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ABSTRACT

The "Software Tool for Lenseless Microscopy" is developed to facilitate efficient acquisition, processing, and
analysis of biological samples using a compact, lens-free imaging system. This software integrates multiple
functional modules that collectively enhance the usability and precision of digital microscopy. Designed for
researchers and laboratory professionals, the system bridges the gap between hardware components—Ilike
CMOS sensors—and image processing frameworks through a seamless software interface.
The application begins with secure login access for both users and administrators. Admins are granted
functionalities such as user management and system activity monitoring through logs. For regular users, the
software enables direct image capture via connection to a CMOS sensor, acquisition of raw images, and
subsequent image enhancement using OpenCV. The processed images are displayed in real-time and can be
stored locally for further analysis or documentation.
Additional features include automatic logging of user activities, viewing and exporting of analytical reports,
and the ability to print high-resolution output. By combining image acquisition, processing, storage, and
reporting into a single platform, the tool ensures accuracy, efficiency, and ease of use for laboratory
applications.
This software aims to significantly streamline laboratory workflows, reduce dependency on bulky traditional
microscopes, and provide a cost-effective, scalable solution for biological imaging. Its modular architecture,
real-time processing capabilities, and intuitive user interface make it a vital tool in modern digital pathology
and biomedical research environments.
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Introduction

In today’s rapidly advancing
scientific era, there is an increasing
demand for innovative imaging
technologies, especially in the
domains of biological and medical
research. In fields such as molecular
biology, pathology, and clinical
diagnostics, the ability to visualize
and analyze biological samples with
precision is critical for
understanding cellular structures,
disease progression, and treatment
efficacy. Traditional optical
microscopy, while highly effective,
often involves expensive lenses,
complex equipment, and bulky
setups that may not be suitable for
all  laboratory  environments—
especially in resource-constrained
settings. To address these
limitations, our project introduces a
cost-effective and portable solution:
a software tool for lenseless
microscopy. This tool is designed to
enable high-resolution biological

advanced computational methods,
eliminating the need for
conventional optical lenses. [1-6]
The core technology  behind
lenseless ~ microscopy  involves
capturing light diffraction patterns
from biological samples using a
CMOS sensor and reconstructing
detailed images through
sophisticated image  processing
algorithms. Our project employs
phase retrieval, de- convolution, and
denoising techniques implemented
using Python libraries such as
OpenCV  and NumPy. These
algorithms interpret the raw sensor
data and reconstruct accurate im-
ages, offering researchers valuable
insights at a lower cost and greater
accessibility. The simplicity of the
hardware design—relying primarily
on the CMOS sensor and
Raspberry Pi 4 B+—makes this
solution ideal for deployment in
educational, field, or under-
resourced laboratory environments.
[7] The software tool features a user-
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friendly graphical interface built
using PyQt5, al- lowing users to
easily interact with the system. The
interface supports functions such as
real-time image capture,
visualization, image enhancement,
and PDF report generation us- ing
ReportLab. The inclusion of user
and admin login functionality
ensures controlled access, while an
activity log records system usage for
transparency and traceability. The
application  runs on  various
platforms, making it accessible on
standard desktop systems. [8] A
secure and structured file-based
storage system is integrated to
manage captured images and their
corresponding analysis results. This
facilitates easy retrieval,

comparison, and validation of

previous data, enhancing the
research workflow. Researchers can
upload new samples, execute image
processing algorithms, and generate
detailed reports without re- quiring
extensive training or technical
knowledge. This seamless
integration of hardware and software
promotes faster experimentation,
real-time feedback, and more
efficient decision- making. To
ensure real-time performance, the
system is optimized to process and
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display cap- tured images
immediately, making it suitable for
dynamic scenarios such as live-cell
imaging and time-sensitive
diagnostics. The tool 1is also
designed to be modular, allowing for
future extensions—such as
automated sample detection or
integration  with  external lab
equipment. In  summary, the
Software  Tool for Lenseless
Microscopy provides a compact,
low-cost, and powerful alternative to
traditional microscopy systems. By
leveraging computational optics,

sensor-based imaging, and modern
software development techniques,
this project con- tributes significantly
to democratizing access to advanced
biological imaging for educational
institutions, research labs, and
clinics worldwide. [9-10]

1. Material and method

1.1 Methodology

The development of the Software
Tool for Lenseless Microscopy
followed a modular and iterative
approach to  ensure accuracy,
usability, and performance. The
methodology is broken down into the
following phases:

* Requirement Analysis:
Before initiating the project,
a thorough requirement anal-
ysis was conducted. The goal
was to build a cost-effective
and portable  microscopy
solution that could capture,
process, and visualize
microscopic images using a
CMOS sensor connected to a
system. Key functional
requirements included:

1. Real-time image capture using

CMOS sensor hardware.

2. Preprocessing and enhancement

using OpenCV.

3. An interactive desktop-based GUI

developed in PyQts.

4. Secure user and admin login

systems.

5. Activity logging and image
export functionalities.

6. Report generation in PDF format

using ReportLab.

Figure 1: Architecture of

Software Tool for Lenseless

Microscopy.

e System Design and
Architecture: The system
was developed wusing a
modular, scalable architecture
tailored for image acquisition,
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processing, and  reporting.
The design emphasizes
separation of concerns across its
major components to ensure
main- tainability and
performance. [11]

The architecture follows a three-tier

structure:

Presentation Layer: This
layer is implemented using
PyQt5 and provides an in-
tuitive graphical interface for
both  regular users and
administrators. The interface
includes panels for live image
capture, real-time processing
options, report generation, and
user management. Designed
with accessibility in mind, it
allows users with min- imal
technical background to
navigate features such as
image filters, zoom tools, and
report saving. Status updates,
logs, and feedback are also
displayed in real time to guide
user interaction.

Application Layer: Acting
as the core logic handler,
this layer bridges the GUI
with underlying image
processing and data handling
modules. It handles user
authen- tication, controls the
CMOS sensor interface for
capturing images, applies
processing operations using
OpenCV, and  generates
structured reports using
ReportLab. The logic is
designed to handle sequential
operations such as initializing
camera streams, processing
frames, and storing session
data while maintaining
responsiveness.  This layer
also manages error handling
and file management, ensuring
a robust user expe- rience.

