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Abstract—
New and evolving technology in the field of robotics requires
innovative controllers to control the complex manipulators currently under development using intuitive user input. One way to
design a controller with intuitive user input is to use absolute
orientation sensors on a user’s arm to track hand movement
and move a robotic arm proportionally. This paper looks into
controlling the Titan 4 robotic manipulator using a controller
based on absolute orientation Inertial Measurement Units.

1

be more intuitive and more efficient to use, thus decreasing
training time and save money. This new controller will also
be equal to the master arm controller in precision.

Keywords—
TechnipFMC, Titan 4 controller, Edison board, Remotely Operated
Vehicle (ROV), BNO055, UDP communication, and simulator
Fig. 2.

TechnipFMC current controller

I. I NTRODUCTION
This senior design project is fully sponsored by
TechnipFMC, formally known as FMC Technologies
Schilling Robotics at the start of the project. The focus of
this project is designing and implementing a robotic arm
controller that is based on human arm movements. This is
a group project with contributions from all team members
resulting in a final product that solves a societal problem and
meets or exceeds all initial design criteria. Many hours are put
into solving complex problems through testing, measurement
and calculations to arrive at a final solution.

There is a need for the development of a new controller
that will be easily adaptable to new designs of robotic manipulators and different arrangements of joints for underwater
exploration, research, and maintenance.

II. S OCIETAL P ROBLEM
The societal problem at the focus of this project is
the need for precision control, specifically in under water
robot applications. An underwater vehicle produced by
TechnipFMC is shown in Figure 1 with the manipulators that
need a precision controller on the front. They have a 6 foot
radius for their workspace and 6 degrees of freedom (DOF)
so they can reach many positions with different orientations
of their end effectors.

By considering a range of design ideas, the most
appropriate, achievable, and best fitting design is chosen
for implementation to satisfy the design requirements. The
resulting design idea consists of a three-part design that uses a
main controller in the form of 3 sensors connected to different
parts of the user’s arm as shown in Figure 3, an enclosure
that sits on the ground with a microcontroller and breakout
board for all of the sensor connections, and a remote unit
that is held in either hand. The Intel Edison microcontroller
then sends the movement information through User Datagram
Protocol (UDP) packets to the Titan 4 arm.

III. D ESIGN I DEA C ONTRACT
By establishing a set of design requirements and constraints,
the team is able to focus the design process on the high risk
and important features necessary to satisfy the expectations of
our sponsor, TechnipFMC. This also allows for the creation
of a timeline to ensure the project stays on track and can be
completed on time.

1. Main Controller
Inertial Measurement Units (IMUs) are used for the main
controller to determine hand and arm positions and map the
user’s hand coordinates in space to the Titan 4 robotic arm’s
location in space. This is accomplished using two IMUs, one
for each part of the arm that is located at positions 1 and 2 in
Figure 3, and associating a vector to each section of arm. The
vectors are then summed for a final position in space which
is the target location for the end effector of the Titan 4 arm.
Fig. 1.

TechnipFMC underwater robot

With TechnipFMC’s current controller being a ”master
arm” design as seen in Figure 2, it takes an operator at least
six months or more of training to safely control the robotic
arm. This proves to be expensive and time-consuming for the
companies who purchase the Titan 4 hydraulic arm. With a
new controller that is based on human arm movements, it will

A third IMU is attached to the back of the user’s hand
in position 3 of Figure 3 and determines the orientation of
the end effector. The IMUs already give angular data so no
math is required to convert hand orientation to end effector
orientation. [1]
The opening, closing, and rotation of the end effector is
controlled using a joystick on the secondary module: up
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The primary function of the remote unit is to allow a
lockout function so the user can activate and deactivate
movement without having to move the main controller. Both
of the types of movement - the end effector opening or
closing and movement in the XYZ field - can be locked
independently of each other using the lockout button on
the remote unit. When a locked movement is unlocked by
pressing the associated button, the current position of the
associated sensors becomes referenced to the point where it
was locked. This means that the user’s reference point has
changed and the Titan 4 arm will not move until the sensors
detect movement from the new reference position.
In addition to the lockout button, the remote unit has a
second button that changes the scaling between user arm
movement and robotic arm movement. There are three modes
which allow for a 1:1, 2:1, and 4:1 movement ratio. Repeated
presses of the same button cycles through the three modes
available. LED lights convey current settings to the user. In
addition, an excel document is provided to map the color
correlations for quick referencing.

