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PROJECT-BASED LEARNING 
 
Project-based learning is an integral part of the Brigade 
experience. Midshipmen gain real-life experience through 
teamwork, problem solving and designing their own 
experiments. The year long process involved creating 
proposals, debating ideas, collecting data and demonstrating 
their results.  
 
The Naval Academy’s annual federal appropriation does not 
fund the entire range of project-based learning activities 
necessary to achieve these goals, so the generosity of donors 
provides a vital margin of excellence. Thanks to these 
supporters, project-based learning continues to be 
instrumental in preparing midshipmen for the challenges  
they will face in the Fleet.  
 
With the support of faculty, partner organizations and 
sponsors, every midshipman completes a research project in 
their field of study before they graduate. This year’s graduating 
class included more than 270 multidisciplinary projects in the 
fields of Engineering and Weapons, Mathematics and Science 
and Humanities and Social Sciences. Traditionally held each 

spring, Capstone Day offers midshipmen the chance to present 
their project-based learning research to their peers and the 
Naval Academy community. 
 
The Capstone Day 2021 Brochure  and the Capstone Day 
homepage  offer detailed descriptions on the diverse range 
of projects and programs that use project-based learning. 
The teams also coordinated web presentations through their 
academic departments. To view some of these projects and 
watch their presentations, please visit the following pages:  
 

PROJECTS FROM THE SCHOOL OF ENGINEERING  
& WEAPONS  
 
PROJECTS FROM THE SCHOOL OF MATH & SCIENCE  
 
PROJECTS FROM THE SCHOOL OF HUMANITIES  
& SOCIAL SCIENCES 

  
This brief review highlights just a few of the projects and 
programs that use project-based learning in Hopper Hall, 
Aerospace Engineering, and Weapons, Robotics and Control 
Engineering majors.  

Weapons, Robotics and Control Engineering

https://www.usna.edu/CapstoneDay/Event%20Brochure.php
https://www.usna.edu/CapstoneDay/index.php
https://www.usna.edu/CapstoneDay/index.php
https://www.usna.edu/CapstoneDay/index.php
https://www.usna.edu/CapstoneDay/projects/index.php
https://www.usna.edu/CapstoneDay/projects/index.php
https://www.usna.edu/CapstoneDay/projects/index.php
https://www.usna.edu/CapstoneDay/projects/index.php
https://www.usna.edu/CapstoneDay/projects/ProjectsMathSci.php
https://www.usna.edu/CapstoneDay/projects/ProjectsMathSci.php
https://www.usna.edu/CapstoneDay/projects/ProjectsHUMSS.php
https://www.usna.edu/CapstoneDay/projects/ProjectsHUMSS.php
https://www.usna.edu/CapstoneDay/projects/ProjectsHUMSS.php


HOPPER HALL 
Hopper Hall is the home of Cyber Operations, Computer 
Engineering, Computer Science, Electrical Engineering, 
Information Technology and Robotics and Control 
Engineering majors, as well as to laboratories for Naval 
Architecture and Ocean Engineering and Physics majors. 
The following programs in Hopper Hall bring project-based 
learning to life. 
 
CERF 

Hopper Hall’s Keyser Classified Education and Research 
Facility (CERF) is a space specifically designed to handle 
classified material and discussions. It greatly enhances cyber 
education, professional training and global awareness. The 
CERF has two classrooms, two laboratories, a research area, 
offices and a 130-person lecture hall with more than 7,000 
square feet of space on the fourth deck of Hopper Hall. 
 
POWER LAB 

The Power Lab connects solar panels and wind turbines on the 
roof of Hopper Hall. Midshipmen design antennas and wireless 

devices using the new anechoic test chamber and characterize 
hardware vulnerabilities of modern computing systems. 
 
SURF POOL  

The Surface and Underwater Robotics Facility is a 36’ x 43’ x 
16’ temperature-controlled pool that houses a twin in-air 
and underwater motion capture system capable of tracking 
the 3D position and orientation of objects above, on the 
surface and underwater. It also includes a crane, controllable 
spectrum lighting, a motorized catwalk and wireless 
capabilities to allow multiple users to access motion capture 
data from anywhere in the facility. 
 