Data Storage Layer: The
system uses a structured file-
based storage mechanism to
organize captured images,
logs, and PDF reports. Each
user session is timestamped
and saved in  uniquely
identified folders, maintaining
traceability of samples and op-
erations. Though a lightweight
design is adopted, the system

architecture is scalable enough
to support database integration
in future upgrades, enabling
features like in- dexed search
and centralized records. To
ensure future adaptability and
maintain loose coupling
between modules, the sys- tem
logic is encapsulated in
callable classes and
functions, allowing for
potential API integration.
While current communication
is internal and event-driven,
the design is prepared for
REST API inclusion, enabling
future enhancements like
remote monitor- ing, mobile
app integration, or cloud-
based backup. The
architecture also focuses on
resource efficiency and
portability. It is optimized to
run on low-powered systems
such as Raspberry Pi-based
setups, ensuring feasibility in
educational and remote lab
environments. The system
captures high-resolution
images while keeping memory
usage  minimal, allowing
smooth  performance even
without high- end hardware.
Security is embedded through
file access restrictions and
role-based login controls, en-
suring data confidentiality and
preventing unauthorized
changes or access to sensitive
images and reports. While no
external network
communication is currently
involved, the system design
adheres to principles of local
data privacy and user integrity.
[12]

Module Development: Each
module in the Software Tool
for Lenseless Microscopy is
purposefully  designed to
streamline the process of
capturing, processing, analyz-
ing, and reporting microscopic

images. The modular
architecture allows
independent development,

testing, and integration of
features, making the system
flexible and main- tainable.

Image Acquisition Module
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serves as the system’s entry
point, interfacing directly
with the CMOS image sensor
to capture raw data. This
module  handles camera
initialization, configuration of
capture parameters such as
exposure and resolution, and
real-time display of live
imaging. It is designed to
support plug-and-play
operation, allowing users to
initiate sample capture with
minimal setup or technical
knowledge.

Image Processing Module
is responsible for enhancing
and analyzing captured
images using OpenCV. It
offers a suite of tools including
noise reduction, contrast
adjustment, grayscale
conversion, and edge
detection. These operations
are essential for improving the
visibility =~ of  microscopic
features in biological samples.
The module supports both
automatic and manual modes,
enabling users to apply custom
filters or rely on pre-
configured processing
pipelines for consistent results.
User Management Module
facilitates secure access to the
system. It includes role- based
authentication for
administrators and general
users.  Administrators  can
access system logs, manage
stored data, and oversee
system settings, while users
are limited to image capture
and report generation. This
division enhances data security
and operational control,
particularly in shared lab
environments.

Session Logging and
History Module maintains a
detailed record of all user
activ-  ities and  image
captures. Each session is
timestamped and stored in
structured folders for easy
retrieval and auditing. This
module ensures
reproducibility of
experiments and provides
traceability in academic or
clinical research contexts. It

also contributes to system
reliability by logging errors
and operational events for
diagnostics.

PDF Report Generation
Module automates the
creation of structured reports
summarizing each microscopy
session. Reports  include
processed images, metadata
such as user ID, date, and
sample description, along with
applied  processing  tech-
niques. Using the ReportLab
library, the system generates

professional-quality docu-
ments suitable for academic
documentation, project

submissions, or lab records.

File Management Module
organizes and  safeguards
image and report data. Cap-
tured images and their
processed versions are stored
in separate directories for
clarity. The module also
prevents unintentional
overwriting and supports basic
file operations like renaming,
deletion, and backup
preparation. Future upgrades
can link this module with
cloud storage or centralized
databases for enhanced
accessibility.

Together, these modules work
cohesively to create an end-to-
end Lenseless microscopy
solution that 1is low-cost,
portable, and effective. Each
component is crafted to
support the broader goals of
accessibility, accuracy, and
efficiency in biological
imaging, making the system
suitable for educational,
research, and resource-limited
healthcare settings. [13]

Database Integration: To
manage user authentication,
session logs, and metadata
associated with captured and
processed images, the
Software Tool for Lenseless
Mi- croscopy employs a
lightweight yet efficient file-
based data storage approach.
Given the standalone and
offline nature of the system,
especially in educational or
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research settings where
internet access might be
limited, this method ensures
simplicity and  reliability
without the overhead of a full-
scale database server.

The storage system organizes
data into structured directories
that correspond to user
sessions and image capture
activities. Each session folder
contains the original and pro-
cessed image files, along with
associated metadata stored in
structured text or JSON files.
These metadata records
include details such as user ID,
capture date and time, sample
description, and image
processing parameters applied.
This structured format enables
easy retrieval, indexing, and
sorting of session data during
report generation or when
reviewing past activities.

For authentication and access
control, a secure file-based
mechanism maintains user
credentials and access roles.
Each user has a defined role,
such as administrator or
general user, which determines
the level of access to different
functionalities  within  the
software. Role-based
restrictions are enforced
during login, ensuring that
sensitive features like data
deletion, session logs, and
system configurations are
accessible only to authorized
personnel.

Although not built on a
traditional relational database,
the system is designed to be
scalable =~ by  maintaining
consistent directory structures
and naming conventions. This
logical organization allows
users to handle increasing
volumes of data without
performance degradation.
Furthermore, each user session
is isolated in its own folder,
making data backup and
portability straightforward.
For larger deployments or
future upgrades, the system
design can be easily adapted to
support SQLite or MySQL for

enhanced data handling.

Data security is a core
consideration in the file
management system. Access
to data directories is restricted
based on user roles, and file
permissions are set to prevent
unauthorized modification or
deletion of critical records. In
addition, sensitive user
credentials are stored using
hashing techniques to protect
against unauthorized
access.Transaction integrity is
ensured through the use of
intermediate storage buffers.
When image data is being
processed or a PDF report is
being generated, temporary
files are wused wuntil the
operation is confirmed as
successful. Only after
validation are final files
saved to the permanent
session folder. This prevents
corruption of data due to

unexpected errors or
interruptions during
processing.

To maintain audit trails, the
system logs user activity,
including login timestamps,
image captures, processing
actions, and report
generations. These logs are
stored in a centralized log file
or directory, helping
administrators monitor usage
patterns and  troubleshoot
issues. Such tracking also

provides a level of
accountability important in
research environments,

especially when the software
is used in collaborative
settings.

