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. Abstract

SURO is the latest ROV (Remotely Operated Vehicle) from the SUROVOTIC Team,
and it is desaign specialized to do several tasks similar to those in the Pacific Northwest
area of Washington State. Our team, SUROVOTIC, is from Sekolah Robot Indonesia.
This Year is fiveth time from Sekolah Robot Indonesia in the MATE ROV Competition.
however half of our members in SUROVOTIC company are new to this competition.
Nevertheless, our company has done countless research about ROV. The design of our
ROV is influenced by the missions and tasks given. We believe that maneuver
capability in a small design and stability is the key to success in the missions. We
named our ROV SURO like in our country SURO is shark.

SURO is able to solve task by task use gripper manipulator. With depth sensor and
camera guidance. Our 4 cameras can help to guidance maneuver robot to completed
task. We also designed a Graphical User Interface (GUI) to help visualization of Inertial
Measurement Unit (IMU) sensor and also displaying other data from the other sensors.

We are optimistic in the performance of our ROV, since SUROVOTIC company is a new
but devoted participant in marine exploration.
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lll. Company Information

Organization in our company is mainly

—~ i based off the necessary sectors when one

\w—fr is trying to develop ROVs. We are divided

into the software, hardware, general

N sciences and economics division ,with

5 intensive cooperation in between each

section. The software section manages

the programming of the ROVs, and also

responsible for configuring the GUI for the

(Credit: Wikipedia.org) control application which is displayed in a

computer.

The hardware section conducts a lot of research and work in the hardware of the ROV,

obviously, and as such, responsible for the circuitry and type of material suitable for the

ROV. Both of this are crucial to the ROV, to give it an interior body and an existing

Aner vous Os the otheemhar, the general sciences department manages the

design of the ROV and measures the overall performance of the ROV. The difference

between hardware, is that while the hardware pays attention at the circuit and PCB

configuration of the ROV, the general sciences pays attention to the performance and
exterior design that results from the hardwail

focus is maneuverability, portability and speed. Therefore, this section is very crucial.

Meanwhile, the economics section is unique. It is involved in not only promoting our

company, but also providing general information to the public, especially Indonesian

citizens, about ROVs. Indonesia is the base of our company, a maritime nation located

in Southeast Asia. Many Indonesian oceans is yet to be explored thoroughly, especially

by Indonesian people. We strive to benefit our nation, Indonesia.

Figure 1: I ndonesi ab:

Il ndonesi ads waters covers more than 75% of |In
more easily observe wildlife, including some dangerous ones such as poisonous

stingrays and sharks. Moreover, ROVs assist in deeper dives to plant corals, which are

currently dying in Indonesia. Not only that, ROVs help archaeologists to explore sunken

ships. Currently, they would dive directly to retrieve sunken treasures. Besides all these

uniqueness of the economic section, they would of course manage basic economic

mechanism of the company such as budget, sponsoring, etc.

Finally, our purpose of this young company is to pioneer a new age of scientific
researches in the maritime nation of Indonesia, from Indonesian water to Indonesian
citizens, improve knowledge so that we can understand and respect nature more than
before. Through cooperation, we will achieve this.
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IV. Design Rationale

A. Design Evolution

SURO design process began with considering the thruster configurations. Start with
only two thruster for manouver, and upgrade four thruster for manouver. So can
increase movement our ROV

Thruster 3 Thruster 4

Thruster 1 Thruster 2

Thruster 1 Thruster 2

Figure 2: Design Evolution
(Credit : Firman)

B. Vehicle Core System
1. Mechanical

Frame and Structure

SURO frame is mainly built using aluminum extrusion
20x20 for the purpose of compact design, lightweight,
and high durability. The use of aluminum extrusion also
enables us to easily attach, detach, and adjust the
position of manipulators, cameras, thrusters, and lights.

