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The  price  of  microcontrollers  has  
declined  enabling  cheaper  solutions  
for  products  such  as Remotely 
Operated Vehicles, ROVs. The purpose 
of this project was to develop a base 
for a cheap ROV powerful enough to 
replace the work of divers under water 
at depths above 50 m and  made  for  
future  development.  The  ROV  was  
divided  in  eight  major  parts  
containing propulsion,  frame,  
communication,  power  electronics,  
control  system,  sensor,  supply  and  
an electronics compartment. These 
eight parts were treated as sub 
systems of the entire ROV and designed 
separately but with consideration that 
they were parts of a complete system. 

The result of the project was as 
intended a ROV base made for future 
development. All parts were  finished  
and  worked  separately  in  addition  
to  function together  in  the  
assembled  ROV however  no  tests  in  
water  were  conducted  on  the  
entire  ROV.  Neither  has  any  
pressure  test been possible, for the 
ROV and associated parts, therefore 
nothing of the ROVs operability on the 
desired depth can be concluded.

All  of  the  seven  major  parts  
should  be  developed  and  optimized  
individually  in  future  work but 
served the purpose of a base in this 
project.    
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Abstract 
The price of microcontrollers has declined enabling cheaper solutions for products such as 

Remotely Operated Vehicles, ROVs. The purpose of this project was to develop a base for a 

cheap ROV powerful enough to replace the work of divers under water at depths above 50 m 

and made for future development. The ROV was divided in eight major parts containing 

propulsion, frame, communication, power electronics, control system, sensor, supply and an 

electronics compartment. These eight parts were treated as sub systems of the entire ROV and 

designed separately but with consideration that they were parts of a complete system. 

The result of the project was as intended a ROV base made for future development. All parts 

were finished and worked separately in addition to function together in the assembled ROV 

however no tests in water were conducted on the entire ROV. Neither has any pressure test 

been possible, for the ROV and associated parts, therefore nothing of the ROVs operability on 

the desired depth can be concluded. 

All of the seven major parts should be developed and optimized individually in future work 

but served the purpose of a base in this project.  
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1 Introduction 
The Division of Electricity at Uppsala University, more specifically Wave Energy Group, has 

requested a remotely operated unmanned submarine to assist them in their work regarding 

wave energy power plants. Today divers are used in underwater activity and work. The 

division desires to reduce the cost and risk of harm for divers and therefore replace diver 

activity with a Remotely Operated Vehicle, ROV. 

1.1 Background 

The development in electronics over the years has resulted in cheaper parts in the hardware 

for microcontrollers, (Henriksson, n.d.). Companies, such as Arduino, present 

microcontrollers for a market besides industry: for students, hobbyist and amateurs (Arduino, 

n.d. a). Cheaper microcontrollers and electronics make it possible for education and student-

developed projects as the project discussed in this report. 

A ROV can vary in size depending on its purpose. ROVs used for inspection and surveillance 

have no need for more equipment than a frame, motors for propulsion, a camera and light. 

Larger ROVs can for example include manipulator arms, sonar or equipment for gathering 

samples on the seafloor. Despite their different purposes, all ROVs have a pilot who operates 

the vehicle from a safe distance in common, hence the name Remotely Operated Vehicle. The 

information and power are often transferred to the ROV using a tether line 

(Nationalencyklopedin, n.d.). 

1.2 Purpose and aim 

The purpose of this project is to build an open platform ROV base, designed for future 

development. Along with a functioning ROV, documentation with instructions and 

improvement proposals is included in the project. The aims of this project are that the ROV 

should be able to operate at a water pressure of 5 bar, approximately a depth of 50 m, and 

have a propulsion thrust of 100 N. 

1.3 Limitations 

The project is limited to building a functioning submarine ROV with the only property of 

being able to move under water via a remote controller. Supplying the voltage and power 

itself is not included in this project. The ROV should be an open platform for installation of 

desired additional equipment but the equipment itself is not included in this project. Creating 

a user interface for testing the ROV is included in this project. 

The movements required of the ROV are movements in x, y and z direction, Figure 1, but also 

turning its front left and right (yaw movement) dipping the front up and down (pitch 

movement) and tilting the entire ROV to the left and right (roll movement) is required. 

To achieve further development and customization of the ROV creating documentation 

including operating instructions, repair instructions and instructions of interface for additional 

equipment is included in this project.  
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The ROV was requested from the Division of Electricity at Uppsala University with the 

intention of lowering the cost and increasing the safety of underwater activity. However no 

comparison regarding cost between commercial ROVs and the ROV developed in this project 

was performed. Also no comparison regarding safety and cost between the use of a ROV or 

divers was performed. 

A schematic of the communication between the microprocessors used in the ROV their code 

are presented in appendix.  
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2 Method 
The ROV consists of a propulsion system, a frame, a supply system and a compartment for 

the control system, the sensor, the communication system and the power electronics. Firstly a 

sketch of the parts and the components of the ROV was compiled. After finding suitable parts 

and ordering them the programming of the control system was conducted. Assembly of the 

parts and individual tests were made before the final assembly of the entire ROV.  

The microcontrollers used in this ROV are from Arduino (n.d. b; n.d. c): Arduino Yún and 

Arduino Nano. This was because of their usage in many hobby and amateur projects and that 

it therefore was easy to find help on obstacles on forums regarding the matter. 

3 Implementation 

3.1 Propulsion 

The propulsion system was designed from 

the ROV’s need of x, y, z, yaw, pitch and 

roll movements. From these requirements the 

propulsion system needed motors in the rear 

for x movement, motors on its left and right 

side for y movements and motors on top for 

z movement. To achieve the yaw movement 

the ROV needed rear motors on each side of 

the centre of mass, X1 and X2, and to 

achieve the pitch and roll movements it 

needed top motors in each corner of a 

rectangle above the centre of mass, Z1-Z4, as 

displayed from an above view in Figure 1. 

From this design the propulsion system needed at least eight motors. To achieve the forward 

thrust needed for the ROV double motors in the rear, X1 and X2, with identical purpose were 

chosen. 

3.1.1 Motors 

The motors chosen for propulsion were brushed DC-motors, Table 1. As a precaution the 

input power to the motors were limited resulting in an input current of 4.1 A. The only 

modification necessary were to remove the belt cog and to move the cables from the side to 

the rear of the motor. 

Name MY, JX Motor Co. Ltd. 

Voltage 24 V 

Rotational speed 2500 rpm 

Output power 100 W 

Input current 6 A 

Used input power 100 W 

Used input current 4.1 A 
Table 1 Ratings of DC-motors 

Figure 1 Overview design of the ROV’s need of motors to 

achieve x, y, z, yaw, pitch and roll movements, seen from 

above 
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3.1.2 Waterproof casing 

The casing for every motor consisted of a piece of pipe, a corresponding joint and two 

corresponding endcaps [1], Figure 2. The parts were made of PP plastic constructed for 

drainage in household appliances. A hole [2] for the motor shaft and for its 8x22x6 BABSL 

NBR radial seal (Momentum, n.d.) [3] was made in the front end cap and a hole [4] for the 

cable and its M16x1.5 cable gland (Jacob, n.d.)  [5] was made in the rear end cap. A holder 

for centring the motors in the pipe and another holder [6] for the radial seal were 3D-printed 

in ABS plastics. The motor shaft was extended by a stainless steel rod attached to a SDWA-

22C-8x8 shaft coupling (OEMMotor, 2016) on the motor shaft. 

Since no proper glue for PP plastics could be found all parts were glued with BOND 

XTREME (Bostik, n.d.)[7] [8]. All surfaces where BOND XTREME was used were rugged 

thus increasing the attachment of the glue. All joints were covered in silicone (Essve, n.d.) to 

further ensure the waterproofing. The dimensions of each part are found in Table 2. 

 

Figure 2 Radial seal parts and attachment for the waterproof motor casing 

Dimensions PP plastic pipes 75x150x1.9 mm (diam.*length*thick.) 

Dimensions PP plastic joint 75x115x1.9 mm 

Dimensions PP plastic end cap 75x1.9 mm (diam.*thick.) 

Dimensions stainless steel rod 8x80 mm (diam.*length) 
Table 2 Dimensions of parts to the waterproof casing 

3.1.3 Propeller 

The motor propellers were 3D printed in ABS-plastics. A basic design was downloaded from 

the web page grabcad.com (Priest A, 2016) and altered to three bladed as displayed in Figure 

3 and presented in Table 3. The hole for the motor shaft was modified and a chamfer was 

added. For securing the propeller to the motor shaft a hole for a M3 screw and a locknut 

towards the centre of the motor shaft was included in the propeller. 

Diameter, propeller 93 mm 

Diameter, hole motor shaft 8 mm 

Chamfer, hole motor shaft 2 mm 
Table 3 Dimensions of the three bladed propeller 
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Figure 3 Section and rear view of the propeller design. 

3.2 Supply 

The chosen supply voltage and voltage levels in the ROV are presented in Table 4. The ROV 

was supplied by a tether line (Ölflex, 2012) and the additional voltage levels were provided 

by each Arduino installed in the ROV, see 3.3.2 Control system, and two DC-DC step-down 

converters TEN 8-4811WI, (Traco Power, 2012a), and TEN 5-4812WI, (Traco Power, 

2012b). 

