


Sea is the second largest space after land among the human development of the four strategic
spaces (land, sea, air, sky). It is the strategic development base of biological resources, energy, water
resources and metal resources. It is also the most practical and has the most development potential of
four strategic spaces, playing a direct and great supporting role in China’s Economic and Social
Development. As the assistant of human exploration and development of the marine, underwater
robots will show their use in many aspects among this field. Underwater robot is a kind of system with
artificial intelligence, highly autonomous ability, memory and learning ability, which can adapt to
changes in the external environment.

The key technology in the research of ROV at the present stage includes the following:
1. Motion Control Technology:

ROV’s Motion Control Technology is the premise and guarantee of completing provided tasks.

2. Navigation and Positioning Technology:

The accuracy of Navigation and Positioning is essential to successful execution of ROV tasks.

3. Vision Sensing Technology:

ROV depends on all kinds of sensors to acquire information about the target and the environment under
water. The most intuitive information will be from the vision sensor, which can make data visualized
and give us intuitive results.

4. Underwater Moving-body Design:

In order to reduce the cost and meet the needs of the development use of ROV, we must break the
obstacles through the design of underwater moving-body design.
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This is the first time for our college to participate in the underwater robot competition. Pioneer
is based on the mechanical automatically balancing system framework, which can complete the complex
motions under the surface of the water. The design content of the whole ROV includes: mechanical arm

completing many tasks, the pressure cabin meeting

the requirements of depth and s circuit installing,

binocular vision distance

measurement sensor with high ,’f

precision, attitude sensor based ; \

on balancing algorithm, motor " \\
\

propulsion system based on the
speed, 3D vision system based
on the tasks and control ; o
algorithm based on sensor "‘
information fusion.

In the Last year’s competition in the NASA, we saw the air diving in the exhibition. We were inspired
by this, why couldn't we build a similar thing?

However, instead of having people inside, we can only make it become a robot. It is the robots
rather than human that can estimate the danger in the deep sea, providing a flexible ROV settings.

We really learned a lot in the regional contest in Hong Kong. Unprecedentedly, we were touched
deeply by such a real international contest. ROVs were so impressive for us! Especially, the one made by
Hong Kong University of Science and Technology was so big and really had an original style. We thought
that we were also able to make something special like them.
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@ Budget/Expense

Item No

Item Name
Swimming Pool
7 3/4/5/66m AIuminiuh Sheet
a Block of Aluminium
2/3/4mm Steel Sheet
Arduino2560
Bilge Pump

PVC Board

High Power DC Power Supply Converter 48Vto12V

6-inch Color Monitor Underwater Camera
Stm32f103

Model Plane Remote Control

Quantity Unit Price(RMB) Total Price(RMB)

Cooling Fan

Metal Gear Steering Gear MG996R
Camera with USB Interface
Constant Pressure Water Supply Pressure Sensor 60KPa

USB Extender 60meters

Electromagnet DC 12V

Water Joint

Mechanical Arm
Epoxide-resin Glue
Rigid Coupling
Underwater Lamp
Three-Blade Propeller PAOmm*D57mm @
3-axis Gyroscope+3-axis Accelerometer MPU6050
485 Signal Wire
Waterproof Cable Connector(2 pin)
Waterproof Cable Connector(4 pin)
ISP Wire
MAX3485
Resettable Fuse (40 Amp)
Resettable Fuse (10 Amp)

Metal Protective Net



http://dict.baidu.com/s?wd=electromagnet
http://dict.baidu.com/s?wd=water%20joint
http://dict.baidu.com/s?wd=epoxide-resin%20glue
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5.1 Mechanical Framework Design Based on the Balance System:

The ROV is a robot body who can complete

intricate actions under the surface of the water, whose Buoyancy

adjustment of posture is the most difficult in a complex

underwater environment. In order to meet the basic

requirements of the robot attitude algorithm, well-

designed mechanical structure is the basic guarantee

of good completion

In order to meet the balanced design of the robot, Srity

the equilibrium structure design and algorithm design Frame diagram
are its two complementary aspects. The main feature of a
self-balancing control system most difficult to resolve is to
control it within a certain range by using the angle of
vertical direction or the displacement of the horizontal
direction as the control object. Control system with center
of gravity above and fulcrum below we see in the actual is
self-balancing control system, so we need to design an
open box-shaped frame. Aluminum material is preferably

