


ABSTRACT

‘ -

Dr. Jules Jaffe at the Scripps Institute of Oceanography sponsored this project to create a small, quiet,
low-cost, camera-equipped autonomous underwater vehicle (AUV) and generate student interest in
the field of oceanography. The AUV required a small design less than 20cm in length, a propulsion
mechanism with low hydrodynamic and noise impact, a minimum video footage quality of 720p, and a
low-cost design with an open source basis. A bioinspired approach was employed to create a robotic
jellyfish. The robot utilizes a pulley system to actuate tentacles, and steers by shifting its center of
mass with two weighted gears. The design can currently be used to record its surroundings with a
camera module, and in the future, it could be used to track fish using autonomous control
programmed on its Raspberry Pi. It utilizes a 14.8V lithium-ion polymer (LiPo) battery for an
untethered run time of several hours. It was built completely from 3D printed parts and off-the-shelf
items, with the exception of laser cut gaskets, and a machined rotary seal. The cost of materials is less
than $500, so the AUV could serve as a perfect introductory underwater robot for students,
researchers, and hobbyists.
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CHAPTER 2: DESCRIPTION OF FINAL DESIGN SOLUTION

As seen in Figure 4 below, the final design of the AUV is a bioinspired robotic jellyfish, taking
advantage of the low forward hydrodynamic footprint and quiet tentacle propulsion system of the real
animal. Controlled by a Raspberry Pi 2 Model B, the robot can take continuous 1080p video footage
through its transparent camera dome, communicate via WiFi at the water’s surface, and actuate its
tentacles and steering mechanism for some mobility. With a maximum runtime of several hours, the
robot serves as prototype platform for the future implementation of the functional requirements
originally proposed with the project.

AtIa

Figure 4: The AUV operating during initial testing









The camera of the robot is mounted at the top of the transparent acrylic dome connected to the
housing, as seen in Figure 5. Since the robot always propels forwards, the camera can be used for
both tracking through computer vision and data collection. This is vital to the performance of the
robot; autonomous control is one of the objectives of the project. The camera used is a Raspberry Pi
camera module, connected directly to the custom port on the controller board.

The Raspberry Pi runs using the Raspbian OS, and can utilize open source computer vision (OpenCV)
for control and tracking. A 128GB microSD card was installed for data storage, and two motor driver
boards are mounted on top of the module for safe and easy control of the stepper motors in the
design. A universal battery elimination circuit (UBEC) step-down converter is utilized in order to
supply a safe and constant 5V to the controller, while also allowing usage of the full 14.8V of the
battery to power the motors. An inertial measurement unit (IMU) could be connected directly to the
general purpose input output (GPIO) pins of the controller, and the Wifi module used for surface
communication is plugged directly into one of its USB ports. The entire exposed setup is visible in
Figure 8 below.

Figure 8: An exposed view of the electronic components utilized

All parts, with the exception of the laser cut gaskets, 3D printed housing, and machined double O-
ring seal, are off-the-shelf and open source items. The final size of the robot is 18x18x28cm, and the
total cost of raw materials for a single unit is less than $500. The robot is can be used in both open
bodies of water and closed aquariums, and is fully functional in salty ocean water. The SD card
installed in the Raspberry Pi can hold enough video data to last an entire mission, in addition to the
operating system, code, and sensor data needed to run the robot.






Table 1: Stepper motors considered in the design process

Stepper Motor Model

Holding Torque [Nm]

Weight [kg]

Current [A]

Size [mm]

Nema 11-27:1 Gear
Ratio Stepper
11HS12-0674D1-PG27

)

1.3

0.120

.67

66.5x30x30

Nema 17 - Adafruit
High Torque Hybrid
Stepping Motor [10]

0.220

.35

58x42x42

Nema 17- 27:1 Gear
Ratio Stepper
17HS13-0404S-PG27

[11]

0.1420

69x42x42

Small Reduction
Stepper Motor -
12VDC 32-Step 1/16
Gearing [12]

0.015

0.037

28x28x%29

Stepper Motor Choice Justification

The Nema 11 - 27:1 gear ratio stepper motor, as seen in Figure 9 below, was selected for the
propulsion application because it satisfies the torque requirements while also being the lightest and
smallest stepper motor considered. The motor is powerful enough to overcome friction and actuate
the tentacles at sufficient speed to create a jet. Although this stepper motor has the highest current
rating of the motors considered, it is low enough that the battery life of the jellyfish is not a concern,
as seen in the calculations completed in Appendix F.