While the current file-based
approach offers simplicity and
efficiency for desktop use, the
system architecture is designed
with extensibility in mind. In
future iterations, it can be
seamlessly integrated with
cloud-based storage solutions
or upgraded to use a relational
database to support multi-user
environments and remote data
access. This flexibility ensures
that the Software Tool for
Lenseless Microscopy can
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evolve with user needs while
maintaining its core values of
accessibility, security, and
performance. [14]

User Interface Design: The
user interface (UI) of the
Software Tool for Lenseless
Microscopy is developed using
PyQt5, a Python-based GUI
framework that enables the
creation of  cross-platform
desktop applications with rich,
native-style interfaces. The
interface is designed to be
clean, intuitive, and user-
friendly, ensuring that users
from research, academic, or
clinical  backgrounds can
navigate the software with
ease, regardless of their
technical expertise.

The main dashboard provides
easy access to all core
functionalities, including
image capture, processing,
user login management,
activity logs, and report
generation. Each module is
organized into dedicated tabs
or windows, reducing clutter
and ensuring that users can
focus on a single task at a
time. The layout is consistent
throughout the application,
with clearly labeled buttons,
tooltips, and visual feedback
mechanisms that guide the
user through each step of the
image acquisition and analysis
workflow.

The design prioritizes clarity

and responsiveness. Icons and
graphical elements are chosen

for simplicity and
functionality, ensuring a
minimal learning curve.

Features such as real-time
image display, zoom options,
and enhancement sliders are
integrated into the interface to
offer a hands-on, interactive
experience while viewing and
an- alyzing captured images.
This helps users immediately
see the results of processing
techniques such as contrast
adjustment or edge detection.

The UI also incorporates login
screens for administrators and
general users, with tai- lored

access to specific features
based on their  roles.
Administrators can access and
manage session logs,
configure system settings, and
oversee user activity, while
gen- eral users are provided
with tools for capturing
images and generating reports.
This role-based customization
ensures that each user has a
focused and relevant interface
without unnecessary
distractions.

Although primarily a desktop
application, the interface is
designed with scalability in
mind. It can be adapted for
touch-enabled  devices or
ported to a web interface in

future versions, offering
greater flexibility in
deployment. Visual

consistency is  maintained
across  different  operating
systems, providing a familiar
experience on  Windows,
Linux, or macOS
environments.

Real-Time Data Processing:
One of the key capabilities of
the  Software  Tool  for
Lenseless Microscopy is its
ability to perform real-time
data processing to facilitate
immediate visualization and
analysis of biological samples.
The system captures raw
image data from a CMOS
sensor and processes it on
the fly using Python libraries
such as OpenCV. This allows
users to observe processed
outputs, such as enhanced
contrast or noise reduction, in
near real-time as the image is
being captured.

When a wuser initiates the
image acquisition process, the
application immediately dis-
plays the live feed from the
sensor, applying processing
algorithms like sharpening,
thresholding, and filtering in
real time. This immediate
feedback helps users determine
the quality of the captured
image without the need for
additional steps, significantly
improving the efficiency of
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microscopic examination in
laboratory or field settings.

The system also integrates
real-time status indicators for
hardware connectivity and
image  processing  stages,
ensuring that wusers are
continuously  informed of
system op- erations. If any
error occurs during image
acquisition or  processing,
appropriate alerts are
displayed instantly, allowing
users to take corrective action
without interrupting the
workflow.

Moreover, activity logs are
updated in real time,
maintaining a  continuous
record of user operations,
captured images, and analysis
results. This ensures that all
user in- teractions and system
responses are tracked instantly
for auditing and
troubleshooting purposes.

By offering real-time image
capture and processing, the
tool significantly enhances
productivity and  usability,
particularly in scenarios where
immediate sample evalua- tion
is necessary. This feature
ensures that users can make
timely decisions based on
visual data, supporting faster
diagnostics, research, and
educational outcomes. [15]

Testing and Quality
Assurance: Testing plays a
critical role in ensuring that
the  Software  Tool for
Lenseless  Microscopy  is
stable, functional, and ready
for deployment in research and
educational environments.
The project undergoes
multiple levels of testing to
validate its  performance,
reliability, and usability across
all features and modules.

Unit Testing is performed on
individual components such as
image capture,  real-time
processing, user login, and
PDF report generation. Each
function is tested indepen-
dently to ensure that it
operates  correctly  under

different  scenarios. This
includes verifying that the
CMOS sensor captures images
accurately and that image
processing filters like contrast
adjustment, thresholding, and
edge detection work as
intended.

Integration Testing is used
to confirm that different
modules, including the GUI,
image acquisition, processing
pipeline, and file storage, work
cohesively. It ensures that
data captured by the sensor
is correctly processed,
displayed, and saved, and
that reports are generated from
the correct input sources
without any data loss or
misalignment.

Performance Testing
evaluates the system’s ability
to handle large image files
and continuous data streams
from the CMOS sensor. It
verifies that the application
re- mains responsive during
real-time processing and that the
graphical user interface re-
mains  stable even when
performing complex operations
or generating high-resolution
reports.

Security Testing is
conducted to ensure that
sensitive data, such as user
creden- tials and activity logs,
is  securely stored and
protected against unauthorized
access. This includes
validating password
protection, secure file storage
practices, and limiting access
to administrative
functionalities based on user
roles.

User Acceptance Testing
(UAT) is carried out with
researchers and students who
represent the target user base.
Feedback is collected on ease of
use, functionality, and clarity of
the interface. Suggestions from
UAT help refine the interface
layout, optimize tool
responsiveness, and ensure
that the application aligns
with user expectations for
real-world microscopy
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applications.

Through rigorous and
iterative testing, the system is
refined and validated to
ensure it performs reliably in
practical settings, supporting
accurate imaging, user-
friendly interaction, and data
integrity across its operations.

Deployment and Feedback:
Once the Software Tool for
Lenseless Microscopy suc-
cessfully passed all testing
phases, it was deployed in a
controlled environment within
a research or educational
laboratory for real-world
evaluation. This initial
deployment phase allowed the
development team to observe
how the application performs
when used by students and
researchers for live sample
imaging and analysis. It
provided an opportunity to
uncover practical issues that
may not have surfaced during
internal testing. Feedback was
collected through direct user
interactions, structured
question- naires, and usage
analytics to identify usability
bottlenecks and technical gaps.

The pilot deployment helped
evaluate the efficiency of core
features like image capture
from the CMOS sensor, real-
time processing, and PDF
report generation. Observa-
tions and feedback during this
stage were crucial in
highlighting areas where users
faced delays or interface
difficulties. The development
team actively monitored the
system’s stability and
responsiveness during
extended use to ensure that
processing modules and user

workflows operated as
intended.

To improve post-deployment
monitoring, logs and
diagnostic tools were

integrated to track processing
times, interface actions, and
error occurrences. These logs
helped in identifying areas
where optimization was
needed, such as minimizing

latency in image rendering or
improving memory
management during image
processing.

