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Raytheon 
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Patrick Agri
Neil Doshi
Spencer Rogers 
Thomas Shea
Vincenzo Cicco

Our senior design project was to improve the method in which 
Raytheon prints conductive bridges for circuits. They are print-
ed using a 5-axis state of the art aerosol jet printer known as 
the Optomec AJ5X. The current method they use is a single 
bridge holder, which is very time consuming to load, calibrate, 
print, and unload every time for just a single bridge. The poten-
tial ways in which we thought to increase the efficiency of their 
process were to speed up the install and removal process, au-
tomating the AJ5X calibration process, or enable batching parts 
through editing the existing fixture or creating a new one. 
Through conversations within our team and with the Raytheon 
team, we decided on creating a new fixture that would hold four 
or more bridges. This would allow for only having one calibra-
tion while eliminating the need to load and unload after each 
bridge is done. Once we knew we were pursuing a new design, 
we determined the geometry should be spine-like, not a 
press-fit, allowing for the top left corner of the top bridge to be 
visible (calibration), and the geometry would ideally be simple 
to be easily manufacturable. We then had to determine how to 
best attach to this spine-like structure. This resulted in the 
choice of heat release glue, since it would be the most conve-
nient as the conductive ink is frequently cured in an oven. With 
our final design, we knew that we had a complete design that 
saved serious time while also being within a reasonable accu-
racy

Raytheon 5-Axis Printer Optimization
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Luke Atlas
Gene Yu 

PROBLEM STATEMENT

BostonBoston University College of Engineering provides many different 
manufacturing processes in the Engineering Innovation Center 
(EPIC), using the Automated Design and Manufacturing Laboratory 
(ADML). However the ADML was only used for machining. Our client 
wants us to design and build a functional printing station in the ADML. 
Functional printing is a relatively new method that manufactures items 
through print that the user can interact with. It will combine electrically 
conductiveconductive ink writing and automated pick-and-placing electrical com-
ponents. These resources can allow students to learn more about dif-
ferent manufacturing methods. We developed the station that incor-
porates the ADML’s robot arms to use different tools and act as the ink 
extruder and the pick-and-place.

SOLUTION CONCEPT

The team was tasked with improving the previous team’s designs as 
well as completing the functional printing process, which needed to be 
reproducible, accurate, and repeatable. Our solution to meet these 
goals involved gluing the electrical stations’ pillars into and redesign-
ing the printhead adapters to prevent the adapter flexing over time. In 
order to improve the robot’s accuracy, the team implemented a new 
calibration process, which implements the dimensions of the adapters 
toto provide a similar perspective. The team continued to implement 
new processes as the process was left incomplete. Additionally, the 
code, which commanded the robot, was redesigned to provide a more 
intuitive user interface. This project will create a foundation from 
which future teams can potentially  expand upon and refine the con-
cept.

ADML Integrated Functional Printing
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ly be inspected, but to the extent of how much we learn about the inspection capabilities of these specific 
cameras. Another objective of this project is to obtain the best inspection results while minimizing the costs, 
as the In-Sight 7000 camera is 5 times more expensive than the 2000, but provides a higher pixel resolution. 
This improved feature should only be used if absolutely necessary, at the expense of cost. 

This project will investigate the Insight 
2000 and potentially the Insight 7000 
cameras' ability to inspect solder joints, to 
detect foreign object debris in a work 
space, and to automate machine tending 
- non contact preV and post machining in-
spection of parts, dimensional and posi-
tional analysis. Our goal is to determine 
the capabilities of these cameras and to 
what extent they can be utilized in inspec-
tion and vision systems for quality control. 
The success of this project will not be 
judged on what materials can successful- 

Lockheed Martin Parts Inspection System
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This project was carried out to introduce Vibram to 3D printing tech-
nologies, processes, and techniques to best provide them with an 
appropriate design for a 3D printed midsole. A midsole for one of Vi-
bram’s outdoor running shoes was modeled. Shoes for trail running 
require more padding, giving them a larger design space. While 
Vibram is known for their shoe soles, creating an innovative way to 
print a supportive midsole for trail running shoes will help boost this 
shoe’s performance and help Vibram compete with other shoe com-
panies that have already gone into 3D printing midsoles.

Our technique was to lattice the interior of the midsole, removing un-
necessary material and making a more lightweight product that still 
retains the spring-back energy and support needed in running 
shoes. The process included performing tests on different lattice de-
signs available to us, and developing our own research into lattice 
type and behavior when printed in elastic material.  From our tests 
and simulations, we narrowed down the types of lattices that should 
be used in the model. From there we created the latticed midsole 
using nTopology - a lattice design program. The goal of this project 
is to design a midsole to be printed on a Formlabs printer in elastic 
resin. 

This project builds off of the 2019 3D printing midsole Senior Design 
project. We used similar processes but improved upon their design 
by creating an anisotropic density pattern to better match the areas 
of high and low pressure on a runner's foot. Our lattice design brings 
modeling for 3D printing closer to being a realistic option for Vibram 
and helps show some of the trials and tribulations of this process. 

Vibram Shoes 3D Printed Midsole

Faculty Advisor:  
Anna Thornton
 
Client: 
Vibram Shoes

Team Members: 
Sara DennerSara Denner
Deborah Leszczynski
Irena Roggeveen
Nicole Zarillo
Samantha Salerno
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Vibram is one of the leading shoe sole producing companies in the world. In order to 
create these soles, they are pressure molded, which leaves a large excess of material 
surrounding the sole called flash. Current flash removal technology is labor intensive 
and almost completely manual. Our goal is to automate the removal process by using 
an Arduino camera in conjuction with a comprehensive MATLAB program to detect the 
outline of the shoe sole. This is done so that at a future time our processed images can 
be used to generatve Gcode (the coordinates that determine the laser path), which will 
bebe used by a laser cutter to automatically cut off the flash at the sole outline. This 
allows for increased flexibility in the soles cut, the freedom to place the soles anywhere 
on the build platform, and will minimize risk of injury to employees at Vibram.

Vibram Shoes Mold Flash Removal

Faculty Advisor:  
Anna Thornton
 
Client: 
Vibram Shoes

Team Members: 
Pippa van Pippa van Westendorp
Tia Chang
Emily Garrard

Vibram Shoes Rubber Recycling

Our project’s goal was to find valuable use of the Vibram Corpora-
tion’s rubber waste in commercial or engineering applications. 
This being said, our team conducted both a cost analysis and a 
feasibility analysis for treating Vibram’s waste as a product. Annu-
ally, the Vibram Corporation produces over 500,000+ pounds of 
rubber waste from defected shoe soles, “flash” (waste produced 
from the sole molding process), and sheets of raw rubber pro
duced from changing the rubber dye color on its production line. 
Our plan was to get a better understanding of the material being 
used, and find out what applications made the most sense.

Our strategic approach included considering three potential 
routes of re-purposing the rubber waste. These three consider-
ations were to create rubber tiles, rubber mulch, and rubber roads 
from the leftover product. Our highest priority was attempting to 
create rubber tiles, seeing that the potential for creating the new 
product was best supported by Vibram’s existing available ma-
chines and infrastructure, including the level of commercial op
portunity, specifically in the fitness and gym industry. Rubber 
mulch followed quickly after, considering Vibram had some of the 
grinding machines needed to make appropriate mulch chunks to 
sell as a commercial product for landscaping. Our final route, 
rubber roads, would be in partnership with MassDOT’s sustain-
ability initiative, GreenDOT, to recycle the rubber for use in road 
development. Other local Massachusetts towns and cities were 
also considered for outreach and partnership as well. Currently, 
vulcanized tires are the major source of creating rubber roads, 
which have been proven to be more durable and weather-resis-
tant that materials previously used.

