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MANTA RAY Mission KRILL Electronic System Mechanical Improvements
Team MANTA RAY is an interdisciplinary marine robotics + Limited space and overheating Raspberry Pi {,, | ,} Changed all external components to be 100% infill 3D printed PETG or
project focused on seafloor mapping and underwater perception. required redesign N ]/_ e e resin to limit component waterlogging |
As shown in Figure 1, the project emphasizes inter-vehicle . Tnteorated Arduine Nano as secondary controller ji _. — e " * New t§ther assembled for better cal?le me.mageme.nt when operating
communication, autonomous behavior, and all system and 5 Y , =) =i R s || Combined rear Pmpellef assembly into single object
subsystem improvements to increase precision and performance. * Offloads motor control to free computation on == T ok | o it . R.educed ngght at the rear of KRILL
PI [ | b * Simpler design
 Compact size saves space compared to S ES T T * Norskof losing rear pljopeller
pPrevious Versions F_CZD_TI S L LT I Tttt T| | ] S,afer propeller lnStauauon , : :
e D d head all Gon t B[ ||| pazesaaaiaessaseaass * Plastic BBs r.eplaced with Delrin balls as rolling element in external
ecreased overhead allows sensor connection to : propeller bearings
Pl TEEL | m;fﬁ%%é o s * Plastic BBs would friction weld together under prolonged operation
* Reads data such as pressure, acceleration, and e * Damage to the bearing with plastic BBs not seen with Delrin
angle Fig 3: KRILL internal wiring diagram * New internal rear motor assembly improves reliability
» Test bed created to aid development and testing. “Slot” design for housing uses modular slots * Modified electrical system reduce thermal impact

* Each slot holds key components
* Improves accessibility for maintenance and

upgrades

Figure 1: MANTARAY Mission * Electronics are assembled externally then slotted in

KRILL Mission and Goals
Fig 4: Electronics unit assembly
KRILL 1s an Uncrewed Underwater Vehicle (UUV) developed 1nitially by ) )
re Noval Undeca Warire Cener (NUWC), Keyport WA. The prpos Conclusions and Future Work

of KRILL 1s to be a modular observation class UUV which can be outfitted
The challenges with hull design of KRILL have been addresses as best as

casily to new technologies. KRILL i1s also designed to be rapidly ]
assembled and deployed allowing for a swarm to be created and work possible given the current hull design. Control and buoyancy 1ssues render

together mimicking a much larger vehicle.

* Organizes control system into power, computation,

and control sections.

Fig 7: Damaged bearing after continued operation ‘ Fig 8: New tether

Weight distribution of the components and hull
create an unevenly ballasted UUV

) Al

ectively

KRILL practically inoperable and require a complete redesign to e

* The placement of motors on the hull do not make

Goals: , for comprehensive or intuitive control of the address.
’ Rec(iievel.op electronics for ease of vehicle. « KRILL's hull redesign to better optimize the electronics as well as 1ts
production

: t trol
* Integrate sensor feedback and build underwater contro

further autonomy
* Replicate KRILL to create swarm

 Side propellers cause unwanted pitch due to

location on hull * Tether less control will be designed and developed using acoustic nodes

| from a buoy
 Rear propeller causes roll preventing further

precise control of KRILL * Begin using ROS2 Jazzy and Gazebo for controls, dynamics, and

Key Features:

* Fully enclosed hull simulations

. . * Pectoral fins are too small preventing adequate
* Magnetic connections between motors

control of pitch and stabilization.

* Work towards basic scripted autonomous control

and propellers * Buld fleet of KRILLSs to operate simultancously and collectively
* Built from 3D printed parts, increasing Fig 2: Mission ready KRILL  Diafficult to reliably deploy into and retrieve out Fig 5: Negatively buoyant and rear heavy KRILL * Incorporate IMU sensors for PID
modularity and customization. of water B : : * (Camera mtegration for increased maneuverability
KRILL SENSOR DATA * Buoyancy testing revealed that when front ballast 1s
S ()ftware Enhancements Pressure:  1.0345 bar added KRILL becomes negatively buoyant before
Temperature: 14.5 °C reaching ZC10 pitCh. ACknOWledgementS
 Remapped joystick axes for intuitive control; servos hold position when Depth:  2.31m
idle topgrev‘]en}é drift P Water type: SALTWATER * External ballast must be added to correct buoyancy. This work was funded in part by New Hampshire Sea Grant's Workforce Development

: : : : : : : : . . Project E/WFD-2, pursuant to National Oceanic and Atmospheric Administration Award
 Independent side motor control enabling differential drive, point turns, L Salt . * Sensor mtegration allows for automatic depth setting No. NA220AR4170124. This work was also funded by NUWC Keyport NEEC (Grant

and wall-following AUTO DEPTH HOLD and holding. N00174-20-1-0006) and NURP Sponsors (Grant N0O14- 23-1-2451)

* Acceleration smoothing ramps thrust gradually to reduce jerk and
improve underwater stability

* Auto-depth hold via closed-loop Bar30 pressure feedback, engageable by
button with manual override

e Rewrote codebase for Arduino-based motor control with custom Tkinter We would like to thank the Olson Center and CEPS Makerspace for their manufacturing
GUI displaying live depth, temperature, and pressure data Fig 6: Krill Control GUI support.

» Repeated testing of KRILL proves reliability of Special thanks to Dr. Martin Renken, Eric Seeley, and Sam De Lano from NUWC Keyport.
Dr. Chris Hixenbaugh, Jack Groeneveld-Meijer, Dr. Kaelyn Gamel and Dr. Elizabeth

Magliuli from NUWC Newport. Dr. Tom Lippmann, Karin Whiting, and Maddie Dwyer for
their support at the Chase Ocean Engineering building, and use of its facilities.

design for waterproofing.
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