48 VDC supplied the ESCON 50/5 motor controllers, 3.3.4 Power electronics, the Ethernet 

switch, 3.3.5 Communication, and the DC-DC converters. The Arduinos, 3.3.2 Control 

system, and the homeplug-devices, 3.3.5 Communication, were supplied with 5 VDC and the 

sensor 3.3 VDC, 3.3.3 Sensor. 12 VDC was unused and available for extra added equipment 

in the future. 

Supply voltage 48 VDC 

Supply cable 4 mm
2
, 100 m 

Maximum current, supply cable 44 A 

Additional voltage level 3.3 VDC 

Additional voltage level 5 VDC 

Additional voltage level, unused 12 VDC 
Table 4 Voltage levels used 

3.3 Electronics 

3.3.1 Hand control 

The user interface chosen was a hand control consisting of three potentiometers representing 

angles of yaw, pitch and roll, three potentiometers representing speed of x, y, and z movement 

with corresponding switches for forward and reverse direction and an enable switch. An 

Arduino Yún was chosen to process these signals and create a URL-string with format: 

http://IP-ADDRESS/arduino/COMMAND/X/Y/Z/YAW/PITCH/ROLL, where COMMAND can 

either be “enable” or “disable”. The Yún transmitted the URL-call to the receiver via a 

homeplug-device P200 (Tenda, 2016), see 3.3.5 Communication. The Yún and the P200 were 

cased in a box with the potentiometers and switches extending through the top of the box. 
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3.3.2 Control system 

As control system a second Arduino Yún was used as a master, eight Arduino Nanos as slaves 

to control ten motors and lastly two Arduino Nanos were used in handling sensor information. 

Motors X1 and X2 in Figure 1 have two identical motors each, summing to a total of ten 

motors but only the need of eight individual motor Nanos.  

The master Yún, the eight motor Nanos and one of the sensor Nanos communicated via an 

I2C bus connected to the respective I2C pins on the Nanos and the Yún. For information on 

the sensor Nanos, see 3.3.3 Sensor. Each motor Nano communicated with a power electronics 

device, see 3.3.4 Power electronics, using a PWM [0 %, 100 %], a direction [true, false] and 

an enable signal [true, false].  

The control algorithm began with the master receiving an URL-call with inputs from the user, 

see 3.3.1 Hand control. This information contained desired speed of x, y and z and degree of 

yaw, pitch and roll movements. The values for x, y and z range from [0, 510] and represent 

[full reverse, full forward]. The values for yaw, pitch and roll range from [0°, 359°]. Secondly 

the master receives sensor information from one slave Nano via the I2C bus with yaw, pitch 

and roll angles. A P-regulator then processes the desired angles and the sensor angles and 

returns an output thereafter.  

The regulator output and desired speed of x, y, and z movement were superposed to get the 

output for each respective motor. This output should range from [-255, 255] but can be larger 

and is therefore maximized at ±255. This information is sent in two bytes as an absolute value 

and a 1 for positive (forward) or a 0 for negative (reverse), to respective motor Nano. The 

motor Nanos lastly send their PWM, direction and enable signals to each power electronics 

device. 

3.3.3 Sensor 

A MPU-5060 was chosen as the sensor in the ROV (Arduino, n.d. d). It is a combination of a 

gyro and an accelerometer. The code for interpreting the sensor and distribute its values came 

from the website github.com (jrowberg, 2016). The sensor was connected via I2C to one of 

the two sensor Arduino Nanos using I2C communication, its VCC to 3.3 VDC and its 

interrupt to the Nanos digital pin 2. This Nano was in turn connected to the second sensor 

Nano using SPI communication and the library SPI_anything (Gammon, 2014). The second 

sensor Nano was connected to the larger I2C bus to communicate with the master Arduino 

Yún.  

The sensor information was process in the first Nano to return the angles of yaw, pitch and 

roll movement. These values, integers, were then transferred via SPI to the second Nano and 

later transferred to the master Arduino Yún via I2C when needed. 

3.3.4 Power electronics 

To power and control the propulsion an ESCON 50/5 motor controller (Maxon Motor, 2013) 

was connected to each DC motor. By controlling the current and polarity, the motor 

controllers could control the torque and direction of the motors. An enable, a direction and a 

PWM-signal were connected to each ESCON for communication. The current was 
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determined by the PWM-signal and the direction from the signal being true or false. The duty 

cycle of the PWM-signal corresponds linearly to a maximum current in each motor, ranging 

from 0 A to 4.1 A.  

The inputs and motors were connected to corresponding pins on the ESCONs and the motor 

cables used were two core 1.5 mm
2
 cable, 3182Y (PRO-POWER, 2015). The properties of the 

motor controller were set in the software ESCON STUDIO (Maxon Motor, 2016). 

3.3.5 Communication 

The communication from the user to the ROV was chosen to be Ethernet. The URL-call from 

the Arduino Yún in the hand control used regular Ethernet communication but is transferred 

between two homeplug-devices P200 from the user to the ROV via a 100 m long two core, 

0.5 mm
2
 cable, 2182Y (Pro-Power, 2012). Only the converter part from the P200 was used 

and it was mounted on an Interface board from OpenROV (OpenROV, 2016) that included 

supply and sockets for the communication line. The Ethernet in the ROV was then distributed 

to the receiving Yún by an Ethernet switch (TP-Link, 2013). The Ethernet switch chosen had 

eight ports where four are Power over Ethernet ports, PoE. 

3.3.6 Circuit board 

All the ten Arduino Nanos and the DC-DC converters were mounted on the same circuit 

board made from an experimental Printed Circuit Board, PCB. The circuit board was supplied 

with 48 VDC to achieve 5 VDC supply for the Nanos and unused 12 VDC voltages. The eight 

motor Nanos and one sensor Nano were connected to the same I2C bus with two pins each 

and the sensor Nanos were connected together for SPI communication using four pins. From 

the circuit board the I2C bus was extended with two wires to reach the master Arduino Yún. 

A pull-up resistor of 4.7 kOhm was connected to each line of the I2C bus. 

The other sensor Nano was connected to the sensor as described in 3.3.3 Sensor. From each 

motor Nano three cables were extended to the power electronics, see 3.3.2 Control system. 

3.4 Electronics compartment 

The electronic devices in the ROV; the master Arduino Yún, the circuit board, the sensor, the 

Ethernet switch, the ESCONs and the homeplug-device, were mounted on the same 

aluminium plate, acquired from the university, along with block terminals to connect the 

incoming supply and communication cables and the outgoing motor cables.  

The aluminium plate was mounted in a PVC pipe (Sigro, 2015) on an aluminium square 

profile rail making it the electronics compartment. The rail was glued to the pipe using PVC 

glue, Tangit PVC-U special-lim (Henkel, 2008). The ends of the pipe were sealed using PVC 

flanges glued to each end of the pipe with a slot for a ring-seal (M-Seals). A PVC lid 

(Nordbergs Tekniska, 2008a) and a POM-H lid (Nordbergs Tekniska, 2013) were then 

screwed on to the flanges on the rear respectively the front end. Ten holes were made in the 

rear lid for the motor cables and their M16x1.5 cable glands (Jacob, n.d.) together with three 

holes for the supply and communication cables and their M12x1.5 cable glands (TE 

Connectivity, 2005). All dimensions of the parts are presented in Table 5. 
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Dimensions aluminium plate 810x210x3 mm (length*width*height) 

Dimensions PVC pipe 250x900x7.3 mm (diam.*length*thick.) 

Dimensions aluminium rail 850x25x2.5 mm (length*side*thick.) 

Dimensions PVC flanges 320x320x20 mm (side*side*thick.) 

Dimensions ring seal 255x4 mm (inner diam.*thick.) 

Dimensions PVC and POM-H lid 320x320x20 mm (side*side*thick.)  

Diameter of holes on rear lid, 1 16 mm 

Diameter of holes on rear lid, 2 12 mm 
Table 5 Dimensions of parts of the electronics compartment. 

3.5 Frame 

The frame was built from PVC pipes (GPA, n.d. a) glued together with PVC glue, Tangit, and 

was perforated for not adding buoyancy to the ROV. The pipes were assembled with 

couplings (GPA, n.d. b; GPA, n.d. c) in a cage form as displayed in Figure 4. The dimensions 

and amount of each part are presented in Table 6. 

 

Figure 4 Exploded view in CAD of the assembly of the frame. 

Dimensions PVC pipe 50x3.7 mm (diam.*thick.) 

Length (mm) Amount (pc.) 

1010 1 

700 4 

553 2 

500 4 

250 4 

100 8 

Coupling Amount (pc.) 

T 10 

90˚ 8 

Hose clamp Amount (pc.) 

40-60 mm (frame) 10 

60-80 mm (motors) 10 
Table 6 Dimensions and amount of each part of the frame. 
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The motors were attached to the frame using two hose 

clamps for each motor at positions according to Figure 

5. Two different sizes of the hose clamp were used, 

Table 6. 

The electronics compartment pipe with lids was 

mounted on the frame using a steel rail screwed to each 

flange of the pipe. The rails, extending sideways from 

the flanges, were screwed directly on the frame. 