Faculty Advisor:  
Frank diBella
 
Client: 
Vibram Shoes

Team Members: 
Ryan CullyRyan Cully
Faiz Parvaz
Hugo Rajao
Ignacio Diaz-Garza
Matthew Poulsen
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Formula SAE Car Instrumentation

The project of BU racing instrumentation focuses on designing a device 
that can clearly shows weight transfer and effect of aerodynamic parts 
of the BU FSAE vehicle. Weight transfer is a term that described the 
normal force changes on the tires of a moving vehicle due to braking in 
the corner. The normal force on the tires influences the grip that the tire 
can have severely. Because when the racing vehicle is turning in the 
corner, there is more grip required in the front tires and less grip re-
quiredquired in the rear tires, a appropriate weight transfer can help the racing 
vehicle turn the corner in a faster speed. The purpose of adding aerody-
namic parts is to add more normal force on the wheels by converting 
drag to downforce. However, it is still impossible to know the exact 
normal force on the wheels.

To solve this problem, BU racing instrumentation group integrated an 
S-type load cell into the suspension structure of BU FSAE vehicle. The 
load cell was then connected to an amplifier, and the amplifier was con-
nected to an Arduino to change the analog signal to digital signal. The 
Arduino also transmitted the signal through a radio transmitter. A radio 
receiver, on the other  side, was connected to another Arduino, which 
was connected to a PC. The signal can be transmitted to the computer. 
InIn the computer, the wheel load information from Arduino was converted 
to a graph that was shown in MATLAB. This information was then ana-
lyzed. The expected wheel load of the vehicle was also analyzed using 
Excel. In addition, the finite element analysis was done for the device to 
make sure that it can sustain the weight of the vehicle.

Faculty Advisor:  
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BU Racing

Team Members: 
YYuanqiao Li
Shengxu Wang
Yuxin Lin
Zhaoyang Zheng
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Vibram Shoes Tread Traction Measurement System

Faculty Advisor:  
Frank Dibella
 
Client: 
Vibram Shoes

Team Members: 
Matthew BoucherMatthew Boucher
Joshua Dochoda
Michael Sabourin
Ryan Caracciolo

Vibram, a manufacturer of rubber shoe soles that licenses its 
products to over 1,000 footwear manufacturers, approached 
the Senior Capstone program with a project focused on reli-
ably measuring and comparing the traction of different tread 
patterns. Before the creation of the project, Vibram fabricated 
their own tread traction measurement device. While ma-
chines exist to measure shoe grip (the resistance from a shoe 
when moving along a smooth surface), Vibram desired a 
method of testing tread traction on a number of different sur-
faces, such as gravel, grass, and snow. The created device 
measures the force that a shoe experiences as it is moved 
one-dimensionally through an unstable medium while sus-
pended from a gantry. Due to the number of uncontrollable 
variables and the delocalization of measurement, the ma
chine lacks repeatability, accuracy, and the ability to provide a 
reliable metric for comparing shoe traction. Vibram enlisted 
our team to study and eliminate these variables in an attempt 
to increase the repeatability and signiicance of test results. 
After a series of calibration tests, experiments, and disassem-
blies, the team was able to narrow down the variables to a 
controllable few through the physical altering of the gantry 
that the shoe is ixed to during testing. Our project delivers a 
fully developed, research-backed gantry modiication pro-
posal and testing procedure that Vibram, or future capstone 
project groups, can use in the further development of the 
system.
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Mars stands at the forefront of future space exploration, the 
first stop on humanity’s path beyond Earth's orbit. Since 1971, 
over 50 missions have been launched to explore the planet's 
history, geology and atmosphere. However, these expeditions 
have been limited to orbital probes and exploration rovers. 
Probes have the capacity of surveying the entire surface of 
Mars but provide low resolution, while rovers can cover a limit-
eded mapping surface but provide high resolution. Project Nerio 
intends to fill the gap between these two mission types by al-
lowing high accuracy without sacrificing range.

To achieve this, we designed an unmanned, fixed-wing aircraft 
for entry into service in 2040. Such a vehicle would allow de-
tailed exploration of large sections of the planet’s surface and 
atmosphere in a reusable and energy-efficient manner. It 
would have the structural rigidity necessary to transport a 
rover to various points of interest, and carry multiple scientific 
instruments. Our design addresses challenges such as taking 
ooff and landing on unprepared surfaces, sustaining flight in a 
low density atmosphere, recharging in an extreme weather en-
vironment and maintaining stability in unpredictable wind con-
ditions. Such an aircraft could prove vital in preparing Mars for 
further human exploration and settlement. 
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Government-funded groups and independent contractors 
alike have designed conceptual autonomous aircraft for 
Mars for years. The vast majority of these designs deemed 
feasible have been single-flight suicide missions and cost 
millions of dollars to build, yet only collected data for a brief 
period of time. As technology has progressed, we have 
begun to demand more from these aircraft designs, with 
oneone of the latest demands being the ability to transport a 
rover. Modern-day rovers are designed for exploring and 
collecting data on Mars but have extremely limited ranges, 
which in turn limit the amount of data they are able to collect 
for each mission.

Planet Express plans to solve this issue by designing a spe-
cialized UAV to transport rovers on Mars. In doing so, rovers 
would effectively have a range that matches the range of the 
UAV transporting it. This breakthrough would allow rovers to 
research locations which would have been previously inac-
cessible, extending the scope of rover exploration – and its 
effects – dramatically

Planet Express Martian UAV for Terrain Mapping 
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The goal behind Fly3D’s senior capstone project is to develop and produce an entirely 3D printed glider air-
craft that can maintain flight as long as possible. The challenge was that everything had to be made using 
BU’s 3D printing capabilities, and nothing, other than power system components (if implemented), could be 
made from anything other than 3D printed material. The design of the aircraft would be based on current ex-
isting 3D printed gliders, of which few information was available, and commercially available glider aircraft. In 
addition to these benchmarking parameters, the 3D printing method and material was also vital in the design 
of the aircraft, as different methods and materials affected the weight and aerodynamic properties of the air-
craft. The combination of these factors led to a unique design entirely suited for the project goals at hand. Un-
fortunately, the ongoing coronavirus pandemic interrupted the progress of the project, which prevented man-
ufacturing of a physical model and subsequent tests and iterations. What is completed within the project 
scope is the computation based design whose performance has been roughly simulated to account and 
adjust for the current crisis. Ideally, this information can be used in the future to produce a physical 3D printed 
glider prototype. 

Faculty Advisor:  
James Geiger
 
Client: 
Inspired by Univ of
Texas Contest

TTeam Members: 
Andrew Chui
Dipesh Thapa
James Collins
Lucas Indivero
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Boston University Racing is a student organization that competes in the 
Formula Hybrid competition each year. Students design, fabricate, and 
compete with small formula-style racing cars. Designs are judged and 
scored, after which teams take to the track to demonstrate their car’s 
performance and durability. This year, BU Racing is developing their first 
ever aerodynamics package. Our Capstone team has been tasked with 
designing the front and rear wing components of this package. 

TheThe primary goal is to reduce the time needed for the car to complete a 
lap of the autocross circuit. Our project aims to increase aerodynamic 
grip in corners while retaining desirable handling characteristics and top 
speed performance during straightaways.

TTo achieve these aims, the team designed high-downforce wings using 
computational fluid dynamics to evaluate the airflow and iterate through 
wing geometries. Additionally, an actively controlled drag reduction 
system (DRS) was designed to be implemented onto the rear wing. This 
system alters the angle of attack of secondary wing elements during a 
straight, thereby reducing drag and allowing the car to reach a higher top 
speed. The resultanting drag and downforce coefficients were run 
throughthrough a lap time simulation software to analyse their impact on the 
car’s dynamic performance. The front-rear aerodynamic distribution was 
balanced to ensure both compatibility with existing aerodynamic devices 
and stability when cornering. 

