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ABSTRACT

Augmented Learning for Environmental Robotics Technologies (ALERT) aims to serve the
national interest by developing and testing an Augmented Reality (AR) learning platform for
Architecture, Engineering, and Construction (AEC) students to prepare them for working with
environmental data and robotics. ALERT will be designed to address the training needs of the
AEC industry, which is expected to face disruptions due to robotic automation. ALERT will D H “, O
leverage advancements in Artificial Intelligence (Al), AR, and information technologies to —Te m S e n $ O r_'S et 5
create immersive, interactive, and data driven environmental robotic learning environments. u .
It will integrate an Al-powered intelligent learning systems with AR to collect and analyze . tp 5/ 1 O
learner performance data to customize learning experiences and improve learning outcomes.
ALERT will also develop a novel interdisciplinary curriculum focusing on environmental
monitoring and data visualization for sustainable building design and construction. orts 9, and 10 to VCC
ort 11 to GRD
The project will address the need to prepare the AEC students to capture, analyze, and apply DH10 Sensor
environmental data in order to reduce the impacts of human development and construction. VECNOUT/GRND
It will also address the shortage of a skilled workforce in the AEC industry, focusing on the mm';?
sustainability of the built environment. ALERT will provide a technology-rich learning Weight - 59
experience, which will enhance students' competitiveness for future jobs. By developing and ]
testing ALERT at Florida International University, one of the largest majority-minority student
populations, the project will take advantage of a unique opportunity to create a curriculum
tailored to diverse learners. Project results will be disseminated through various channels
including webinars, press releases, publications, and presentations in a variety of disciplinary
and interdisciplinary venues. The project team plans to utilize social media as a vehicle to
communicate with interested students and educators. The NSF [USE: EDU Program supports
research and development projects to improve the effectiveness of STEM education for all
students. Through its Engaged Student Learning track, the program supports the creation,
exploration, and implementation of promising practices and tools.

This award reflects NSF's statutory mission and has been deemed worthy of support through
evaluation using the Foundation's intellectual merit and broader impacts review criteria.
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National Science Foundation RETTL Augmented Learning Environmental Robotics Technology Curriculum Prototype

NSF#2315647, 2023-25. $400,000 On the Curriculum Team | work with small robotics specialists, user I have designed a new curriculum in coordination with an Al specialist
NSF Improving Undergraduate STEM Education. experience designers, and natural language processing experts to who will deploy an Intellegent Learning System (AILS) to monitor
CoPlI, Curriculum Development Team Leader. create an augmented learning curriculum for environmental robotics. student performance and re-order lessons based on performance.




FABRICATION Additive Manufacturing

Additive Manufacturing for Nautical Design:
An Automated Approach to Marine Manufacturing

Eric Peterson

Universita degli Studi di Genova
Dipartimento di Architettura e Design
eric.peterson@fiu.edu

Abstract: How can additive manufacturing (AM) technology be applied to automate the
production of small marine vessels? For the past 50 years small (below 40 meters) marine vessel
manufacturing has been dominated by moulded fiber-reinforced plastics (FRP). There are several
shortcomings to this manufacturing method that affect both the formal outcome and the
manufacturing process of boats built in FRP: 1) manufacturing requires the use of expensive
moulds, 2) formal geometric freedom is limited by moulds which reduce the potential for
customization, and 3) special assemblies and structural reinforcements must be moulded
separately and joined using a time-consuming hand lay-up process. The use of AM may reduce
cost of production by eliminating need for moulds, allow greater ease of customization. and
improve worker safety by limiting exposure to harmful materials and chemicals.

