent advances in computer vision and machine learning techniques, it is now feasible to automate the process
of analyzing and identifying bruises. In this work, we present an Intelligent Decision Support System (IDSS) that
makes it possible to automatically recognize bruises on the human body. This is accomplished by utilizing the most
recent iteration of the object identification approach known as You Only Look Once (YOLO) (Jocher et al. 2023) and
then, it uses Case Based Reasoning CBR approach (Watson and Marir 1994) to search for the most similar cases in a
database and provide suggestions based on the solutions of those cases. This methodology is intended to assist medical
personnel, such as medical practitioners and nurses, in recognizing and assessing bruises in a timelier manner, thus
improving the accuracy and objectivity of diagnosis. Consequently, this leads to improved patient care, reducing the
time it takes to identify an injury, and avoiding the repercussions brought on by misdiagnosed or undiscovered injuries
are all possible outcomes of introducing automated bruise recognition into clinical procedures and workflow.

YOLO, the model and the detection system are explained by (Redmon et al. 2016), is an object detection algorithm
that utilizes learning to identify objects, in images or videos. It stands out as a one-stage detection algorithm that
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prioritizes regression concepts resulting in more efficient performance compared to algorithms. YOLO finds
applications across domains like image classification, endoscopic image recognition, vehicle recognition, and polyp
detection (Nagaraj et al. 2023). The working principle of YOLO involves dividing an image into a grid and making
predictions on bounding boxes and class probabilities for each grid cell. By employing maximum suppression, the
algorithm removes overlapping bounding boxes to provide the final detection results. YOLO offers advantages over
alternative object detection algorithms, including its speed, accuracy, and capability to detect objects of sizes and
shapes. To enhance its performance and accuracy, further researchers have developed versions of YOLO such as
YOLOv3 and YOLOV4; in this study, we use YOLOVS. This powerful tool for object detection finds applications in
fields ranging from autonomous driving and medical diagnosis to the fashion industry.

Case-Based Reasoning (CBR), Figure 1 shows the CBR cycle, serves as a versatile Al technique employed for problem
solving, reasoning, and learning purposes as decision support component that search and identify similar cases from
a database. Its implementation spans domains such as finance, e-learning platforms, medical diagnosis systems, and
predictive analytics. The CBR methodology operates similarly to how humans’ reason and solve problems, which
contributes to its effectiveness. CBR methodology can be applied for diagnosis and decision support. The goal of this
paper is to provide a systematic method for detecting bruises in humans using the YOLO algorithm. This method,
which uses computer vision techniques, can help improve the accuracy and efficiency of recognizing bruises, leading
to better diagnostic outcomes and patient treatment.

1.1 Objectives

The objective of this study is to encourage the use of Al in healthcare systems that supports the decision-making
process and to contribute to the development of computer-assisted diagnostic procedures using the latest open-source
algorithm such as YOLOVS. Furthermore, CBR has already been widely used in several healthcare fields, making it
very affordable and easy to integrate into existing systems. In addition, the study focusses on the detection of bruises
in visible areas of the body, such as the arms, face, and legs, as provided by a publicly available dataset. It is critical
to note that, as a scope, the study does not address the classification of different types of bruises such as contusions,
hematoma, and petechiae.

The rest of this paper is organized as follows. Section 2 is the related work reviewing case-based reasoning (CBR)
and YOLO in the health care domain. Section 3 proposes the conceptual CBR methodology and YOLO for detecting
bruises and Section 4 presents the results and discussion of the findings. The conclusion is presented in Section 5 of
this study.
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Figure 1. CBR Cycle
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2. Literature Review

This section reviews the research done on YOLO and CBR in the domain of healthcare systems as well as the detection
of bruises. Identifying bruises is a crucial step in diagnosis and medical image analysis, in general. There are many
research studies that identify the age of the bruise using sophisticated equipment such as Multispectral Imaging (MSI)
(Sprigle et al. 2007) and using visible diffuse reflectance spectroscopy to identify the age of the bruise (McMurdy et
al. 2007). In addition, there is a study by (Stam et al. 2010) that uses a 3D model simulation to examine how skin
thickness, bruise diameter, and diffusivities impact the healing of bruises. Another study that proves the possibility of
infrared-aided photography could be used to identify a prior accidental injury after the skin changes associated with
the injury have resolved and are no longer apparent to the naked eye (Rowan et al. 2010).