The team also developed a manufacturing procedure which employs a 
vacuum bagging technique to fabricate the wings out of composite mate-
rials. BU Racing will follow the complete manufacturing and assembly 
guides to construct and implement our design for use in the next Formu-
la Hybrid competition. 

Faculty Advisor:  
James Geiger
 
Client: 
BU Racing

Team Members: 
Krishna MuruganKrishna Murugan
Anna Saad
Katherine Vella
Nicholas Tortora
Van Galaxy Naldoza

Stella Aerodynamics
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3D Printed Outdoor Aircra

The 3D printed aircraft challenge combines 
aerodynamics and manufacturing to create a 
complex design project. Following rules laid 
out by the University of Texas at Arlington, the 
team worked to create a plane from all 3D 
printed components. The winner of the compe-
tition would be the plane with the longest flight 
inin a football field size area staying below a ser-
vice ceiling of 30ft. During the design process 
many elements had to be considered, among 
them weight, strength, and flight characteristics 
of the aircraft.  Incorporating the realtively new 
manufacturing technique of 3D printing allowed 
for unique ways to tackle production of aircraft 
parts. However, 3D printing presents its own 
challenges in structure and strength. 

Faculty Advisor:  
James Geiger
 
Client: 
Inspired by Univ. of 
Texas Contest

TTeam Members: 
Matthew Averill
Benjamin Mason
Brandon Ziolkowski
Max Ofer
Thomas Carr

Background: The Jenouvrier SeaBirds Lab at Woods Hole Oceanographic Institution (WHOI) does extensive research on 
marine fauna to determine the effects of human actions on wildlife. One of the key research areas they perform in is mon-
itoring endangered Antarctic penguin populations. Projections accounting for present climate change conditions predict 
that penguin populations may decrease by up to 80% of current numbers. It is clear to the WHOI researchers that it is 
necessary to monitor these birds more closely to understand what conditions may affect the populations, and to see if 
they are adapting to the ever-changing environment. 

In the past, the WHOI team has used commercially available drones to image penguin colonies and count the number of 
penguins using off board software. It was realized that in order to have more data points over a longer time scale, the im-
plementation of a new system would be necessary. The pretense of this project is to replace the off-the-shelf DJI Phantom 
quadcopter that has limited the range with which and amount of video data WHOI is currently able to collect about the 
penguin colony in Antarctica. Since the range for a traditional multi-rotor drone can be considered limited, the data that 
WHOI obtained is restricted to the maximum flight time and range allowed by the battery.

Objective: Team Adelie Aerospace has elected to design a fixed wing surveillance drone for the WHOI team to replace 
the limited range of the multi-rotor. Our solution features a high aspect ratio wing that provides an extremely high lift and 
stability package to transport a camera and potentially other data collection devices around in the Antarctic. Furthermore, 
a critical feature of the drone is the insulation that allows for increased survivability within the Antarctic tundra that no 
other commercial drone does presently.

Adelie Aerospace and Controls

Faculty Advisor:  
James Geiger
 
Client: 
Woods Hole Ocean-
ographic Institution

TTeam Members: 
Nick Eberhard
Andrew Hutchings
Denis Khodachuk
Justin Leszczynski
Shane Xu
Stephen Murray
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The goal of this project was to design, fabricate, and test a 
device that will assist Vita Needle Company in Needham, 
MA in assessing  the workmanship of one line of products. 
Each product is a two part assembly consisting of a needle 
attached to a fitting. The assessment is done by pulling, by 
hand, on the ends of each assembly. The expected weak 
point of each product is the joint between the needle and the 
fitting.fitting. The customer’s current quality control procedure is 
not quantitative or consistent, so these characteristics were 
given as requirements for the device. The customer has also 
asked for the device to have a small footprint, be adaptable 
to each pairing of needle and fitting, and be quick and easy 
to operate. 

At the end of the Spring 2020 semester, the device was fully 
designed and analyzed. There were designs of the mecha-
nism for grasping the needle and of the mechanism for pull-
ing. Mathematical analysis had been performed to verify that 
the device would function as intended. A proposed proce-
dure for calibration had been written. Due to the coronavirus 
outbreak, the device could not be fabricated or tested. The 
customer was provided with all plans and materials required 
to complete fabrication and testing on their own. Once the 
customer has fabricated and assembled all required parts, 
their plan is to use the device to determine how frequently 
they should test each combination of needle and fitting as 
well as for regular testing as a final step within the produc-
tion process.

Faculty Advisor:  
William Hauser
 
Client: 
Vita Needle

Team Members: 
AdinAdin Tzvi Field
Nicholas Saia
Rajar Manoharan

Vita Needle Testing Apparatus

The EPIC Automated Design & Manufacturing Lab (ADML) serves to provide 
relevant hands-on experience with modern manufacturing processes to stu-
dents at Boston University. Modeled to simulate an industrial environment, the 
ADML consists of two Haas Mini Mills, one Haas Lathe, three Universal Robots 
UR5’s, three Teledyne Dalsa cameras, a material handling conveyor, and a 
computer integrated manufacturing (CIM) system. The facility provides an envi-
ronment to teach students about collaborative industrial robotics, statistical pro
cess control, programmable logic control, real-time process control, computer 
vision.

Currently, the ADML is limited to open-loop processes where the system is 
unable to check the quality of its output and relies on human adjustments, 
which is significantly less efficient and accurate. Incorporating a closed-loop 
manufacturing process where the output can be measured with real time moni-
toring will greatly enhance the functionality of the ADML.

Solution Concept: To provide the ADML with closed-loop manufacturing capa-
bilities, an object such as a die, a camera, a vision system software, and an In-
ternet of Things (IoT) platform was incorporated. The vision software, based on 
information received from the camera communicates the location and position 
of the die to the robot. The robot will use that information to interact with the die. 
This is a continuous looping process where the robot’s action will be dependent 
on the output provided by the vision system. The IoT platform is integrated into 
the system to monitor the status of the robot and to track data generated by the 
camera. 

Results: Upon implementing a successful closed-loop process along with an 
IoT platform, the ADML is now capable of performing manufacturing processes 
adhering to industry standards. Students will now be able to measure how well 
their manufacturing operations are compared to its full potential during a sched-
uled run. This gives students the flexibility to make informed decisions to adjust 
and improve their processes based on data trends to achieve overall equip-
ment effectiveness (OEE). 

Faculty Advisor:  
William Hauser
 
Client: 

Prof. William Boley, 
BU ADML

TTeam Members: 
Nicole Baptist
Chloe Wu
Evan Lui
Yuya Matsuda

ADML Closed-loop Manufacturing Line
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Our team was tasked with creating a prototype that can scan, 
detect and mark defects on ceramic parts of different shapes 
and sizes. To ensure an optimal design, our aim was to devel-
op an electromechanical detection system that can be pro-
gramed. This will automate the overall inspection process. 
Our goal was to provide Saint-Gobain Ceramics with a 
proof-of-concept prototype and an economic assessment of 
deployment. Furthermore, we aim to optimize the functional-
ity of the product so that it can be integrated within the com-
pany’s assembly line. 

The methods that were implemented were benchmarking, 
customer collaboration, and design evaluations., Constant 
contact with the client allowed for complete transparency and 
agreement on design decisions. All design evaluations were 
to be determined by conducting experiments and consulting 
with specialists.  