GAMMA LAB  

The Gamma Lab is a flexible makerspace equipped with a 
variety of rapid prototyping tools such as 3D printers, laser 
cutters and vacuum forming machines. From custom printed 
circuit boards to advanced graphics and even 3D scanned 
models, this lab provides the hardware and software 
capabilities needed to generate a wide array of advanced 
prototypes and functional products. 
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ARTeMis LAB  

The Aerial Robotics Testing and Mission Lab (ARTeMis) is a 
robotics development and training center comprising a 
command-and-control room with integrated workspace, an 
aerodrome with netting, a full motion capture system and 
adjustable spectrum lighting. Indoor GPS repeaters allow 
midshipmen to configure their navigation controllers 
without leaving the building. 
 
WEAPONS, ROBOTICS AND CONTROL 
ENGINEERING CLASSROOMS 

The robotics classrooms include a motion capture system, 
10 new Universal Robot UR3e with six degrees of freedom 
robotic manipulators, and 10 new CUDA-enabled, dual-
monitor workstations for next-generation labs involving 
motion planning, machine vision and deep learning. 
 
WATERFRONT ACTIVITIES LAB 

The USNA Naval Architecture & Ocean Engineering 
(NAOE) Department and Hydromechanics Laboratory 
(NAHL) includes two new project-based learning rooms and 
a large laboratory space, the Waterfront Activities Lab 
(WAL). The WAL provides direct access to WRC’s SURF 
and two (outdoor) finger piers on College Creek. It offers a 
perfect environment for midshipmen to perform cutting-
edge naval architecture/marine engineering and ocean 
engineering research, including multidisciplinary research 
related to unmanned maritime systems (UMS). 
 
ELECTRICAL AND COMPUTER ENGINEERING 
POWER LAB 

Students in the Electrical and Computer Engineering 
Department can explore green energy systems, microgrid 
technology and the cyber vulnerabilities of power systems in 
an enhanced Power Lab that connects to solar panels and wind 
turbines on the roof with a “sandbox network” testbed. 
Students design antennas and wireless devices using the new 
anechoic test chamber and characterize the hardware 
vulnerabilities of modern computing systems in the expanded 
Computer Engineering and Advanced Networking laboratories. 
Laboratory spaces for Photonics, Electronic Materials and Data 
Science were also expanded within Hopper Hall. 
 
LINUX COMPUTER LABS 

The Computer Science Department operates newly 
equipped Linux computer labs in Hopper Hall dedicated to 

the study of computer networks, using physical routers and 
switches, and to the study of Intelligent Robotics. The 
department also uses Raspberry Pi miniature computers for 
hands-on labs in several courses. The academic spaces in 
Hopper Hall are connected by fiber networks for very low 
latency and high bandwidth support to all the classrooms 
and labs. 
 
CLASS OF 1962 CYBER SCIENCE WAR ROOM 

As the first institution of higher learning to require cyber 
security as part of its core curriculum, every USNA plebe 
now utilizes classrooms with state-of-the-art technology for 
cyber courses. Midshipmen in the cyber operations major 
also gained dedicated space for their capstone research and 
have two advanced labs for technical courses where they 
can experience hands-on learning the latest in cyber 
operations. Likewise, midshipmen and faculty gain 
previously unavailable research and advanced lab space for 
ongoing research and scholarship efforts across various 
fields in cyber science and cyber operations learning. The 
“War Room” has its own network for teaching and 
conducting full-spectrum cyber operations and hosts 
USNA’s cross-departmental Cyber Security Team (CST), 
which competes in various cyber competitions. 
 