 

 

 

 

 

3.6 Documentation 

Documentation was made with more practical explanations of the different parts of the ROV. 

The documentation also contains a start-up guide and a guide how to operate the ROV.  

  

Figure 5 Attachment of a motor to the frame 
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4 Results 

4.1 Entire ROV 

The functions of the individual parts were tested and validated before the assembly of the 

ROV. A full assembly of the ROV was conducted and its final state is pretended in Figure 6. 

A test of the entire system was performed on land and all the systems responded accordingly. 

The weight of the assembled ROV was 42 kg.  

 

Figure 6 Full assembly of the ROV. In the left picture; the hand control rests on the communication wire and the two 

cable drums are the supply cables. 

4.2 Propulsion 

The current required at 48VDC with propeller and waterproof casing in air ranged from 0.8 A 

to 1.0 A. Running the motor in waterproof casing and with propeller in air at 12 VDC for five 

minutes showed that the motor shaft gained a temperature of 40 – 50˚C. Running it while 

submerged the motor shaft was cooled to the temperature of the water. While running the 

encased motor in air, without any load, with a propeller and at full speed the propeller shaft 

started to wobble and oscillate. 

4.2.1 Motors 

Tests on the motors without load and in air showed that the current required for maximum 

rotational speed, both clockwise and counter clockwise, at 48 VDC differed between the 

motors and varied from 0.35A to 0.55A.  

4.2.2 Waterproof casing 

The assembled motor casing in Figure 7 is 270 mm in length, including the motor and its 

holder, cable gland, motor shaft and the propeller. 

Ethyl Cyanoacrylate glue with primer was tested as a glue for the casing but proper strength 

was not obtained. Tests to weld the PP-plastic were also conducted although with bad results 

in sealing the casing since the heat deformed the plastic and fissures arose in the weld. 
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A test of the motor casing showed no sign of leakage after 24 hours submerged in water at a 

pressure of 1 bar. This test was conducted on a casing that had not yet been glued or sealed to 

be able to verify the result. 

 

 

Figure 7 Assembly parts of the motor to the left. Assembled motor in the middle and to the right. 

4.2.3 Propeller 

The 3D printed propeller is presented in Figure 8. A test of the propeller in water showed that 

the propeller worked in both rotational directions and that the plastic was strong enough to 

withstand the force and not break.  

 

Figure 8 The printed propeller. 

4.3 Supply 

When supplied with 48 VDC the supply system in the ROV achieved voltage levels of 

48VDC, 12VDC, 5VDC and 3.3VDC. The system consumed 17 W at idle operation and it 

was mainly consumed by the power electronics and the Ethernet switch. 

4.4 Electronics 

4.4.1 Hand control 

The Arduino Yún [1], homeplug-device P200 with Interface Board [2] and the switches and 

potentiometers for steering were placed in a 3D printed box, Figure 9. [4] in the figure are the 

communication cables connecting the hand control and the ROV and [5] is the power supply 

via a USB cable. 

The hand control successfully created the URL-string containing the user values in the 

intended format and sent it to the ROV. 
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Figure 9 The hand control for steering the ROV. Inside are the devices to transfer the user commands. 

4.4.2 Control system 

Upon testing, the master could receive information from the hand control via Ethernet, angles 

from the sensor slave via I2C and transfer the regulated maximum current to respective motor 

slave via I2C. The P-regulator could compensate for the tilt and turn of the ROV together with 

superposing the x, y, and z movement during a test of the 

system. The maximum currents, which correspond to the duty 

cycle of a PWM signal, were transferred along with an enable 

and a direction signal to the power electronics. The control 

system also responded with sending zero-values to each power 

electronics device when disabled. 

While not receiving user data over Ethernet the execution time 

of the algorithm was 15 ms and when receiving user data the 

execution time was 25 ms. The start-up time for the system was 

90 s. 

4.4.3 Sensor 

The MPU-5060 sensor and its attached Nano delivered angles 

corresponding to the yaw, pitch and roll movements when 

turned on. The sensor had a precision of two decimals but only 

integers were used. The sensor system had a start-up time of 

20 s before the angles stabilized. 

The resulting circuit of the sensor and its two Nanos is 

presented in Figure 10. [1] shows the sensor, [2] shows the 

Nano communicating directly to the sensor, [3] shows the Nano 

connected to the larger I2C bus which delivered sensor 

information to the maser Yún. [4] displays the wires and I2C 

communication between [1] and [2] and lastly [5] shows three 

of the four cables for the SPI communication  between [2] and 

[3]. The fourth cable for the SPI communication is on the back 

side of the circuit board. 

Figure 10 The sensor system 

consisting of a sensor and two 

Arduino Nanos. 
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4.4.4 Power electronics 

The ESCONs used as power electronics responded and controlled the DC motors via their 

inputs, both in their forward and reverse direction. It could deliver 0 – 4.1 A linearly between 

10 – 90 % duty cycle of the PWM-signal according to live readings in Escon Studio. 

4.4.5 Communication 

The communication between the hand control and the ROV using the 100 m communication 

line worked. The time for updating values from the user and sending them to the master Yún 

in the ROV were measured to 600 ms. >99 % of the time was the actual Ethernet 

communication handling the URL-call and the reading of inputs from the hand control lasted 

<1% of the time.  

4.4.6 Circuit boards 

The circuit board with the specified components is shown in Figure 11; [1] motor Nanos, [2] 

sensor Nanos, [3] DC-DC converters, 5 VDC on top and 12 VDC on bottom, [4] 48 VDC 

supply cables, [5] I2C bus, [6] sensor Nanos’ SPI communication where the fourth cable is on 

the backside, [7] extended I2C bus to master Yún, [8] pull-up resistors, [9] cables from motor 

Nanos to power electronics. All components received their supply voltages and all 

communication was successful. 

 

Figure 11 Circuit board of motor Arduino Nanos, sensor Arduino Nanos, DC-DC converters and communication 

cables. 

4.5 Electronics compartment 

The electronics compartment past the test of being waterproof but no test of its ability to 

withstand water pressure was conducted. 

All electronics mounted on the aluminium plate is presented in Figure 12: [1] Ethernet switch, 

[2] circuit board, [3] sensor, [4] master Yún, [5] ten power electronics ESCON 50/5, [6] 
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homeplug-device P200, [7] & [8] block terminals. A schematic of how [2], [3], [4] and [5] are 

connected is presented in appendix. 

The aluminium rail, Figure 13, was placed and glued in the compartment made from the PVC 

pipe holding the aluminium plate with all the electronics.  

As displayed in Figure 14 the electronics compartment had two removable end caps, [1] front 

and [2] rear, attached with M6 screws. Between the end caps and the flanges on the PVC pipe 

[3] a ring seal was placed [4]. Fully assembled electronics compartment is seen in [5]. The 

rear end cap [2] contains the M12 and M16 cable glands for the motor, communication and 

supply cables. 

 

Figure 12 Aluminium plate with the ROV’s electronics. 

 

 

Figure 13 Aluminium rail to hold the aluminium plate placed in the PVC pipe to the left, front side view, and 

including the aluminium plate to the right, rear side view. 
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Figure 14 Components of the electronics compartment. 

The weight and dimensions of the electronics compartment with end caps and electronics are 

presented in Table 7. Any pressure classification on the pipe could not be found but another 

vendor had a PN6 classification on a pipe with the same material, diameter and thickness 

(Nordbergs Tekniska, 2014a). 

Dimensions 966x320x320 mm (length*width*height) 

Weight 20.2 kg 
Table 7 Weight and dimensions of assemble electronics compartment  
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4.6 Frame 

The weight, dimensions and minimum 

strength capability of the assembled frame, 

Figure 15, is presented in Table 8. 

Figure 16 displays the final placements of the 

motors and the steel bars attaching the 

electronics compartment seen from three 

different angles. The hose clamps attaching 

the motors to the frame had a slight play but 

held the motors firmly attached. 

 

 

Weight 8 kg 

Dimensions 1125x670x610 mm (length*width*height) 

Strength test of glue seams (total) 24 kg 
Table 8 Data of the assembled frame 

 

Figure 16 Frame with attached motors. 

4.7 Documentation 

A full documentation and a start-up manual of the ROV have not been finished. So far the 

documentation contains a more detailed description and manufacturing guide of some of the 

parts, a walkthrough of the ESCON 50/5 settings and a guide of the hand control. 

  

Figure 15 The assembled PVC pipes and couplings to the 

frame of the ROV. 
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5 Discussion 
Although the ROV was fully assembled and its functions were verified on land thrust, 

buoyancy, speed and P-regulation could not be measured or calibrated without a complete 

live, submerged assessment. Apart from the aims of the ROV it would have been desirable if 

the buoyancy of the ROV was slightly positive meaning that the ROV would have slightly 

floated when idle. This would act as a precaution if the ROV malfunctioned.  

5.1 Propulsion 

The extra consumed current in the motors when encased was due to the friction from the 

radial seal. The propeller shaft was lubricated for decreasing friction but it was still 

noticeable. The oscillation of the propeller shaft arose from the shaft coupling between the 

motor shaft and propeller shaft. Its property of managing the shafts being non-parallel made it 

too flexible, hence the oscillation.   