Researchers and  students
participating in the pilot were
encouraged to share detailed
feedback on  the  user
experience, including ease of
navigation, clarity of output,
and utility of the PDF reports.
Based on this feedback,
updates were prioritized to
improve functionality,
streamline navigation, and
enhance report customization.

Following the pilot
deployment, refinements were
made to address identified
issues, which included
optimizing the layout of the
interface, improving feedback
messages, and fine-tuning the
accuracy of image filters.
After implementing these
improvements, the system was
prepared for broader adoption
in similar laboratory settings.
Contin- uous feedback is
encouraged to maintain an
iterative development
approach, ensuring that the
system evolves based on real-
world needs and provides
lasting value to its users.

Ongoing Support and
Maintenance: To ensure the
effective adoption of the Soft-
ware Tool for Lenseless
Microscopy, comprehensive
training and support
mechanisms are put in place.
These include user manuals,
step-by-step  documentation,
and in- structional videos
aimed at helping students,
researchers, and laboratory
technicians understand the
system’s functionalities. The
training resources are designed
to accom- modate users with
varying levels of technical
expertise, ensuring ease of use
across the board.

Role-based guidance is
provided to ensure that
different user groups—such as
system administrators,
educators, and end-users—
receive relevant training for
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their specific roles. For
example, administrators are
trained on user management,
data handling, and system
configuration, while
researchers and students focus
on image capture, real- time
processing, and report
generation features.

Interactive training sessions
are also conducted in a
simulated environment to
familiar- ize users with the
interface and workflow before
full deployment. These
sessions reduce the learning
curve and instill confidence in
using the system effectively.
Furthermore, ongoing support
is available through
documentation and developer
contact to assist users in
resolving technical issues or
clarifying usage queries
during system operation. To
ensure the scalability and
adaptability of the Software
Tool for Lenseless
Microscopy, the system is
built with a  modular
architecture. This allows for
independent development and

maintenance of core
components such as image
acquisition, real-time
processing, PDF report
generation, and user

authentication. The modular
approach makes it easy to
integrate future enhancements,

such as Al-based
classification or cloud-based
data storage, without

affecting the stability of
existing functionalities. The
tool’s real-time image
processing capability ensures
that captured samples are pro-
cessed and displayed

immediately, enhancing
productivity in  laboratory
environments.  Users  can

visualize results on-the-fly,
analyze sample quality, and re-
capture images if necessary.
This real-time feedback loop
significantly improves the
efficiency of sample analysis
work- flows, especially in
educational or research
settings where timely results

are crucial. The user interface
is developed wusing PyQt5,
offering a responsive and
consistent ex- perience across
different screen sizes. The Ul
is designed with a focus on
usability and accessibility,
allowing students and
researchers to navigate the
application ~ with  minimal
effort.  Features such as
progress indicators, file
selection dialogs, and image
previews are integrated to
enhance user interaction and
reduce operational complexity.
Data security and integrity are
carefully considered in the
design of the application.
While the tool operates using a
file-based data storage system
instead of a centralized
database, safeguards  are
implemented to ensure
sensitive data such as user
activity logs and sample
records are securely stored.
Role-based access is enforced,
with login credentials limiting
access to administrative
features and personal reports,
ensuring user accountability
and data privacy. The system
is subjected to comprehensive
testing procedures including
unit testing of individual
modules, integration testing
for seamless interaction
between components, and user
acceptance testing (UAT) with
students and researchers. This
ensures that the appli- cation is
robust, functional, and well-
suited for real-world usage.
Feedback collected from users
post-deployment helps identify
pain points and areas for
enhancement, guiding future
development efforts. Overall,
the  Software  Tool  for
Lenseless  Microscopy  is
designed to be a reliable,
secure, and  user-friendly
desktop solution for capturing,
processing, and analyzing
biological samples using a
CMOS sensor. Its real-time
capabilities, modular design,
and role-based access control
make it ideal for laboratory
and educational use. With
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continuous improvements
driven by user feedback and an
emphasis on performance and
usability, the system is poised

to support low-cost
microscopy needs in both
research and academic

domains. [17-20]

1.2 UML Diagrams

1.2.1 Use Case Diagram

Lensess Microscapy SoftereseCase Diagram
/

Captaelmage )

Procs e Opcy].

SaveCaphrd Irages ——> Log e ctions
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Figure 2: Usecase Diagram of

Software Tool for Lenseless
Microscopy.

The use case diagram for the
Lenseless  Microscopy  Software
illustrates the core function- alities
of the system and how different
users interact with it. The primary
actors involved are the User and the
Admin. Users can log in, capture
images using a Lenseless
microscope setup, and process those
images using OpenCV tools. Once
processed, images can be saved and
later reviewed. Users can also
generate detailed reports based on
the captured data and view
previously created reports. Each of
these tasks is designed to streamline
the user’s workflow while ensuring
that image data is properly handled
and stored.

On the administrative side, the
Admin actor has access to additional
functionalities. After logging in, the
admin can manage user accounts,
monitor the activity logs of all users,
and ensure system integrity. Admins
play a crucial role in overseeing the
system’s opera- tions and
maintaining security. The use case
diagram also includes system-level
processes like ”Log User Actions,”
which ensures that key actions

performed by users and admins are
automatically recorded. This is
essential for auditing and
troubleshooting, making the
software reliable and secure.

Overall, this use case diagram
serves as a  blueprint  for
understanding and developing the
software system. It clearly defines
the boundaries of the system, the
responsibilities of each actor, and
the interactions between various
processes. By laying out the system
in this structured format, it becomes
easier for developers, stakeholders,
and testers to align their goals, track
development progress, and ensure
that all necessary functionalities are
included in the final product.

1.2.2 Class Diagram

s Digran-Leness Wicosapy ol

Figure 4.3: Class Diagram of

Software Tool for Lensel
Microscopy.

The following entities for the
Lenseless Microscopy  Software
Tool are displayed in the UML class
diagram:

1.2.2.1 User: Represents the user

interacting with the system.
Each user has a username and
password and can perform
actions like capturing and
processing images.

1.2.2.2 GUI: Provides the user

interface through which users
and admins interact with the
application, such as login,
dashboards, and accessing
features.

1.2.2.3 ImageProcessor: Handles the

core image processing
functionality, such as
enhancing raw images

€SS
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captured from the microscope.

