
seaairland.psu.edu



Welcome
to the

2022-2023 
SeAL 

Challenge



WHAT IS THE SEA AIR AND LAND CHALLENGE?
Nicknamed the “SeAL Challenge”, the program is a 12–16 
week long STEM initiative for teams of high school and/
or middle school aged students. 
It gives them the opportunity to learn about the 
engineering process through the 
design and construction of a robotic 
system. On Challenge Day, 
the students come together 
to compete in sea, air, and land 
challenges that mimic missions 
encountered by the military, 
national security agencies, 
and first responders.

Program goals
•  Give students an exciting 

opportunity to tackle a difficult 
engineering task
while still in high school

•  Provide insight into tremendous 
technical careers available in the 
Department of Defense
and Armed Forces

•  Help educators and
advisors implement
a successful STEM
program given budget,
time, and resource                 
constraints



Mission
Sponsored by the the Defense Threat Reduction 
Agency's Interaction of Ionizing Radiation with 
Matter (IIRM) Alliance.
the mission of the program is to inspire high school 
students to pursue education and careers in 
science, technology, engineering, and 
mathematics, with an emphasis on 
civilian and uniformed careers 
that support Department of Defense 
and National Security activities.

Background
We believe in exposing young minds to 
science, technology, engineering and 
math (STEM). Eleven years ago, Penn State’s 
Applied Research Laboratory struggled to find 
qualified engineers. The pipeline of students has been 
dwindling. We decided to develop a program to inspire 
young adults to pursue careers in STEM. All high 
school aged students, regardless of location or 
demographic, can participate in an exciting activity 
that introduces them to the elegance of engineering 
and science, and helps them appreciate the 
importance of technology for themselves and for our 
nation. 

From its inception, the 
program has grown to 
include students from 
more than ten states, 
participating in one of nine 
regions nation-wide. 



Sea Challenge
Scenario
A new ocean passage is needed quickly for reconnaissance 
submarines near the equator. A time saving shortcut has been 
located, but the concern of having a manned vessel damaged in 
the tight passage is high. Therefore, an unmanned submersible is 
being deployed to map the deep and difficult underwater 
passage for the larger manned vessels. It will also take samples 
of the ocean floor for further understanding of the area including 
possible shifts in the terrain.

Unmanned submersibles may be referred to as a remotely 
operated vehicle or ROV, or an unmanned underwater vehicle 
or UUV. The latter can be autonomous or not. Bathymetry is 
underwater topography or the study of the depths and shapes 
of underwater terrain for the safety of sub-surface navigation. 
The submersible’s mission will be to visually confirm the terrain 
and any solid outcroppings that might cause difficult 
maneuvering for larger vessels. It will also navigate the ocean 
floor, picking up the ocean floor samples and return them to the 
surface ship.

Challenge
To design and build an underwater vehicle that is tele-operated 
(or autonomous) that can perform the following tasks to complete 
the sea challenge:
•  Find and navigate to defined object(s) on the bottom of

10’ x 10’ x 3’ deep tank or pool
• Pick up the object(s) from bottom of tank
• Carry the object(s) from pick up point to drop off point
• Find and navigate to drop off point
• Deposit the object at/in drop off point
• Surface after each object delivery

In this challenge, there will not be any direct viewing of the tank by 
the team pilot(s). This will mimic true deep water operations, where 
the submersible is controlled using situational awareness provided 
by cameras and other sensors.
*Bonus: After last object is delivered, teams can run

an autonomous lawn mower pattern in the tank, 
as time allows. 