5.1.1 Motors 

DC motors were preferred over AC motors since the original idea was to design the motor 

controller as well and a DC motor does not need to know the angle position of the rotor. 

Brushed DC motors were chosen over brushless DC motors for the same reason and they were 

also cheaper and had a lower rotational speed.  

The first candidate for propulsion was bilge pumps since they already have a waterproof 

casing, were cheap and only needed the modification of replacing the impeller for a propeller. 

This candidate was discarded because the waterproof casing could not withstand the pressure 

at a depth of 50 m and could only rotate in one direction. Pre-manufactured motors with 

propeller, specifically constructed for underwater propulsion, were discarded because of the 

high cost.  

Since the ROV needed ten motors and the power consumption was limited to about 2.1 kW, 

due to the chosen supply voltage of 48 VDC and the maximum supply current of 44 A, 100 W 

brushed DC motors were selected. This choice enabled attaching additional motors if 

necessary. The decision of lowering the power to the motors was made according to the 

chosen supply voltage of 48 VDC. This was twice the nominal voltage and as a precaution the 

maximum current was lowered. With proper testing of the maximum current of the motor, 

consumption and rotation speed the optimal maximum current could be evaluated that might 

exceed the present one of 4.1 A. The maximum current could then only be limited by the 

power electronics. 

5.1.2 Waterproof casing 

To use the pre-manufactured pipe parts in PP-plastics were first considered when the pipe 

joint had perfect dimensions fitting the motor inside and the idea was to use a joint two end 

caps. The motor shaft on the DC-motor was chamfered all the way and an extension of the 

motor shaft was therefore needed. This resulted in altering the original design to the design 

described in 3.1.2 Waterproof casing.  
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The altered design had some drawbacks. One major drawback was the choice of material. PP 

plastic is resistant to a lot of chemicals and therefore no glue could be found that worked with 

the PP plastic parts. Other plastics that were hard to find well working glues to were PE, 

Teflon and POM-H (Henkel, 2006; Bostik, n.d.).  

The other drawback was the material strength. A classification of the parts used could not be 

found. Similar product from another vendor had a PN2.5 classification on pipe parts of the 

same diameter, thickness and material (GPA, n.d. d). This can be translated into an internal 

pressure strength of 2.5 bar. In the original design this was not a problem since the whole 

space in the casing would have been filled by the motor and 3D printed parts. The filled pipe 

would have had increased pressure strength in addition to the pipe being able to withstand 

external pressure better than internal. In the reworked design, with sections filled with air, this 

was not taken into consideration. 

5.1.3 Propeller 

The propeller design was acquired from an online forum for CAD schematics in the early 

stage of the project. The main purpose was to see if it was possible to 3D-print a working 

propeller or if it had to be bought from a manufacturer. Since it worked to 3D-print and the 

design was acceptable further development and optimization would have taken too much 

time. A system aiming the water jet straight, in order to increase the thrust, was too time 

consuming to develop.  

5.2 Supply 

The 48 VDC supply voltage was a compromise between having a high supply voltage and 

therefore reducing the current and to avoid having DC-DC converters or AC-DC converters. 

The converters would have had a capability of operating at maximum power of the motors, 

around 1 kW, in the ROV. The power consumption of 17 W at idle operation, less than 2 % of 

the total power consumption, is acceptable. 

5.3 Electronics 

5.3.1 Hand control 

The user interface was not the focus of this project but since the ROV needed an interface for 

testing the simplest one possible was chosen. Since Ethernet communication was used a 

computer could have accomplished the same task as the hand control if a script or program 

handling the communication had been made. Values set in the computer would have been 

more accurate and stable instead of analog inputs. Also information sent from the ROV could 

have been displayed directly on its screen. Feedback containing depth, current consumption, 

angles and errors from the ROV would have been useful for the operator. However, this 

solution would have required more time to develop and more programming knowledge would 

have been necessary. 

5.3.2 Control system 

The control algorithm worked even though the regulator for yaw, pitch and roll angles in the 

system was not optimal for the ROV. The regulator had only a proportional part which is not 

sufficient in order to obtain any desired angle of pitch and roll apart from horizontal position 
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because of the constant disturbance from the buoyancy of the ROV. In order to eliminate the 

steady state error a PI-regulator with an integrating part is required. Creating a PI-regulator 

was attempted via suggestion from Arduino (n.d. e) however not achieved.  

5.3.3 Sensor 

The sensor itself was more than sufficient for this project since it had a precision of two 

decimals on the angles and the system only used integers. The reason for separating the 

sensor’s I2C bus from the main I2C bus was that the sensor needed to access the bus 

constantly in order for its buffer not to overflow. The code required was also too large for 

fitting together with the control algorithm in the master Yún. 

Attempts of using SPI communication directly from the first sensor Nano to the master Yún 

instead of to another sensor Nano, skipping the step of the second sensor Nano entirely, were 

made but with no success. This was due to a lot of interference on the clock and data transfer 

wires of the SPI communication caused by the Yún.  

5.3.4 Power electronics 

The ESCON 50/5 was the preferred choice since it was easy to work with; appropriate 

interface to the motor Nanos, built in current control and small in size. Other positive qualities 

were that it was over dimensioned and had a lot of unused potential. This enables easy motor 

replacement if preferred in future development of the ROV.  

The first idea was to design the power electronics based on the motor controller chip 

iRamy20UP60B (International rectifier, n.d.) to a brushed DC motor with an Arduino Nano as 

microcontroller. The iRamy20UP60B had the benefit of being able to handle up to 600 VDC 

supply voltage and 10 A current enabling usages of motors up to 6 kW. This design was 

discarded, after a significant amount of work, when reliable current measure with high 

resolution could not be obtained. 

5.3.5 Communication 

Ethernet was chosen as communication to the surface since a lot of devices use Ethernet 

communication. The homeplug-device P200’s comfortable conversion and reconversion from 

Ethernet to only two wires made the choice simple. Also using an Ethernet switch with PoE 

ports enables an easy adding of PoE devices, e.g. a camera. 

The time for uploading the user data and transferring it to the ROV was 600 ms. Although it 

functioned, 600 ms is not a good nor a sustainable time. A more suitable way to transfer data 

would have been to write a script in Python and using a computer or the Linux part of the 

Yún. The URL-call method was chosen since Arduino had a complete example on how to use 

URL, their so called “Bridge” on the Yún (Arduino, n.d. f). 

5.3.6 Circuit board 

The circuit board was made of an experimental PCB. Since there was only one circuit board 

in the ROV the cost and time required for a CAD designed and manufactured circuit board 

made the experimental PCB preferable. The PCB that was used took up more space than a 

CAD designed would have had but space was not an issue.  
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5.4 Electronics compartment 

The electronics compartment became a compromise between the original design, cost, 

shipping time and equipment available at Uppsala University. The original idea had round 

flanges and a transparent dome in the front but due to cost and delivery time the parts had to 

be manufactured at the university with equipment that were free for use. This meant that a 

dome could not be produced due to time and equipment. The flanges had to be adapted due to 

limitations in dimensions that the available CNC-router could handle.  

Although the electronics compartment was successfully tested waterproof, tests of its water 

pressure strength was not performed due to lack of time. It can therefore not be guaranteed to 

work as intended. Similar PVC pipes as the one used have a PN6 classification meaning they 

can withstand an internal pressure of 6 bar (Nordbergs tekniska, 2014a). Since the cable 

glands were classified for 5 bar pressure (TE Connectivity, 2005; Jacob, n.d.), the entire 

electronics compartment should theoretically withstand the pressure if only the sealing of the 

pipe was correctly designed. 

Additional sensors for depth and moisture would be advised to use to ensure that the ROV 

would not operate at dangerous depths and ensure a controlled shutdown if a leakage would 

occur. 

5.5 Frame 

By using pre-manufactured plastic pipe parts the frame could easily be modified and spare 

parts easily be found. The frame was chosen to be larger than necessary to have space for 

future added equipment. The first idea was to connect the parts using screws, making it even 

easier to modify. However by using screws the strength of the frame would have been 

reduced and therefore the frame could have been damaged, especially during transportation, 

and glue was therefore used instead. Using metal, such as aluminium, as frame instead of 

plastics would enable the usage of screws. Gathering inspiration on the metal frame from 

commercial products is advised. 

The attachment of the motors, by using hose clamps, was a cheap and easy solution fulfilling 

its purpose but the metal in the hose clamps is quite thin and can be deformed by using the 

motor as a lever. If enough force is applied the frame could take damage. 

The aluminium rail was attached with glue, Tangit, to the PVC pipe. The glue line had an 

acceptable strength but a more robust attachment of the rail, e.g. using a PVC construction, 

would be necessary since the glue was not meant for metal. 
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6 Conclusion 
A fully functional ROV was not achieved in this project since the final submerged assessment 

was not performed. The electronics compartment can theoretically operate at the desired 

depths but it and the motors need water pressure testing to confirm safe operation. Since no 

testing of the entire system was made and the propulsion thrust has not been verified. The 

documentation of the ROV regarding instructions and improvement proposals is not finished 

and needs further development. The ROV platform is open in the sense that there is space and 

supply for adding equipment and connecting them to the Ethernet interface. 