The Small Reduction Stepper motor was selected for the steering mechanism due to its ease of use
with the proprietary stepper motor driver designed specifically for the Raspberry Pi, and very small
size. This stepper motor is capable of exerting enough torque to power the planetary gears with a 4:1

gear ratio while still maintaining a small envelope.

Figure 9: The Nema 11- 27:1 Gear Ratio Stepper used in the final design [9]







Figure 10: The Raspberry Pi 2 Model B microprocessor used in the final design [13]

MOTOR DRIVER BOARDS
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The motor driver boards are required to both supply power and control signals to all the stepper
motors utilized in the design. They also must be compatible with the microprocessor selected, and
operate at the correct voltages and currents for the variety stepper motors needed. Based on both
this and general size constraints of the robot, the following requirements for the drivers in Table 3
were generated:

Functional Requirements

e Compatible with Raspberry Pi
e Compatible with two stepper motor types selected

Optimizing Objectives

e Does not require a heatsink
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CHAPTER 4: PROTOTYPE PERFORMANCE

THEORETICAL PREDICTIONS

Based on the design and technical specifications of the AUV, the performance predictions seen in

Table 7 below were made:

Table 7: Performance predictions

storage

Part Minimum Requirement Predicted performance
Camera 720p video footage 1080p video footage
Raspberry Pi Computer vision, data Real time control with OpenCV, storage of video

and sensor data

Stepper motor High torque, see

calculations in Appendix F

Sufficient torque to overcome dynamic O-ring
seal friction and actuate tentacles

runtime

Housing Durable, waterproof up to No leakage, able to withstand normal wear and
10m tear
O-ring seal Waterproof up to 10m No leakage, friction under 20 N-cm
Steering Directional control of the Tilting up to 30° in any direction, responsive to
mechanism AUV real time control
Propulsion 1 m/s forward speed Unknown efficiency, unable to predict
mechanism
WiFi Able to communicate at the | Continuous at-surface communication
water’s surface
IMU Orientation feedback Error less than 3°
underwater
Battery Greater than a 20-minute Minimum of a 45-minute runtime
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Later testing focused on tackling the issues previously discovered, as well as new issues involving the
housing seals. The following table summarizes the results of another two weeks of testing:

Table 9: Summary of final AUV testing

Performance issue

Attempted solution

Final result

Large gasket no longer
sealing correctly due to
insert failure

Semi permanently sealed the
housing gasket using silicone

No leakage, but the robot
cannot be completely
disassembled easily

Tentacles actuation fails to
propel robot

Added a plastic skirt to increase
surface area

The AUV still sank more
quickly than actuation could
raise it, skirt was removed

Adjusted code to allow for different
speeds

The motor failed due to
skipping or stalling

Decreased internal weight until
closer to neutral buoyancy was
achieved

The AUV actuates very slowly
through the water

PERFORMANCE EVALUATION

Overall, the performance of the design could use improvement. The AUV does not actuate effectively
through water, and design components cannot be used simultaneously due to incomplete coding.
Despite installation of the camera and microprocessor, the visual controls system was not coded and
implemented due to time constraints, and therefore the robot cannot effectively maneuver to follow
an object. However, despite these shortcomings, the robot was constructed in an open source
manner, so any future students with the time and resources can build upon the basis created. The
AUV successfully achieves the autonomous, low-cost, small, quiet, open-source, and high camera
quality functional requirements of the original proposal, and with additional time could be improved
to maneuver well enough to achieve the visual tracking goals of the sponsor.
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Just as the AUV would monitor the ocean environment, the AUV was designed with the environment in
mind. The AUV was developed to provide minimal damages to the ecosystems it would observe.
Design choices were made to provide safety for the wildlife through environmentally friendly
materials.