Fig. 3.

Approximate placement for each of the sensors being used.

and down control opening and closing, and left and right
control rotation. Initially a proximity sensor was to be used
for opening and closing, but the necessary precision was not
attainable and as a result, the control of the Titan 4 jaws are
now done by the secondary module.
The main controller, comprising of the three IMUs, is
connected to the hand and arm by means of elastic and
Velcro. The wire connecting the main controller to the
microcontroller enclosure is a standard category 6 cable with
RJ-45 connectors on each end for easy removal.

The primary reason for using a remote unit for button
control is to prevent the need to press a button on the control
arm that would cause unwanted movement before the lockout
occurs. The LEDs are on the device enclosure primarily
because users could have their main controller arm twisted in
a way that does not allow for them to see the LEDs without
unwanted movement but the device enclosure can be place in
direct line of sight.
The following resources are required to implement the
design idea.
•

2. Microcontroller Enclosure
The Intel Edison board collects and interprets data from the
IMU sensors that are placed on the user’s arm. This Edison
microcontroller is connected to the IMU sensors through
printed circuit boards (PCBs) that communicate through an
inter-integrated circuit (I2C) bus. These items are in turn
housed inside a 3D printed enclosure. There is a breakout
board that connects with the remote unit and main controller
using RJ-45 connectors and Ethernet cable, which allows for
quick disconnection at the user’s arm and easy replacement
of a damaged cable.
To communicate with the Titan 4 arm, UDP packets are
sent over Ethernet that contain serial data for control of the
arm. This is accomplished using the built-in WiFi on the
Edison board. [2]
3. Remote Unit

•

A dedicated lab space for testing, building and
implementing the controller prototype. Additionally,
storage space in which to hold the parts that are
required to build the controller.
◦

Intel
Edison
(EDI2ARDUIN.AL.K)

◦

9DOF IMU BNO055 with 9 degrees of freedom
Inertial Measurement Unit.

◦

Nintendo Nunchuck device. (B0094X2066)

◦

LED RGB Strip - WS2812 Serial RGB LED strip
- 1 meter.

micro

controller

Software used: Linux environment for C programming
language and debugging and proprietary software
provided by TechnipFMC to simulate the Titan 4
robotic arm for testing.

Special Features
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4. Lockout
1. Standard Movement
The standard movement is the default feature for the Titan
4 Controller. This feature performs standard movement of the
Titan 4 robotic arm.
Three IMUs are connected with 4-pin wires and elastic
material and Velcro are used to hold the sensors in place. An
Edison micro-controller (EDI2ARDUIN.AL.K) is needed for
communications and calculations.
Software used for this feature includes the Linux environment
for coding and debugging and proprietary software provided
by TechnipFMC for testing.
Charles implemented vector positioning using the
Accelerometer and Magnetometer and end effector orientation
using the Gyroscope, Joseph implemented the UDP packet
transmissions, and Jamesson completed on the gripping
function of the end effector linked to the remote unit with
assistance from the team.
2. Precision Control
Precision control is an advanced feature for the Titan 4
controller. This feature allows precision movement of the
Titan 4 robotic arm. Precision control results in minute
movement of the Titan 4 robotic arm relative to standard user
arm movement in varying rations of 1:1, 2:1, and 4:1.
The hardware required is the same needed for standard
movement with the addition of a secondary module to enable
or disable this feature.
Software used for this feature includes the Linux
environment for programming and debugging and proprietary
software provided by TechnipFMC for testing the features
implementation.
Primary work for this feature consists of the reduced
movement based on angular movement and the secondary
module control. Because of this, precision movement is
mostly the work of Charles, however, the team did assist in
some instances. In addition, Jamesson is responsible for the
secondary module construction, which controls the precision
settings.
3. Position Reset
Initially it was planned that a button would control the
position reset for the arm, however, after testing it was
decided that simply locking out the arm movement would
reset the position automatically. This is done to add to the
ease of use of the device. This feature automatically resets
the operators arm when coming back from lockout without
adjusting the position of the Titan 4.
Software used for this feature includes the Linux environment
for programming and debugging and proprietary software
provided by FMC for testing the features implementation.
Charles and Jamesson are responsible for this feature’s
implementation as it relates to IMU position and secondary
module manipulation.