TheThe deliverables that have been completed include a final 
CAD design of the prototype, a step-by-step assembly 
manual that will allow the customer to complete the of the pro-
totype, and an image recognition code for detecting defects 
on provided samples. Due to current epidemic suppression 
restrictions, the project scope was altered and the team was 
no longer responsible for testing the prototype. However, 
givengiven the opportunity it would have been valuable experience 
to be able to test the final prototype and recommend further 
improvements.

Faculty Advisor:  
William Hauser
 
Client: 
Prof. William Boley
BU ADML

TTeam Members: 
Nicole Baptist
Chloe Wu
Evan Lui
Yuya Matsuda

Saint-Gobain Co. Ceramics Inspection System
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Kinetic is a rideable, holonomic drive robot de-
signed to give users increased mobility at high 
speeds. This Kinetic robot is a self-started project 
from Boston Dynamics Engineer, Josh Geating. 
The vision of Kinetic+ is to complete the Kinetic 
project and modify the robot so that paraplegics 
can enjoy athletic experiences that they would not 
bebe able to otherwise. In order to achieve this, two 
goals need to be achieved: construct a mount for 
paraplegics and design an intuitive control system. 
Such a control system will allow the user to drive 
the robot using their upper body movement, leav-
ing the hands free to interact with the world around 
them. This combination of heightened mobility and 
hands-free control will be very appealing to users.

Kinetic Plus Paralympic Wheelchair

Faculty Advisor:  
William Hauser
 
Client: 
Mr. Josh Geating

Team Members: 
Nicholas ChowNicholas Chow
Johann Darboven
Matthew Hard
Roy Kim
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Robotic systems have become more and more prevalent in the 
workplace, especially in industrial and manufacturing settings. Cur-
rently, industrial robot arm controllers, such as teach pendants, are 
restricted to the manipulation of a single joint at a time, by pushing 
buttons on a touchpad to increase or decrease that joint’s angle. 
This type of control is unintuitive, as it is an abstraction to the physi-
cal system, offering no insight into the kinematics of the robot it con
trols. 

The proposed technology solution is an Intuitive Robot Controller 
that is a wireless, kinematic scale model of the robot that it controls. 
As the operator moves the controller, the joint angles  are captured 
and sent to the controlled robot, which then moves according to the 
controller’s configuration.  The controller can co
mmunicate with a controlled robot over a ROS network which allows 
for remote teleoperation. Furthermore, a Gazebo simulation envi-
ronment was developed, to allow the user to visualize how the con-
trolled robot would move in space. The controller has the ability to 
record its own motion and then repeat the series of stored waypoints 
for the controlled robot to follow. The controller’s output can be  visu-
alized using the simulated robot, and if the motion is acceptable it 
can be run with confidence on the hardware robot. 

An easier to use robot controller has largely relevant applications in 
a industrial/manufacturing setting, including teleoperation, ability to 
recover robots from failure modes in confined spaces, and for dy-
namic processes on flexible manufacturing lines and in warehouses. 
The Intuitive Robot Controller is a proof of concept of a new type of 
robotic control, where future work would be focused on integration 
into existing robot OEM control frameworks.
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In research labs across the country, lab mice are used by differ-
ent medical research teams to help demonstrate how successful 
drugs can be in a living organism. This process requires the mice 
to be stored separately in cages to avoid cross-contamination. 
These mice need to be properly nourished and that is where Hy-
dropacs come into play. Each cage has a Hydropac watering bag 
allowing the mouse to stay hydrated. Once the mouse is taken 
out of the cage, the Hydropac cannot be reused and must be dis-
posed of. In the BU Animal Science Center (BUASC), they no 
longer have a practical way to dispose of these bags. Their cur-
rent disposal method is putting the packs in a sink and having a 
lab technician cut them open individually, then letting them drain. 
Our goal is to make a more efficient and less labor intensive way 
of separating the water from the bag. This will be done by build
ing a machine that in a continuous process, will puncture the 
bags, then roll the water out. The water will then be funneled into 
a drain while the empty bags will be collected and easily accessi-
ble to be thrown out once the process is complete. By making this 
a continuous process, lab technicians will be able to complete 
other tasks and better allocate their resources. This would help 
BUASC be more productive by giving the lab technicians more 
time to work on other projects.
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Running is a great form of exercise to promote cardiovascular health, 
however there are so many ways it can lead to injuries. From incorrect 
form to the running gear worn, the correct way in which a person 
should run is very subjective. All research done has led to inconclusive 
results, with experts measuring different parameters and claiming dif-
ferent hypotheses. For beginners, running with an inadequate form 
only becomes apparent after an injury, not allowing any preventative 
measures.measures. The purpose of this project is to formulate a prototype 
device that allows a novice runner to track the impact force being ab-
sorbed by their knee in real time, so that they can adjust their form and 
observe immediate results.

The team’s research discovered that there are various devices already 
on the market tracking fitness statistics, however, none allow the user 
to track real-time data for a useful statistic such as impact force. Addi-
tionally, it was found thtat the type of shoes a runner should wear de-
pends on their natural foot arch and the way they apply pressure to 
their soles. Using this as a benchmark, the team decided to compare 
the total impact force on the body with each step, detected at the foot, 
with the impact force being absorbed at the knee, to specifically pre-
vent knee injuries. This was done using two wearable devices; smart 
socks that contain a foot insole with pressure sensors, and a knee 
brace containing an accelerometer. Using force measurements from 
the two devices and referencing a prerecorded database, the user is 
informed about their form and are given recommendations for foot-
wear. The prototype uses Xbees for wireless communication between 
the sensors and a receiving interface, ideally a smartphone app for the 
final product.
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Haptic feedback devices provide the user with a tactile re-
sponse to real world information. Commonly used in med-
icine, robotics, and virtual reality, HFD's are advancing the 
way operators interact with their equipment and the world. 
HFD's are generally designed for and used in specific ap-
plications, however the goal of this project is to develop an 
HFD that can be used in a wide variety of applications, 
with a focus on restoring senses to those who have lost 
them. This device will be capable of translating real world 
data, such as sound, into a tactile signal that the user can 
learn to associate with the original information. This is ac-
complished by stimulating the nerves below the skin with 
an array of electrodes controlled by a microprocessor. 
These electrodes are controlled independently, allowing 
for the creation of complex patterns to represent complex 
data. The entire device is fitted into a sleeve that is worn 
on the forearm, an area of the body that is sensitive 
enough to allow for stimulation with low voltages, and is 
seldom used for other purposes. This project will use the 
device to translate text entered through a terminal into the 
corresponding braille patterns mapped to the electrode 
arraarray. With further development, this device is theoretical-
ly capable of translating anything from text messages to 
engine speeds in real time.
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BACKGROUND: The da Vinci Surgical System, a minimally invasive 
robotic surgical system created by Intuitive Surgical, has revolution-
ized surgical methods by reducing post-operational care and recovery 
time for patients. Intuitive's product is a rapidly growing cornerstone of 
surgical robotics today, with over 5,500 systems installed throughout 
medical centers as of the end of 2019. The da Vinci consists of a slave 
robot which is operated by the surgeon through a controls system. 
ThisThis slave robot’s controls allow the surgeon to have very fine control 
over the millimeters-long surgical instruments used to cut, cauterize, 
and spread tissue in order to perform very detail-oriented and precise 
surgeries.