Figure 2: Aluminium Profile
type, Angle Bracket,T-nut
(Credit: Daffa)
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We do notice that unlike HDPE, aluminium sinks in the water, but with the placement of
two acrylic tubes as bouyancy (also use for the waterproof electronics container) it
increases SURO stability. SURO aluminum frame use aluminum profile, only one Store
available this aluminum in our city, and we must buy one package with 3 meters long.

In designing SURO we also use SolidWorks, so that we can configure the Center Of
Gravity (COG), Center Of Balance (COB), and hydrodynamics using software
simulations. For the left and right sides of SURO we use 5mm thick acrylic sheet that
functions to protect the weak spots of SURO. The acrylic sheets also effectively works
as fins to increase SURO stability and also makes SURO looks aesthetically pleasing.

A AN e G, SR DA AL B P

Center of Buoyancy  vertical Thrusters

Acrylic tube (WET)
Electronics inside WET
Horisontal Thrusters

Weight ballast

/ Tool/Manipulator

l 1 1 Centelof Gravity

Figure3: SUROO6 COG and COB
(Credit: Samuel A))

Bouyancy

In order to conquer all the missions, SURO needs
extreme precision and stability. High precision and
stability can be achieved by having a good floatation,
this is why we really pay attention to SURO
floatation. Configuring the COG and also COB is our
first step of designing SURO. The use of two
waterproof acrylics tube are also for buoyancy, which
we put on top of the ROV as the floatation element.
While for the manipulators, frame, and thrusters are
located below to provide the best buoyancy and
gravity distribution.

Figure 4: Acrylic tube
(Credit: Daffa)

The position of manipulators, thrusters, waterproof electronics tube, and frame design
follows the COG and COB principle, any objects with the tendency to float should be put
on the upper-side while objects that have the tendency to sink should be located on the
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bottom side. We also put buoyancy foams on top of SURO to provide small trims and
stability.

Figure 5: Flow Simulation of SURO Bouyancy
(Credit: Firman)

Waterproof Electronics Tube (WET)

All the electronic components of SURO is located inside our custom built Waterproof

Electronics Tube (WET) to prevent it from water and also protection against impact. The
other main function SURO6 2 WETs has been explained prev
floatation (because of air spaces inside it). Acrylic tube of 10cm g with 5mm thickness

because it is resistant to high water pressure. We placed our custom built acrylic lids on

both side of the acrylic tube. On each lid we use double O-rings so that water is less

likely to enter the WET even in higher pressure. We learn this waterproofing technique

from OpenROV,BLUEROBOTIC and also from other MATE. ROV contestants from the

previous years.

Figure 6: WET new design
(Credit: Abyan)
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During our mission testing and practice there has never been water leakage and this
technique has been proven to work effectively and is reliable for the missions to be
faced by SURO. For the cable penetrators we insert our cables to aluminum tube with
hex nut to lock aluminum tube, then we use 5 minutes epoxy glue to secure the cables
and seal it to the lid preventing water leak.

Figure 7: Cable penetrator tube and Epoxy glue

(Credit: Abyan)

Propulsion

SURO is powered by two T200 for up/down
and four T100 brushless thrusters for manouver
from Blue Robotics. Four horizontal motors are
positioned at an angle of 30 degrees relative to
the longitudinal axis. The resulting vector thrust
not only allows for greater speeds, but allows
SURO to strafe in any direction. Two thrusters
fixed in the vertical axis allow for up and down
movements.

B UP/Down
K mm Slide
B Forw/Back
B Yaw

Figure 8: SURO Degrees of freedom
(Credit: Abyan)

2. Electronic

Camera

We were using a total of 4 cameras for SURO. The
main camera was a CCTV camera; it is placed inside
our electronics tube. The function of our main camera is
to wide view. These three cameras were placed to to
focus on the ROVG6s grippe
better view for the pilot.