LESSONS LEARNED

When moving through the design process it was important to test quickly and effectively in order to
eliminate design ideas and understand where the difficulties may lie within each design. Designs
which seemed to offer viable solutions were not necessarily the right solutions, given the limited time
and resources of this project. The biggest challenge was by far time management, as the project
required a complex design in only 10 weeks. Overall, we definitely learned a lot about what is
required for a new and innovative design to work, as well as how challenging it can be to coordinate
and work together when working on a difficult project together

CONCLUSIONS

Due to its bioinspired jellyfish design, the AUV serves its purpose as a low-cost introduction to ocean
sciences and as a small and quiet observation platform for visual research. It can function for several
hours, and can record up to 16 hours of footage at once. Composed of easily accessible components
with a materials per-unit cost of less than $500, the robot accomplishes some of the original design
goals, and due to its open source basis can easily be improved to accomplish even more. While many
of the final design features were unable to be implemented due to the time challenges face, overall
the robot was still a success and with its sturdy design, long lasting components, and easily
upgradeable systems, the robot will be useful for many years to come.
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a) motorhub.stl, QTY 1
b) steeringgear.stl, QTY 2
c) drivinggearshort.stl, QTY 1
d) drivinggearlong.stl, QTY 1
e) standoff.stl, QTY 4
f) cameramount.stl, QTY 1
g) stand.stl, QTY 1
h) spacer.stl, QTY 1
4) Utilizing a Projet 3D printer in Acrylic material, print the following files and quantities:
a) upperhousing.stl, QTY 1
b) lowerhousing.stl, QTY 1

SECTION D: ELECTRONICS ASSEMBLY

1) Assemble and solder the adafruit motor driver, find no. 4, in accordance with manufacturer
instructions.

2) Carefully cut the connectors from the small reduction stepper motors, find no. 7. Leave the
maximum amount of wire possible, and strip the ends back Smm. Tin all exposed wires.

3) Assemble and solder the power harness according to the wiring diagram found in Appendix C.

a) Leave the high current motor driver, find no. 5, disconnected from the motor until after the
final assembly described in Section H.

b) Directly solder all connections going from the high current motor driver, find no 5, into the
GPIO pins on the adafuit motor driver, find no. 4.

c) Leave the power connector between the battery and the power harness disconnected until
ready for use.

SECTION E: SOFTWARE SETUP

1) Install the Rasbian OS onto the Rasberry Pi, find no. 1, in accordance with manufacturer
instructions.

a) Install Python in accordance with developer instructions.
b) Transfer the any desired code via USB.

2) See Appendix A for more details regarding using the Raspberry Pi.


















SHAFT EXTENSION
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SHIM STOCK FOR TENTACLES

37



AUV WIRING DIAGRAM
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APPENDIX D: BILL OF MATERIALS (BOM)

Supplier Part

Number Nomenclature Supplier QTY Find No.

2358 Raspberry Pi 2 - Model B - ARMv7 with 1G RAM Adafruit 1 1

3099 Raspberry Pi Camera Board v2 - 8 Megapixels Adafruit 1 2

MB- Sa 128GB EVO Plus Class 10 Micro SDXC  Amazo 1 3

MC128DA/AM msung us ss icr zon

2348 A'dafrl'nt' D? & Stepper Motor HAT for Raspberry Adafruit ] 4
Pi - Mini Kit

DRV8825 Stepper Motor Driver Carrier, High Current Pololu 1 5

11HS12-0674D1- Gear Ratio 27:1 Planetary Gearbox Dual Shaft Stepper ] 6

PG27 Nema 11 Stepper Online

918 Small Redl.lct1on Stepper Motor - 12VDC 32-Step Adafruit 2 7
1/16 Gearing

EW-7811Un 150Mbps 11n Wi-Fi USB Adapter, Nano Size Amazon 1 8

TA-45C-1800- .

4S1P-XT60 Tattu 1800mAh 14.8V 45C 48 LiPo Battery Pack Amazon 1 9

MPU 9250 Invensense MPU 9250 DigiKey 1 10

1385 UBEC DC/DC Step-Down (Buck) Converter - 5V Adafruit 1 11
@ 3A output

BOOCMQ408Y uxcg?l@ 5 Pcs TO-220 Package L7812CV 1.5A 12V Amazon 1 12
Positive Voltage Regulators
Fi Pairs XT60 Bull ith H