OBJECTIVE AND PROJECT OUTLINE: As the robot physically per-
forms the surgery, there is no haptic (pressure) feedback provided to 
the surgeon. This lack of haptic feedback can become a large issue 
during operations, where an over-application of pressure could cause 
injury to the patient in the form of tissue tearing, cancerous cells 
spreading, and more. The purpose of our project is to design and man-
ufacture a soft robotic haptic feedback system to compensate for the 
tactile pressure feedback that surgeons experience during traditional 
surgery. Our project delivers a functional protvotypev with a sensor to 
measure applied force and a soft robotic system to provide this feed-
back to the operator in the form of a glove. The pressure sensor, which 
is mounted on the tip of the Da Vinci’s master tool, triggers a pneumat-
ic system via a microcontroller when the applied pressure becomes 
dangerous to the patient. This pneumatic system then inflates the soft 
robotic structure in the glove, providing haptic feedback to the sur-
geon. Our prototype therefore greatly diminishes the possible errors in 
this type of surgery that could occur due to an over-application of 
force.

DaVinci Robot Haptic Feedback
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Endoscopes are optical devices used to visualize the internal body, such as the gastrointestinal 
(GI) tract, for diagnostic and surgical purposes. However, a major limitation of flexible endoscopes 
is the lack of force feaedback mechanism, resulting in pain and internal bleeding for 1 in every 
2,500 endoscopic procedures. To this end, the goal of this project was to develop a soft robotic skin 
with stretchable optoelectronic sensors that can be wrapped around an endoscope. The skin’s op-
toelectronic sensors were calibrated to measure force, thus providing surgeons operating the en-
doscope with real-time force quantification. Pneumatic actuators, which are integrated into the soft 
robotic skin, were programmed to deploy in order to mitigate any accidental forceful application of 
the endoscope against the patient’s tissue. A graphical user interface was subsequently designed 
for surgeons to easily control the soft robotic skin. Finally, the design of this soft robotic skin was 
evaluated and contextualized for use during a simulated colonoscopy using a custom ex vivo GI 
tract. 

So Robotic Skin for Force Feedback
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BACKGROUND: Presently, minimally invasive surgical procedures are performed 
through endoscopes - long, flexible instruments used to navigate the body and per-
form diagnosis at the surgical target area. However, the flexibility required for safe 
navigation conflicts with distal forces and dexterity, which limits the accuracy, con-
trollability, and therapeutic capability of the system. Efforts to solve these issues are 
limited by the engineering challenges of developing articulated, three-dimensional, 
and miniaturized mechanisms using safe and biocompatible materials.

Project Goal: Fabricate a Multi-Articulated Soft Foldable Robotic Arm using a hybrid 
manufacturing paradigm based on folding of multilayer rigid-flex laminates and poly-
meric films. The robot increases the endoscope diameter by less than 5 mm and it 
does not occlude the endoscopic vision system. The proposed system is controlled 
by soft fluidic actuation. The final goal is to make the robotic arm able to provide 
tissue countertraction to perform early-stage colorectal cancer removal.

Solution: Skeleton: The robot has an origami-inspired, foldable, rigid skeleton that 
encapsulates soft linear actuators to provide articulation and robustness necessary 
to achieve tissue manipulation. This structure is made of 254 μm thick fiber-rein-
forced epoxy laminate sheets as structural material, 25 μm thick polyimide film as 
flexible material, and pressure-sensitive adhesive. Each layer is laser cut individual-
ly, realigned using precision dowel pins, and bonded.

Actuator: The soft actuators are fabricated with 50 μm thick Thermoplastic Elastomer 
(TPE) and Teflon layers. Individual layers of TPE and Teflon are laser cut, alternated 
and aligned using precision dowel pins, and bonded. The Teflon layers serve to 
mask areas to selectively bond TPE layers. The bottom layer embeds a channel to 
be connected to a pressure source. 

Control:Control: This component consists in a stable binary control system that inflates and 
deflates each actuator independently. It includes solenoid valves, Arduino, relays, 
pressure sensors, and a graphic user interface. Valves automatically shut off if the 
pressure reaches a threshold, preventing actuators from being over-pressurized as 
a safety measure.

So Foldable Endoscopic Robotic Arm
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The purpose of this project is to create an 
environment which simulates the struc-
ture and function of the human heart in 
order to test the Soft Robot previously 
created by Professor Ranzani and his 
team. This environment is accomplished 
by creating a silicone model of the right 
atrium,atrium, superior vena cava, and inferior 
vena cava. This model allows testing of 
the soft robot by including its insertion 
point (superior vena cava) and primary 
region of operation (right atrium). In order 
to simulate dynamics similar to a human 
heart, the model is cast in a flexible mate-
rial (silicone) using 3D-printed molds. 
Due to COVID-19, the internal structure 
and movement system were not complet-
ed. 
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pressure reaches a threshold, preventing actuators from being over-pressurized as 
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Life Robot

We constructed a network of devices called “Life Robots” that 
could monitor the change in the environment of a disaster site 
and aid in the “search” aspect of the rescue activities.  Life robots 
could help reduce the possibility of secondary collapse by reduc-
ing the amount of human activity in the environment while offer-
ing a way of continuously monitoring victims’ life signals.

After natural disasters like earthquakes, tsunamis happen. Life 
robot system could be deployed from a safe region, the drones 
system is distributed across the disaster area, and each drone 
carries multiple life detecting robots, these robots are deployed 
from low altitude. The life robots will collect life signals around 
the region and the collected data is transmitted back to the base 
station for real-time analyzing.

TheThe system consists of two components. The sensor robot unit is 
tasked primarily with the function of data acquisition utilizing the 
integrated sensors detecting ambient temperature, vibration, in-
frared, CO2, and sound in the lower human vocal range.  The 
drone robot unit is tasked with three roles in the system: 1. scan-
ning the topography, transmitting terrain data back to the base 
station for real-time analysis. 2. deploying sensors at designated 
locations. 3. communicating establishment between the 
on-board computers with the drone’s flight controller.
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The GLOBE (Global Learning and Observations to Benefit the 
Environment) Program is an initiative by the National Aeronau-
tics and Space Administration (NASA) to encourage citizens 
from all technical backgrounds, predominantly Kindergarten 
through Grade 12 students, to get involved with science, tech-
nology, engineering and mathematics by collecting and upload-
ing their local weather data. The GLOBE Program not only en
gages children and teenagers in environmental science, but it 
also provides NASA with an extensive database of ground 
measurements to verify their satellite data. 

    The NASA GLOBE Autonomous Weather Station aims to act 
as a vehicle for this citizen science network. With a simple 
design, made only of commercially available parts, anyone can 
construct one. A comprehensive report explains the operational 
theory and guides users through the assembly of the device. 
We have also performed an in-depth power analysis in order to 
effectively choose the solar panel and battery, and created a 
functionalfunctional spreadsheet so that any product replicants may do 
the same. Ultimately, the goal is for this product to be replicated 
on a global scale to assist GLOBE in compiling an extensive 
database of weather conditions, and provide valuable STEM 
exposure to the world’s future scientists and engineers. 
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 This project involves the conceptual design and modeling of a re-
mote-controlled device, which extracts miniature sediment cores in 
order to make initial assessments of the value of sediment samples 
and improve the core extraction process. In the Boston University 
Department of Earth and Environment, researchers investigate 
marine seabed ecosystems by extracting samples from the ocean 
floor to bring back to the lab for further study. The current method of 
obtainingobtaining these samples involves manually plunging a hollow cylin-
drical tube attached to a several meters long rod into the seabed. 
When the tube or core, which is approximately 2 feet long and 4 
inches in diameter, is brought back to the surface, researchers must 
cover the bottom of the core before it reaches the air-water interface 
to prevent sediment from falling out. This current method is labor-in-
tensive, time-consuming, and costly. Further, due variability in the 
seabed, the quality of samples can vary widely over short distances.

    Extracting smaller core samples approximately 3 inches in length 
and 0.75 inches in diameter will help determine if the seabed is ac-
ceptable for study with larger core samples. Activated from a boat 
above, the device should not disturb the sediment around the 
sample, support itself on the seafloor, and seal the core to prevent 
the loss of sediment. 