1.2.2.4 Admin: A specialized user

with additional privileges,
such as creating or deleting
users and viewing activity
logs.

1.2.2.5 Logger: Logs user actions and
stores them in a log file for tracking

and auditing.

1.2.2.6 ReportManager: Generates

analysis reports from
processed images and enables
users to view previously
generated reports.

1.2.2.7 LoginManager: Manages user

authentication and verifies admin

privileges.

1.2.2.8 ImageCapture: Connects with

the sensor to capture images for

processing.

1.2.2.9 Application: The  central

controller that manages the
overall system flow and holds
a reference to the current user.

1.2.2.10 Image: A data

entity

representing the image captured or

processed within the system.

The provided class diagram
outlines a Lenseless Microscopy
Software Tool developed to simplify
image capturing, processing, and
analysis for biological samples. The
GUI allows users to log in and
access dashboards tailored to their
role—either as a user or an admin.
The ImageCapture module
connects to the CMOS sensor to
acquire images, which are then
enhanced through the
ImageProcessor. These images are
used by the ReportManager to
generate detailed reports, which are
stored and made available for
viewing later. The LoginManager
authenticates users and checks for
admin roles, while the Logger
records each user action to maintain
system accountability. The Admin
class extends the capabilities of the
basic user, granting privileges to
manage users and monitor system
usage. Finally, the Application class
acts as the system’s main entry
point, coordinating all operations
and maintaining session data
through the current User.

1.2.3 Sequence Diagram

Figure 4: Sequence Diagram of
Software Tool for Lenseless
Microscopy.

The sequence diagram presents a
comprehensive view of the software
workflow for a Lenseless microscopy
tool. It highlights how two key
actors—Admin and User—interact
with various system components
such as the Login Window, Main
Dashboard, = Image  Mod- ule,
OpenCV  Processor, File System,
Logger, and Report Module. The
system begins with a login flow
where both Admin and User
provide their credentials. These
credentials are verified against
respective  files  (users.txt  and
admin.txt). Upon successful
validation, users are directed to their
respective dashboards. This ensures
role-based access and separates
workflows for Admin and User,
maintaining system integrity and
security.

The Admin workflow is focused
on user management and monitoring
system activities. Admins can
perform tasks such as managing user
data through reading and writing
oper- ations to user records.
Additionally, they can view logs of
system usage and actions by
accessing the activitylog.txt file.
This log captures user interactions,
providing transparency and
traceability for administrative
oversight. These functions allow the
Admin to maintain control over the
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system’s ~ operational  integrity,
ensuring that only authorized users
have access and that all actions are
documented. On the other hand, the
User workflow is centered around
image  processing and  report
generation. Users can capture
images using a CMOS sensor
connected through the Image
Module. The raw image is then
processed and enhanced using the
OpenCV  Processor. Af-  ter
enhancement, the image is saved to
the system along with a timestamp,
and the action is logged through
the Logger module. This allows
for precise tracking of user activity
and image history. Users can then
access previously captured images
and view reports generated from
them. The Report Module allows
them to either view, print, or export
the reports, facilitating further
analysis or documentation.

Finally, both Admin and User
can terminate their sessions securely
through the logout function. This
ensures that the system remains
protected  against  unauthorized
access after usage. The entire
sequence demonstrates a well-
structured and efficient system
architecture, with clear separation of
roles, secure login  handling,
advanced image processing, and
robust logging and reporting
capabilities. The combination of
these features makes the tool suitable
for practical use in biomedical
imaging environments, where
accuracy, traceability, and usability
are crucial. [21]

1.2.4 Activity Diagram

Figure 5: Activity Diagram of

Software Tool for Lenseless
Microscopy.

The flowchart illustrates the
structured workflow of the Ul-based
software application, outlining the
key stages of user interaction and
functionality. The process begins
with the application launch, where
users are presented with a login
screen. Upon entering creden- tials,
the system validates the input and

determines the user’s role—admin
or regular user. If the credentials
are correct, the user gains access to
either the admin dashboard, which
includes user management
capabilities, or the user dashboard,
which provides image pro- cessing
functionalities. If authentication
fails, an error message is displayed,
prompting the user to retry. Once
logged in, regular users can utilize
various image-processing tools, such
as capturing 1images, applying
enhancements, and saving results.
The workflow incorporates
OpenCV- based filters for improving
image clarity and  extracting
meaningful data. Users also have
the ability to generate reports, log
activities, and export structured
summaries in a standardized format.
Administrative users oversee data
access permissions and system logs,
ensuring security and efficient
management of resources.

The modular design of the
workflow allows for scalability and
customization, enabling developers
to integrate additional features as
needed. By maintaining a clear
separation be- tween administrative
controls and user operations, the
software ensures security, usability,
and streamlined functionality. The
structured nature of the process
simplifies troubleshoot- ing while
supporting iterative improvements.

Overall, this framework provides
a cohesive and adaptable foundation
for application de- velopment. It
maintains a user-centric approach,

_?
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ensuring both  efficiency and initialization or exit safely.

accessibility while balancing Once initialization is successful,
technical precision with aesthetic the application enters the User
clarity. As new functionalities are Authentication state, where users
incorpo- rated, the workflow provide login  credentials. If
remains optimized for seamless authentication fails due to incorrect
interaction, reinforcing the credentials or system errors, the
application’s robustness and workflow moves to the ErrorState
usability. for retry attempts. A successful

login transitions the system into
different pathways: the Admin
Dashboard state for administra- tive
users or the User Dashboard state for
regular users.

In the User Dashboard state,

1.2.5 State diagram

Star Screen |
_ users interact  with various
. functionalities, including image
- processing and file management.
gin_Cholce . .
S ] Operations such as  applying
[\ OpenCV filters, generating
fselctdnin \3eiec U .
| structured reports, and exporting
prm) e results take place in the Processing

VA state. If any issues arise during
i e processing, the system redirects

() (et users to the ErrorState, ensuring
>7/;7TTT" : T‘\ proper error notification before
S uUN S # retrying. If processing completes
el (Vi o] G| [fmtms) | successfully, the workflow
— = — transitions to the Display Results
\pwossa ‘ state, allowing users to visualize and

‘ @‘ ! review processed data.
- — The ErrorState serves as a
N\ / centralized error-handling
}E mechanism across all workflow
— stages, maintaining system integrity
and user accessibility. Depending
on the error type, the system can
Figure 6: State Diagram of either prompt retries or guide users
Software Tool for Lenseless to alternative solutions, preventing
Microscopy. workflow disruptions. By
The state diagram illustrates the maintaining modularity and
structured workflow and transitions structured transitions, the state dia-
within the UI- based software gram ensures smooth operation,
application, emphasizing key system efficient debugging, and optimal
states and error-handling user .experience within  the

mechanisms. The process begins application.

with the Initialization state, where
the system sets up essential compo-
nents, including database
connections and Ul elements. If any
configuration errors occur, the
system transitions to the ErrorState,
prompting the user to reattempt

1.2.6 Workflow
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1.2.6.2 Preprocessing Layer

Once the raw data is

captured, it undergoes noise

Start reduction, normalization, and

resizing. These steps prepare the

images for the main reconstruction

APL:‘”C”;L process and ensure consistency
l across multiple captures.

el _ 1.2.6.2.1 Implemented using Python
Lo and OpenCV.