Lys 1m.1vare 6 ‘a1rs 60 Bullet Connectors with Heat Amazon 1 13
Shrink Tubing

BO152HKLI1I TELESIN 6" Dome Port Transparent Cover Amazon 1 14

1390 USB DIY Connector Shell - Type Micro-B Plug Adafruit 1 15
Turnigy Accucel-6 80W 10A Balancer Charger

BOOTSRKONE b6 LiFe NiMh NiCd JST-XH Amazon ! 16

90199 4 in. x 2 in. Industrial Strength Strips (2-Pack) Home Depot 1 100

4218-BA-40 Scotch 3/4 in. x 66 ft. Electrical Tape Home Depot 1 101

27TWK22STR25 Hook up Wire Kit (Stranded Wire Kit) 22 Gauge Amazon 1 102



Supplier Part
Number

AM31406
BOOCOS878710

SQ-R-SIL-DSP60-
006-2400X2400

22220/PRE22220

NA

NA

NA

70024

240-M3-
BR/0306033

641356/0641356

2829/0641428

963
3.5X10/M1148

934 ZP
3.5(.6)/M1305

3400/0641307

532528/B532528

965
2.5X8/M1125

0912A2
3X10/B538008

Nomenclature

Cookson Elect 40/60 Electrical Rosin Core Solder

2.54mm 1x4P Dupont Connector Housing Female

Silicone Sheet Gasket, Red

.005 X 6" X 50 Stainless Steel Shim

DELRIN (Acetal Homopolymer) 12" X 2.5"

4" X 1/2" Aluminum Round Bar Extruded 6061-
T6511 ASTM-B-221

24" X 3/8" Brass Square Bar 360 ASTM-B16
Chemistry Only

3/64 in. x 250 ft. Black Twisted Polypropylene
Twine Rope

M3x0.5 METRIC PRESS INSERT FOR PLASTIC

M3 X 20 METRIC Socket Head Cap Screw - SS

M3 HEX NUT - SS

M3.5 X 10 FLAT HEAD MACHINE SCREW

Ma3.5 (.6) HEX NUT

M3 X 8 FLAT PHIL SCREW STAINLESS

M2.5 X 5 METRIC Socket Head Cap Screw ALLOY
STEEL

M2.5 X 8 FLAT PHIL MACHINE SCREW

M3 X 10 METRIC Socket Head Cap Screw - SS
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Supplier QTY Find No.
Amazon 1 103
Amazon 1 104
Amazon 1 300
e
o
;\;Ilz:laslt;f:)ply 804
Home Depot 1 305
o
o
e
——
L
L
L
e
e












STEPPER ONLINE HIGH TORQUE STEPPER MOTOR
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ADAFRUIT STEPPER MOTOR HAT
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INVENSENSE IMU
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SAMSUNG MICROSD MEMORY CARD
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EDIMAX WIFI USB ADAPTER
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FREE BODY ANALYSIS OF THE STEERING MECHANISM

The following analysis was conducted to test the legitimacy of utilizing two planetary gears to adjust
the center of mass of the robot.

Figure AF2: Digital scan of handwritten tilt equation derivation
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Figure AF4: AUV side view with pink axes indicating the center of mass

Figure AF5: AUV top view with pink axes indicating the center of mass
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FLOW OVER A HEMISPHERE

The following analysis was completed in MATLAB to estimate flow over a sphere. This analysis proved
the legitimacy of creating a jellyfish AUV design, and allowed for the selection of motors based on the
estimated force requirements. Equations were taken from Fox and McDonald, Introduction to Fluid
Mechanics.

Figure AF6: Propulsion force required for a hemispherical AUV

Hemispherical AUV Model: Drag Force vs Velocity
25 ! ! ! ! : A : : |

20T Vs 1

Drag Force [N]

0 02 0.4 0.6 0.8 1 12 14 16 18 2
AUV Velocity [m/s]

Figure AFT: Drag force of a hemispherical AUV



MATLAB code:

%$To model drag force over a jellyfish. The jellyfish is assumed to
%a hollow-hemisphere facing the flow.

g=9.81;

d=.2%CM - 20cm diameter jellyfish bell/top

rhow=1000;

v=0.01:.04:2;%velocity

m jelly=.5:.07:4;

C_d=.38%drag coeff of hemisphere facing flow

A frontal=(pi/4*d"2);

Vol jelly=2/3*pi*(d/2)"3;

F drag=C _d/2*A frontal*rhow*v."2;

plot (v, F _drag)

title ('Hemispherical Jelly Model: Drag Force vs Velocity');
xlabel ('Jellyfish Velocity (m/s)'");

ylabel ('Drag Force (N)');

F buoy=rhow*Vol jelly*g;
for i=l:numel (F drag);
for j=l:numel(m jelly);
F propulsion(i,j)=F drag(i)+m jelly(Jj) *g-F buoy;

end
end
figure
surf (F_propulsion)
title('Propulsion Force for Zero Acceleration/Equilibrium')
avg_propulsion=mean (mean (F propulsion))

be
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Min: 30
#1
Max: 63
B 0.21 7.6
Min: 49
#2
Max: 114
Min: 45
#1
Max: 94
C 0.19 6.5
Min: 73
#H2
Max: 172