This feature reads a button press to stop or resume arm
movement. To ensure the communication connection is not
lost, data transmission of the Titan 4 loops with the most
recent position information.
This button is located on the secondary module and pressing
it changes the lockout state.
Software required for this feature includes the Linux
environment for coding and debugging and proprietary
software provided by TechnipFMC for testing.
Jamesson and Amy are the primary members responsible for
this feature’s implementation.
5. UDP data transfer
This feature reads the data from the Titan 4 controller
and converts it into UDP packets to be sent to the Titan 4
simulator.
An Edison board with Wi-Fi communication is necessary to
implement this feature.
Software required for this feature includes the Linux
environment for coding and debugging and proprietary
software provided by TechnipFMC for testing.
Joseph is the primary group member responsible for this
feature as he is responsible for the UDP communications
section.
6. System and Parts Controls
This feature operates and manipulates the Titan 4 controller
itself. For example, the buttons involved to select different
features, or hardware necessary for transmission of data.
This is the physical building of the three main parts of the
project, so all hardware listed from the previous features is
required.
No software components are required to implement this
feature.
The entire team is responsible for implementing this feature,
differing components were addressed as needed by team
members to complete the construction of the controller.
7. Ease of Use
During the length of the design process and construction,
the ability to easily work with and control the Titan 4 arm is
the main focus. By creating an intuitive design and interface,
the controller is able to be used seamlessly by operators to
maneuver the Titan 4 robotic arm.
Fall 2016 and Spring 2017 Design Goals
In the first semester of senior design, milestones are set to
ensure progress is made and the rapid prototype is delivered
on time. First, it is required that data be collected from the
user’s arm movement, and it needs to be made up of enough
points of data to convert that information into movement for
the Titan 4 arm. Second, the data is interpreted and converted
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to usable data for the Titan 4 arm, and it is transmitted to
the arm by way of UDP packets. Thirdly, the controller needs
a way to allow the user to move their arm without making
adjustments to the manipulator, so a secondary module is
implemented to allow lockout features.
The above referenced design ideas and goals for the Fall
2016 senior design class are satisfied by the end of the Fall
2016 semester.
The Spring 2017 senior design semester is for refining the
working prototype into a more polished product. Because
nearly all of the functionality of the Titan 4 controller is
completed as part of the rapid prototype, the plan for Spring
semester is to make improvements to the current design.
However, compatibility issues between the Intel Edison
and the BNO055 sensors require many hours of testing
and re-design that are not initially anticipated. Code for
communication between the BNO055 and Edison is now all
custom written by the group for this project from scratch. In
addition to this, after successful communications between the
Edison and the BNO055 sensors is established, the reliability
of the data is not acceptable. Many hours are required to test
new circuit designs and finally an acceptable interconnection
circuit is found.
With the final design, the prototype is using the Intel
Edison micro-controller for all of its communications rather
than the rapid prototype design that included a Propeller and
Arduino board. With this, refinements are implemented into
the programming aspects of the device so that the coding
reflects a more professional aspect.
The Titan 4 controller is also transformed into a more
refined image. An 3D printed enclosure now houses the
micro-controller. The secondary module is made from a
modified Nintendo Nunchuck remote. Ethernet cables replace
loose 8 wire bundles for the controller and remote unit and
the wires between the sensors on the main controller are all
inside nylon braided protection sleeves. These changes create
a polished look for the final product compared to the previous
rapid prototype design.
As a final goal for the Spring semester, refinements are
planned for the design of the robotic controller to a degree
of professionalism expected by TechnipFMC. These plans are
successfully implemented, allowing the controller to operate
physical Titan 4 manipulators.

IV.

delays caused by malfunctioning parts. This strategy also
allows multiple team members to work on separate features
that require the same hardware simultaneously, cutting down
development and testing time. Some parts are also not
included in the final design but they are vital to the rapid
prototyping portion of the project. As listed at the bottom of
Table 1, the total cost of parts before tax and shipping comes
to 1,193.82 dollars.
The specific list of parts in the final prototype is listed in
Table 4 which is under the Hardware section of Appendix B.
The total spent on the parts in the final prototype is 289.02
dollars.
The only changes from the original budget were the
additions of a couple of new parts. For instance, the original
9 DOF IMU proved to problematic to use to detect hand
motion and orientation. A new part, the BNO055, was found
after research, and three were purchased.
Code already existed for the BNO055 sensor for the
Arduino micro-controller, so to expedite the process of
constructing a working prototype; an Arduino UNO was
purchased and implemented in the design of the rapid arm
prototype.

