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RUMarino Technical Design Report

Abstract— This year, the RUMarino team 

comes with a new constructed AUV named 

“Hydrus”. This AUV will be more advanced and 

modular than the previous AUV, Proteus, by 

expanding its physical capacities. The different 

divisions of the team were able to implement and 

combine their abilities so this new AUV can 

complete its tasks. This new structural design of 

the AUV has a more robust platform, a dual hull 

design, vectorial motors, dual torpedo launchers, 

and has the ability to charge its battery from the 

outside eliminating the need to open the cabins. 

Although the AUV offers new abilities that the 

team did not have with its previous AUV, it offers 

a difficulty for assembling and disassembling it, 

and accessing its interior components. As part of 

the submarine software, the team has decided to 

attack its difficulty by working all tasks 

independently by creating different modules from 

scratch. Manually managing this software comes 

with its disadvantages, and the team is managing 

the problem by using Robot Operating System 

(ROS). With this design, the AUV has the ability 

of gathering data and processing it concurrently. 

Another new addition was the integration of the 

Doppler Velocity Log (DVL), that can be used to 

keep track the AUV current state. There are still 

tests that need to be conducted, such as tests in the 

pool. Given the current situation of COVID-19, 

this test has been affected. Due to the situation, 

the team took other roads such as: studying, 

reinforcing, and providing documentation until 

we can conduct more physical tests of our new 

AUV. 
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II. COMPETITION STRATEGY 

In previous competitions, the RUMarino team has 
been limited by the physical capacities of our 
previous AUV, Proteus, in the sense that the platform 
was pushed beyond its limit for new additions and 
therefore established a solid “ceiling” of operational 
capacity for completing competition tasks. This year 
the team has constructed a new AUV, named 

“Hydrus”, with the sole purpose of providing a more 
robust platform capable of expanding and adding new 
capabilities to the AUV through the coming years 
with modular attachment points.   

To demonstrate these advantages, the Mechanical 
Team developed an AUV that brings a new capability 
that in the past was not able to be implemented, the 
addition of dual torpedo launchers to aid in the 
completion of more competition objectives. While it 
offers greater structural integrity, a disadvantage of 
this new design strategy is an added difficulty for 
assembling and disassembling the AUV and 
accessing its interior components. To combat this 
hurdle the new frame includes more hull penetration 
points and wet-pluggable connectors that will allow 
connection to the onboard computer and battery array 
without the need to disassemble the pressurized 
cabins.  

Additionally, it has been pursued to complete 
different tasks quickly and efficiently. The capacity 
with which our AUV can return to the pool for more 
tests is of vital importance for all divisions that 
require precision to collect data and values for 
adjustments in programming, control systems and 
sensors. Therefore, the electrical systems division 
provided this facility so that our AUV can complete 
more hours of tests that provide us with the 
information and ability to complete the different tasks 
in the different areas in the competition.  

Designing a software solution for a submarine is 
a complicated process with all the details, data 
processing and calculations it needs to perform to be 
able to control and efficiently synchronize every part 
of its hardware to be able to complete the necessary 
tasks assigned to it; in a simple case, traverse 
efficiently through a three-dimensional space. The 
decision our team made to design and develop the 
software was by splitting the different functions that 
the software will have to perform and solving each 
requirement or task independently of each other by 
creating different modules. Some examples needed 
for this type of system are the controller modules that 
manage the device’s  different components that 
control the position of the AUV, vision modules that 
can capture and process what the submarine is 
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seeing, and the sensor module that manages the 
different sensors like depth and pressure and the 
logic module where the decisions are made based on 
the information gathered from all the modules 
mentioned before.. 

 

One of the disadvantages of developing software 
based on modularity is that every module used needs 
to be able to efficiently function and communicate 
with each other [1]. Using the competition as an 
example [2], badly implemented modules could lead 
to slower data processing making the submarine 
performance extremely poor and slow which is 
detrimental when participating in a competition. To 
help us solve this problem of managing the different 
modules efficiently we are using the Robot Operating 
System (ROS). With this framework we can easily 
implement independent modules where our team can 
focus on the desired module behavior and the heavy 
lifting of communication and synchronization is 
taken care by ROS. One of the great advantages of 
using ROS is that any information processed, or any 
information needed from other modules is made 
accessible to every module in the system by ROS 
making it a great option [3].  

By maintaining the current design process the 
submarine will be able to use its modules 
concurrently providing the advantage of making 
logical decisions while gathering data and processing 
it at the same time to be able to alter its decisions 
while at the same time performing them. A very clear 
example where the ability to use all its modules 
concurrently is selecting the gate which is the first 
task the submarine will need to perform. The 
submarine can keep track of its current position with 
the Doppler Velocity Log (DVL) while at the same 
time find and locate the gate and its current position 
relative to the submarine, then proceed to pass the 
corresponding gate and make any necessary 
adjustments if for some reason the position of the 
submarine or gate where to change due to external 
factors and apply them accordingly, instead of 
performing all these actions one at a time. This type 
of task, tracking an object while positioning itself 
according to it, can be seen as simple, but failing to 
achieve it reliably and efficiently can cost the whole 
competition.  