The purpose of this research project is to evaluate existing AM technology and assess its potential
for application to small marine vessel manufacturing. The project aims to investigate new methods
for generating novel AM toolpaths and demonstrate through proof of concept that it may be
possible to produce the complex topological surfaces and assemblies that are common in marine
vessels using multi-bias additive manufacturing (MBAM). However, AM is a broad term that
describes a variety of different ways to manufacture objects. As such, AM can be applied to marine
manufacturing in a variety of different ways, in different phases of the manufacturing process, and
to different extents. At the same time, building boats is a complex process that presents specific
problems that must be addressed in any automation solution. Several marine vessel construction
projects have already been completed using AM which can serve as case studies for understanding
the opportunities and challenges for applying AM to the marine sector. A review of the current
state of the technology and qualitative analysis (QA) of case studies provides a set of guidelines
for designing a manufacturing method that may prove effective for producing small marine vessels
using AM.

The project relied on design-based research (DBR) to develop a series of experimental extruder
prototypes for novel toolpath testing on excerpts from a small reference vessel. The combination
of QA and DBR experimentation point to a manufacturing solution using articulated robotic
manipulators and a continuous fiber thermoset plastic extruder using a modified version of the
fused filament fabrication process. This kinematic solution can be extended with external linear or
rotational axes and/or by mounting robotic manipulators within a large gantry. This will allow the
extruder to approach the work using a wide range of orientations that will be optimal for both the
geometry of marine vessels and the requirements of MBAM extrusion. Meanwhile, toolpath
generation using Grasshopper and KukaPRC demonstrated a proof of concept for creating MBAM
toolpaths optimized for small marine vessels. While the method proved feasible for smaller
excerpts there remain significant challenges to successful deployment of this manufacturing
method that can only be addressed with additional research.

Keywords: Additive Manufacturing - Robotics - Fiber-Reinforced Plastics - Toolpath Generation
* Multi-Bias Printing

Doctoral Dissertation

PhD in Design: Universita Degli Studi di Genova.

Dissertation defense December 6, 2022. An investigation of robotic
multi-bias additive manufacturing for the marine sector.

Additive Manufacturing for Nautical Design

An Automated Approach to Marine Manufacturing

ERIC PETERSON

UNIVERSITA
DEGLI STUDI
DI GENOVA

Research Question
How can additive manufacturing technology be applied to automate
the production of marine vessels?

Broader Impacts

Robotic multi-bias additive manufacturing has the potential to
revolutionize manufacturing across a broad range of industries
including furniture, durable goods, and architectural applications.
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Courses Exhibition Sponsorship

PalletCraft grew out of a series of interdisciplinary Furniture Design An exhibit at the Coral Gables Museum displayed three years of WholeFoods Marketplace sponsored our exhibiton and commissioned
courses offered by the Department of Interior Design offered to student furniture projects built from recycled pallet wood using our several tables. Proceeds supported a Graduate Teaching Assistant for
students in the School of Architecture. material reclamation method. the Fabrication Lab.




EDUCATION Fabrication as Pedagogy

PALLETCRAFT

transportation networks.

Over a period of three years, Eric Peterson has worked with
students at Florida International University School of
Architecture building furniture and researching the material
potential of shipping pallets. This exhibition is both a
retrospective of this work and an invitation for us to
reconsider how we value humble materials.

Shipping pallets are made in many different countries and
are used to transport consumer products, foods, and raw
materials around the globe. Pallets change hands, travel
across oceans and continents, are damaged and repaired
multiple times over their useful life-cycle. These ubiquitous
devices play a fundamental role in supporting our consumer
culture and yet go largely unnoticed in our daily lives.

November 1 - December 1,2013
Anthony R. Abraham Family Gallery

The furniture and architectural material prototypes displayed
in this exhibit dispense with the notion of a predetermined
material nobility. Wood from shipping pallets is investigated
for its potential properties as cladding, surface, structure, or
spatial modulator. Through the investment of human labor,
Palletcraft exposes the hidden qualities of an overlooked
material resource and asks us to reconsider the ramifications
of our participation in global material and product

Events:

Lecture by curator Eric Peterson on
sustainable furniture and product design
Tuesday, Nov. 5, 7pm

Designers Walkthrough and Public

Reception sponsored by Whole Foods
Tuesday, Nov. 26, 7pm

CORAL GABLES MUSEUM | 285 Aragon Avenue | Coral Gables, FL, 33134 | 305-603-8067 | coralgablesmuseum.org

Sustainable Furniture and Product Design

Global shipping has transformed furniture and product
manufacturing from largely regional industries into an international
enterprise dominated by flat-packed fast-furniture.