The overall design involves a subcage containing the syringe-plung-
ing mechanism driven by a motor and lead screw. An angled outer 
support cage connects to the top of the subcage, providing stability 
during the extraction process. This design also helps to limit the dis-
turbance of the seabed around the extraction location and allows the 
subcage to settle just above the seafloor. Just below the syringes is 
a rotating sealing mechanism which covers the bottom of the core 
samples after their extraction.
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Part of the research for the scientists from the BU Marine Pro-
gram is to understand the composition of the seabed, which re-
quires the on-field gathering of seabed samples. The current 
sample gathering process involves the hiring of local divers or 
sticking a 10 feet long vacuum tube into random locations of the 
seabed, both of which can be costly in terms of the money and 
time. Also, in many instances, the results are not predictable. 
The researchers are therefore looking for means that can 
quickly survey a large area of the seafloor with real-time visual 
feedback prior to the gathering of the sample, as locating indi-
cators on the seafloor, such as the distribution of the mussels, 
can already convey a good amount of knowledge prior to the 
gathering about whether this area is worth exploiting or not. 

The solution our team proposed was to construct a surveillance 
system that consists of an underwater remote-operated vehicle 
(ROV), a floater tethered to the ROV that serves as an interme-
diary of the signal, as well as a control panel GUI on the user's 
laptop. The ROV is equipped with two thrusters for horizontal 
2D motion and two cameras for video gathering of the seabed 
and frontal view. The depth is controlled by a third stepper on 
thethe floater via a tether connection. In addition to the stepper and 
battery source, the floater also houses a wireless router that 
connects via an Ethernet cable to the ROV’s Raspberry Pi. The 
router transmits commands and video from and to the GUI on 
users' laptops with a self-generated WIFI network on the sea 
surface. Through this Ethernet-Wifi connection, the user is able 
to interact with the underwater vehicle, monitor the in-capsule 
statusstatus such as temperature and pressure, and observe the 
seabed condition via a real-time video stream.
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 This project involves the conceptual design and modeling of a re-
mote-controlled device, which extracts miniature sediment cores in 
order to make initial assessments of the value of sediment samples 
and improve the core extraction process. In the Boston University 
Department of Earth and Environment, researchers investigate 
marine seabed ecosystems by extracting samples from the ocean 
floor to bring back to the lab for further study. The current method of 
obtainingobtaining these samples involves manually plunging a hollow cylin-
drical tube attached to a several meters long rod into the seabed. 
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tensive, time-consuming, and costly. Further, due variability in the 
seabed, the quality of samples can vary widely over short distances.

    Extracting smaller core samples approximately 3 inches in length 
and 0.75 inches in diameter will help determine if the seabed is ac-
ceptable for study with larger core samples. Activated from a boat 
above, the device should not disturb the sediment around the 
sample, support itself on the seafloor, and seal the core to prevent 
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The overall design involves a subcage containing the syringe-plung-
ing mechanism driven by a motor and lead screw. An angled outer 
support cage connects to the top of the subcage, providing stability 
during the extraction process. This design also helps to limit the dis-
turbance of the seabed around the extraction location and allows the 
subcage to settle just above the seafloor. Just below the syringes is 
a rotating sealing mechanism which covers the bottom of the core 
samples after their extraction.
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connects via an Ethernet cable to the ROV’s Raspberry Pi. The 
router transmits commands and video from and to the GUI on 
users' laptops with a self-generated WIFI network on the sea 
surface. Through this Ethernet-Wifi connection, the user is able 
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The lakes of Baton Rouge, Louisiana are becoming increasingly unhealthy due to excess algal 
blooms, which eventually die and rise to the surface of the lakes. This blocks sunlight from reach-
ing below the lake’s surface, resulting in depletion of oxygen and key nutrients for both plant and 
animal life living in the lake. This dying algae also produces a potent smell that deters locals from 
enjoying the lake. The problem is aggravated by fertilizer runoff, which causes algae to grow rap-
idly in winter months, then float to the surface as they die during the summer. To combat this grow-
ing concern, we created a system to collect this dead algae from the surfaces of these lakes with 
minimal human intervention. The automated boat will collect, store, and safely deposit the algae 
offshore. The device employs a conveyor belt collector system to collect the algae efficiently, and 
without letting the nutrients of the algae fall back into the lake, promoting more growth. The design 
also has a water wheel propulsion system to move the boat in shallow water so as not to disturb 
the fragile ecosystems present in the lake. Another key component is the autonomy of our device. 
The device will be given a waypoint mission to carry out, which will be specific to that lake. Once 
the collection device reaches a certain weight of algae, it will notify the boat to return to shore. A 
notificationnotification will be sent to the responsible party so that the collection box can be emptied and the 
boat can restart from its last checkpoint. Due to the Coronavirus outbreak, we were not able to 
make a physical model, but were able to model the functionality of the boat through 3D software, 
coding, and select electronics. 
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BACKGROUND: In drinking water reservoirs, algal blooms can signify 
cyanobacterial growth which releases harmful toxins that are not only 
detrimental to aquatic life but also to public health. Early detection of 
these toxins (through the detection of cyanobacteria) is key in con-
trolling and stopping the rapid growth of these algal blooms, thus pre-
venting water contamination. Measuring parameters of the water, such 
as temperature, acidity, and salinity at varying depths give insight into 
the concentration of bacteria in that particular reservoir. However, cur-
rent testing processes are costly, labor intensive, and inconvenient as 
data can only be measured along the edges of reservoirs. 

OBJECTIVE: Our team objective is to design and test a prototype 
mobile platform that will improve the range and quantity of data collect-
ed over a period of time. The mobile aquatic platform will be moved via 
remote control to a desired location in the water reservoir, deploy a 
sensor to a depth specified by the operator, and record data.

SOLUTION: Our design consists of a solar powered platform, a sensor 
deployment mechanism to reliably lower and retrieve a sensor, and a 
remote control system that controls the propulsion and sensor deploy-
ment mechanisms. With the controller, the user will control the speed 
and direction of the platform as well as to what depth the sensor will be 
deployed. A pair of wireless transceivers allow the user to send these 
commands and receive real-time data from the sensor and store this 
datadata into an SD card. A solar panel mounted on top of the platform re-
charges the batteries onboard and enables our customer to use the 
platform for extended periods of time. Our design has paved the way for 
the creation of a fully autonomous, renewable-energy powered vessel in 
the future.
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For our senior design project, we worked with Medline Industries 
and their product LAVAS. The LAVAS Wellness System is a 
device that automates the process of self-toileting. We were 
asked to create a ready-to-use demonstrator that would highlight 
the functionality of the LAVAS Wellness System during a sales 
pitch. The goal of this demonstrator is to aid in the marketing of a 
product for patients with dexterity and mobility problems, which 
afaffects their toileting. This demonstrator needs to be sleek, so-
phisticated, while stressing the ease of use and emphasizing 
how its medical and social effects promise a great investment op-
portunity in post-acute care facilities and home health. 