6.1 Detailed conclusions and suggestions 

The shaft coupling should be replaced by a stiffer model in order to reduce the risk of the 

propeller shaft oscillating. The optimal solution would not require a shaft coupling meaning 

using a motor with a sufficiently long motor shaft is preferred. An optimal and higher 

maximum current in the motors than the present one could be achieved if proper tests were 

conducted. With the current motor controller it is possible to change the motors to brushed 

DC motors with a higher power output. If the motors are to be replaced with motors of higher 

power output considerations of higher currents has to be made, especially for the supply line 

and the sockets in the electronics compartment.  

The waterproof casing for the motors needs to be replaced with a better design. A new design 

of the motor casing is suggested in Figure 17. The pipe, made of PVC, has a diameter of 75 

mm, thickness 2.2 mm and is PN 6 classified (Nordbergs tekniska, 2014b). The end caps are 

made of 10 mm thick PVC-plastic (Nordbergs Tekniska, 2008b) that are meant to be made in 

a CNC-router. The motor holder, radial seal and the cable gland are the same as in the design 

used currently. All PVC parts are supposed to be glued together using PVC glue.  

 

Figure 17 Reworked design for the waterproof casing. 

No scientific testing or simulations were conducted on the propeller used on the ROV and 

therefore is it probably not the best design. It needs further work in order to be optimal for this 

ROV. A device forcing the water to move in the right direction would benefit the ROV and 

increase its thrust capability. 

The control system of the ROV worked but the P-regulator was not sufficient in order to fully 

control the ROV. It needs at least an integrating part, a PI-regulator, in order to move 

according the operator's desire. A depth sensor, a camera and a humidity sensor should be 

added to the ROV if the communication is developed and information is able to be sent from 

the ROV to the operator. Additional sensors would be preferred to ensure safe operation and 
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usage of the ROV. A script handling the communication between the operator and the Yún in 

the ROV using a computer or the Linux part of the Yún instead of URL-call would increase 

the speed of the information transfer. If a hand held controller is preferred the present one 

should be replaced with a new design.  

The ESCON 50/5 is quite expensive, over dimensioned and has features that are not used. 

Therefore it could be replaced with a cheaper motor controller or a customized motor 

controller could be designed as the original intention was. If any electrical component is 

replaced or changed considerations of modifying the supply has to be made. 

Pressure testing the electronics compartment must be performed before live operation. The 

electronics compartment could have a transparent dome, as originally intended, to be able to 

have a camera mounted in the front end of the ROV. The attachment of the aluminium rail to 

the PVC-pipe should be redesigned. This could be solved by gluing PVC parts under the rail 

making it possible to attach the rail with screws. On the account of that the frame was made of 

plastics pipes, even though quite thick pipes, it could be desirable to make the frame stiffer by 

designing a new frame. It could preferably be based on a metal such as aluminium, inspired 

by commercially produced ROVs. The attachments of the motors could be developed for a 

more robust solution. 
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I. Appendix – Schematic of the control system 
 



ii 

II. Appendix – Code for the hand control, Arduino Yún 
/** 

 * This is program for the Arduino Yún in the hand control for the ROV made 

by 

 * Erik Bylund, Uppsala University & Martin Svensson, Uppsala University 

 *  

 * The URL must be in format: 

 * http://"IP address"/arduino/ROV/"x"/"y"/"z"/"yaw"/"pitch"/"roll" 

 * Example IP of server Yún: 192.168.1.97 

 * Allowed values x, y, z: [0, 510], 510==full forward, 255==stop, 0==full 

reverse. 

 * Allowed values yaw, pitch, roll: [0, 359] (degrees), 0==-180, 180==0, 

359==179 (degrees). 

 * Example on call to client Yún: 

http://192.168.1.96/arduino/ROV/99/100/275/180/180/180 

 * (Reverse, to the left, up and still in yaw, pitch and roll) 

 */ 

 

#include <Bridge.h> 

#include <BridgeClient.h> 

#include <BridgeServer.h> 

#include <HttpClient.h> 

 

String ipAddressClient = "192.168.1.96";  // IP address of client, the 

master Yún in the ROV. 

const char xInput = A0;   // Analog inputs.  

const char yInput = A1; 

const char zInput = A2; 

const char yawInput = A3; 

const char pitchInput = A4; 

const char rollInput = A5; 

const int xPlus = 3;      // Digital inputs 

const int xMinus = 4; 

const int yPlus = 5; 

const int yMinus = 6; 

const int zPlus = 10; 

const int zMinus = 8; 

const int enablePin = 9; 

 

String urlString;       // The URL address to be sent to the client. 

 

int xVal = 0;           // <255 ROV reverse, >255 ROV forward 

int yVal = 0;           // <255 ROV left, >255 ROV right 

int zVal = 0;           // <255 ROV down, >255 ROV up 

int yawVal = 0;         // <180 nose left, >180 nose right 

int pitchVal = 0;       // <180 nose dive, >180 nose rise 

int rollVal = 0;        // <180 tilt left, >180 tilt right 

int x = 0;              // 1 is forward, -1 is reverse and 0 is still 

int y = 0; 

int z = 0; 

boolean enable = false; 

 

void setup() { 

  Bridge.begin(); 

  pinMode(xPlus, INPUT); 

  pinMode(xMinus, INPUT); 

  pinMode(yPlus, INPUT); 

  pinMode(yMinus, INPUT); 

  pinMode(zPlus, INPUT); 

  pinMode(zMinus, INPUT); 
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} 

 

/** 

  * Main program 

  */ 

void loop() { 

  HttpClient client; 

  enable = digitalRead(enablePin); 

  if (enable) { 

    readInputs(); 

  } 

  makeURL(); 

  sendURL(client); 

} 

 

/** 

  * Read inputs from user. 

  */ 

void readInputs() { 

  xVal = analogRead(xInput)/4;      // The speed of the move. 

  yVal = analogRead(yInput)/4; 

  zVal = analogRead(zInput)/4; 

  yawVal = ((double)(analogRead(yawInput))/1023*359);      // In which 

direction the ROV should face, in degrees. 

  pitchVal = ((double)(analogRead(pitchInput))/1023*359); 

  rollVal = ((double)(analogRead(rollInput))/1023*359); 

  if (xVal >255) xVal=255;          // The maximum of values are 255. 

  if (yVal >255) yVal=255; 

  if (zVal >255) zVal=255; 

  if (yawVal >359) yawVal=359; 

  if (pitchVal >359) pitchVal=359; 

  if (rollVal >359) rollVal=359; 

  x = 0;                            // Read inputs. If both inputs are true 

it should not move. 

  if (digitalRead(xPlus)) x++; 

  if (digitalRead(xMinus)) x--; 

  y = 0; 

  if (digitalRead(yPlus)) y++; 

  if (digitalRead(yMinus)) y--; 

  z = 0; 

  if (digitalRead(zPlus)) z++; 

  if (digitalRead(zMinus)) z--; 

 

  xVal = xVal*x+255; 

  yVal = yVal*y+255; 

  zVal = zVal*z+255; 

} 

 

/** 

  * Make the URL address to be sent to client. 

  */ 

void makeURL() { 

  urlString = "http://" + ipAddressClient + "/arduino/"; 

  if (enable) urlString += "enable/"; 

  else urlString += "disable/"; 

  urlString += String(xVal)+"/"+String(yVal)+"/"+String(zVal)+"/"; 

  urlString += String(yawVal)+"/"+String(pitchVal)+"/"+String(rollVal); 

} 

 

/** 

  * Send URL address to client. 
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  */ 

void sendURL(HttpClient client) { 

    client.get(urlString); 

}  
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III. Appendix – Code for the master control system, Arduino 

Yún 
/** 

 * This is program for the master Arduino Yún in the ROV made by 

 * Erik Bylund, Uppsala University & Martin Svensson, Uppsala University 

 *  

 * The URL must be in format: 

 * http://"IP address"/arduino/ROV/"x"/"y"/"z"/"yaw"/"pitch"/"roll" 

 * Example IP of this client Yún: 192.168.1.96/7, or "yunrov1/2.local" 

 * Allowed values x, y, z: [0, 510], 510==full forward, 255==stop, 0==full 

reverse. 

 * Allowed values yaw, pitch, roll: [0, 359], 0==-180, 180==0, 359==179 

(degrees). 