The control systems team built a Pyrunner library 
(code generator for python based on block 

programming software like Simulink and 
LabVIEW). In addition, a system independent 
communication architecture for the control system 
was designed and implemented using ROS. 
Currently, the code being tested using a simpler 
system where the dynamics and controller were 
already designed beforehand.  

As for the  embedded systems, the team did 
complete overhaul of the embedded code. A 
lightweight many-to-one communication interface 
between the microcontroller and the AUV’s main 
computer was designed to reduce the overhead of 
purely using ROS to interact with these and to better 
integrate new devices into our system. The devices 
that are currently implemented are: the camera’s 
servo, the thrusters (propeller system for the AUV), a 
gripper, and a pressure sensor. Additionally, a 
programmable testbed for the embedded was made to 
test the code in the microcontroller, the devices 
attached to the microcontroller, and other parts of the 
code in the AUV (like the control systems). With this, 
an adequate test plan is being developed to regularly 
test sensor functionality before and after performing 
in field testing in the pool.   

III. DESIGN  CREATIVITY 

Ideas and alternatives were chosen in the 
identification of new ways to solve the problem of the 
previous models. Along the way, many creative ideas 
were implemented and rejected, which after several 
iterative attempts, generated what is the new design 
of the hull and structure of the AUV. The dual hull 
cabin and vectorial thrust arrangements turned out to 
be the most innovative. For the dual hull cabin design, 
we opted to use two standard six inches pressurized 
cabins joined in the middle by an original aluminum 
casing that serves as both access points for all 
interior/exterior connections and as a heat sink to 
better manage the heat generated by the power 
distribution system.  

 
Figure #1: Dual cabin hull design. 
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 The vectorial thruster arrangement utilizes a 
combination of machined HDPE panels and carbon 
fiber reinforced 3D printed components to align 8 T-
100 thrusters in a way that allows for six degree-of-
freedom movement underwater.  

 
Figure #2: Top view of AUV, providing a clear 

view of thruster vectorial placement. 

 
Similarly, in the search for new advances, the 

electrical power system is designed so that it can 
charge its battery without the need to open any of its 
cabins or remove the battery from its position inside 
the vehicle, in spite of the fact that it is supported 
through an external connection that can be supplied 
with power when needed. This is in order to reduce 
the time to maintain the AUV and to increase our 
ability to return to the pool and perform more tests. In 
addition, it has another external connection to provide 
an additional power source to the computer in case 
the vehicle's battery is in the process of charging, but 
it is required to update data in a vehicle. Thus, 
allowing various maintenance and troubleshoot tasks 
to be carried out without the need to disassemble it to 
make these connections directly to the devices.  

Inside the AUV, the software system developed 
for the submarine is designed with modularity in 
mind. It will be divided into different modules each 
with their own function independent of each other. 
An example of modularity everyone can understand 
is “Legos”, different pieces are used to build 
something bigger, and any piece can be reused, used 
to create a different larger piece and moved to another 
place where it would be needed [4]. By maintaining 
this approach while developing the software it grants 
us many advantages in the long run, reduced 
maintenance costs, incremental upgrades without 

having to break the system, readability for future 
developers, cost efficiency, reusability of the 
modules and efficient testing of the whole system or 
individual modules, which is crucial when 
developing an object that must interact with the 
physical world, analyze it and traverse through it.  

The Pyrunner package that was mentioned earlier 
was made for generating optimized Python code 
using a block programming interface. It provides an 
easier and more intuitive environment to create and 
evaluate calculations by creating objects that 
represent the calculations and connecting them. 
Behind the scenes, the package creates an executable 
object that can be called by other parts of the code. 
This was integrated to make the control system’s  
code structure that is platform independent, this code 
can be adapted and reused for any AUV, or more 
specifically, any other system that uses ROS for 
communications, and to make a system that is easier 
to test and modify.  

Furthermore, a ROS library was used to 
communicate between our microcontroller and 
AUV’s main computer. Although this provides a way 
to transfer information from one place to another, this 
introduces additional overhead because the 
microcontroller is now tasked with doing more 
processing than is needed due to ROS’ structure for 
handling messages. A new communication protocol 
was designed and is now being implemented, which 
aims to minimize the amount of overhead by using a 
lightweight structure for synchronizing and 
delivering messages and using Protocol Buffers, 
made by Google [5], to provide ways of creating 
messages and processing them in a similar manner 
that ROS does.  