Agrin | s Caplue 1.2.6.2.2 Enhances raw sensor data

|

|

|

|

|

3 Logn Coptrinage ) | IMege quality.

|
i) Capre e 1.2.6.3 Image Processing Layer

e Inage This layer applies advanced

reconstruction algorithms to convert
raw diffraction patterns into human-
Vew Ehancs readable, high-resolution images.
los Inage GSQS{,?? Techniques include phase retrieval,
contrast enhancement, and possibly
Al-based denoising in future

versions.

[l)‘mplay New
maje \action’
1.2.6.3.1 Enables visualization of

Figure 7: Work Flow of microscopic structures without
Software Tool for Lenseless traditional lenses.
Microscopy

1.2.6.3.2 Outputs scientifically usable
images suitable for diagnostics and
The Software Tool for research.
Lenseless  Microscopy  operates

through a modular and layered 1.2.6.4 User Interface Layer

workflow, optimized for efficiency
in image acquisition, processing,
analysis, and report- ing. This
architecture  ensures  portability,
cost-effectiveness, and ease of use,
particularly in  fieldwork and
resource-constrained environments.

Developed in PyQt5, this
GUI layer enables users (admin or
researcher) to inter- act with the
system. Key functionalities include
live capture, image preview, saving
and annotating images, and logging

The system is organized into five activities.

core layers: 1.2.6.4.1 Simplified interface to handle

1.2.6.1 Capture Layer image capture and analysis.

This layer initiates the 1.2.6.4.2 Supports login-based access
process by capturing raw diffraction for data security.
patterns from biological samples
using a CMOS sensor connected to a
Raspberry Pi 4 Model B+. These 1.2.6.5  Storage Reporting
sensors  detect light intensity Layer
variations rather than focused The system supports local
images, forming the Dbasis of file-based storage of images and

Lenseless imaging. logs. Processed images and
metadata are stored for later

1.2.6.1.1 CMOS sensor acquires raw review. Users can generate
image data. detailed PDF reports using the

. . ReportLab library.
1.2.6.1.2 Data is transmitted to the

Raspberry Pi for local processing or 1.2.6.5.1 Organizes and stores
forwarding. raw/processed images in user-specific
directories.
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1.2.6.5.2 Auto-generates PDF reports
for records and publications.

1.2.7 Component diagram

—_—
Lensless Microscopy Tunl\

Tinrcl

bl

Login System Deshboard

:

Report Generator

i
User Credential Fle ‘

Imeqe Capture Module

Activity Logger

|
|
.

|

Image Starage

£ a 1 g
Log Files H Tert Fle System Imege Processing {OpenCy) ‘ (CHOS Sensor (LSB

i
Report File Systam

Figure 8: Component Diagram of
Software Tool for Lenseless
Microscopy.

The component diagram depicts
the architectural structure of the
Lenseless Microscopy Tool. The
primary components of the system are
as follows:

1.2.7.1 Tkinter GUI:

Acts as the user interface for
interacting with the system and
provides access to the Login
System and Dashboard.

1.2.7.2 Login System:

Manages user authentication
and interacts with the User
Credentials File to verify user
information.

1.2.7.3 Dashboard:

Serves as the main control panel
for users to access various
functionalities of the system,
including the Image Capture
Module and Report Generator.

1.2.7.4 Activity Logger:

Records user activities and
interactions within the system
and stores the logs in Log Files.

1.2.7.5 User Credentials File:

Stores user authentication data
and interacts with the Login
System for user verifica- tion.

1.2.7.6 Image Capture Module:

Responsible for capturing
images using the CMOS Sensor
(USB) and processing them
through the Image Processing
(OpenCV) module.

1.2.7.7 Report Generator:

Generates reports based on the
processed image data and stores
them in the Report File System.

1.2.7.8 Log Files:

Stores logs generated by the Activity
Logger for record-keeping and analysis.

1.2.7.9 Text File System:

Manages text files used by the system,
including user credentials and activity
logs.

1.2.7.10 Image Processing
(OpenCV): - Processes raw
image data received from the
CMOS Sensor (USB) to
enhance clarity and prepare
it for further analysis.

1.2.7.11 CMOS Sensor
(USB): - Captures raw image
data from the CMOS sensor
and sends the data to the
Image Processing (OpenCV)
module for processing.

1.2.7.12 Image Storage: - Stores
processed image data for future
reference and analysis.

1.2.7.13 Report File System: - Stores
generated reports for retrieval and
review.

The Lenseless Microscopy Tool
functions by seamlessly integrating
its various compo- nents to provide
accurate and efficient analysis of
biological samples. The Tkinter
GUI serves as the primary interface
for users, allowing them to initiate
image capture and anal- ysis
processes. The CMOS Sensor
(USB) captures raw image data
from the CMOS sensor and
forwards it to the Image Processing
(OpenCV) module, where the data
undergoes pro- cessing to enhance
clarity and prepare it for further
analysis. The Image Capture
Module then examines the processed
image to extract valuable biological
features. This module also interacts
with the Image Storage to store the
analysis results and generate
comprehensive reports, ensuring that
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the

tool delivers precise and

actionable insights.

1.3 Facilities Required for Proposed

Work
1.3.1 Software Requirements
1.3.1.1 Operating System
(Windows/Linux)

The system will be developed
and tested on Windows or
Linux operating systems. Both
platforms support hardware
interfacing and are compatible
with required libraries for
image processing, GUI design,
and file handling.

