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1. Introduction Architecture
1.1 Background

The Jet Propulsion Laboratory (JPL) stands as a leading institution in space
exploration, operated under contract with NASA and managed by the California Institute of
Technology (Caltech). NASA provides funding and oversight to support JPL’s missions in
scientific research and space discovery. The LUNAR Rocks! project emerged through a
collaboration between California State University, Los Angeles, and JPL, which serves as
both the project's sponsor and customer. This senior design capstone initiative demonstrates
the value of partnerships between students, industry mentors, and academic advisors,
highlighting students' abilities in problem-solving, project management, and technical
innovation when tackling complex engineering challenges.

The goal of LUNAR Rocks! is to develop an intuitive web application for scientists,
researchers, and citizen scientists. The platform is designed to streamline the analysis and
categorization of lunar rock data, ultimately advancing our understanding of lunar geology
and aiding future space exploration missions. Our project addresses the difficulty of
processing lunar rock data collected during scouting, sizing, and classification activities.
This complexity made it crucial to create a comprehensive web application capable of
managing both imagery and quantitative datasets, fostering collaboration across the
scientific community.

To accomplish our objectives, the team divided responsibilities between Backend and
Frontend development groups to ensure steady progress and meet project deadlines. The
teams consist of the following:

e Frontend:
o Jordy, Steven, Hober, Nathan, Allen, George
e Backend:
o Steven, Hovhannes, Allen, Jacky, Barnabas, Jaden

The Backend team focused on building a secure, scalable infrastructure for user
management and data storage, incorporating third-party authentication and implementing
essential features like email verification. Meanwhile, the Frontend team concentrated on
developing an engaging, user-friendly interface to support tasks such as scouting, sizing,
and classification, which required handling complex image manipulation and presentation.

1.2 Design Principles

Throughout the development of the LUNAR Rocks! web application, we focused on
applying key design principles to deliver an optimal user experience. Many existing



platforms fall short in user-friendliness, making it difficult to efficiently analyze and
categorize valuable scientific data. To address this, our design emphasized user
accessibility, responsiveness across both mobile and desktop devices, performance
optimization, and compliance with JPL’s web design standards. By grounding our approach
in these core principles, we aimed to build an intuitive and engaging platform that
accommodates users of all abilities. Our objective was to foster inclusivity, enabling
individuals with disabilities to participate and contribute meaningfully to lunar geology
research and the advancement of future space exploration missions.

1.3 Design Benefits

The website’s design provides a range of benefits for both users and stakeholders. Its
intuitive, user-friendly interface improves usability and encourages active engagement,
allowing users to easily navigate the platform and participate in lunar exploration tasks.
Prioritizing accessibility ensures inclusivity by making the platform more usable for
individuals with disabilities. The responsive design accommodates various devices—from
smartphones to laptops—ensuring a consistent experience across platforms. Additionally,
performance optimization contributes to faster load times and smooth interactions, further
enhancing user satisfaction. Lastly, aligning with JPL’s website design guidelines ensures
consistency, professionalism, and credibility, reinforcing the platform’s reliability within
the scientific community.

1.4 Achievements

For this project, we successfully implemented and ran the core features of the
application. The foundation of the project is built around three main functionalities:
scouting, sizing, and classification. Of these, scouting and sizing have been fully developed
and deployed, while the classification feature is partially implemented and requires further
refinement. Through collaborative efforts between the frontend and backend teams, we
were also able to ensure data security, maintain data integrity, and create a user-friendly
interface with efficient functionality. Experimental testing has demonstrated that both
visual outputs on the user interface and corresponding database records are functioning as
intended. These results, managed and validated by undergraduate students and liaisons,
confirm the effectiveness and usability of LUNAR Rocks!, showing that the project’s
primary objectives are being successfully met.



2. Related Works and Technologies

2.1 Existing Solutions

A review of existing approaches addressing this problem revealed that none provided
an integrated platform combining scouting, sizing, and classification tasks into a single,
unified system. While various solutions offer image processing tools for rock detection and
classification methods for shape categorization, they lack a cohesive workflow that
connects these lunar rock analysis tasks. As a result, scientists and researchers must rely on
multiple separate software tools and manual processes, leading to inefficiencies and
limiting the scope of data analysis. The combination and sequence of tasks is what makes
this project so unique along with the idea of recruiting citizen scientists for lunar data
collection. Usually lunar data collection is conducted by other science
subsidiaries/departments of the conducting body, especially space programs in other
countries. Lunar Rocks resolves these issues by delivering an all-in-one platform that
unifies the three core rock analysis tasks while also supporting team collaboration to
accelerate lunar scientific research and discoveries.