One of the most challenging and prevalent problems in computer vision is object detection. During the past decade,
researchers have been working to develop new methods and techniques that can improve the performance of this
challenging task. These include the use of deep models for segmentation, localization, and classification. Due to their
fast inferences, YOLOs are commonly used in various applications, such as image recognition. For instance, the
detection accuracies of Fast-RCNN and YOLO are around 70 and 63.4, respectively. However, in contrast, the time
it takes to perform inference is around 300 times faster with YOLO (Diwan et al. 2023).

YOLO object detections have been used in many application areas in the health care sector that provided solutions for
the diagnosis of diseases based on images. A study by (Nie et al. 2019) uses YOLO deep conventional neural network
to detect melanoma. Another study by (Rivero-Palacio et al. 2022) used the YOLOVS5 algorithm in an embedded
mobile application to detect anemia with promising precision for the results. Furthermore, another study by
(Aldughayfiq et al. 2023) used YOLOv5-Based learning model for pressure ulcer classification and detection,
resulting in better patient outcomes and reduced cost of healthcare. Furthermore, a study by (Tareq et al. 2023) proved
that using the hybrid YOLO ensemble and transfer learning model will improve the accessibility of oral healthcare in
rural areas with limited resources.

The use of case-based reasoning systems in healthcare has led to the development of effective and efficient diagnostic
and treatment procedures for various diseases. It can help with decision support and diagnosis. For example, there is
a study (Alexandrini et al. 2003) that investigated the possibility of integrating CBR into health care organizations.
They developed a CBR-based system able to retrieve written text of medical documents and convert them into a
structured report. A case-based expert system was able to identify a similar case within the Euclidean framework using
the k-nearest neighbor algorithm (Chattopadhyay et al. 2013). Another example also is that an illustration prototype
called the Swine Flu Diagnostic Assistant (SFDA) has been created using CBR techniques to aid in diagnosing cases
of Swine Flu (Chakraborty et al. 2011). An example of a CBR in diabetes management and treatment is presented in
an application. The system analyzed patient records such as physical examination and laboratory results. Then it
compared these with previous cases using the k-NN algorithm (Kiragu and Waiganjo 2016). A novel TOPSIS-CBR
goal programming approach (Malekpoor et al. 2022) was proposed for sustainable healthcare treatment; the proposed
method can help oncologists make better decisions regarding the treatment of their patients. It can also deliver a high
dose to cancer cells while ensuring that the surrounding organs do not get damaged. The effectiveness of the system
is tested by analyzing real data collected from a hospital in Nottingham.

Furthermore, the systems proposed by (Amin et al. 2013) to diagnose and predict diseases are based on the extraction
of hidden relationships and patterns from medical records. These methods can be useful in the design of efficient
decision support systems.

3. Methods

To prepare for the study, images of bruises from different sources, such as medical journals and online databases,
were studied and collected to train a decision support system that will automatically detect injuries. The dataset was
subsequently exposed to a sequence of steps in order to guarantee that it was fit for machine learning intentions. First,
the requirements and objectives of the dataset were identified. Second, the images were collected from different
resources to guarantee a uniform and diverse representation of the bruises. This is critical to train a model that can
accurately identify injuries. Medical databases, clinical records, personal photos, and research studies were utilized to
create the data. Then we labelled the images to ensure that they contained the correct location and details. To train the
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model, we used the Roboflow annotation tool (Roboflow Universe: Open Source Computer Vision Community) to
define frames around the bruises, which allowed to learn about their visual appearance, see 2.

Analyzing and labelling the data accurately is very important to ensure that the system can detect and identify bruises.
To ensure that model training and evaluation are performed correctly, we divided the data set into three groups:
training, validation, and testing. The training set consisted of 78% of the photos and the validation set included 15%
of the images. This allowed us to monitor the performance of YOLOVS. About 7% of the images were used for the
test set, which was an independent evaluation of the system's final performance. Prior to the start of the training phase,
we utilized various preprocessing techniques to improve the quality of the images and their usability. These included
cropping or resizing them to a consistent size and normalizing the values. We also utilized random flipping, rotation,
and scaling to increase the data set's diversity and improve its generalizability; augmentation process; see example in
Figure 3. Figure 4 shows the image processing cycle using YOLOVS to generate the initial database and the YOLO
model.