1.3.1.2 Python
3.8 or higher)

Python is the core
programming language used
for developing the application.
It provides simplicity, cross-
platform support, and a rich
ecosystem of libraries used for
GUI, image processing, file

(Version

handling, and report
generation.
1.3.1.3 GUI Development
— PyQts

PyQt5 is used for designing
the graphical user interface
of the software. Modules
such as  QMainWindow,
QDialog, QPushButton,
QLabel, QPixmap, and
QComboBox are used
extensively to build the user-
friendly and interactive
dashboard, login screen, and
control panels.

* Used for developing the
main dashboard, login
system, and various
pop-up di- alogs.

* Ensures cross-platform GUI
compatibility.

1.3.14 Image Processing
— OpenCV (cv2)
OpenCV is a powerful open-
source computer vision
library. It is used to capture
images from the USB camera,
process  biological sample
images, and convert raw data
into high-quality visual
formats for further analysis.

* Captures real-time frames from
CMOS or USB cameras.

= Applies filters and enhancements
to improve image clarity.

1.3.1.5 Database / User
Management — File-Based
System

Instead of using a traditional
SQL database, a simple and
effective file-based system is
implemented. Text files
like users.txt, login
history.txt, and orgs.txt are
used for storing user data,
login records, and
organization details.

* Ensures data persistence without
requiring complex DBMS.

* Used for Admin operations like
Add User, Manage User, and view
Login History.

1.3.1.6 PDF Report
Generation — ReportLab

ReportLab  is  used  for
generating well-formatted PDF

reports from processed
biological images. The canvas
module from
reportlab.pdfgen helps

automate report creation,
which  includes  images,
observations, and
user/organization metadata.

* Generates downloadable and
printable lab reports.

* Supports custom layout, headers,
and embedded images.

1.3.1.7 Version Control —
Git (Optional)
Git is optionally used to manage
source code versions,
collaborate with team members,
and track code history for
debugging and development.

1.3.2 Hardware Requirements

1.3.2.1 CMOS Image
Sensor or USB Camera

A digital camera or CMOS
sensor is used to capture raw
images of biological samples
in high resolution. This device
is connected via USB to the
system for real-time image
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acquisition.

e Plug-and-play compatibility with

OpenCV.

= Resolution: 2MP or higher
recommended.

1.3.2.2 Desktop / Laptop

Computer

* Processor: Intel i5 or better

RAM: 8 GB or more

1.3.2.3 Display Monitor

A high-definition (HD)
monitor is required to display
the processed images and GUI
elements clearly. A full-HD
resolution  (1920x1080) is
recommended.

1.3.2.4 Proper

Illumination Source (LED

Array)

For  capturing  biological
samples effectively, a
consistent and adjustable LED
light source is required to
ensure uniform lighting and
reduce noise in raw images.

1.3.2.5 Sample Holder or

Stage

A customized stand or
platform is used to place and
stabilize biological samples at
a fixed distance from the
sensor during imaging.

1.3.2.6 Printer
(Optional)

For hard-copy report
generation, a laser or inkjet
printer can be used to print the
generated PDF reports created
using ReportLab.

2. Result

2.1.1 Implementation

For the implementation of our
Software  Tool for Lenseless
Microscopy, we opted for Java to

OS: Windows 10 / Ubuntu Linux

Storage: 256 GB SSD or higher

USB ports for camera interface

design the graphical user interface
(GUI), owing to its robust
capabilities for building re- sponsive
and interactive desktop applications.
The main interface presents users
with a clean window containing
prominently  displayed  buttons
labeled “File Manager,” “Task
Manager,” and “Communicator.”
These buttons act as entry points to
the respective modules of the
system, enabling users to easily
navigate between different
functionalities. Each module is
designed to  support  specific
operations such as managing files,
organizing research-related tasks,
and enabling communication or
annotation  features within the
application.

In the extended version of the
project, we incorporated a crucial
enhancement—converting raw
microscopic  images into  pure
images using image processing
algorithms. This part of the system
is implemented in Python, taking
advantage of powerful libraries like
OpenCV, NumPy, and Pillow. These
algorithms process raw data captured
from CMOS sensors by performing
operations such as noise reduction,
contrast enhancement, and
background sub- traction to produce
clearer and more analyzable images.
The Java-based GUI interacts with
the Python backend seamlessly,
enabling wusers to trigger image
processing  tasks  through  the
interface and view the results within
the same environment.

Each functional component of
the tool is modularized to maintain
separation of con- cerns and ease of
maintenance. The integration
between the Java front-end and
Python back-end ensures smooth data
flow and allows for the independent
development and testing of each part.
This modular design also supports
future  enhancements, such as
incorporating Al-based image
classification or cloud-based storage.
Overall, the system prioritizes user-
friendliness, performance, and
scalability, offering an efficient
desktop solution tailored to the
specialized needs of Lenseless
microscopy applications.
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2.1.2.1 Main Dashboard

2.1.2 Output

The snapshots of the proposed system are as

follows:
Figure 9: Dashboard
[ | Welcome X
3
&
Welcome to the System
Please select your login type to continue
2.1.2.1.1 The above Image shows 2.1.2.2.1 While me click to user
the UI design of button the login page for the user
dashboard of the system is opened.
which consist of two
[W7 User Login X
User Login
Username

EHEEI’ YOur username

Password = _ < =
Enter your password
Don't have an account? Please contact your administrator
button navigating to 2.1.2.2.2 This page is about
user system and admin user(customer) login.

system.

2.1.2.2.3 This is the main page
2.1.2.2 User Login of system, when we
open a system we get

to see above page.
Figure 10: User login
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2.1.2.3 Admin Login

[E7 Admin Login X

Admin Login

Username .
[nter admin username

Password ;
Enter admin password

Figure 11: Admin login

2.1.2.3.3 The camera allow user
to click images of the
observations under the
microscope and save
images to the folder to
local drive.

2.1.2.3.4 Report provides
functionality to generate the report
by added observations

2.1.2.3.1 This s look of user
Dashboard that is to
be opened after login
into system as
Administrator.

2.1.2.3.2 The admin mode allots
access to addition
feature of user
management.The admin
will have rights to add 2.1.2.4 Menu Page
or delete user.

Figure 12: Menu Page
where uh get options of
report, camera and or-
2.1.2.4.1 Once we get logged into ganization

System successfully

Menu Page is opened

where we get three 2.1.2.5 Add Organization

options in button format

(87 Saglo-holosoft - Lensless Digital Holographic Microscopy Software o [m] X

File Camera Reports Settings Help
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W1 Add Org..