The programmable testbed connects a device 
using python to the microcontroller. The testbed has 
callable objects that directly connect to specific 
functions in the microcontroller, so one could make a 
new test with these objects and verify if specific parts 
of the microcontroller’s code function appropriately. 
This lets the team test: the code in the 
microcontroller, the devices attached to the 
microcontroller, and other parts of the code in the 
AUV, by just creating scripts that use the callable 
objects.  

The whole vision system is built upon a module-
based mindset meaning that each component runs 
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completely independent from the others. This means 
that complete changes to a module can happen if the 
expected outputs and inputs follow the 
documentation structure. The module flexibility is 
accessible through easy to modify server 
configuration files. What makes this flexible system 
so special is that the visual recognition pipeline can 
use all the provided modules interchangeably or at the 
same time, for example using multiple machine 
vision algorithms on top of each other. 

IV. EXPERIMENTAL RESULTS 

Many of the components utilized were 

manufactured before the onset of the COVID-19 

Pandemic, but most were manufactured or acquired 

after, and all were assembled after. The team made 

full use of 3D printer technology in order to make 

test pieces and the final components from the safety 

of our individual homes. Pressure tests to ensure the 

rigidity of the seals and waterproofing were 

conducted with vacuum compressors by bringing 

Hydrus’ internal pressure to 14.7psi vacuum, 

effectively simulating a depth of 33ft, and 

maintaining it overnight which is more than enough 

for the competition. Destructive tests were 

improvised with weights to confirm the ability of the 

3D printed components to withstand the forces 

generated by the thrusters, and the HDPE chassis’ 

rigidity. When it was allowed, the team was able to 

take Hydrus to the university pool in short squads of 

three members while taking the appropriate health 

safety measures to avoid contamination while also 

being supervised by lifeguards. In the future, we 

hope to be able to test Hydrus’ capabilities more 

often and with greater rigorous tests. 

For upcoming experimental tests in the pool, 

it is expected to be able to test the vehicle to mark its 

benchmarks of how much the vehicle can be with the 

battery charge and the time required to charge the 

vehicle before returning it to the test pool. Where the 

requirements to obtain the searched results are not 

necessary too many tests since although it is forecast 

to observe the functionality time limit this only 

requires approximately 3 tests, since in the 

consequent tests the time is not so high by which the 

searched goal is completely feasible.  

Given the current situation with the global 

COVID-19 pandemic the progress and development 

of the submarine was greatly affected. The different 

teams had estimated the acquisition of certain 

components of the submarine and planned out time 

in advance to familiarize with the new additions and 

the time it required to assemble them together had to 

be rescheduled due to problems with supply, some 

others were delayed significantly due to the high 

congestion of the mailing system. The testing portion 

of the project was delayed due to the previously 

mentioned problems and the many restrictions issued 

by the government that made it harder to obtain 

facilities to test and for team members to gather and 

work on the submarine. To be able to deal with all 

these challenges some of the teams that were affected 

changed their efforts to planning and designing the 

software while also providing documentation and 

reinforcing previous documentation so that when the 

opportunity to retake the tasks that were put on hold, 

they could commence and approach them in an 

efficient and organized manner.  

Since the implementation of the control 

system is platform independent, the code structure 

itself can be tested with any other well documented 

system that uses ROS instead of our own AUV. As 

for the controllers themselves, these can be tested 

numerically with a mathematical model of the 

system to verify if the controller works. 

Additionally, the control systems team has been 

working with Gazebo and UUV simulator to set up 

an environment to test out if the system sends the 

correct information and if the controllers behave 

properly when the AUV’s 3D mesh is used to 

perform a more comprehensive simulation [7],[8].  

The programmable testbed can be used to 

access tests that verify if all the devices are working 

properly. As mentioned above, the program is 

completely dependent on constant testing and 

designed around that. This means that before every 

mission be it a competition or just a test run, the 

machine learning models are tested and reviewed.  
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Appendix A: Component Specification 
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Appendix B: Outreach Activities 

 

One of RUMarino’s priorities as a team is to be able to collaborate, educate, and interact with the community. 

Throughout 2020 to 2021, the team has had more than five outreach activities where almost 70 intermediate 

and high school students have participated. These activities help motivate them to study professional fields 

related to STEM. Also, they are informed about what RUMarino is, what it does, and the different aspects that 

make up the team. The students are from all over Puerto Rico between the ages of 13 to 17. In these outreach 

activities interactive dynamics are made, such as Kahoot, for children to learn and have fun. The winners of 

the Kahoot receive a 3D printed RUMarino keychain as a reward. 

 

Currently RUMarino has been mentoring a group of five students from CROEV, a specialized school in 

science and mathematics in the town of Villalba, who have been participating in a research project. RUMarino 

has been advising the students on the design of their submarine, materials they should use, as well as teaching 

them Raspberry Pi. Our goal is to help these students keep motivated in such research and help them 

accomplish their mission.    