Air Challenge 
Scenario
An explosion has occurred in a downtown metropolitan area. 
There is a concern that the explosion may have released radioactive 
elements into the air, jeopardizing the health and safety of all citizens 
in the surrounding area. In order to safely determine whether or not 
the explosion is a radioactive threat, an Unmanned Aerial Vehicle 
(UAV) with radiation detection capabilities is being sent to the scene. 
With cameras, sensors and automated image processing, the UAV 
will fly over the region and determine if any “radiative matter” is 
present. A live relay of this information will be sent to the first 
responders, allowing them to remain protected at a safe distance 
until the best method of response is determined. In addition, the UAV 
will be able to drop markers on radiation hot spots to indicate a 
radiation danger zone and serve as a warning to the ground crews. 
Using sensors that will recognize differences in radiation 
concentration can increase the safety for the responders and local 
civilians. Without a fully developed UAV equipped with radiation 
detection, first responders would have no indication as to whether 
the explosion site is safe, nor will the surrounding areas know if 
radiation is heading their way. This Air Challenge explores building 
and using sensors that could one day be used on UAVs.

Challenge
For the Air Challenge, the payload 
developed will use QR code 
readers and drop capabilities 
for a hobby sized multirotor 
(fits within a 21” x 21” box, 
not including propellers or prop 
guards). The multirotor, which 
is controlled by an experienced 
pilot or a team member who 
passes a qualification test, will fly a pattern searching for simulated 
radiative matter, marked by QR codes, that has been randomly 
placed. As the multirotor performs its flight pattern, the payload 
must be able to read or relay the QR coded “radiation level”. The team 
must determine from this information if the area is “safe” or if it is a 
radiation “hot spot” and drop an object (which simulates a marker 
for emergency crews) on the high “radiation” areas. Efficiency and 
accuracy are important aspects of this challenge.



Land Challenge 
Scenario 
A tornado has touched down near the city’s central park and has 
uprooted trees and scattered debris. A hospital is among the 
high-rise buildings surrounding the park, and many individuals 
trapped within this building require critical supplies to stay alive. 
Most of buildings, including the hospital, and the roads to the 
buildings are deemed unsafe because of structural damage and 
nearby uprooted trees. Your robot and team must remove debris 
and obstacles that are preventing rescue personnel from safely 
entering the area and deliver supplies to the trapped people. 
Ground robots are becoming increasingly more sophisticated 
and utilized in different types of applications including emergency 
situations. This application of the technology provides a critical link 
to injured or stranded people and keeps first responders out of 
harm’s way until a safe route can be established.

Challenge
The object of the Land Challenge is to design and build a tele-operated 
(or autonomous) land based vehicle that can clear debris and move 
various objects to their associated drop locations. Each team will 
have two runs in the course with a break in between to make 
adjustments and recharge. The robot operator(s) will not be able 
to see the course during the run. The course will also be changed 
between runs, so that knowledge of one course is not an advantage.



Does your school, group or club  want to join 
the SeAL Challenge? 
Teams of 3 to 10 students, along with an advisor, chose their 
Challenge — sea, air, or land. They register their school or 
organization, register each team member, and take the 
pre-Challenge survey. Students will need roughly 40 hours 
to research, develop, and build their robotic system. 
This should take approximately 2–3 hours per week over a 
semester. They will also need to raise a maximum of $600 for 
materials and supplies. It is okay if the advisor’s background is 
not engineering — we have developed a Survivors’ Guide for 
Educators/Advisors, and will link the advisor with a mentor who 
has an engineering background. 

Once your team is formed and registered, here are your 
next steps during the 12–16 week semester: 

• Brainstorm and conduct background research
• Develop your initial design
•  Write a Preliminary Design Review documenting

your ideas (usually 4 weeks into the program)
• Obtain materials
• Build, test, and refine design
•  Attend Challenge Day, which is usually held in

late April/early May
•  Document your system and what you, your team,

and your supporters learned!