V.

There are main milestones for both the Fall semester and
the Spring semester that needed be fulfilled to call this project
successful. These milestones include:
Fall semester:
• Successfully integrate position, orientation, and grasping
action of the end effector. Since each of these factors
requires their own sensor, it takes great effort to
combine these sensor’s data together into a readable
string of output data that can be sent to the simulator
through UDP packets. One BNO055 IMU is used for
the orientation, two LSM9DS1 IMUs for the position,
and VCNL4010 distance sensor for the grasping action
of the end effector.
•

Allow the simulator to communicate accurately and
effectively with the Intel Edison microcontroller. Once
the data is formatted into the given format from the
sponsor, the UDP packet is able to be send it to the
simulator and the simulated Titan 4 arm must move
according to the configuration variables being sent.
There were some dropped packets during this phase,
but a root cause was found to be the school’s slow Wifi
traffic.

•

Complete a user setting button set-up to allow the user to
increment how much control he or she wants of the arm.
The settings include a lockout feature to lock the position
and orientation of the arm, as well as the grasping of the
end effector in case the user needs to take a break. In

F UNDING

This project is fully funded by TechnipFMC so all parts in
tables 1 and 2 were purchased by them and picked up from
their office. No parts were purchased through other means.
A total of 1,193.82 dollars has been spent in the design and
testing process. Due to time constraints and knowing the
maximum budget, extra of each part was purchased to avoid

P ROJECT MILESTONES
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TABLE 1 OF 2 SHOWING ALL PARTS PURCHASED DURING THE DESIGN AND TESTING OF THE PRECISION ROBOTIC MANIPULATOR
CONTROLLER

this semester, the focus needed to be able to implement
these features using basic push buttons with LEDs on
the breadboard for the purposes of fulfilling a rapid
prototype. These settings also allow the user to move
the Titan 4 arm in quarter movements, half movements,
and full movements.
Spring semester:
• Convert all Arduino and Propeller codes to the Intel
Edison microcontroller. From the Fall semester, the
Arduino, Propeller, and Intel Edison microcontrollers
are used to process sensor data and communicate
between them through serial. However, there needed to
be code conversion from all of these to just the Edison
microcontroller only as the sponsor mainly uses this
microcontroller in their day-to-day operation. This way,
all code is in one form and they can easily modify it
to control other products after the completion of this

project. The code is also separated into its own function
calls within several files with detailed comments.
•

Physical enclosure for the Intel Edison and breakout
board needed to be designed and constructed. Several
revisions were made to ensure great fit and attractive
appearance. For the remote unit, a Wii nunchuck is as
it contains the number of buttons and joysticks required
by the secondary module. A breakout board was also
designed and built as well to accommodate all of our
features.

•

The controller needed to be operable continuously for
extended periods of time with no dropped packets. It
also needed work with the simulator and the real Titan 4
arm. In order to accomplish this, safeguards in software
were added to account for dropped packets or when
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6

TABLE 2 OF 2 SHOWING ALL PARTS PURCHASED DURING THE DESIGN AND TESTING OF THE PRECISION ROBOTIC MANIPULATOR
CONTROLLER

hydraulics are turned off and on. These safeguards are
meant to prevent erratic behavior from the arm and
crashing. This code was tested with the real Titan 4
arm and everything works as expected.

’Circuit Design’ and ’PC Board Design’, hours logged in the
parent task were still performed for that task, however the
work did not break down specifically into the sub-tasks.

VI. P ROJECT WBS AND TASK ASSIGNMENTS
Table III represents the hours spent on the tasks set out
in the Work Breakdown Structure (WBS). For a detailed
description of the tasks themselves, see Section III.

Hours logged into the ’Miscellaneous’ task represent
a combination of hours spent on conference calls, team
meetings, research and writing of documents, project
presentation and preparations, and other miscellaneous tasks.
The ’Unused’ row immediately below ’Miscellaneous’ is an
aggregation of work hours that went into parts and features
that were ultimately either replaced with different parts and
ideas or cut completely from the projects design.