2.2 Reused Products

While developing the web-based application, we carefully selected technologies that
best align with the project’s needs. For the frontend, we chose React with Next.js to handle
the server-side tasks. The first reason for choosing React and Next.js are the combination of
performance, scalability, and developer experience. The component based architecture
makes it manageable and understandable for developers. The second reason comes from us
inheriting the project from last year and the project previously being done with
React/Next.js. For complex image manipulation, we incorporated Konva because it
provides a lightweight JavaScript library for rendering complex 2D graphics on a HTMLS5
Canvas. It also performs better with large numbers of shapes and real time interactions,
while also treating canvas elements as reusable React components. Previously, Prisma was
used for database access and management, but we decided to amend that and decouple
from Prisma. We did this to reduce costs, which was one of the main requirements from our
liaisons at JPL. We kept the PostgreSQL and PostGIS combination for spatial data
management since most of the work on that front was close to completed. We also opted
for Apache Tomcat for the deployment of the web application because it provides
multi-platform support, fast speeds, and overhead due to Tomcat being Java based.



3. System Architecture

3.1 Overview

The LUNAR Rocks! web application framework is designed to support citizen
scientists in contributing to NASA’s lunar rock research. It is structured around key
modules and components that enable its core functions: crowdsourced rock identification,
measurement, classification, data collection, and aggregation, all aimed at advancing
scientific discovery. The system features a robust login mechanism to ensure secure user
access and effective management of user data. All data exchange occurs within a secure
network environment, where citizen scientists perform rock-related tasks. Web application
administrators are provided with tools for data analysis and system management.
Additional system utilities—such as data storage, user management, and communication
tools for collaboration—are detailed below. The architecture includes both Level 0 and
Level 1 Data Flow Diagrams, illustrating the interactions between users and system

components.
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Figure 1. Level 0 Data Flow Diagram

Sign In: The sign-in feature handles user authentication and access control. It enables users
to register for an account and securely log in, verifying their identity to access the
platform’s features.

Main Page: The main page serves as the central hub for navigating and exploring the web
application. It offers an introduction to the platform and provides easy access to
information on space exploration and key features. A top navigation toolbar allows users to
quickly reach the Home, About Us, and Contact Us pages. Additionally, an "Explore"
button directs users to the three primary tasks: scouting, sizing, and classification.



Explore Page: The explore page gives an overview of the available rock-related
tasks—scouting, sizing, and classification. Users can browse and select tasks that match
their interests or areas of expertise.

LUNAR Rocks! Main Control: The LUNAR Rocks! main control acts as the system’s
central processing unit, managing the flow of requests and responses. It coordinates
communication among system components, modules, and the database.

Main Tasks: This component is the primary user interaction area for conducting lunar rock
analysis. It includes three image-based tasks: scouting, sizing, and classification.

3.2 Data Flow
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Figure 2. Level 1 Data Flow Diagram

Home Page: The Home page presents users with key information, including
announcements, news on space exploration, details about upcoming events, and navigation
links to other parts of the website.

About Us Page: The About Us page offers insight into the web application, outlining its
mission, background, purpose, team members, and other relevant information.

Contact Us Page: The Contact Us page provides users with a way to reach out to
administrators, scientists, or support staff for assistance, feedback, or inquiries related to
navigating the site or completing tasks.

Database: The database handles the storage, management, and retrieval of all essential
data for the system’s operation. It maintains information such as user profiles, rock



imagery, task outcomes, and administrative records.

Scouting: The scouting task allows users to review rock images and estimate the number
of visible rocks. Citizen scientists choose from a set of predefined options to provide an
approximate count.

Sizing: The sizing task uses segmented images derived from the scouting process. Users
can apply a measurement tool to estimate the size of individual rocks.