Figure 2. Image annotation using Roboflow dataset.

Figure 3. Data Augmentation
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Figure 4. Images processing cycle using YOLOVS.

For the second stage, we integrate the YOLOv8 model that has been trained into the CBR cycle. The goal of this
system was to integrate the YOLOVS8 object recognition framework for automatic detection of bruises into CBR, and
we call it a CBR-YOLO approach and depicted in Figure 5. The three main components of the system are the output,
input, and detection modules. So, users can basically upload an image of a bruise to the input module, which will then
process the image and send it to the detection section.

The YOLOv8 model is used in the detection module to identify bruises in the image and compare it with a retrieval
case. It outputs the coordinates of boxes around the objects detected by the system, as well as labels and confidence
scores for each box. The output module provides an interactive and intuitive way for users to learn about the results
of the system's automated detection of bruises. It displays the original image with the boxes around the edges
highlighted in varying colors, and users can click on the boxes to view their details, such as the location, size, and
confidence score of the bruise.

The output module displays the results of the procedure to detect bruises in an interactive manner. It includes the

original image with boxes around the edges that are colored differently. The user can then click on the labelled boxes
to inspect the details of the bruise, such as its dimensions and location.
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Figure 5. CBR-YOLO proposed model

4. Results and Discussion

In this study, several experiments were carried out to validate the accuracy of the models; at least, the bruises were
identified. Additionally, we tested YOLOv5, YOLOvV7, and YOLOvVS. The performance of the latter outweighs those
of the previous versions. Google Colab was used to train the CBR-YOLO model object detection framework using
GPU. Although this model is capable of running on CPU, it can be improved by utilizing GPU. The results of the
proposed integration of CBR and YOLOVS are promising in terms of instant detection with a high degree of
confidence. The CBR-YOLO approach showed a high level of accuracy when it came to properly detecting bruises
for the test data group. The model was also able to detect and classify multiple locations of bruises in the same area.
This allows it to demarcate the types of bruises, see Figure 6.

The input images in the proposed model were set to 640 x 640 pixels with epochs of 25 and a batch size of 8. The
models were trained for 20 training steps to obtain a converged result with the lowest average loss. To further optimize
the training parameters, the initial learning rate was set to 0.1while the momentum was set to 0.9. Additionally, a
weight decay of 0.005 was used to avoid overfitting of the model. During training, we monitored the loss function,
which is a combination of localization and classification losses, to ensure that the model is converging. We used the
mean average precision (mAP) metric, which is a standard evaluation metric for object detection, to evaluate the
performance of the model in the validation set.

© IEOM Society International 547



Proceedings of the 4" Asia Pacific Conference on Industrial Engineering and Operations Management
Ho Chi Minh City, Vietnam, September 12-14, 2023

The results of the YOLOv8 show that there is potential for successful outcomes in terms of the rapid diagnosis of
bruises without the need for complex equipment. The method can be used as an initial diagnostic tool for photographs
of bruises, which can help provide timely and suitable medical treatment. Figure 6 shows the detection of bruises in
the test images.

bruise 0.30

bruise 0.58

Figure 6. Testing Result Samples

One of the main advantages of using YOLO and CBR for medical image analysis is the ability to provide fast and
accurate detection of abnormalities such as bruises, as well as the possibility of generating comments and severity
scores and attaching them to the training process for each case. This adds another dimension to the diagnostic process,
as it not only identifies the location and type of the abnormality or bruises, but also evaluates its severity and provides
relevant instantaneous feedback.

5. Conclusion

Integrated Case-Based Reasoning and YOLO have been applied together as an approach to diagnosis and identification
of bruises. In this paper, we have proposed the CBR-YOLO approach for the identification of bruises. There is one
process that differs from the original case-based framework (YOLO prediction process).

The result of the CBR-YOLO approach is quite significant decision-making for practitioners in the healthcare setting.
Especially, it can give suggestions and comments although the bruises are similar in shape. Consequently, the
proposed methodology is beneficial for the diagnostic system.
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