Some of the tasks in Table III are also broken down into
sub-tasks indicated with an arrow icon. Additionally, tasks
such as ’Breakout Board’ are not a total of its sub-tasks

The top two project tasks that required the most time to
complete are the BNO055 Sensor and the Breakout Board
at 244 and 130 hours respectively. Whereas the tasks that

As needed to consider the design a success, all of the
milestones needed to be, and were met.
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required the least time to complete are the creation of the
Micro-Controller Enclosure and the assembly of the Main
Controller at 13 and 11 hours respectively.

VII.

R ISK ASSESSMENT AND MITIGATION IN WBS

At the beginning of the project, none of the members of
the group had any experience working with IMUs, so they
were a high-risk portion of the project. Additionally, they
introduced other issues to the project that increased the level
of risk of the project. After copious amounts of testing and
a redesign of the project, we are now able to communicate
to each of them using the single I2C bus available from the
Intel Edison. A more detailed account of the troubleshooting
efforts regarding the IMUs is given in Appendix B in the
hardware testing section.
Initially, the Intel Edison itself was a high source of risk,
considering that no members of the design group had used
them before. Thankfully, programming on the Edison was not
nearly as difficult as was anticipated. Instead of attempting
to use Eclipse, the integrated development environment (IDE)
that Intel suggests using for programming in C or C++, we use
the GNU compiler GCC and program directly onto the Edison.
The distance sensor ended up not functioning within the
specifications required by the project, or even within the
specifications provided by the manufacturer, so a design
change was necessary. Instead, control of the end effector was
moved to the offhand module. After some discussion as to
how to implement the module, a Nintendo Wii Nunchuk was
used as the framework for our secondary module. Pressing up
and down on the joystick controls opening and closing of the
end effector, and left and right control its rotation.

VIII.

D ESIGN OVERVIEW

The design of the new controller is intuitive and easy to
operate. To accomplish this, the design of the wearable device
is light enough for the user to hold up their arm for extended
periods of time without the weight hindering him or her. The
wearable device is also made to be wearable by different sizes
of people. The main controller weighs approximately 0.25
lbs, which is 0.25 lbs below the original goal. The controller
is also designed to be easily adjustable as seen in the top of
Figure 4.
Similar to the hardware and mechanical design of the
wearable controller, the software is also clean and effective.
Each feature has its own set of functions and files are
separated properly. The code is commented in detail for
readability purposes. This way, future programmers from
TechnipFMC can easily implement this controller to other
robotic arms besides the Titan 4. The software is also designed
be easily modified to fit in new features and designs as well.

Fig. 4.

Final controller, secondary controller, and enclosure designs.

In addition to a lightweight, adjustable main controller,
a secondary module is also implemented and can be used
with either hand as shown in bottom of Figure 4. It is a
Wii nunchuck that is programmed to control the precise
movements of the Titan 4 arm. It can control the wrist joint
and the opening and closing of the end effector. Since these
motions require precision, the joystick works very well since
it is programmable to sense small and large stick movements.
A lockout button and precision button is also incorporated
into the nunchuck to add even more convenience for the user
so they can take a break from operation without losing their
progress, or reset their arm position to more easily manipulate
the Titan 4 arm.
With the combination of these two main controllers under
the processing power of the Intel Edison microcontroller, the
result is a design that is practical and efficient and well within
the goals of this venture.
IX. D EPLOYABLE P ROTOTYPE S TATUS
A thorough test plan ensures the deployable prototype meets
the design criteria and exceeds performance expectations
by the delivery date. The full testing plan and timeline is
shown in tables five and six of Appendix B - Hardware
and Appendix C - Software. Based on this testing data, the
deployable prototype meets all criteria specified in the design
idea contract. The following results are a summary of the key
components.
The device consists of three parts: the main controller,
the remote unit, and the microprocessor enclosure. This is
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H OURS SPENT ON WBS TASKS , INCLUDING RESPONSIBLE PARTY, TEAM MEMBER TOTALS AND TASK TOTALS .