Based on these criteria, the comparison seen in Table 5 was formed. If run time is considered to be
the most important criteria, then Battery C is the best option. If size/weight are found to be the
limiting factors, then Battery A would be the ideal battery. Battery B does appear to offer a middle
ground, but with the highest price. Compared to both other batteries, the cost/weight of Battery C are
considerably higher, but considering it performs the longest, has the best size/weight to capacity
ratios, and is able to output the highest voltage, it is overall the best component for the goals of this
project.

Table 5: Pros/Cons Comparison

No. Pros Cons
A Low-cost, low weight, small size, moderate Short run times
voltage
B Moderate size, moderate weight Moderate run times, high-cost, lower
voltage
C Long run times, best size/capacity ratio, best High-cost, high weight, large size
weight/capacity ratio, higher voltage

References

The web was the main resource for this research. Datasheets for all components analyzed were found
on the following websites: raspberrypi.org, migamotors.com, adafruit.com, ozzmaker.com, and
tenergy.com. Keywords used in Google searches included component names and criteria such stall
current, required voltage, and weight. Contact Mark Gummin with Miga Motors was established, and
he answered technical questions regarding the company's products.
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determined that two actuators met the criteria of the project, although only one was in stock though a

certified reseller. Neither actuator was rated for use underwater.

Price:

e Fergelli L12-I-$90.00
e MigaOne 15 - $47.95

e Portescap 26DBM10D2U-L — 57.43

Actuator

Pros

Cons

Firgelli L12-1

Long Stroke Length,
Customizable (Various
Configurations), PWM ready,
Can hold load at any position,
light weight

Low actuation speed, Irregular shape,
Long for envelope, Noisy for application,
High-cost, Not water proof

MigaOne 15

High Actuation speed, Light
weight, functional underwater,

Small envelope, Can use
multiple if needed, Low-cost,
Silent Actuation, Direct linear
motion, constant force

High power consumption, temperature
dependent, lower force output, short
stroke length

Portescap 26DBM10D2U-L

Low-cost, High Force output,
Small envelope, lightweight ,
Good open loop control

Noisy, Not available through
manufacturer, Low actuation speed, Not
waterproof

Conclusion:

The actuator selected for the application and for testing was the MigaOne 15, which was selected due
to its size, weight, actuation speed, and ability to function underwater. The criteria for underwater use
was later deemed to be too risky, this was decided after the actuator was selected. Due to this design
change it will have to be determined whether SMA is a viable option in an enclosed environment.
Currently this actuator will be tested and a magnetic coupling will be explored, its use will be
evaluated upon further testing and investigation.

Summary:

Keywords — Linear Actuator, Silent, Waterproof, Miniature

Email: Ian Greig, Firgelli Technologies, support@figelli.com

Faisal Pawaskar, Portescap, faisal.pawaskar@portescap.com

Phone/Email

Mark Gummin, Miga Motor Company, mark@migamotors.com, (503)874-1313
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INDIVIDUAL COMPONENT ANALYSIS - PROPULSION TENTACLE
Michael Kelleghan

Tentacle Functional Requirements

The tentacles of the jellyfish will provide the thrust needed to move the jelly through the water. The
two main functional requirements for the tentacles are that they must provide net forward motion to
the jelly and must be properly sized such that they can move effectively with the force provided by
the actuators. Due to limited onboard power and the force available to move the tentacles, they must
be designed to propel the jellyfish efficiently through the water. There will be two MigaOne actuators
moving a linkage which will then connect to the tentacles and move them. Because the linkage will
increase the actuation length using mechanical advantage, the force available from them will
decrease. The available force from the linkage was used to find an approximate size for the tentacle.
The other main aspect of the tentacle analyzed was its ability to provide a net forward motion to the
jellyfish. Because the tentacles will be moving back and forth, the backstroke could propel the
jellyfish backwards and “undo” the forward motion creating zero net motion. To avoid this and
maximize efficiency of movement into forward propulsion, asymmetrical tentacles were researched.