 * Example on call to this Yún: 

http://192.168.1.96/arduino/enable/250/245/290/180/180/180 

 * (Reverse, to the left, up and still in yaw, pitch and roll) 

 */ 

 

#include <Bridge.h> 

#include <BridgeClient.h> 

#include <BridgeServer.h> 

#include <Wire.h> 

 

BridgeServer server; 

 

// Slave addresses, power electronics 

const int slaveX1 = 1; 

const int slaveX2 = 2; 

const int slaveY1 = 3; 

const int slaveY2 = 4; 

const int slaveZ1 = 5; 

const int slaveZ2 = 6; 

const int slaveZ3 = 7; 

const int slaveZ4 = 8; 

const int slaveSensor = 10; 

 

// Values received from operator, x, y, z [0,510], ypr [0,359] 

double xVal = 255;          // <255 ROV reverse, >255 ROV forward 

double yVal = 255;          // <255 ROV left, >255 ROV right 

double zVal = 255;          // <255 ROV down, >255 ROV up 

double yawVal = 180;        // <180 nose left, >180 nose right 

double pitchVal = 180;      // <180 nose dive, >180 nose rise 

double rollVal = 180;       // <180 tilt left, >180 tilt right 

boolean enable = false; 

 

int maxVal = 255;           // Maximum absolute value to motors 

 

double valToSlaveX1 = 0;  // Value to be sent to resp. slave 

double valToSlaveX2 = 0; 

double valToSlaveY1 = 0; 

double valToSlaveY2 = 0; 

double valToSlaveZ1 = 0; 

double valToSlaveZ2 = 0; 

double valToSlaveZ3 = 0; 

double valToSlaveZ4 = 0; 

 

int dirToSlaveX1 = 0;  // Direction to be sent to resp. slave 

int dirToSlaveX2 = 0; 

int dirToSlaveY1 = 0; 

int dirToSlaveY2 = 0; 
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int dirToSlaveZ1 = 0; 

int dirToSlaveZ2 = 0; 

int dirToSlaveZ3 = 0; 

int dirToSlaveZ4 = 0; 

 

int lastValToSlaveX1 = 0; // Last value sent to resp. slave 

int lastValToSlaveX2 = 0; 

int lastValToSlaveY1 = 0; 

int lastValToSlaveY2 = 0; 

int lastValToSlaveZ1 = 0; 

int lastValToSlaveZ2 = 0; 

int lastValToSlaveZ3 = 0; 

int lastValToSlaveZ4 = 0; 

 

int lastDirToSlaveX1 = 0;  // Last direction to be sent to resp. slave 

int lastDirToSlaveX2 = 0; 

int lastDirToSlaveY1 = 0; 

int lastDirToSlaveY2 = 0; 

int lastDirToSlaveZ1 = 0; 

int lastDirToSlaveZ2 = 0; 

int lastDirToSlaveZ3 = 0; 

int lastDirToSlaveZ4 = 0; 

 

// Values received from sensor via I2C 

volatile double yawI2C, pitchI2C, rollI2C; 

 

// P-regulator variables 

double yawSetpoint, yawInput, yawOutput; 

double pitchSetpoint, pitchInput, pitchOutput; 

double rollSetpoint, rollInput, rollOutput; 

 

// P-regulator parameters 

double yawKp=5, pitchKp=5, rollKp=5; 

 

void setup() { 

  Bridge.begin(); 

  Wire.begin();   

  server.listenOnLocalhost(); // Perhaps not necessary 

  server.begin(); 

} 

 

/** 

  * Main program 

  */ 

void loop() { 

  BridgeClient client = server.accept(); 

  if (client) { 

    process(client); 

    client.stop(); 

  } 

  sensorInputI2C(); 

  if (enable) { 

    PIDreg(); 

    calcInfoToSlaves(); 

  } 

  sendToSlaves(); 

} 

 

/** 

  * Read recieved command from user 

  */ 
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void process(BridgeClient client) { 

  String command = client.readStringUntil('/'); 

  if (command.equals("enable")) enableCommand(client); 

  if (command.equals("disable")) disableCommand(client); 

} 

 

/** 

  * Read value if recieved command was "enable".  

  * The value received for x, y, z are [0, 510] and maps [-255, 255] 

  * and for yaw, pitch, roll are [0, 359]. 

  */ 

void enableCommand(BridgeClient client) { 

  enable = true; 

  xVal = client.parseInt()-255; 

  if (client.read()=='/') yVal = client.parseInt()-255; 

  if (client.read()=='/') zVal = client.parseInt()-255; 

  if (client.read()=='/') yawVal = client.parseInt(); 

  if (client.read()=='/') pitchVal = client.parseInt(); 

  if (client.read()=='/') rollVal = client.parseInt(); 

} 

 

/** 

  * Disable the ROV. All motors stop. 

  */ 

void disableCommand(BridgeClient client) { 

  enable = false; 

  valToSlaveX1 = 0; 

  valToSlaveX2 = 0; 

  valToSlaveY1 = 0; 

  valToSlaveY2 = 0; 

  valToSlaveZ1 = 0; 

  valToSlaveZ2 = 0; 

  valToSlaveZ3 = 0; 

  valToSlaveZ4 = 0; 

} 

 

/** 

  * I2C communication with sensor slave. Range [0, 179] degree and [0, 255] 

direction 

  * Out is [0, 359] degree. 

  */ 

void sensorInputI2C() { 

  int dir = 0; 

  Wire.requestFrom(slaveSensor, 6); 

  yawI2C = Wire.read(); 

  dir = Wire.read(); 

  if (dir<=0) yawI2C=-yawI2C; 

  pitchI2C = Wire.read(); 

  dir = Wire.read(); 

  if (dir<=0) pitchI2C=-pitchI2C; 

  rollI2C = Wire.read(); 

  dir = Wire.read(); 

  if (dir<=0) rollI2C=-rollI2C; 

   

  yawI2C = yawI2C+180;        // Change range from [-180, 179] to [0, 359]. 

  pitchI2C = pitchI2C+180; 

  rollI2C = rollI2C+180; 

} 

 

/** 

  * PID regulator 
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  */ 

void PIDreg() {   

  yawSetpoint = yawVal;       // [0, 359] 

  pitchSetpoint = pitchVal; 

  rollSetpoint = rollVal; 

 

  if (abs(yawSetpoint-(yawI2C+360)) < abs(yawSetpoint-yawI2C))    yawI2C 

+=360; 

  else if (abs(yawSetpoint+360-yawI2C) < abs(yawSetpoint-yawI2C)) 

yawSetpoint +=360; 

   

  if (abs(pitchSetpoint-(pitchI2C+360)) < abs(pitchSetpoint-pitchI2C))    

pitchI2C +=360; 

  else if (abs(pitchSetpoint+360-pitchI2C) < abs(pitchSetpoint-pitchI2C)) 

pitchSetpoint +=360; 

   

  if (abs(rollSetpoint-(rollI2C+360)) < abs(rollSetpoint-rollI2C))    

rollI2C +=360; 

  else if (abs(rollSetpoint+360-rollI2C) < abs(rollSetpoint-rollI2C)) 

rollSetpoint +=360; 

 

  yawInput = yawI2C; 

  pitchInput = pitchI2C; 

  rollInput = rollI2C; 

   

  double errorYaw = yawSetpoint-yawInput; 

  double errorPitch = pitchSetpoint-pitchInput; 

  double errorRoll = rollSetpoint-rollInput; 

 

  yawOutput = errorYaw*yawKp; 

  pitchOutput = errorPitch*pitchKp; 

  rollOutput = errorRoll*rollKp; 

} 

 

/** 

  * Calculate the maximum current for the motors by superposing  

  * the regulator value with the values from the operator. 255 = 100%, 0 = 

0%. 

  * Maximize at +-255. 

  */ 

void calcInfoToSlaves() { 

  valToSlaveX1 = xVal+yawOutput; 

  valToSlaveX2 = xVal-yawOutput; 

   

  valToSlaveY1 = yVal; 

  valToSlaveY2 = -yVal; 

 

  valToSlaveZ1 = zVal+pitchOutput+rollOutput; 

  valToSlaveZ2 = zVal+pitchOutput-rollOutput; 

  valToSlaveZ3 = zVal-pitchOutput+rollOutput; 

  valToSlaveZ4 = zVal-pitchOutput-rollOutput; 

   

  if (valToSlaveX1 > maxVal) valToSlaveX1 = maxVal; 

  if (valToSlaveX1 <-maxVal) valToSlaveX1 = -maxVal; 

  if (valToSlaveX2 > maxVal) valToSlaveX2 = maxVal; 

  if (valToSlaveX2 <-maxVal) valToSlaveX2 = -maxVal; 

   

  if (valToSlaveY1 > maxVal) valToSlaveY1 = maxVal; 

  if (valToSlaveY1 <-maxVal) valToSlaveY1 = -maxVal; 

  if (valToSlaveY2 > maxVal) valToSlaveY2 = maxVal; 

  if (valToSlaveY2 <-maxVal) valToSlaveY2 = -maxVal;   
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  if (valToSlaveZ1 > maxVal) valToSlaveZ1 = maxVal; 

  if (valToSlaveZ1 <-maxVal) valToSlaveZ1 = -maxVal; 

  if (valToSlaveZ2 > maxVal) valToSlaveZ2 = maxVal; 

  if (valToSlaveZ2 <-maxVal) valToSlaveZ2 = -maxVal; 

  if (valToSlaveZ3 > maxVal) valToSlaveZ3 = maxVal; 

  if (valToSlaveZ3 <-maxVal) valToSlaveZ3 = -maxVal; 

  if (valToSlaveZ4 > maxVal) valToSlaveZ4 = maxVal; 

  if (valToSlaveZ4 <-maxVal) valToSlaveZ4 = -maxVal; 