In this project, we created an independent water system that sup-
plies water to LAVAS through a water pump from a 1 gallon water 
reservoir. The independent water system is able to pump water to 
different sources to assure that the pump is never stalled, and 
allows all the water to be recycled from the whole system back to 
the reservoir. We added a dome and collection bowl to show the 
water flow of the system. In addition, we added a nice light show 
toto highlight how the individual processes in the standard cycle of 
the self toileting processes. We completed the project by adding 
an appropriate platform that contains all the components of the 
demonstrator, as well as figuring out how to supply power to the 
demonstrator. The entire demonstrator fits into a portable case 
for ease of use during travel! 
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Silicone-ethanol actuators are a modern development in the field of 
soft actuators that expand the capabilities of soft robotics. The actua-
tor is a silicone rubber chamber containing a number of ethanol drops 
that are heated by a nichrome wire, causing the actuator to expand. 
While the function of a soft actuator is fundamental, the production of 
the silicone-ethanol variety is still a topic of leading-edge research. 
The major issue of contemporary actuators is short lifetimes, which is 
mostlymostly commonly a matter of days. The goal of the research project is 
to explore methods for creating high quality actuators and to discern 
the most viable process by which to produce them. Factors that affect 
the final actuator involve material choice, molding method, process 
details, etc. Rotational molding is a process by which a mold is rotated 
around two axes, and leads to uniformly distributed molds with cavities 
that can be injected into. Trial and error lead to a functional setup using 
motorsmotors and oscillating orientation. Once a version of this molding pro-
cess was determined by successfully producing a mold, the focus of 
research became optimization. The material properties of the silicone 
rubber that determine rotational molding test procedure are the pot life 
and cure time. The actuator elasticity and total manufacturing time are 
directly proportional to those two properties and thus the silicone 
rubber selection requires a balanced approach for optimal results.  
The design choice of the actuator shape was finalized after several it-
erations, beginning with a sphere for benchmarking and closing with a 
curved-accordion fold. A folded actuator was found to allow for easy 
and directed expansion. The method of rotational-molding was deter-
mined to work for all tested mold geometries. The project provides di-
rections for manufacturing silicone-ethanol actuators as well as a rec-
ollection of the experiments that support them. 

Molding Process for So Ethanol Actuators
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While the function of a soft actuator is fundamental, the production of 
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The major issue of contemporary actuators is short lifetimes, which is 
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Background: Sensata  Technologies  is  an  Attleboro,  MA  based  company  specializing  in  sens-
ing,  electrical protection,  and  control.  Two  of  their  products  are  pressure  sensors  used  by  
their  client  on automotive  exhaust  pipes  to  determine  differential  pressure.  These  pressure  
sensors  are  covered by  a  Differential  and  Relative  Sensor  (DRS)  and  a  Robust  Analog  Dual  
(RAD)  shield  to  protect against  road  debris.  However,  their  ANSYS  simulation  and  physical  
testing  in  their gravelometer;  where  rocks  are  shot  towards  the  sensor  given  a  high  velocity  
airair  flow,  give varying  results.  In  the  physical  test,  the  sensor  covers  are  forming  cracks  in  dif-
ferent  areas, exposing  and  potentially  damaging  the  electronics  and  circuitry  which  could  result  
in  an unusable  sensor.  The  current  sensors  are  believed  to  be  either  a  shockwave  or  ultimate 
stress/impact  problem. 

Objective: In  the  gravelometer  testing,  it  is  challenging  to  see  when  and  how  the  cover  
cracks.  The  objective is  to  convert  and  quantify  this  testing  environment  into  simpler  engineer-
ing  parameters.  Givevve  new  parameters,  produce  results  to  find  a  theory  or  solution  for  a  
potential  new  cover redesign. 

Solution: Our  solution  is  a  simpler  test  rig  that  is  repeatable  with  a  similar  environment  as  
the gravelometer.  The  designed  test  rig  is  a  spring  loaded  plunger  that  when  pulled  back  re-
leases  the projectile  with  our  desired  velocity.  The  back  plate  will  hold  the  sensor  and  is  in-
terchangeable for  the  two  sensors.  From  the  results  of  impact  at  different  points,  we  are  then  
able  to  extrapolate recommendations  to  improve  the  current  cover  design. 
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The touch-screen is one of the most common means of user inter-
face with computers and other interactive information displays.  
Many technologies exist for sensing touch position on surfaces, 
using a variety of physical phenomena such as electric fields, 
electrical resistance, light, and sound waves.  However, these 
technologies require precise and specialized manufacturing of 
either the surface itself, sensor assemblies located at edges, or 
both.both.  The increasing demand for ubiquitous and affordable com-
puter interfaces and interactive displays motivates research into 
low-cost, more easily manufactured solutions.

The research presented evaluates the feasibility of an alternative 
to existing technologies, in which resonant vibrations within a rigid 
surface are excited and measured to determine the position of a 
touch interacting with the surface.  The surface evaluated is steel 
without additional treatments.  Piezoelectric transducers affixed to 
the surface at a single point and connected to consumer-grade 
computer audio interfaces are used to excite and measure vibra-
tions.tions.  The principle of operation is also applicable to glass surfac-
es.

The research demonstrates that this new approach can in fact 
discern positions of touches, with unique strengths and limitations 
among the other touch-position-sensing technologies.
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 The BU National Emerging Infectious Diseases Laboratory (NEIDL) manually adjusts the position of 
small animals such as mice, ferrets, and guinea pigs, in their MRI in order to test and observe the 
spread and effects of various diseases. The MRI is located in a Level 4 Biosafety containment room 
requiring time-consuming and complex procedures to enter and exit. Our team’s project was to 
design, test, and implement a means to adjust the position of the specimen, both linearly and rotation-
ally, from the control room. This would allow scientists, after setting up their specimen, to view and 
focus on the area of interest without having to physically enter the room of the MRI machine. 

Due to the intense magnetic field and strict sterilization protocol, our concept was required to exclude 
the use of ferrous metals and porous materials. It needed to be fastened to the MRI machine without 
touching the walls or floors of the MRI room all while providing remotely specified linear and rotational 
motion from the control room. Our team explored and compared multiple design ideas, concluding 
with the intent to build a device actuated by stepper motors distant from the MRI, but linked to 
non-metallic axial and rotational positioning mechanisms via a plastic chain. Remote control would be 
achieved through an Arduino programmed to control the two motors and a Raspberry Pi used to es-
tablish connection to the control room via Wi-Fi.tablish connection to the control room via Wi-Fi.

Faculty Advisor:  
William Hauser
 
Client: 
BU National Emerging
 Infectious Diseases 
Laboratory (NEIDL)Laboratory (NEIDL)

Team Members: 
Eugenio Benavides Benitez
Cole Minot
Erica Kinzelberg
Jennifer Hong
Kelsey Kim

BU NEIDL MRI Positioning Frame
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 The purpose of this capstone project is to reduce 
idle time and streamline the process of 3D print-
ing for BU engineering. The 3D printer’s have had 
problems with people not returning in time to take 
their finished printed designs from the printer cre-
ating large amounts of idle time. To solve this 
problem, the project's goal is to allow continuous 
printing by mechanically removing a printed 
design from the printer bed. This was done 
through several design elevations and feasibility 
tests; a conveyor belt system was deemed the 
best prototype for the project to complete the 
set-out tasks. The results of the prototype 
demonstrated through tests and simulation that it 
waswas able to be printed on and also remove the 
printed design from the printer itself.

Faculty Advisor:  
William Hauser
 
Client: 
Prof. Enrique Gutierrez-
Wing, BUMECHE

TTeam Members: 
Felix Henriksson
Burak Yerguz
Henry Salim
Meet Davda
Po Feng Wang

3D Printer Automation
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The current state of electrosurgery sees various devices of numerous 
functions, many of which require surgeons to use multiple tools in 
tandem to complete a surgery. The goal of this project is to create a 
novel electrosurgical device for solid organs that has three functions:

Electrocautery by means of high voltage, radio frequency AC current 

Dissection by means of small-diameter rotary electrode tip oscillation 

Saline drip by means of a small tube connected to a peristaltic pump

TheThe tool will be pen shaped and almost entirely self-contained, with an 
electrical connection for an electrosurgical console and a tube connec-
tion for a pump (which could also be part of the console).  The surgeon 
using the device will be able to control all three functions independently 
by means of buttons and knobs, leading to increased flexibility.  Our 
device is intended to save time, energy, and lives by simplifying and op-
timizing solid organ surgery.