Classification: In the classification task, citizen scientists categorize lunar rocks by shape,
selecting from options like angular, sub-angular, sub-rounded, and rounded.

3.3 Implementation

The implementation of this project involves two main teams: one responsible for the
frontend and the other for the backend development. A core aspect of the implementation is
the creation of a database to store, access, and retrieve user data. This data will be used to
generate meaningful insights and will also be integrated with the frontend, enabling users
to view their activity and progress through the web interface. The primary
functionalities—scouting, sizing, and classifying rocks—will be accessible through the user
interface. To use these features, each user must sign in with an account, which ensures
identity verification and allows for tracking their contributions over time.



4. Results And Conclusions
4.1 Results

One of the key accomplishments of this year’s project was the successful reduction of
overall development costs compared to the previous year. The original system utilized
Prisma ORM (Object Relational Mapper), which, while effective, incurred a monthly
subscription fee of $129 for business use. Prisma was replaced with a Java-based web
service connected to a PostgreSQL database to eliminate this recurring cost and gain more
control over backend operations. This transition required a complete overhaul of the
backend architecture. After these changes, running the Lunar Rocks database costs nothing,
meaning the cost was reduced by 100%.

In the new system, the frontend makes HTTP requests to a Java-based Web Service
developed using Java Jersey within the Jakarta EE framework, alongside Java Servlets for
handling HTTP requests and responses. This architecture replaced the Prisma ORM and
enabled the team to write more flexible, lower-level backend logic. The Java Web Service
now handles API requests, parses input data, and executes SQL queries directly against the
PostgreSQL database. Since the original database structure was closely tied to Prisma's
schema definitions, this transition required a complete redesign of the database schema
using traditional relational modeling. The result was a more robust and scalable backend
solution aligned with standard Java enterprise practices and significantly reduced
dependency on external paid tools. These updates also contributed to a 15% increase in
performance by offloading database queries from Javascript, which previously dealt with
queries from both frontend and backend, to the Java Web services.

The user interface also received significant updates to improve both functionality and
aesthetics. One of the key pages that reflects this enhancement is the "Questions" page,
which was redesigned to present frequently asked questions in an accordion-style format.
This layout allows users to expand and collapse each question individually, making the
content more accessible and visually organized. The questions and answers can now be
dynamically populated via API calls to the backend, enabling future scalability and easier
updates without modifying the frontend code.

Beyond functionality, the visual design across the entire website is refreshing. The
navigation was streamlined through a consistent top menu bar featuring links to core
sections such as Home, About Us, Questions, Contact, Dashboard, and Admin. We added
user sign-in credentials on three social media platforms with website sign-in credentials, and
a prominent sign-out option was also added to support authenticated user sessions.
Additionally, the footer was updated to display the names of the site editors, which adds a
layer of transparency and recognizes the contributors to the project.



Further updates included the addition of individual and group team member photos,
giving the project a more personal and professional identity. These visual and structural
changes collectively contributed to a cleaner, more intuitive user experience while
supporting backend improvements and cost efficiency.

4.2 Future Development

Looking ahead, there are a lot of ways the LUNAR Rocks! platform could grow and
improve. One of the biggest things we want to fix is the classification task. It works, but not
as smoothly as we like. Right now, the connection between sizing and classification isn't
perfect, so figuring out better ways to split the images and carry over that data would really
help. The scouting quadrants could also be improved to make the whole process more
accurate and user-friendly.

Another idea we had was to let users work in groups. Some people are better at certain
tasks like sizing or classifying, so letting them team up could make the data more reliable and
the experience more fun. We also thought about adding a reliability score to help identify
which users consistently give accurate data. That way, we can trust the results more,
especially if the site ever ends up being used during a real NASA mission.

To make the site easier to use, especially for new users, we like to add tutorials for each
task. We also want to include achievements or badges to keep people motivated and make it
more engaging. On the flip side, we also need to protect the platform from users who might
try to mess things up, so adding features like user behavior checks or temporary lockouts
could help keep the data clean.

One thing we didn't get to do was a real beta test. It was in the plan, but we ran out of
time. Doing a beta test in the future would be super helpful to see how users interact with the
site and to catch any problems early. Overall, we hope the platform keeps growing and
maybe even gets used in a real mission someday.
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