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I.  Abstract 
Robo-Tech is a marine company dedicated to development 
and manufacturing of ROVs to tackle multiple challenges 
environments. The latest Remotely-Operated Vehicle from 
our company ά¢ƘŜ YǊŀƪŜƴέ, it is specialized to do several 
tasks under water, in order to build it we were split into 
four teams (Administrative, Electrical, Software and 
Mechanical), to be more organized, ensure our 
development and fabrication of our product. The design 
was based on leaving free space to facilitate handling errors 
aƻǊŜƻǾŜǊΤ ǘƘŜ wh±Ωǎ ŦƭŜȄƛōƭŜ ŘŜǎƛƎƴ ŜƴŀōƭŜǎ ŀŘŘƛƴƎ ƻǊ 
removing any extra hardware or required software. 
We took into consideration the size and weight to ease our 
mission under water. Software was developed and coded 
from scratch via C# and Arduino allowing the user swift 
correction of any error. Electronics were assembled, 
modified and tested extensively to ensure the system 
stability. The safety for environment and people is a priority in our product so we made sure that safety 
labels have been added, shrouded thrusters, no sharp edges, electronics housing wiring was as compact as 
possible also electronics system is protected from any unexpected increasing in current by adding a safety 
fuse. This report will show the technical information about the mechanical design, software and electronics 
as well as the safety considerations and the future improvements. 

(Fig. 1: Computer rendered 3D model of this year 
ROV) 

 

(Fig. 2: Robo-Tech Co. The Kraken members) 



 

   

ROBO-TECH CO.  THE KRAKEN 2 

 

      

II.  Table of Contents 

I. ABSTRACT _____________________ 1 

II. TABLE OF CONTENTS _____________ 2 

III. DESIGN RATIONALE ______________ 3 

A. DESIGN EVOLUTION _______________ 3 

B. FRAME _______________________ 4 

1. Design _________________________ 4 

2. Material Selection & Fabrication ____ 4 

3. Drag ___________________________ 4 

4. Buoyancy _______________________ 4 

5. Fiberglass ______________________ 5 

C. PROPULSION SYSTEM ______________ 5 

D. GRIPPERS/M ANIPULATORS __________ 6 

E. SEALING ______________________ 7 

1. Acrylic Tube (Control Box Sealing) ___ 7 

2. Arm sealing _____________________ 7 

3. Cameras sealing _________________ 7 

F. VISION SYSTEM __________________ 7 

G. ELECTRONICS AND CONTROL _________ 8 

1. Mother Board (Onboard Circuit) ____ 8 

2. Tether _________________________ 9 

3. Station _________________________ 9 

4. Power distribution ______________ 10 

5. Control and Communication _______ 10 

6. Graphical User Interface __________ 10 

H. MISSIONS TOOLS ________________ 11 

1. Multi-Tasking Manipulator ________ 11 

2. h.{Ω wŜƭŜŀǎŜ aŜŎƘŀƴƛǎƳ _________ 11 

3. Computer Application ____________ 11 

4. [ƛŦǘ ōŀƎΩǎ wŜƭŜŀǎŜ aŜŎƘŀƴƛǎƳ ______ 11 

IV. SAFETY _______________________ 12 

A. SAFETY FEATURES _______________ 12 

1. Self-Safety features ______________ 12 

2. Vehicle's safety features __________ 12 

B. TESTING PROTOCOL ______________ 13 

C. SAFETY CHECK LIST ______________ 13 

D. OPERATIONAL CHECKLIST __________ 14 

V. CONCLUSION __________________ 14 

A. BUILD VS. BUY _________________ 14 

B. NEW VS. REUSED _______________ 14 

C. BUDGET _____________________ 15 

D. PROJECT MANAGEMENT ___________ 16 

E. TROUBLESHOOTING TECHNIQUES _____ 17 

F. CHALLENGES __________________ 17 

1. Technical Challenges _____________ 17 

2. Non-technical Challenges _________ 17 

G. LESSONS LEARNED _______________ 17 

1. Technical Skills __________________ 18 

2. Non-Technical Skills ______________ 18 

H. FUTURE IMPROVEMENTS __________ 18 

I. REFLECTIONS __________________ 18 

J. ACKNOWLEDGMENT _____________ 19 

K. REFERENCES ___________________ 19 

VI. APPENDICES __________________ 20 

A. FLOWCHARTS __________________ 20 

1. System Flowchart________________ 20 

2. Software Flowchart ______________ 21 

B. SYSTEM INTERCONNECTION DIAGRAM __ 22 

1. Electrical System SID _____________ 22 

2. Pneumatic System SID ____________ 23 

 