Faculty Advisor:  
William Hauser
 
Client: 
Dr. Omar Barakat
Baylor University 
College of MedicineCollege of Medicine

Team Members: 
Nolan Bishop
Andrew Shin
Brian Cha
Dylan Sanders

Improved Electrosurgery Device
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Fitness is a key to a long and healthy lifestyle. People 
have always been interested in it and will continue to 
be. Olympic and powerlifting moves are some of the 
best exercises for the body. Unfortunately, lifting plate 
producing companies have been exploiting everyone’s 
need to stay in shape by making their products more 
and more costly. They have also created products that 
requirerequire the user to purchase several pieces to complete 
the set. Our product aims to solve this problem with 
configurable weight plates. The configurable weightlift-
ing apparatus drastically reduces the amount of equip-
ment required to still do the same exercises at the same 
weight. Thereby, also reducing the cost to the user. This 
benefits both the big gyms and home gyms by reducing 
costs and saving space. An added benefit is safety be-
cause of the reduced need for carrying high amounts of 
weight in unstable positions when loading and de-load-
ing a ba

Faculty Advisor:  
William Hauser
 
Client: 
Student Initiative

Team Members: 
TTroy Bauma
Katherine Shannahan
Nicolas Robertson
Theo Warren

Configurable Weightliing Apparatus
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Dovera Designs is a company that specializes in the design and creation of custom handmade 
jewelry. The process starts with sourcing the right beads, from 3 types of beads to 5 or more types 
of beads.  These include metal beads, crystals and semi precious stones. Each bead is strung in 
a sequence that is repeated several times. The expansion of the business is limited by the control 
of inventory as losing a bead costs the company $0.06. The team designed a machine that is able 
to string different types beads into a specific sequence. The machine strings beads with 2.5 mm 
diameter up to a 5 mm diameter. The design focuses on the combination of several different 
mechanismsmechanisms which execute three different functions, dispensing, orienting and clamping beads. 
By using this machine, our customer should be able to reduce costs and expand her business.  

Faculty Advisor:  
William Hauser
 
Client: 
Dovera Designs

Team Members: 
Darwin ChiuDarwin Chiu
Adrian Perez Pena
Eva Gee
Yash Majithia
Zhangcheng Guo

Dovera Designs Automated Jewelry Manufacturing
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The Growth Factor Mechanobiology Lab is a research lab in 
the Boston University College of Engineering that often 
measures the response of cartilage to mechanical stress 
and strain. Currently, these tests are completed using a 
custom built stress-strain tester; a lab operator places a car-
tilage sample in the tester, then the tester loads the sample 
with a pre-programmed sequence of strain. This is a slow 
process,process, as each sample must be prepared and tested indi-
vidually with tens of minutes needed for each sample, and it 
requires supervision by a lab operator. To increase the lab’s 
throughput of cartilage tests, we are proposing to build the 
Lab Instrument for Rapid Cartilage Testing, a device that will 
allow many cartilage samples to be tested consecutively 
without human intervention. The instrument will allow a 
matrix of up to 48 cartilage samples be prepared at once. 
Once started, the instrument will move each sample to a 
testing position by the use of a 2-axis linear horizontal stage. 
A programmed strain profile can then be loaded onto the 
sample by a vertical linear actuator. After the test is com-
plete, the next sample will be moved into position, repeating 
this process until all samples have been tested. The goal of 
this project is for the system to have an accuracy and preci-
sion similar to the testing machines the lab already has while 
acting autonomously without supervision.

Faculty Advisor:  
William Hauser
 
Client: 
Prof. Michael Albro, 
BUMECHE

TTeam Members: 
Bryan Morrissey
Stephanie Woodman

Lab Instrument for Rapid Cartilage Testing
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Dr. J. C. Bird, as a professor for ME 303 Fluid Mechanics, and supervisor of 
undergraduate labs at BU, wanted to revamp one of the labs for the class to 
make it more interesting and interactive. The goal of the project was to create 
a dynamic water table with interesting features, that was durable, functional 
and presentable enough to be placed in a BU lab. To do so, I created a CAD 
model, chose the material to be acrylic, machined more than twenty parts, 
and assembled them with a water recirculation system. While the covid-19 
virusvirus challenged the completion of the project, it was finished with relatively 
little modification to the project definition.

Faculty Advisor:  
William Hauser
 
Client: 
Prof James Bird, 
BUMECHE

TTeam Members: 
Jordan Thomas

Water Table for Teaching and Fun

Radiographs of teeth with multiple roots cannot be taken from a 
single angle, since if they are only taken from a straight angle, 
the roots in the front will block the visualization of the roots in the 
back. As a way to correctly visualize all of the roots, the radio-
graphs must be taken from at least two angles. There is currently 
no device that allows dentists to take angled radiographs in a 
calibrated manner, which forces them to take angled radio-
graphs by randomly changing the angle of the x-ray cannon. 

This method does not ensure that the X-ray is correctly aimed, 
therefore making the dentist use a trial and error method to try to 
visualize the tooth in the radiograph. Moreover, when a good ra-
diograph is taken, the angle at which it was taken is not known, 
so if the radiograph needs to be repeated, it cannot be done 
again in a consistent manner. These are the reasons why an 
alignment device is needed when taking x-rays of teeth with mul-
tiple roots, in order to ensure that the tooth is correctly aimed 
with a known angle and to correctly visualize all of the roots. As 
a way of solving this problem, we have developed two proto-
types that allow the dentist to place the x-ray cannon in an angle 
different from the straight one, therefore allowing him to take an 
angled radiograph and ensuring the visualization of all of the 
roots. 

Faculty Advisor:  
William Hauser
 
Client: 
Dr. Hussein Khimani
BU School of Dental 
MedicineMedicine

Team Members: 
Varinder Singh
Maria Tornos Serrano

BU Dental School X-ray Alignment Tool
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To understand the composition of the Moon’s exosphere 
before it is too late, an interdisciplinary team of engineering 
students have designed a compact photometer as part of a 
lunar orbiting CubeSat that will measure the spectral emis-
sions of lunar gases.   The Moon has a thin exosphere of 
gases that originate from its surface when it is bombarded 
by micro-meteoroids, solar wind and UV photons.  During 
thethe Apollo missions, the amount of gases released from the 
lunar landers significantly altered the composition of the 
natural lunar exosphere. Future exploration of the lunar en-
vironment, motivated by NASA’s Artemis program, threat-
ens permanent alterations. This natural phenomenon may 
be lost during our lifetime, leaving researchers only to spec-
ulate what they could have studied. The device our team 
has designed will allow researchers at the BU Center for 
Space Physics the opportunity to obtain images of the 
emission of sodium and potassium atoms when observing 
the limb of the Moon. These atoms, although present in only 
trace amounts, are readily observable because of their 
bright spectral line emissions and are good probes for the 
structure of the lunar exosphere.  By completing this proj-
ect, the team has taken this device through most aspects of 
the engineering process from a conceptual design through 
to a ready-to-machine prototype design. Once this proto-
type is machined, it should withstand environmental testing 
in a thermal vacuum chamber and on a vibration table. Suc-
cessful results from these tests will prove the device’s abili-
ty to function in space.

Faculty Advisor:  
Enrique Gutierrez-Wing
 
Client: 
Prof. Brian Walsh
BU Center for Space 
PhysicsPhysics

Team Members: 
Matthew Chamieh
Cameron Winslow

Lunar Imager
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