verified visually using Figure 4 where all three parts plus the
power connector are shown.
The data communication between the IMUs and the Intel
Edison is now fully functioning. Problems arise when trying
to connect multiple devices to the Intel Edison I2C bus
because the Intel Edison does not have a strong low logic
level. Two diodes are added to increase the ground potential
of the IMUs to the low logic level of the Edison and 6
additional diodes are added reversed biased between the data
lines and ground, one per each data line and one per clock

line to each IMU. The addition of these diodes allows for a
reliable connection between the BNO055 IMU and the Intel
Edison Microprocessor. The test of this feature was completed
on 3/11/2017.
The standard movement of the robotic manipulator based
on user arm movement is implemented and final testing
for this general feature completed on 4/19/2017 when the
physical Titan 4 manipulator was successfully controlled
using the manipulator.
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The lockout function is vital before any testing can start
otherwise any user arm movement will move the robotic
manipulator. Testing for this was officially completed on
3/11/2017 even though it was functioning before that.
Position Reset is fully functioning and when a user uses
the lockout, the controller comes out of it with the user’s
current arm position corresponding to the current manipulator
position. This is included in the testing for lockout resume
and was completed on 4/17/2017.
The UDP data transfer, specifically to a physical Titan 4
arm, is one of the last features tested due to access to the Titan
4 arm. This test was completed successfully on 4/19/2017
after some initial minor problems delayed the success.
The ease of use testing is not specifically listed in the
testing plan and timeline table but it is important to note
that the control of the physical Titan 4 arm performed
on 4/19/2017 was done by multiple users including a
TechnipFMC employee that did not use the controller prior to
that day. All users were able to stack pieces of metal using
the controller, demonstrating the ease of use for first time users.

9

All in all, this product is very marketable with very little
changes needed to be fully deployable.
XI. C ONCLUSION
These past two semesters of senior design have been a
stress-filled learning experience. A difficult project concept
was chosen to challenge the abilities of the groups engineering
skills. Throughout the first semester, a rapid prototype was
produced with little difficulties due to the utilization of
microcontrollers that were familiar and simple to implement.
However, second semester proved to be three times as
challenging because of a new microcontroller implementation
and integrating of all the working parts into one. With
great effort and time spent on this project, integration of
all components into one working piece was accomplished
and a controller was produced that exceeds all engineering
objectives set by the design idea contract and sponsors.
This project was appropriately labeled a success and moving
forward the group plans to continue to develop valuable skills
learned here like teamwork, engineering thinking, and time
management.
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X.

D EPLOYABLE P ROTOTYPE M ARKETABILITY
F ORECAST

The end product produced from both the Fall and Spring
semesters is a controller set that is reliable and easy to use. In
terms of having a deployable prototype, this product meets all
of the project requirements set in the beginning of the semester.
The software is modularized and commented so FMC can
easily understand all of the code and adjust it to work with
multiple robotic arms. As it stands, the software side of the
project is very reliable and is able to control the Titan 4 arm
successfully. The one improvement would be to add in more
safe guards for any unpredicted failures or if the sponsor
would like to use this controller on a moving ship, the IMUs
will need some software tweaks to work with moving water
surface. Besides these improvements, this software is ready
to be deployed.
In terms of physical appearance and hardware of the
controller set, a professional enclosure should be made and a
professional PCB breakout board should be created to replace
the current hardware. This will increase the product’s market
value and durability. This project’s hardware functionality is
all working properly and is ready to be deployed to FMC’s
customers otherwise.

Vishay, ”Features,” VCNL4010 datasheet, Aug. 2014 [Revision
1.6].
Intel, ”High Level Functional Description,” Edison Compute
Module datasheet, Jan. 2015 [Revision 004].

XIII.