FRAME DESIGN DIAGRAM
the design materials because of its lightness, durability and

cost efficiency, which can ensure the members of the team to complete largest number of milling and

cutting at the scene. The following aspects are needed to be considered in the design process: try to

complete the job of the match between Buoyancy and gravity with steel plate being under the floats to

make the center of gravity lower and system more stable; try to ensure the ROV more stable when the

center of gravity change in the course of the completion of the tasks.
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5.2 The Waterproof Circuit Box Design Which Meets The Requirements

Of The Depth Of Water And Circuit Installation

Experiment Material Thickness Meet the
Num need or not
plastic 2mm no
plastic 3mm no
aluminum 2mm no
aluminum 3mm yes
steel

steel

5.3 3D Vision System Design Based on Tasks




5.4 Motor Propulsion System Design Based on the Speed

5.5 The Selection and Design Based on the Balance Algorithm’s
Attitude Sensor
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5.6 Precision design of ranging system

5.7 the Mechanical Arm Design Based on Tasks
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Our team made a lot of consideration in the design of safety features, because this was a very
important aspect of any ROV design. The design of safety features were that each electric circuit
included fuses and we had warning sign in the dangerous places (such as: high voltage line and low
line).

Once the power is on, all systems could be manipulated. Whether the ROV worked or not, a series
of safety tests were executed in the internal part in the design of our robot.

Before we took part in the regional contest, we had thought we already did a lot of things about
safety. But when we participated in the contest, we came to realize that safety feature was so special
and so important and we still needed to do more about it.
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7.1 Waterproof Challenges:
In the design process, we needed to consider the
problem of waterproof of the ROV. We have never met this
before the competition, so it was a very difficult problem.
We treated the problem of waterproof very
seriously from the beginning. We collected some
information about underwater robot, preparing to use
acrylic cylinder to make the waterproof compartment.
However, due to the lack of experience, we considered
the question too easy. The volume was too large for the
whole and the structure was not suitable for the machine,
etc. It Led to the result that waterproof compartment
couldn't be done according to the design and manufacture. Having looked up the relevant literature,
we redesign a silicone gasket with welding and threaded connection. The circuit is the core of the
robot. It is the key to control the robot, but changing the waterproof structure was too late for the
competition, the circuit was almost competed, and the waterproof structure had not been completely
done. Instead, it had many problems:
the aluminum box welding should be
able to 4 meters deep water and the
effects of deformation and stress
expansion should be taken into
consideration due to the line
coefficient. Also, we needed special
attention to this point that the
processing of waterproof joint had
skills. We should choose the center
distance of the box cover and the
thickness of Silicone gasket.
Because we did not pay special
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attention to this from the beginning, it caused us to waste a lot of time and energy. As it was near the
date of the competition, time was our real weakness. Forgetting about eating and sleeping was quite
common for us. However, we failed to solve the problem of waterproof. With the dual psychological

and physiological pressure, we move roughly. At that time, we encouraged each other and gave
energy to each other. Though the road was rugged, we moved roughly. We didn't care how many
difficulties we might face.For the final goal---"rush to the USA",we had gone through trying hours and
finally sovled the problem of waterproof.
At that time, we saw hope!

7.2 Funding Challenges:
Due to budget constraints, one of the biggest challenges that the ROV engineering face was to
obtain the required material. However, due to these limitations, the team members were very careful
with the resources spent in school. These limitations had urged us to focus on the use of recyclable

materials, reducing waste and efficiency in the development and testing of engineering.

#

7.3 Mechanical Structure Design Challenges:

Due to the gravity, it was important to control the device weight in the design process, ensuring
that the other devices could be firmly installed in the external frame. In addition, considering the net
covering on the propeller, it can not only protect the blades, but also to reduce the resistance of the
net cover.

7.4 Algorithm Design Challenges:
Compared to the air, resistance and inertia in the water are relatively large, so the reaction speed of
the robot is slow. It is difficult to adjust the robot gesture rapidly. Accordingly, the design for balance
becomes difficult. For control

algorithm, we learned
from the four axis
aircraft, and we made
some improvement to
the characteristics of the
robot. As to sensors, we
used gyroscope and nine
axis sensor, which made
the control more
accurate.As to loction,
we used pressure sensor
and electronic compass
device,which made the
location information more

accurate.
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Then through the PID control, we could enter accurate data on the location and depth
are accurate.
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From the construction and design work on paper in the beginning to the creative thinking
adjustment in actual use in laboratory conditions, any unforeseen variables could be coped with.