 



 

   

ROBO-TECH CO.  THE KRAKEN 3 

 

      

III.  Design Rationale 

A. Design Evolution 
Since 2016, We have built two ROVs, first let's talk about last 
year ROV seen in (Fig. 3) and the problems encountered us, 
we had two motors for up and down in sides which made us 
unable to do pitch and made the maneuver in missions so 
difficult. 

We had an acrylic tube its length was 25cm which made it 
take a big space as well as end cap weight was too much. We 
had two plates beside each other which was so bad because 
our limited space, and that made us in need to install forward 
and backward motors in another part.  

This year ROV:  

We focused in solving the problems that we had in the previous year. We did this year lots of modifications 
to fix the problems encountered us in our 1st ROV.  

We changed our design system to be one plate horizontally and two plates vertically which helped us to 
benefit from the area as much as possible, so that we do not need the other part to install forward and 
backward motors and that helped us in decreasing the weight.  

We used this year modified bilge pump to have a much more force which will help us to finish the missions 
faster. we have also changed the motors angle to make use of the greater force component in the 
forward/reverse direction. The acrylic tube was shortened, the motors guards were added to increase 
thrusting and for safety, we put the motors in front and back to be able to maneuver and pitch. 

(Fig. 3: Last year ROV) 

(Fig. 5: 2D sketch of our ROV) 

 

(Fig. 4: Free-hand sketch of our ROV during brainstorming) 
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B. Frame  

1. Design 
We used Solidworks CAD to design our ROV, the 
Design was purposed  to let the motors work with the 
best efficiency, provide the pilot with full display, use 
the least parts and have ample space for tools, in 
order to achieve that we designed a frame which is 
mainly composed of three plates, the upper plate is 
put horizontally the up and down motors are 
attached to it and the control box mounted in the 
middle to maintain the slightly positive buoyancy as 
it is our main source of flotation and it was fixed by 
crescent holders so we are able to change and control 
electronics easily. The lower two plates are fixed 
vertically by close fitting to the upper plates. The 
forward/backward motors are placed externally and 
the left, right motors are placed internally in the 
lower two plates and the arm is constrained in a 
slider.  A moveable camera was constrained in the 
ǘƻǇ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ŀǊƳΩǎ ƳƻǾŜƳŜƴǘ ǿƘƛƭŜ ǿƻǊƪƛƴƎ 
on missions, up and down motors were put vertically. Our ROV is 30 cm height, 50 cm in width, 50 cm in 
length and its weight in air is 12 Kg.  

2. Material Selection & Fabrication 
We have chosen Artilon (Poly Ethylene) in the frame due to its superior mechanical and physical properties. 
It is lightweight, durable, and easily fabricated. Selecting Acrylic for the arm was because it is Easily 
Fabricated and Shaped, Highly Transparent, Lightweight and its Strength so it can be loaded with the 
missionsΩ carried weight Φ We modeled them using CNC router, laser cutter and 3D printing. 

3. Drag 
Drag is a force acting opposite to the relative motion of any object moving with respect to a surrounding 
fluid. While designing our ROV we have tried our best to minimize the drag force to increase the velocity so 
according to skin friction drag We have selected the Polyethylene material for smoother surface and to 
diminish friction and to minify the exposed surface to the fluid "water" according to the foam drag following 
the equation Fd = ½ P v^2  Cd A We have several choices for reducing the drag force first by selecting the 
round shape for our ROV to reduce the drag coefficient so that the drag coefficient is 0,45 and as We have 
mentioned by minifying the surface area Φ 

4. Buoyancy 
Buoyancy force is the upward force exerted by the fluid on the body that 
immersed in order to compensate for the weight of frame, electronic 
components and the other components a buoyancy foam seen in (Fig. 7) 
was fabricated and mounted on the top, the acrylic tube provided us with 
high Buoyancy force as well. These things obtain the slightly positive 
buoyancy (Calculated and based on ϦArchimedes' PrincipleύϦ. Our ROV is 
5% slightly positive.  