PHYSICS TELESCOPES 

The Hopper Hall Observational Astrophysics Facility 
features a 20-inch PlaneWave Optical Telescope and a 3.0m 
SPIDER 300A Radio Telescope on the building’s roof, both of 
which are operated from the control room on the 5th floor. 
The control room holds approximately 15 students and a 
professor to operate the telescopes and participate in data 
analysis simultaneously, with the option to display images 
and results on a large format monitor in the front of the 
room. The astrophysics facility also features a project-based 
learning space for students in the major, equipped with data 
analysis computers and an instrumentation workbench. Six 
specially designed telescope pedestals on the 5th floor 
terrace allow for rapid deployment and alignment of six 8-
inch portable telescopes to be used in laboratory classes 
and on viewing nights. The facility is equipped with 
permanent office space for early-career scientists who 
support the USNA Astrophysics program via funding from 
the National Science Foundation and NASA. 
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AEROSPACE ENGINEERING 
PROJECT: Venus Interplanetary Researcher and Testbed for Uncharted Exploration (VIRTUE) 
 
In June 2021, the Astro Capstone teams participated in a 
national competition called Revolutionary Aerospace 
Systems Concepts Academic Linkage (RASC-AL), 
sponsored by NASA and National Institute of Aerospace. 
RASC-AL projects allow students to incorporate their 
coursework into space exploration objectives and helps 
bridge strategic knowledge gaps associated with NASA’s 
vision. The team competition focuses on large space system 
mission designs, with both undergraduate and graduate 
teams participating from top universities.  
 
NASA personnel and industry experts from Lockheed 
Martin, SpaceWorks, Cislunar Space Development 
Company, SpaceX, Boeing, Blue Origin, Aerojet Rocketdyne 

and Northrop Grumman determined the finalists based on a 
review of competitive proposals submitted to the 2021 
challenge. The selected projects demonstrated originality 
and creativity in the areas of engineering and analysis, show 
feasibility and technical merit, include synergistic 
applications with NASA’s planned current investments and 
best aligned with one of the 2021 challenge’s five themes. 
 
The USNA team won the category in the Venus Flyby 
Mission Design, which consisted of eleven Aerospace 
Engineering majors from the Class of 2021. The research 
and recorded presentation for their work on Venus 
Interplanetary Researcher and Testbed for Uncharted 
Exploration (VIRTUE) can be found HERE.  

WEAPONS, ROBOTICS AND CONTROL ENGINEERING (WRCE) 
PROJECT: Developments in the Unmanned Aerial System (UAS) Program 
 
The Unmanned Systems Integration Roadmap emphasizes 
interoperability, autonomy, network security and human-
machine collaboration as critical themes that will influence 
the future of the military’s unmanned systems. As officers 
who will employ unmanned systems in the Navy and Marine 
Corps, midshipmen must be exposed to the fundamental 
operating principles and technology of unmanned systems. 
Toward addressing this need, the Department of Weapons, 
Robotics and Control Engineering (WRCE) leads ongoing 
development of the USNA UAS Program.  
 
2020-2021 brought an expansion of the Midshipman Drone 
Racing League, an extracurricular activity paired with the 
classes and intended to scout for piloting talent, build skills 
and eventually compete at a world-class level. The team 
practices twice a week to build piloting skills and train 
members. The addition of three quadrotor flight simulators 
in the fall of 2020 furthered the growth of the club, allowing 
them to practice in simulation before using real hardware.  

The simulators are in the new ARTeMis facility in Hopper 
Hall so that students can easily transition from the 
simulators to a netted testing space. Midshipmen continue 
to benefit from the support of Boeing to outfit the labs with 
equipment that midshipman incorporate into their class 
projects, capstone projects and independent research.  
 
In the Intro to Drone Technology: Fixed Wing course, 
midshipmen built and tested their fixed wing remote piloted 
aircraft. The class taught students how to perform preflight 
checks from a ground control station (GCS), plan an 
autonomous mission, load and execute autonomous 
missions from the GCS, monitor the mission from the GCS 
and takeover with manual flight when necessary. Students 
finished the semester by completing term projects and 
presenting their results to their classmates.  
 
 

THANK YOU FOR YOUR SUPPORT! 
Thanks to external collaborators and the generous support of donors, project-based learning continues to create exceptional 
learning opportunities and professional development experiences. 

https://www.nasa.gov/feature/langley/students-showcase-aerospace-concepts-in-2021-rasc-al-forum
https://www.nasa.gov/feature/langley/students-showcase-aerospace-concepts-in-2021-rasc-al-forum
https://www.youtube.com/watch?app=desktop&v=oRm5LX30p88