Basic oPaddle-Style6 Concept

The first concept for the tentacles of the jellyfish was a basic paddle shaped tentacle. This is the most
basic concept and would be a good design solution because they could be easily 3D printed and
even printed hollow if necessary to add buoyancy to the jellyfish. The main reason this design would
most likely fail is because the net forward motion would be rather small since the tentacle would be
pushing the same amount of water on the upstroke and downstroke due to the tentacle’s symmetry.
This problem could be solved by varying the time spent on the downstroke and upstroke , but this
would not be the most efficient propulsion design.

oSnorkel Tentacle6 Concept

This concept for this design (and its name) comes from the purge valves included on many snorkels.
The idea for an asymmetrical fin using something like the purge valve was suggested by our sponsor,
Jules Jaffe. The tentacle would consist of a 3D printed frame which would then have a layer of flexible
silicone on one side of the frame. The silicone would only be connected to the middle bar of the
frame. This design would cause the water to push the silicone onto the frame on the downstroke and
on the upstroke the silicone would separate from the frame and let water through. This design would
allow the downstroke to move much more water than the upstroke and hopefully provide the most net
forward motion than the other concepts.

OAirfoil Tentacle6 Concept

The third concept considered for the tentacles of the jellyfish was modeled after an airfoil. The idea is
to use the blunted side of the tentacle on the downstroke to propel the jelly and use the aerodynamic
side of the tentacle on the upstroke to limit the downward propulsion. The blunted side of the tentacle
would have a higher coefficient of drag and push more water than the sharper, aerodynamic side of
the tentacle. This design concept is an improvement over the simple paddle tentacle because it
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http://www.tapplastics.com/product/mold_making_materials/casting_products/tap_clear_lite_casting_resin/75
http://www.tapplastics.com/product/mold_making_materials/casting_products/tap_clear_lite_casting_resin/75
http://www.crateandbarrel.com/moderno-glass-bowl/s399395
http://www.crateandbarrel.com/moderno-glass-bowl/s399395




Item Name
Delrin Rod

Delrin Sheet
Stacking Header
Stepper motor Hat

Raspberry Pi Stacking
Camera

Turnigy Balance Charger
11.1V 1000 mAh
Hardware

Hardware

Hardware

Stepper Driver

Misc Electronics

1800 mAh battery
Stepper Driver

Driver (Hi current DRV
8825)

Quantity
1

1

—

NA

NA

NA

F-F Jumper Wire 10 packs 2

DRV8824 Stepper Motor
Driver Carrier, Low
Current

Hardware
Hardware

Edimax EW-7811Un
150Mbps 11n Wi-Fi USB
Adapter

Raspberry Pi 3
Raspberry Pi 2

3D Printing

NA

NA

Cost per Item Date Purchased Cost

15

53.88

2.95

22.5

29.95

45.69

19.64

10.99

8.6

16.92

10.96

17.59

32.87

6.99

8.95

2.85

7.49

6.35

8.9

8.99

42.73

31.19

543.75

5/2/2016

5/2/2016

5/2/2016

5/2/2016

5/2/2016

5/2/2016

5/2/2016

5/1/2016

5/1/2016

5/1/2016

5/15/2016

5/13/2016

5/12/2016

5/13/2016

5/21/2016

5/21/2016

5/21/2016

5/24/2016

5/24/2016

5/21/2016

6/4/2016

6/4/2016

N/A

21.2

53.88

2.95

22.5

29.95

45.69

22.93

10.99

8.6

16.92

10.96

17.59

32.87

6.99

8.95

5.7

7.49

6.35

8.9

9.71

42.73

31.19

543.75

74

Shipping Cost
0

0

3.99

17.99

5.99

5.99

3.95

5.99

0
0

0






Trevor Murphy (Safety Manager):

a)

b)

c)

d)

Design
i) Explore possible actuation modes
(1) Explore electromagnetic actuation
(2) Explore pump propulsion system
Machining
i) Machine delrin, aluminum and brass components of the housing
Materials research and selection
i) Possible materials for waterproofing
ii) Selected o-ring and gaskets used in final AUV
Risk reduction

i) Determine the viability of each sealing method

OVERALL TIMELINE

Project Milestones Week
Finalized Design 6
3D Printed final housing 8
Waterproofed 8
Functioning propulsion 8

Video capabilities operational 10

76



DECISION MAKING TREE

17


https://www.lucidchart.com/documents/edit/1b74aeda-1a7a-4477-9b05-1554c9512b70/0?callback=close&v=3866&s=612