(Fig. 7: Buoyancy Foam) 

 

(Fig. 6: The Kraken Frame) 
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5. Fiberglass 
The main reasons why we made fiberglass: 

1- To reduce skin friction drag and from drag by customize the fiber to be very smooth and make the shape 
of the fiber aerodynamic to the extent possible. 

2- To make the shape of the kraken look more better by covering the wires, electronics and to protect control 
tube. We also painted the fiberglass in yellow because it travels 100 FT underwater and this will provide a 
clear vision of The Kraken 

C. Propulsion System 
In our journey this year to build a cheaper and best ROV, after many discussions within the company we saw 
that the Blue robotics T100 brushless motor thrusters seemed to be very expensive for us. So, we decided 
to use a bilge pump with 3D-printed base and pillars were designed and fabricated by company members 
and were used to hold and support the kort nozzle, these pillars are designed to make the flow smoother 
and streamlined through the kort nozzle. We used the modified bilge pumps from last year. The motors are 
constrained in a way to achieve all the possible motions and to preserve all the thrust and power by putting 
them parallel to each other and controlling every motion using only two motors instead of putting them with 
a certain angle and controlling every motion by four motors which wastes portion of the thrust and power. 
In order to achieve that the forward and backward thrusters are put with an angle 90° in the corners and the 
other two motors are put internally with an angle 180° for rotating.  

(Fig. 8: Flow simulation of the krakenôs fiberglass) 

(Fig. 9: The modified bilge pump) 
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D. Grippers/Manipulators  
Our manipulator is made up of a pneumatic cylinder responsible for opening and closing with a DC motor 
responsible for its rotation. 

1) Materials  
-We used Polyethylene for base, fork in the gripper, tube and end cap in rotating part because Polyethylene 
is strong, water resistant and it can be easily machined.  

-We used Acrylic for end effectors and gears because it is water resistant, achieves clear vision for the pilot 

and smoothly machined to ensure the accuracy of the gears. 

-We used Copper for the coupler and extension part (Fig. 12) because it is strong and light in weight. 

2) Fabrication 
-CNC: In polyethylene and acrylic parts.                   

-Center Lathe: For extension parts.  

3) The Gripping Mechanism  
Our company designed the gripper to hold bodies firmly under water. This mechanism utilizes the 50 mm 
piston to close and open two end effectors parallel to each other keeping the force perpendicular to the held 

object. It can hold objects with diameter size up to 9.8 cm. The end effectors are straight and elongated in 
shape ensuring a large contact area with the held object as long as it is not spherical in shape. 

The pneumatic manipulator rotation is supported by 2 ball bearings to facilitate its rotation by minimizing 
the friction force. The arm can rotate 36лɘ on both directions. 

4) The Rotating Mechanism 
The rotating mechanism is a very important part to give the gripper the ability to interact with object on 

both the horizontal and ǾŜǊǘƛŎŀƭ ǇƭŀƛƴΦ ¢ƘŜ ƎŜŀǊ ōƻȄ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƳƻǘƻǊΩǎ ǎǇŜŜŘΦ 

(Fig. 10: Real view of our manipulator) 
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E. Sealing  

1. Acrylic Tube (Control Box Sealing) 
We use in the control box sealing 2 end caps each one of them 
has 2 O-rings, 1 of them is basic and the other is for safety. 
One of them have only one hole to get out all wires out of it 
and the other is completely closed. We use polyethylene in 
the manufacturing of the caps for its cheap price and its light 
weight and easy cutting. 

¶ Acrylic tube 

¶ rubber O-rings 

¶ Polyethylene for end caps 

2. Arm sealing 
We seal the wire hole with end cap. It is like hose and inside it a perforated 
rubber, the wires get out from the holes in the rubber and it bind them with 
zip tie and behind the motor's shaft we use oil sealing to prevents water from 
entering. 

3. Cameras sealing 
We bought the isolated cameras seen in (Fig. 13) because of its excellent quality 
and its cheap price, also we for saved time and efforts. 