Figure 9: Car Camera
(Credit: Abyan)
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In the world of ROV, the role of tether is essential. The
tether is what connects power, data signals, and video
signals from the ground control to the ROV and vice
versa. The length of our tether is 12 meters and
consists of 4 main cables. For the main power of
SURO we use 4mm? (11 AWG) red and black stranded
cables with PVC coating. For the power cables we need
to do a couple of research for choosing the suitable
cable thickness. When the cable is too thick, it will be

. . ) Figure 10: Tether management
heavy and stiff, on the other hand if the cable is too (Credit: Abyan)

thin there will be a drop in voltage because the current
reaches 22 Amperes and the resistance is too high
because we use 20 meters cable length.

According to the maximum standard of 25 Amps we use 4mm? and after we tested
there is no drop voltage problem and the cable is also not too stiff, so we decided to use
this cable. For serial communication we use telephone cable with 4 wire. And for video
cable use a video cable to transmit data video

Stranded conductor 11 AWG
Positive (+) red power cable
PVC insulation

Cooper conductor 11 AWG
Negative (-) black power cable

Braided sleeving net
\
N
§

A Stranded conductor 24 AWG
: PVC insulation
PVC jacket

AWM2464, S conductors cables
5 for video signals
4 for data communications

Figure 11: Tether cross section diagram
(Credit : Abyan)

SURO is controlled from the ground control using a
joystick game controller. This remote control
communicates via USB to laptop/PC in the ground
control box as input variables in our Graphical User
Interface (GUI) using Visual Basic software then relays
the controller information through RS232 serial
communication to our Arduino Nano microcontroller on
SURO. The microcontroller is programmed using C
language with various Arduino libraries. The onboard
Arduino Nano then uses 4 Electronic Speed Controllers

9| Page Figure 12: Ground station
(Credit: Abyan)




(ESC), which drives our 4 brushless motor thrusters. Other input and output on board
are 2 servo motors for gripper, 4 cameras, Inertial Measurement Unit (IMU) sensor,
temperature sensor, and depth sensor. For the IMU and depth sensor we utilize 12C
communication. All these inputs and outputs are mounted to our custom made Printed

Circuit Board (PCB) to connect it to our micro-controller.

On deck ground control includes Ammeter and Volt meter to easily check power load
and voltage input that is supplied to SURO. GUI will display the datas from the sensors
on SURO and help the pilot to control SURO movements and its manipulators.

a2 GUI Underwater ROV
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Figure 13: GUI made using Visual Basic

(Credit: Abyan)
3. Mission Specific Tool

Main Gripper

Our company decided to design and make a gripper
with 1 Degrees of Freedom (DOF) with high voltage and
high torque analog waterproof servos that can grip up to
180°. Using collinear gripper grabbing objects with
various sizes are much easier especially in task #1
(Aircraft) for remove debris, returning engine, and
returning all liftbag to the surface, task #2 (Earthquake)
for build OBS, disconect cable connector, closing the
door, releasing OBS, and Returning OBS to the
surface. task #3 (Energy) for installing array tidal
turbine, installing i-AMP, placing mooring and elgrass
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Figure 14: SURO Gripper
(Credit: Abyan)



habitat monitoring and restoration. The gripper is made using laser cut 3mm,5mm
acrylic sheets for precision and aluminum cnc and use 1 waterproof motor servo.

To help visualization of position and direction of SURO
we added GY85 IMU sensor. Gyro, acceleration, and
compass data is translated into our GUI software in the
laptop display. This helps pilot to control SURO
precisely and feel confident to tackle all of the missions.

Figure 15: IMU
(Credit: Abyan)

For task #3 (Energy) - given height on the mooringi use
equipped with a water depth sensor (MS5803-14BA).
The data of the sensor will be output to the Graphical
User Interface to allow the Depth.

Figure 16: Depth Sensor
(Credit: Abyan)

For help guidance if area is not capable light. For holder led our team make from 3D
print laser.

Figure 17: Make holder from 3D print, and place to side robot
(Credit: abyan)

Figure 18: Test Lighting SURO task #3
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