G LOSSARY

Accelerometer: an instrument for measuring acceleration of
objects.
Arduino: a brand of electronics manufacturer, known
for, among other things, making multiple models of
microcontrollers.
Breakout Board: a surface-mount chip soldered onto a PCB
to make prototyping easier.
Cartesian Coordinate System: a coordinate system that
specifies each point uniquely in a plane by two or three
numerical coordinates, which are the signed distances to the
point from two or three fixed perpendicular directed lines,
measured in the same unit of length.
Degree of Freedom (DOF): a direction in which independent
motion can occur.
End Effector: a device at the end of a robotic arm, designed
to interact with the environment. The exact nature of this
device depends on the application of the robot and the task to
be completed.
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Gyroscope: a device consisting of a wheel or disk mounted
so that it can spin rapidly about an axis that is itself free to
alter in any direction. In a sensor, it detects orientation of the
object.
Inter Integrated Circuit (I2C): a multi-master, multi-slave,
single-ended, serial computer bus that allows multiple slave
chips to communicate with one or more master chips.
Integrated Developement Environment (IDE): software
application that provides comprehensive facilities to computer
programmers for software development.
Inertial Measurement Unit (IMU): a self-contained system
that measures linear and angular motion usually with a triad
of gyroscopes and/or triad of accelerometers.
User
Datagram
Protocol
(UDP): an alternative
communications protocol to Transmission Control Protocol
(TCP) used primarily for establishing low-latency and loss
tolerating connections between applications on the Internet.
Intel Edison: a tiny computer-on-module offered by Intel as
a development system for wearable devices and Internet of
Things devices.
Magnetometer: an instrument used for measuring magnetic
forces, especially the earth’s magnetism.
Parallax Propeller: microcontroller designed to perform
multiple tasks simultaneously, and without the need for
interrupts or the dictates of an onboard operating system.
Each of the Propeller P8X32A’s eight symmetrical cores can
access all 32 I/O pins and other shared system resources. can
be programmed in Spin or C.
Potentiometer: an instrument for measuring an electromotive
force by balancing it against the potential difference produced
by passing a known current through a known variable
resistance.
Printed Circuit Board (PCB): an electronic circuit consisting
of thin strips of copper that have been etched from a thin
sheet of copper on a laminate in a specific configuration so
integrated circuit components can be connected in a useful
manner.
Red Green Blue Light Emitting Diode (RGB LED):
combine these three colors of Red, Green, and Blue to
produce over 16 million hues of light.
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XIV. A PPENDIX A. U SER M ANUAL
The following documentation shows the user manual
created for this project.

Appx A-1
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Appx A-2
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Appx A-3
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Appx A-4
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Appx A-5
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Appx A-6
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Appx A-7
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XV.

A PPENDIX B. H ARDWARE

The following documentation shows the hardware block
diagram, schematics for the three circuit boards created for
this project, hardware used in the final prototype and the
specific tests relating to the hardware for the device.

Appx B-1
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Fig. 5.

flowchart showing all of the electronic hardware components and interconnections

Fig. 6.

Schematic of the main breakout board, connected directly to the arduino shield

Appx B-2
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Appx B-3

Fig. 7.
header

Schematic of the connector board inside the enclosure, provides connection to the main controller and remote unit from the Edison through the 14 pin

Fig. 8.

Schematic of the small circuit board in the main controller, containing connections for the IMUs and also the clipping diodes for the data lines
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TABLE IV.

TABLE V.

Appx B-4

L IST OF THE PARTS AND QUANTITIES USED FOR IN THE FINAL DESIGN OF THE DEPLOYABLE PROTOTYPE

T ESTS PERFORMED FOR BOTH HARDWARE AND SOFTWARE TO ENSURE PROPER FUNCTIONALITY.
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XVI. A PPENDIX C. S OFTWARE
The following appendix documentation shows the software
block diagram, flowchart, pseudo code and device testing with
the results related to the software portions of this project.

Appx C-1
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Fig. 9.

Software block diagram for Precision Controller.

Appx C-2
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Fig. 10.

Software flowchart for the Precision Controller.

Appx C-3
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Fig. 11.

Software pseudo code for the Precision Controller.

Appx C-4
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Appx C-5

TABLE VI.

T ESTS PERFORMED FOR THE SOFTWARE TO ENSURE PROPER FUNCTIONALITY.
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XVII. A PPENDIX D. M ECHANICAL
The following documentation shows the mechanical designs
for the 3D printed enclosure. The enclosure is made up of a
rectangular base with mounting poles for the Intel Edison and
the printed circuit boards as well as cutouts to connect to the
Main Controller and Secondary Module.
The lid of the enclosure allows for four screws at the
corners to fasten the box closed. Additionally, there is a
cutout for the center stow button and three small squares used
for LED placement.
Box exterior dimensions: 180mm by 100 mm 50 mm.

Appx D-1
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Fig. 12.

Lid design for the Precision Controller enclosure.

Fig. 13.

Base design for the Precision Controller enclosure.

Appx D-2
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XVIII.

A PPENDIX E. V ENDOR C ONTACTS

Kevin Hjelden from TechnipFMC is an excellent resource
for suggestions, Titan 4 interface protocols and parts
acquisition from distributors. There is no direct communication
between any team member and any other vendors due to the
nature of the project.

Appx E-1
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XIX. A PPENDIX F. R ESUMES
This section contains the resumes of all group members as
of the end of the project.

Appx F-1
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Appx F-2
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Appx F-3
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Appx F-4
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Appx F-5