So you want to start a new region!
Become a Sea Air and Land Regional Coordinator!
The role of the Regional Coordinator (RC) is to introduce the 
SeAL Challenge to local high schools, and to organize and 
conduct Challenge Day. Some of the specific tasks involved are:

 • Identifying local high schools or clubs who want
to participate or introduce STEM curriculum
into their organization
 •Helping match schools/clubs with
local engineering mentors
 •Reviewing each team’s preliminary design
 •Building/buying Challenge courses
 •Organizing and hosting Challenge Day

You are never “going it alone”. The Central Resource 
will assist with all tasks during your first years of the Challenge. 
The Central Resource maintains the website,
http://seaairland.psu.edu/, including school and student 
registration, as well as links for your region with military 
personnel for a Challenge Day Kick-Off, 
and members of the Academy of 
Model Aeronautics (AMA) for 
the Air Challenge. Challenge 
Guidelines, Survival Guides, 
Scoring Rubrics, templates 
and more can be found 
online under Support Docs 
(password protected).



Challenge courses will need to be obtained by the RC/Host 
the first year. For the Sea Challenge, a pool may be used, or a 
tank can be borrowed or purchased. For the Land Challenge 
course, drop boxes and objects will need to be built 
(blueprints available). The Air course can be 
assembled with minimum cost and time. 
The total cost of the three courses, 
which can be used for years, 
is roughly $1500. 

There are many advantages of the 
SeAL Challenge which set it apart 
from other robotic competitions, 
including no registration or 
curriculum fees, a program which 
stresses engineering methods, 
open-sourced robotics supplies 
allowing the freedom to innovate and save 
money, and a flexible program that can be 
tailored for you as an RC and for your participating schools.

With no registration fees, 
low materials cost, online access, 
volunteer engineering mentors, and optional 
curriculum support from PSU ARL, this program 
is accessible to all schools and organizations.

Several RCs have also successfully tailored this program 
for middle school or college level students in their region.



Each region may choose to offer the program for high school and/or middle 
school aged students.  In addition, each regions can choose to conduct the 
SeAL Challenge as a hands-on or all-virtual version of the Challenge. For all-
virtual Challenges, teams may participate via video conferencing from any 
location.  To see a full list of Regional Challenges and Contacts, please visit: 
https://seaairland.psu.edu/ and click on Find a Challenge.

• PA—Eastern:
Jill Darlington
Berks County Intermediate Unit
Reading, PA

• PA—Northern:
Pete Eckstrom
Bradford HS, Bradford, PA

• PA—South Central:
Len Litowitz
Millersville University, Millersville, PA

• PA—Southwestern:
Joe Logsdon
Seneca Valley HS, Harmony, PA

• VA—Southeastern:
Christine Lafferty
Suffolk Public Schools, Suffolk, VA

2022–2023 Regional Challenges and Coordinators:
• MI-Detroit Area:    

Bartel Welch
Code 313, Inc.

• NY—New York City: 
Eugene Adams
Bronx Community College 
Bronx, NY

• OH—Eastern:
Jeff Merrill 
Buckeye Local HS 
Rayland, OH

• PA—Central:
Debra Flaig
Penn State Altoona
Altoona, PA

CONTACT INFORMATION
Program Contacts:

• Susan Zingaro, Program Coordinator
smz20@arl.psu.edu — 724-295-7000 x7135

• Sea Air Land Group at PSU ARL’s Electro-Optics Center
seaairland@arl.psu.edu



The information contained herein was developed under a grant sponsored by the Department of the Navy, Office of Naval 
Research and support of the Defense Threat Reduction Agency. This information is intended to be used as a guideline and 

not a contract governing the event. This material is neither exhaustive nor necessarily applicable to all circumstances. 
School policies and procedures may be relevant. This information should be considered in conjunction with other 

pertinent materials. We reserve the right to rescind or modify this information at any time. Any opinions, findings, 
conclusions and recommendations expressed are those of the author(s) and do not necessarily reflect 

the views of the Office of Naval Research. The following shall not be disclosed outside The Pennsylvania State University 
or the Government and shall not be duplicated, used, or disclosed — in whole or in part — for any purpose other than to 

support the Sea, Air and Land Challenge. This restriction does not limit the Government’s right to use information 
contained in this data if it is obtained from another source without restriction.