COrganization Name:

OK

k

Figure 13: Organization

2.1.2.5.1

2.1.2.6

2.1.2.7.1

In the Add Organization
section, users can add

new organization
details such as name,
address, and contact

information. It also
allows users to view a

list of all existing
organizations. This
helps in managing and
maintaining
organizational records
efficiently.
Camera
1 Select C...

Choose a camera:

Camera 0

OK

Figure 15: Report Page

When we click on
Report button on user
dashboard then Report
form screen is opened
where user can enter
there observations and
also snapshots of the
obser- vations collected
from camera and also
add signatures of the
authorized peoples

Cancel
-
Figure 14: Camera
2.1.2.6.1 When we click on
camera button on user
dashboard then camera
screen is opened here
we can select the
directory to save image
also have drop down to
select cam- era from
available cameras and
also a capture a button
to capture image
2.1.2.7 Report Page
R
Cancel
7 2 Report Information 70X 1
College Name: | ARNo: ‘
Department: Equipment No:
. —
ot sapessiom L H
R P
Toulrages: 1 =] oo spas o
Solvent: Status: Draft j
— e
Method: Image Captured Date: ' 5(22/2025 9:10 PM. ;]
e vt Cestoo: sssa o
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2.1.2.8 Report PDF

XYZ college of Pharmacy
Department: Chemistry User: sachin
Print Time: Wed May 21 18:23:33 2025 Page 10of 2
Sample Details:
Sample Name: microspears Solvent water
Analysis: micrascopy Method: microscopy
Shide Material: Glass
Batch Number 23 AR Number 2341
Equipment Number: 11
Authorization:
Reviewed By: Pratik Date Wed May 21 2025
Analyzed E'Yf Dr Rameshwar Date: Wed May 21 2025
Software Version: 40 Status: Draft
Image Info:
Image Name: Microsperars
Image Captured Date: Wed May 21 18:23:33 2025 Created Date: Wed May 21 18:23:33 2025
Magnigication: 500X
Figure 16: Report
PDF
[®7 Manage Users ? po o

ABC

abc

ABC

[ Delete ] Close
2.1.2.9 User Management
Figure 17: User Management
update user here user
. information can  be
2.1.2.9.1 When user clicks on

updated, and Delete user
user can be deleted from
by admin.

user management
button then this page is
opened where there are
again three button those
are add wuser where

admin can add users . 2.1.2.10 About Saglosoft
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B About

Saglo Research Equipment
Saglo® Trade Mark No.- 1986657

SAGLO Soft. .....

Micro Imagine Software

Copyright® 2021 Allighiteserved.Use is subjscted o license terms

OK

Figure 18: About Organization

2.1

.2.10.1 In this tab the

information of the
organization is give this
information is about
the microscope
manufacturing
company Saglosoft

2.1.3 Hardware

Samsung Quad Camera
Shotwith my Gelaxy 31

Figure 19: Setup of Software and

Hardware

Laptop: This is the central
processing unit of the system. It
likely runs the software that
controls the image acquisition,
processing, and analysis.

Lenseless Microscopy

Setup: This appears to be a
custom-built setup, possibly
consisting of:

Light Source: The white box
with a visible knob could be a
light source, potentially an

LED or a halogen lamp, used

to illuminate the sample.

Sample Holder: This is likely where
the sample to be imaged is placed.
Image Sensor: The system
probably uses a camera sensor
(likely a CMOS sensor) to
capture the diffraction pattern

created by the light interacting
with the sample. This sensor
could be integrated into the
setup or connected to the
laptop via a USB port.

Figure 20 CMOS Sensor.

The image showcases a
close-up view of a CMOS
image sensor. This circu- lar
sensor, designed to convert
light into electrical signals,
reveals multiple electronic
components on its surface.
These components, likely
photodiodes, are responsible
for capturing light and
generating corresponding
electrical signals. The sensor’s
packag- ing appears to consist
of a black plastic casing with a
circular opening. A bright
light source illuminates the
sensor, suggesting a testing or
inspection scenario to evaluate
its  functionality. CMOS
sensors are ubiquitous in
modern imaging technology,
find- ing applications in
diverse fields like digital
cameras, smartphones, and
surveillance systems.

Conclusion

The Software Tool for
Lenseless Microscopy
modernizes biological sample
analysis by integrating five
essential modules that address
key challenges in low-cost
microscopy solutions. The
Image Capture Module
interfaces with CMOS sensors
to acquire raw biological
samples without the use of
traditional ~ optical lenses,
reducing hardware cost and
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system  complexity. The
Image Processing Module,
built using OpenCV, enhances
the captured images by
applying contrast, brightness,
and clarity adjustments to
make fine details visible for
analysis. The User
Management Module includes
secure Admin and User login
options, enabling controlled
access and activity tracking for
better system integrity. The
Report Generation Module
allows users to save, view and
anal- ysis reports with image
details and timestamps,
supporting research
documentation and lab
reporting needs. Lastly, the
Text File Storage Module
replaces traditional databases
with lightweight text-based
data management, making the
system ideal for low-resource
environments and easy to
deploy on basic hardware
setups.

Together, these  modules
automate complex imaging
workflows, eliminate the need
for expensive optics, and
provide an accessible platform
for researchers, students, and
laboratories. The  system
reduces manual errors,
simplifies data handling, and
supports  reliable  sample
documentation. With real-
time image visualization and
clear user roles, this tool

significantly enhances
efficiency, affordability, and
accuracy in biological

research. The Software Tool
for Lenseless Microscopy has
significant potential for future
enhancements to advance
biological research and
diagnostics. One promising
direc- tion is the integration of
artificial  intelligence  and
machine learning algorithms to
automatically classify and
detect patterns in biological
samples, reducing the need for
manual interpretation. The
addition of cloud storage and
synchronization can allow
researchers to securely access
and analyze data from

1.

anywhere, fostering
collaboration between
institutions.  Developing a
mobile or tablet-based version
of the software can increase
accessibility for fieldwork and
remote laboratories.
Integration with advanced
image analysis tools, such as
3D reconstruction or multi-
sample comparison, could
further  enhance  research
accuracy and visual clarity.
Expanding support for
multiple sensor types and
image formats will make the
system more versatile across
different research applications.
Additionally, implementing a
graphical dashboard for
statistical insights and sample
tracking can help in
maintaining detailed records
for long-term studies. As the
tool  evolves, introducing
encryption and access control
features will be essential to
ensure data privacy and
security. These advancements
would position the software as
a cost-effective, scalable, and
intelligent solution for modern
laboratories, educational
institutions, and  research
centers worldwide.
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