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Abstract: - This paper presents a self-developed automatic pulmonary nodule detection and management
system, built and operating on top of the IoT platform EMULSION as an effective tool for physicians and
patients to conduct preliminary diagnoses of lung diseases and detect potential pulmonary-nodule-related health
issues. The elaborated system architecture is described, including its overall structure, main functional modules,
and their display pages. Providing a more convenient way for physicians to systematically handle and cure their
patients, the designed and implemented system helps alleviate the workload of physicians while also giving

patients more opportunities for follow-up treatment.
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1 Introduction

In China, lung cancer ranks top among malignant
tumors in terms of both incidence rate and
mortality rate. It represents a major chronic disease
that threatens the life and health of Chinese
citizens. According to the China guideline for the
screening and early detection of lung cancer,
published by the National Cancer Center [1], the 5-
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year survival rate of lung cancer patients could be
improved if the number of diagnostic stages
increases. Typically, patients in stage I have a
survival rate of 55.5%, while those in stage IV
have a survival rate of only 5.3%. Therefore,
improving both the early diagnosis rate and the
survival rate of patients are considered important
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goals in the prevention and treatment of lung
cancer.

Pulmonary nodules refer to focal, round, dense,
ground glass, or hybrid structures of various sizes,
contours, and shapes contained in lungs. Given the
possibility that some pulmonary nodules may
deteriorate into lung cancer in a later stage, using
efficient methods to detect pulmonary nodules
quickly and accurately can provide patients with
timely treatment solutions and enable them to have
healthier bodies with more chances of survival.

Traditional detection methods rely on physicians
to observe radiographic images to determine whether
pulmonary shadows are pulmonary nodules indeed
and whether further medical intervention is required.
With the continuous increase in the number of
patients for diagnosing and the rapid increase in the
number of generated lung medical images, relying
solely on the individual capabilities of physicians to
handle this issue is becoming increasingly
inadequate. Therefore, it is imperative to use
automatic systems, utilizing neural-network-based
models, for assisting doctors in pulmonary nodule
detection.

In [2], a computer-aided detection (CAD) system
is proposed for pulmonary nodule detection in
thoracic computed tomography (CT) images based on
the location, shape, size, and gradient features of the
nodules. In [3], a model for automatic detection of
subsolid pulmonary nodules in thoracic CT images is
developed based on 128 expression features extracted
from context information by using a Sequential
Floating Forward Selection (SFFS) and linear
discriminant classification selection. In [4], an
improved residual network structure, combining deep
separable convolution and pre-activation, is proposed
for the detection of pulmonary nodules based on
Faster R-CNN with U-Net coder—decoder structure.

Building on previous research [5], a successful
design and implementation of an automatic
pulmonary nodule detection and management system
operating on top of the IoT platform EMULSION [6]
is showcased here for easy use by both physicians
and patients. This paper provides a detailed
introduction to the design philosophy, functions, and
implementation of the system.

2 System Architecture

Pulmonary nodules, as a common focal lesion of lung
diseases, are crucial for patient treatment if detected
early, followed by an accurate diagnosis. Currently,
existing detection methods primarily rely on
physicians' visual judgment. However, in order to
enhance the accuracy and efficiency of detection,
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there is an urgent need for automated pulmonary
nodule detection and management systems. The main
objective of such systems is to significantly improve
the efficiency of pulmonary nodule detection by
applying automation technologies, thereby assisting
physicians in diagnosing pulmonary nodules in
patients’ lungs more accurately and quickly while
also providing patients with a convenient self-check
pathway. Such a self-elaborate system is described in
this section, dedicated to alleviating the workload of
physicians by increasing the detection speed and
allowing medical teams to focus more on formulating
the best treatment plans. In addition, the system aims
to provide patients with faster and more reliable
diagnostic services and give physicians more time for
in-depth analysis and treatment planning, [7].

The front-end of the designed system consists of
(1) PC front-end pages created by means of the Vue
3 UI framework [8] and (ii) WeChat mini-program
interfaces employing the Taro 3.x framework [9].
The back end utilizes the traditional combination of
Spring Boot [10] and MyBatis-Plus [11] based on
JAVA, with the security and permission framework
being Apache Shiro [12]. For storing the system-
and user data, the MySQL open-source database
[13] is utilized. In terms of model deployment, the
Flask framework [14] is adopted, and the storage of
images and key documents is managed using the
FastDFS high-performance distributed file system
[15]. To enhance the stability and performance of
the system, Nginx [16] is used for load balancing,
which also allows space for future system upgrades
and expansion. The architecture of the developed
system is depicted in Figure 1 (Appendix).

Different registered users access the system
through different interfaces. System administrators
and physicians interact with the back end via the PC
front-end pages, while patients can engage with the
back end through the mini-program entry point.
Comprehensive services are provided on the PC end,
while basic services are offered on the mini-program
end to meet the differentiated needs of different users
and improve efficiency. When conducting pulmonary
nodule detection, the front end sends images to the
Spring Boot server, which stores the original images
in FastDFS and records relevant data in the MySQL
server to associate images with patient and physician
information, [17]. The server decides how the input
images need to be processed based on their category.
For CT images, the server calls the Flask server to
send back the images’ addresses and uses the Python
language to process the CT images stored at that
address. After processing, the results (i.e., the
processed images) are returned to the Spring Boot
server, which stores them in FastDFS and records
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corresponding information in the MySQL database.
Subsequently, the Spring Boot server asks the Flask
server to invoke the relevant pulmonary nodule
detection model. After the detection is completed, the
Spring Boot server saves the relevant result files and
image files.