There is no doubt that the team met several complex design problems in the process of designing a
ROV. From figuring out waterproof technology to simplifying the control and communication, each new
stage of the design process inevitably brought its own unique set of difficulties and complexs. For our
team, we had solved these different problems.

ROV components were required to conduct individual tests. Once the system was integrated, all of
the system also needed to be tested. For example, in the initial test, the ROV was not moving, so we
were able to isolate the propulsion system. First, checked each individual thruster electronic products,
such as motor driver board, board and connecting cables and ensured that the correct signal was
transmitted to each of the pusher after testing on each pusherin of the software. Once this was done
and we ensured that all thrusters could work, the ROV was placed into the pool, and then ROV
operator controlled to ensure that it could function properly.

-

The whole team of deep-sea explorer is very proud. Almost everyone joining in the design has
already thinking about what can be improved to deal with possible future situations.

For many people, the first thing
-~ -.
> 3 '

that comes into mind is the design of a

more flexible camera frame. A more
flexible one means that the camera
view has increased. This will make
some improvements of observation
function and have better vision.

In addition, many team members
also hope that the next manipulator
design process can have multiple
degrees of freedom. This freedom can
greatly increase the range of motion of
the arm, finally making it to complete
more complex tasks.

f
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Drawing the electronic circuit board provides beneficial experience to us. But the most important
thing is that we have the original design of the propeller. Our programmers have researched and
applied new communication interface successfully, such as 12C, SPI, RS485. They are used to establish
a connection between the vehicle and the peripheral equipment.
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We have developed the control stabilizing system, which allows the ROV to keep the certain depth

and the angle. Of course, it can also compensate external disturbances, making the ROV easier to

operate.
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This is the first time for our team to design and improve the
ROV. In the design and manufacture of the ROV, we have
learned many lessons and enjoyed the team's strength, which
can finish the job that a person cannot make.

Specifically, we understand the acceleration gyroscope
sensor MPUG050, three degree of freedom mechanical system,
the rationales behind them and how they can be used to
control and manipulate objects.

One of the most important things is that the team
members have acknowledged effective waterproof
technology. This is the most that we spend. In addition,
because we use ROV cameras, sensors, motors, and the
servo system, we need to pay special attention to the power
distribution in the ROV. Only in this way can we improve
voltage conversion system.

Because we use binocular distance measurement, our
members have learned about image processing, computer
vision and stereo image. They have also learned how to
generate the stereoscopic images, how to deal with these images
and how to determine the length of the object in the image.

Of course, we also learned valuable life skills in the process. For example, we have learnt the
management of time and also study about the ROV, but also how to deal with our study.

In a word, through this competition, we have improved our ability in many aspects. Life lies in the
explorations!
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This is our first time to participate in such a large ROV competition. In general, we have achieved
the target this year and the subsequent exercise results are satisfactory. We have successfully constructed
the ROV---PIONEER. Although we have met many unexpected difficulties in manufacturing process,
we have used a series of creative methods to solve it. In the process of experiment and test, we have got
a lot of new ideas and encouragement from the results to improve and create a more high quality and
elegant machine.

Besides, we filled the gap of experience in the regional contest. Before the contest, we had so many
puzzles, and the contest just gave us a perfect answer. About this competition, after all, it will be the first
time for us to go to America and participate in the international contest, and we know we still have to
learn a lot. But we believe that we can certainly fulfill the task with the help of judgers and so many new
friends from other teams!

G

We would like to thank the following individuals, organizations and companies for their guidance
and assistance in making the ROV a reality.

The Innovation Laboratory of Nanjing Institute of Technology
Laser Cutting Department of Nanjing Institute of Technology

The Students of Art Design in Nanjing Institute of Technology
MITSUBISHI Automation System Laboratory

GE Automation System Integration Laboratory

SIMENS Automation Laboratory

Faith World Company

Nanjing Hongyuan Information Technology Company

© NANING INSITIUTE OF THHNOLOGY

x” ti-_’ /T’-z ﬂf ZI%

¥ e R REXKOtN

\__WORLD

MATE

\ -,:.;mv'



Mainboard Patch Board Schematic
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e the Diagram
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