   

  dirToSlaveX1=1;                           // Positive values == forward 

direction == 1 

  dirToSlaveX2=1; 

  dirToSlaveY1=1; 

  dirToSlaveY2=1; 

  dirToSlaveZ1=1; 

  dirToSlaveZ2=1; 

  dirToSlaveZ3=1; 

  dirToSlaveZ4=1; 

   

  if (valToSlaveX1 < 0) dirToSlaveX1 = 0;   // Negative values == reverse 

direction == 0 

  if (valToSlaveX2 < 0) dirToSlaveX2 = 0; 

  if (valToSlaveY1 < 0) dirToSlaveY1 = 0; 

  if (valToSlaveY2 < 0) dirToSlaveY2 = 0; 

  if (valToSlaveZ1 < 0) dirToSlaveZ1 = 0; 

  if (valToSlaveZ2 < 0) dirToSlaveZ2 = 0; 

  if (valToSlaveZ3 < 0) dirToSlaveZ3 = 0; 

  if (valToSlaveZ4 < 0) dirToSlaveZ4 = 0; 

 

  valToSlaveX1 = abs(valToSlaveX1); 

  valToSlaveX2 = abs(valToSlaveX2); 

  valToSlaveY1 = abs(valToSlaveY1); 

  valToSlaveY2 = abs(valToSlaveY2); 

  valToSlaveZ1 = abs(valToSlaveZ1); 

  valToSlaveZ2 = abs(valToSlaveZ2); 

  valToSlaveZ3 = abs(valToSlaveZ3); 

  valToSlaveZ4 = abs(valToSlaveZ4); 

} 

 

/** 

  * Send variables to slaves if the values have changed. 

  */ 

void sendToSlaves() { 

  if (valToSlaveX1 != lastValToSlaveX1 || dirToSlaveX1 != lastDirToSlaveX1) 

{ 

    Wire.beginTransmission(slaveX1); 

    Wire.write((int)valToSlaveX1); 

    Wire.write(dirToSlaveX1); 

    Wire.endTransmission(); 

    lastValToSlaveX1 = valToSlaveX1; 

    lastDirToSlaveX1 = dirToSlaveX1; 

  } 

  if (valToSlaveX2 != lastValToSlaveX2 || dirToSlaveX2 != lastDirToSlaveX2) 

{ 

    Wire.beginTransmission(slaveX2); 

    Wire.write((int)valToSlaveX2); 

    Wire.write(dirToSlaveX2); 

    Wire.endTransmission(); 

    lastValToSlaveX2 = valToSlaveX2; 

    lastDirToSlaveX2 = dirToSlaveX2; 
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  } 

  if (valToSlaveY1 != lastValToSlaveY1 || dirToSlaveY1 != lastDirToSlaveY1) 

{ 

    Wire.beginTransmission(slaveY1); 

    Wire.write((int)valToSlaveY1); 

    Wire.write(dirToSlaveY1); 

    Wire.endTransmission(); 

    lastValToSlaveY1 = valToSlaveY1; 

    lastDirToSlaveY1 = dirToSlaveY1; 

  } 

  if (valToSlaveY2 != lastValToSlaveY2 || dirToSlaveY2 != lastDirToSlaveY2) 

{ 

    Wire.beginTransmission(slaveY2); 

    Wire.write((int)valToSlaveY2); 

    Wire.write(dirToSlaveY2); 

    Wire.endTransmission(); 

    lastValToSlaveY2 = valToSlaveY2; 

    lastDirToSlaveY2 = dirToSlaveY2; 

  } 

  if (valToSlaveZ1 != lastValToSlaveZ1 || dirToSlaveZ1 != lastDirToSlaveZ1) 

{ 

    Wire.beginTransmission(slaveZ1); 

    Wire.write((int)valToSlaveZ1); 

    Wire.write(dirToSlaveZ1); 

    Wire.endTransmission(); 

    lastValToSlaveZ1 = valToSlaveZ1; 

    lastDirToSlaveZ1 = dirToSlaveZ1; 

  } 

  if (valToSlaveZ2 != lastValToSlaveZ2 || dirToSlaveZ2 != lastDirToSlaveZ2) 

{ 

    Wire.beginTransmission(slaveZ2); 

    Wire.write((int)valToSlaveZ2); 

    Wire.write(dirToSlaveZ2); 

    Wire.endTransmission(); 

    lastValToSlaveZ2 = valToSlaveZ2; 

    lastDirToSlaveZ2 = dirToSlaveZ2; 

  } 

  if (valToSlaveZ3 != lastValToSlaveZ3 || dirToSlaveZ3 != lastDirToSlaveZ3) 

{ 

    Wire.beginTransmission(slaveZ3); 

    Wire.write((int)valToSlaveZ3); 

    Wire.write(dirToSlaveZ3); 

    Wire.endTransmission(); 

    lastValToSlaveZ3 = valToSlaveZ3; 

    lastDirToSlaveZ3 = dirToSlaveZ3; 

  } 

  if (valToSlaveZ4 != lastValToSlaveZ4 || dirToSlaveZ4 != lastDirToSlaveZ4) 

{ 

    Wire.beginTransmission(slaveZ4); 

    Wire.write((int)valToSlaveZ4); 

    Wire.write(dirToSlaveZ4); 

    Wire.endTransmission(); 

    lastValToSlaveZ4 = valToSlaveZ4; 

    lastDirToSlaveZ4 = dirToSlaveZ4; 

  } 

}  
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IV. Appendix – Code for the sensor slave handling I2C and SPI, 

Arduino Nano 
/*  

 * This is program for the slave Arduino Nano handling SPI communication  

 * with sensor values to the master Arduino Yún in the ROV made by 

 * Erik Bylund, Uppsala University & Martin Svensson, Uppsala University 

 */ 

 

// SPI commucication using SPI_anything from 

http://www.gammon.com.au/forum/?id=10892 

#include <SPI.h> 

#include "SPI_anything.h" 

#include <Wire.h> 

 

// A structure for the values received from SPI 

typedef struct SPIStruct { 

  int a; 

  int b; 

  int c; 

}SPIStruct; 

 

volatile SPIStruct foo; 

volatile boolean haveData = false; 

 

int yaw, pitch, roll; 

int slaveAddress = 10;            // I2C address of this slave. 

uint8_t buf [6]; 

 

void setup () { 

  pinMode(MISO, OUTPUT); 

  SPCR |= _BV(SPE);               // SPI slave mode. 

  SPI.attachInterrupt(); 

  Wire.begin(slaveAddress); 

  Wire.onRequest(requestEvent); 

} 

 

// SPI interrupt service routine 

ISR (SPI_STC_vect) { 

  SPI_readAnything_ISR (foo); 

  haveData = true; 

} 

 

void loop () {  

  if (haveData) { 

    yaw = foo.a; 

    pitch = foo.b; 

    roll = foo.c; 

    haveData = false; 

  } 

} 

 

void requestEvent() { 

  uint8_t yawDir = 1; 

  uint8_t pitchDir = 1; 

  uint8_t rollDir = 1; 

  uint8_t y = abs(yaw); 

  uint8_t p = abs(pitch); 

  uint8_t r = abs(roll); 

  if (yaw<0) yawDir = 0; 

  if (pitch<0) pitchDir = 0; 
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  if (roll<0) rollDir = 0; 

  buf [0] = y; 

  buf [1] = yawDir; 

  buf [2] = p; 

  buf [3] = pitchDir; 

  buf [4] = r; 

  buf [5] = rollDir; 

  Wire.write(buf, 6); 

}  
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V. Appendix – Code for the slave connected directly to the 

sensor, Arduino Nano 
/*  

 * This is the program for the slave Arduino Nano handling  

 * I2C communication with the sensor in the ROV made by 

 * Erik Bylund, Uppsala University & Martin Svensson, Uppsala University 

 * This code can be collected from the author at:  

 * https://github.com/jrowberg/i2cdevlib/tree/master/Arduino/MPU6050 

 */ 

 

/* ============================================ 

I2Cdev device library code is placed under the MIT license 

Copyright (c) 2012 Jeff Rowberg 

 

Permission is hereby granted, free of charge, to any person obtaining a 

copy 

of this software and associated documentation files (the "Software"), to 

deal 

in the Software without restriction, including without limitation the 

rights 

to use, copy, modify, merge, publish, distribute, sublicense, and/or sell 

copies of the Software, and to permit persons to whom the Software is 

furnished to do so, subject to the following conditions: 

 

The above copyright notice and this permission notice shall be included in 

all copies or substantial portions of the Software. 

 

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR 

IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, 

FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE 

AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER 

LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING 

FROM, 

OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN 

THE SOFTWARE. 