F. Vision System 
In order to give our pilot, the best viewing angles for manipulators and 
surroundings, we use two cameras, first is directed forward which helps the 
pilot in navigation. The other one is directed to see the manipulators. These two 
cameras are related to amplifier seen in (Fig. 14) then to DVR to be monitored 
ƻƴ ǘƘŜ ǇƛƭƻǘΩǎ ǎŎǊŜŜƴ. We use DVR Dahua (Fig. 15) with the following 
specifications to get the output of camera and show it on the screen and laptop. 

 

Å Type: HDCVR.  

ω wŜǎƻƭǳǘƛƻƴΥ тнлǇΦ 

ω ±ƛŘŜƻ ƛƴǇǳǘΥ п ŎƘŀƴƴŜƭǎΦ 

ω ¦{. ǇƻǊǘΥ н ǇƻǊǘǎΦ 

ω tƻǿŜǊ ǎǳǇǇƭȅΥ мнǾκмΦр!Φ 

ω м HDMI.

(Fig. 11: Control box sealing) 

(Fig. 12: Wires sealing) 

 

 

(Fig. 15: DVR) 

(Fig. 13: Insolated Camera) 

 

(Fig. 14: Amplifier) 
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G. Electronics and Control 

1. Mother Board (Onboard Circuit)  

1) Circuit Layout 
As we broaden our aim every year the amounts of tasks 
depending on the electrical power increases in return. This 
year our electrical department sustained two major 
problems one of them was the insufficient space that have 
forced them to create and design an immaculate electric 
ŎƛǊŎǳƛǘ ǿƘƛŎƘ ǇǊƻǾƛŘŜǎ Ŧǳƭƭ ŎƻƴǘǊƻƭ ƻǾŜǊ ǘƘŜ wh±Ωǎ ǇƻǿŜǊ 
distribution and communication systems. Containing the 
following items as the main components: 

¶ An Arduino mega-mini development board  

¶ 4 Cytron 10Amp DC Motor Drivers 

¶ Power regulation system providing 3.3, 5 and 9 volts 

¶ Two Mosfet transistors 

¶ SPI module for communication  

All located on a circular board with the diameter of 14 cm. We used an Arduino mega-mini development 
board for not only its small size but also for it capabilities providing more digital and analogue pins. The 
connectors are suited in one direction and fetched in parallel to simplify the overall flow of current. Extra 
analogue and digital pins are supplied from the Arduino board to try and test new ideas and concepts. The 
tracks are adjusted to a specific width according to the rate of current flowing. Extra ground pin headers are 
used in urgent supply cases and Extra 5V and 9V pin headers are outputted from the two regulators as well. 
We used Eagle CAD in order to design our PCB. 

2) Board Components  

¶ Arduino board 
Our Mega-Mini board seen in (Fig. 17) is the Control Unit of the circuit as it 
overtakes several tasks. It is supplied by a 9 Voltage supply from the 9V 
ǊŜƎǳƭŀǘƻǊΦ Lǘ ǊŜŎŜƛǾŜǎ ǘƘŜ ǇƛƭƻǘΩǎ ǎƛƎƴŀƭ ŀǎ ŀ concatenated string of data from 
the GUI software using the SPI protocol. It gathers the overall data and resend 
it back to the GUI software as a concatenated string of data with all the 
sensor readings and overall changes in the system. 

¶ DC Motor Drivers 
¢ƘŜ /ȅǘǊƻƴ мл !ƳǇǎ ƳƻǘƻǊ ŘǊƛǾŜǊǎ ŎƻƴǘǊƻƭ ǘƘŜ ƳƻǘƻǊΩǎ ŘƛǊŜŎǘƛƻƴ ŀŎŎƻǊŘƛƴƎ ǘƻ 
ǘƘŜ ǊŜŎŜƛǾŜŘ ǎƛƎƴŀƭǎ ŀƴŘ ŎƻƴǘǊƻƭǎ ǘƘŜ ƳƻǘƻǊǎΩ ǎǇŜŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǊŜŎŜƛǾŜŘ 
PWM signal from the Arduino board seen in (Fig. 18). There are 4 motor 
drivers in total in the ROV controlling 6 Bilge pump motors and one dc motor. 

(Fig. 17: Arduino Mega-Mini) 

 

(Fig. 18: The Cytron motor driver) 

(Fig. 16: The motherboard circuit via Eagle) 
