In guest mode, upon receiving new images
provided by unregistered users, the server, by default
only performs CT image processing and pulmonary
nodule detection without data storage in order to save
disk space. However, the system administrator can
configure the system to store data provided/generated
in guest mode to expand the dataset used for model
training.

Finally, the Spring Boot server displays the
detection results through the front-end interface and
provides services (for downloading the result files) to
users wishing to do so. This process aims to ensure
efficient and accurate pulmonary nodule detection
while considering data storage needs under different
user modes. The overall system operation is
illustrated in Figure 2 (Appendix).

3 System Functional Modules

The designed automatic pulmonary nodule detection
and management system consists of a login and
registration module, an image preprocessing module,
a pulmonary nodule detection module, and an
information management module. The following
subsections present each of these modules separately.

3.1 Login and Registration Module

Users on the PC end need to log in, and if they do not
have an account, they can click on the registration
link in order to be registered as new users to the
system. For registration with a physician identity, the
system administrator must confirm this information
before the registration is completed. At the WeChat
mini-program end, users can choose to log in or
quickly enter the system's detection interface directly
as guests. If they do not have an account, they can
choose to register as patients with a unique identifier,
and their registration does not require confirmation
by the system administrator.

3.2 Image Preprocessing Module

This module is activated if a user uploads non-CT
images (i.e., in another format), for performing the
relevant preprocessing operations and storing the
results in the system for further processing.

3.3 Pulmonary Nodule Detection Module
This module focuses on conducting related detections
of pulmonary nodules and generating detailed
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detection-result information. This information
includes but is not limited to the presence or absence
of pulmonary nodules in the images, the exact
locations of pulmonary nodules, the detection
confidence level, and resultant images with
annotation information that will assist physicians in
obtaining auxiliary support during relevant diagnostic
procedures, etc. The pulmonary nodule detection

sequence diagram is presented in Figure 3
(Appendix).
3.4 Information Management Module

After successfully logging in, the system
administrator is directed to the administrator
homepage, which includes pages for managing
physician role information, patient information, and
system settings. The system administrator has the
authority to perform create, read, update, and delete
(CRUD) operations on both physician and patient
roles, including but not limited to reviewing the
credentials of newly registered physicians,
binding/unbinding between physicians and patient
information, and enabling or disabling global image
information saving features.

After a successful login, the physician is
redirected to the patient information management
page under their name. Patient information can be
directly imported from the registration office or
supplemented by physicians/patients. In this process,
physicians can also query and modify some patient
information but do not have the authority to delete it.

After successfully logging in, the patient is
automatically redirected to the patient information
page, displaying relevant patient information and
showcasing the profile information of the
corresponding physician at the bottom of the page.
Patients have the right to modify some non-core
information to ensure that the database is updated in a
timely manner.

4  Modules’ Display Pages

4.1 Login and Registration Module

This module provides user-login-related
functionality, including login/registration for both PC
and mini-program interfaces. On the
login/registration page, users need to enter their
account name and password to complete the back-end
verification before successfully logging into the
system. If the verification fails, the system displays
an error message, allowing the user to change his/her
password and make another attempt to log in to the
system. The mini-program login interface supports
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guest mode, which allows direct use of a low-
precision version of the detection model. Registration
on the mini-program side is limited to patients, while
PC-side registration allows the choice of a physician's
identity. The physician accounts require administrator
approval before these can be used. The login and
registration interfaces are shown in Appendix in
Figure 4 and Figure 5.

4.2 Image Preprocessing Module

If the images uploaded by users are in medical-
specific image formats, such as DICOM, MHD, etc.,
the system performs relevant preprocessing
operations and stores the results in the file
management system while also displaying these
respectively on the page. Figure 6 (Appendix) shows
the image upload operation interface, whereas Figure
7 (Appendix) illustrates an uploaded original image
and the corresponding image after preprocessing.

4.3 Pulmonary Nodule Detection Module
Images outputted by the image preprocessing module
are inputted into the pulmonary nodule detection
module, which selects the corresponding neural-
network-based model depending on the user type. By
default, guests and patients use the EFPN model [18],
while physicians use the MFFN model [19] for
pulmonary nodule detection. Administrators have the
authority to modify these default configurations. The
images output by the pulmonary nodule detection
module are stored in the file management system, and
the relevant information is returned to the Spring
Boot server and recorded in the patient information
table, providing data support for downloading
detailed result information. The display page of this
module is shown in Figure 8 (Appendix).

4.4 Information Management Module

This module is designed specifically for system
administrators and physicians, providing
comprehensive information management capabilities.
The administrator page presents detailed information,
including the work and vacation status of physicians
and the number of patients handled by each of them.
Administrators can perform operations such as
adding, deleting, modifying, and querying physician
information and, in addition, have the authority to
review new physician registration accounts.
Moreover, administrators can  reassign the
responsibilities of physicians w.r.t. patients, as well
as reset system default parameters and perform other
functions. The administrator’s operation interface is
depicted in Figure 9 (Appendix).
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5 Conclusion

This paper has presented a self-developed automatic
pulmonary nodule detection and management
system built on top of the IoT platform
EMULSION. The system architecture has been
described, including its overall structure, functional
modules, database schema, and model deployment.
In addition, the display page styles and
functionalities of the main system modules have
been presented, providing readers with an intuitive
system operational experience.

The designed and implemented system for
automatic pulmonary nodule detection offers
effective tools for physicians and patients to conduct
preliminary diagnoses of lung diseases. This not
only helps to alleviate the workload of physicians
but also aids in the early detection of potential
pulmonary-nodule related health issues. This way,
the system provides a more convenient way for
physicians to systematically manage and cure their
patients while also supplying the patients with more
options for follow-up treatment. Overall, the design
goal of the presented system is to provide more
convenient and efficient healthcare services for both
medical professionals and patients.
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