=============================================== 

*/ 

 

#include "I2Cdev.h" 

#include "MPU6050_6Axis_MotionApps20.h" 

#if I2CDEV_IMPLEMENTATION == I2CDEV_ARDUINO_WIRE 

    #include "Wire.h" 

#endif 

MPU6050 mpu; 

 

// SPI commucication using SPI_anything from 

http://www.gammon.com.au/forum/?id=10892 

#include <SPI.h> 

#include "SPI_anything.h" 

typedef struct SPIStruct { 

  int a; 

  int b; 

  int c; 

} SPIStruct; 

 

SPIStruct foo; 

 

SPISettings setting(200000, MSBFIRST, SPI_MODE0); 

 

float offsetYaw = 0;         // Values for calibrating the sensor 
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float offsetPitch = -0.39;   // to its placement. 

float offsetRoll = -0.87; 

 

float scaleFactorY = 1;      // Adjusted to the MPU-6050 used in the ROV 

float scaleFactorP = 1.2;    // in order to get correct values. (90/75) 

float scaleFactorR = 1.2; 

 

#define OUTPUT_READABLE_YAWPITCHROLL 

 

// MPU control/status vars 

bool dmpReady = true ;  // set true if DMP init was successful 

uint8_t mpuIntStatus;   // holds actual interrupt status byte from MPU 

uint8_t devStatus;      // return status after each device operation (0 = 

success, !0 = error) 

uint16_t packetSize;    // expected DMP packet size (default is 42 bytes) 

uint16_t fifoCount;     // count of all bytes currently in FIFO 

uint8_t fifoBuffer[64]; // FIFO storage buffer 

 

// orientation/motion vars 

Quaternion q;           // [w, x, y, z]         quaternion container 

VectorInt16 aa;         // [x, y, z]            accel sensor measurements 

VectorInt16 aaReal;     // [x, y, z]            gravity-free accel sensor 

measurements 

VectorInt16 aaWorld;    // [x, y, z]            world-frame accel sensor 

measurements 

VectorFloat gravity;    // [x, y, z]            gravity vector 

float euler[3];         // [psi, theta, phi]    Euler angle container 

float ypr[3];           // [yaw, pitch, roll]   yaw/pitch/roll container 

and gravity vector 

 

// packet structure for InvenSense teapot demo 

uint8_t teapotPacket[14] = { '$', 0x02, 0,0, 0,0, 0,0, 0,0, 0x00, 0x00, 

'\r', '\n' }; 

 

// ================================================================ 

// ===               INTERRUPT DETECTION ROUTINE                === 

// ================================================================ 

 

volatile bool mpuInterrupt = false;     // indicates whether MPU interrupt 

pin has gone high 

 

void dmpDataReady() { 

    mpuInterrupt = true; 

} 

 

// ================================================================ 

// ===                      INITIAL SETUP                       === 

// ================================================================ 

 

void setup() { 

    #if I2CDEV_IMPLEMENTATION == I2CDEV_ARDUINO_WIRE 

        Wire.begin(); 

        TWBR = 24; 

    #elif I2CDEV_IMPLEMENTATION == I2CDEV_BUILTIN_FASTWIRE 

        Fastwire::setup(400, true); 

    #endif 

    mpu.initialize(); 

    devStatus = mpu.dmpInitialize(); 

     

    // supply your own gyro offsets here, scaled for min sensitivity 

    mpu.setXGyroOffset(220); 
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    mpu.setYGyroOffset(76); 

    mpu.setZGyroOffset(-85); 

    mpu.setZAccelOffset(1788); 

 

    if (devStatus == 0) { 

        mpu.setDMPEnabled(true); 

        attachInterrupt(0, dmpDataReady, RISING); 

        mpuIntStatus = mpu.getIntStatus(); 

        packetSize = mpu.dmpGetFIFOPacketSize(); 

    } 

     

    SPI.begin (); 

    foo.a = 0;    // Values to be sent using SPI 

    foo.b = 0; 

    foo.c = 0; 

} 

 

// ================================================================ 

// ===                    MAIN PROGRAM LOOP                     === 

// ================================================================ 

 

void loop() { 

    if (!dmpReady) return; 

    while (!mpuInterrupt && fifoCount < packetSize) { 

      float aa = (ypr[0]*180/M_PI*scaleFactorY+offsetYaw); 

      float bb = (-ypr[2]*180/M_PI*scaleFactorP+offsetPitch);  // 

Compensating for placement 

      float cc = (ypr[1]*180/M_PI*scaleFactorR+offsetRoll);    // of 

sensor. 

      foo.a = (int)aa; 

      foo.b = (int)bb; 

      foo.c = (int)cc; 

      SPI.beginTransaction(setting); 

      digitalWrite(SS, LOW);                              // SS is pin 10 

on Nano 

      SPI_writeAnything(foo); 

      digitalWrite(SS, HIGH); 

      SPI.endTransaction(); 

    } 

 

    // reset interrupt flag and get INT_STATUS byte 

    mpuInterrupt = false; 

    mpuIntStatus = mpu.getIntStatus(); 

 

    // get current FIFO count 

    fifoCount = mpu.getFIFOCount(); 

 

    // check for overflow (this should never happen unless our code is too 

inefficient) 

    if ((mpuIntStatus & 0x10) || fifoCount == 1024) { 

        // reset so we can continue cleanly 

        mpu.resetFIFO(); 

 

    // otherwise, check for DMP data ready interrupt (this should happen 

frequently) 

    } else if (mpuIntStatus & 0x02) { 

        // wait for correct available data length, should be a VERY short 

wait 

        while (fifoCount < packetSize) fifoCount = mpu.getFIFOCount(); 

 

        // read a packet from FIFO 
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        mpu.getFIFOBytes(fifoBuffer, packetSize); 

         

        // track FIFO count here in case there is > 1 packet available 

        // (this lets us immediately read more without waiting for an 

interrupt) 

        fifoCount -= packetSize; 

 

        #ifdef OUTPUT_READABLE_YAWPITCHROLL         // These are the values 

used 

            // display Euler angles in degrees 

            mpu.dmpGetQuaternion(&q, fifoBuffer); 

            mpu.dmpGetGravity(&gravity, &q); 

            mpu.dmpGetYawPitchRoll(ypr, &q, &gravity); 

        #endif 

    } 

}  
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VI. Appendix – Code for the motor slaves, Arduino Nano 
/*  

 * This is program for the slave Arduino Nano handling I2C communication  

 * with the master Arduino Yún and the power electronics in the ROV made by 

 * Erik Bylund, Uppsala University & Martin Svensson, Uppsala University 

 */ 

 

#include <Wire.h> 

 

const int address = 8;        // Slave address 

 

const int outPWM = 11;        // Output to Escon, PWM maps current [0, 4.1] 

Amp in values [0, 255]. 

                              // Current setting on Escon has a working 

window [10%, 90%] of duty cycle, 

                              // meaning [0%, 10%] = 0 Amp, [90%, 100%] = 

4.1 Amp  

                              // and [10%, 90%] = [0, 4.1] Amp 

const int outEN = 10;         // Output to Escon, enable. True=Enable, 

False=Disable. 

const int outDir = 9;         // Output to Escon, direction. True=Forward, 

False=Reverse. 

 

int maxCurrent = 0;           // Maximum current, sent from master. 

Contains values [0, 255].  

int dirMotor = 0;             // Recieved value from master, [0, 1] 

(reverse/forward). 

 

void setup() { 

  pinMode(outPWM, OUTPUT);    // Sets the pin for maximun current. 

  pinMode(outEN, OUTPUT);     // Sets the pin for enable. 

  pinMode(outDir, OUTPUT);    // Sets the pin for direction. 

  Wire.begin(address); 

  Wire.onReceive(receiveEvent); 

} 

 

/** 

  * Main program 

  */ 

void loop() { 

   if (maxCurrent >0) runMotor(); 

   else stopMotor(); 

   delay(1); 

} 

 

/** 

  * Receive event from master via I2C. 

  */ 

void receiveEvent(int nBytes) { 

  maxCurrent = Wire.read(); 

  dirMotor = Wire.read(); 

  if (maxCurrent>0) maxCurrent += 25;     // Adjust to setting of Escon. 

  if (maxCurrent>255) maxCurrent = 255; 

} 

 

/** 

  * Runs motor via Escon. 

  */ 

void runMotor() { 

  digitalWrite(outEN, HIGH); 
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  digitalWrite(outDir, dirMotor); 

  analogWrite(outPWM, maxCurrent); 

} 

 

/** 

  * Stops motor via Escon. 

  */ 

void stopMotor() { 

  digitalWrite(outEN, LOW); 

  digitalWrite(outDir, LOW); 

  digitalWrite(outPWM, LOW); 

} 
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VII. Appendix – Library SPI_anything.h  
 

#include <Arduino.h> 

 

template <typename T> unsigned int SPI_writeAnything (const T& value) 

  { 

    const byte * p = (const byte*) &value; 

    unsigned int i; 

    for (i = 0; i < sizeof value; i++) 

          SPI.transfer(*p++); 

    return i; 

  }  // end of SPI_writeAnything 

 

template <typename T> unsigned int SPI_readAnything(T& value) 

  { 

    byte * p = (byte*) &value; 

    unsigned int i; 

    for (i = 0; i < sizeof value; i++) 

          *p++ = SPI.transfer (0); 

    return i; 

  }  // end of SPI_readAnything 

   

   

template <typename T> unsigned int SPI_readAnything_ISR(T& value) 

  { 

    byte * p = (byte*) &value; 

    unsigned int i; 

    *p++ = SPDR;  // get first byte 

    for (i = 1; i < sizeof value; i++) 

          *p++ = SPI.transfer (0); 

    return i; 

  }  // end of SPI_readAnything_ISR   

 