Located at the corner of Salzedo Street and Aragon Avenue in the heart of the City Beautiful. Open Tuesday through Sunday.

A special thank you to our sponsors:

Fl | Architecture WH%LE
| +The Arts FOODS
FLORIDA INTERNATIONAL UNIVERSITY CEEEE

PalletCraft Pedagogy

Students learned about the global shipping industry and were
encouraged, individually or in groups, to design and build a piece of
furniture offering a critique of 21°* Century consumerism.

SHIPPING PALLETS

On aey gihven day In the United States

there are 1.2 billion shipping paliets in
circulation [sceme estimate 5 mamy 4

2 billion]

that translstes to 6 palbets for every

perion inthe US.

Every yeas we peoduce 500 million new -
shipping pallets.. @ ______
thatis almest 1,370,000 every singledey N/ FEE P
o 16 new pallets per second]

Imagine your ple of & pallets:

every 2172 days —

e of your paliets i discarded B
ard replaced by a new ome. =

PALLET SPECIFICATIONS e - —— - Stringers are | ME 23 112" 1 45"

Most 48" x 40" pallets are manudactured | |
a5 Grocery Mansfacturer's Assoclation, | | i 1 « Top and bottom deck boards are 5/8° thick.
o1 GMA, style paets as a

The ceiginal GMA specification b now i ! ' !

absclete, but i sull has some generally | ! L | |

accepted parameters.

poritioned between the notches.

MATERIAL HANDLING

Shipping pallets play & central role in I industry, agricultuee, and setail Duarirvg the second half of the An entiee industry has developed
hecrws fovpd, ¥ ard h i

) and stored. ofuniversal  pulletized material

. This makes It & 4-wiry paliet.

« Pallet top has a 5 1/2° x 40° baard on each end, and frve 3 1/2° x 40° boards in the center.
« Pallet bottom has a 5 1/2" x 40° board on each end, and three 3 1/2" x 407 boaeds.

At the end of thew usefl lifecycle
Twentseth Century pallets ane typlcaly recyched - nails e

repa, h
Ascund the waorld there are. wood i either ground into.
thousands of businesses bullding

shipping container, fe haating.

Developed during Manclards for palk wage, and lesd to the
; , and Wecy .

psliets have become indispensibie to
contemparary material handiing.

PALLETCRAFT WOOD RECLAMATION SYSTEM

SECOND PROTOTYPE

SMALL PALLETWOOD PIECES ARE GLUED AND NALED TOGETHER USING A
SINGLE ANGLE AND VARIABLE LENGTH PIECES TO CREATE AN UNDULATING
SURFACE

Pallet Craft System

Palletcraft treats shipping pallets as a raw material that need to be
milled and processed like any other forestry product before being
used for making furniture.

the fibers ase comprassed to make.



EDUCATION Fabrication as Pedagogy

PALLETCRAFT

Eric Peterson
Ass. Teaching Professor
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PALLETCRAFT FURNITURE

DRAFTING TABLE
S e ey Ve e
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PalletCraft Aesthetic Collective Projects as Curriculum Making Furniture Designers
Unlike much of the palletwood furniture popular a decade ago, the Over time, the curriculum for furniture design course shifted from Several students from my furniture courses have gone on to launch
PalletCraft system using pallets as a raw material, leads to furniture individual, self-funded projects to collective projects supporting local successful careers in furniture design, architectural millwork,

that is not tied to the formal and tectonic qualities of shipping pallets. environmental initiatives and scholarship opportunities. fabrication, and contracting.
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