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Abstract—

New and evolving technology in the field of robotics requires
innovative controllers to control the complex manipulators cur-
rently 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.

Keywords—
TechnipFMC, Titan 4 controller, Edison board, Remotely Operated
Vehicle (ROV), BNOO055, UDP communication, and simulator

I. INTRODUCTION

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.

II. SOCIETAL PROBLEM

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.

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

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.

Fig. 2. TechnipFMC current controller

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

III. DESIGN IDEA CONTRACT

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.

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.

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.

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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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.

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

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.

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.

e 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.

o Intel Edison micro controller

(EDI2ARDUIN.AL.K)

o 9DOF IMU BNOO055 with 9 degrees of freedom
Inertial Measurement Unit.

o Nintendo Nunchuck device. (B0094X2066)

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

e 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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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.

4. Lockout

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 BNOO55 sensors require many hours of testing
and re-design that are not initially anticipated. Code for
communication between the BNOO055 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 BNOOSS5 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. FUNDING

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

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 BNOO55, was found
after research, and three were purchased.

Code already existed for the BNOO55 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. PROJECT MILESTONES

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:

e 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 BNOO55 IMU is used for
the orientation, two LSM9DS1 IMUs for the position,
and VCNL4010 distance sensor for the grasping action
of the end effector.

e 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.

o 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
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Part Number Quantity [Price/Unit| Total Description
32150 2 32409 34008 propeller mint microcontroller
32201 1 31409 31499 prop plug to program mucrocontroller
00340 1 $6.27 $6.27 3/4" wide double sided velcro roll
160-1433-1-ND 10 $0.20 $1.96 Green LED 0603 2V 20mA
160-1436-1-ND 10 5020 $1.96 Eed LED 0603 2V 20mA
160-1437-1-ND 10 50.21 $2.11 Yellow LED 0603 2.1% 20mA
160-1646-1-ND 10 $0.39 $3.92 Blue LED 0603 3.3% 20mA
311-10.0KCRCT-ND 100 50.01 30.84 10k 1% 1/8W 0803
311-100ECRCT-ND 100 50.01 50.84 100k 1% 1/8W 0803
311-200CRCT-ND 100 $0.01 $0.24 200 ohm 1% 1/8W 0803
380-1006-ND 10 5043 $4.27 modular plug (RI43)
490-1336-1-ND 20 30.03 30.34 1uE 16V 0603 Ceramuc Capacitor
600-4618-1-ND 3 046 $2.30 surface mount microUSE connector
82-105-ND 1 18.23 18.23 60/40 rosin activated 26AWG solder (1/2 Ib spool)
Al122642-ND 10 5049 5401 modular plug boot
Arduino UNO 1 $0.90 $0.99 Arduino Uno Microcontroller
al3091800ux0023 1 $1020 $10.20 | double sided 100x70mm copper clad prototyping boards
BOOHCOSE2C 1 $13.30 $13.30 routing bits for making PC boards
BOONA3ZOMIO 1 50.74 5074 2 inch wide elastic for arm bands
BOOO2TWHWO 1 $5.90 $9.99 pack of 10 rectangular buckles for 2 inch straps
BOOWEXEGHE 1 $7.90 §7.09 23 foot ethernet cable
BAO33FP-E2CT-ND 3 $51.63 $4.89 3.3V Linear Voltage Regulator 1A
CN119B-300-ND 1 20.28 20.28 | 24AWG 500" silicone insulation 11/34 strand copper wire
CNI119R-300-ND 1 2028 2028 | 24AWG 300" sihicone msulation 11/34 strand copper wire
COM-12023 1 $19.03 $19.03 LED EGB strip (1 meter)
DEV-13097 4 $90.05 $300.80 Intel Edison Breakout Kit
ENC28I60 1 6.89 6.89 Sunkee Ethemnet LAN Network Module
L3M303C 2 14.95 200 6 degrees of freedom Inertial Measurement Unit
L3MODS1 2 2403 490 0 degrees of freedom Inertial Measurement Unit
N/A 1 $3.32 $3.32 .3-1.2mm carbide bits for through-hole drlling
P129315CT-ND 10 $0.37 $3.74 tactile switch surface mount 20mA
Sub Total | §752.12

TABLE 1.

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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Part Number Quantity [Price/Unit| Total Description
PCE3R6ECT-ND 10 $0.73 §7.34 1000uF 10V Aluminum Capacitor
RILSE4238101TCT-ND 5 5138 3602 modular connector (B.J-43) surface mount
S1012E-36-ND 10 1.403 14.03 0.1" pitch 36 position male header

51112E-36-ND 10 1.964 19.64 0.1" pitch 36 posttion right angle male header
37002-ND 10 0.463 4.63 0.1" pitch 4 posttion female receptacle
S57004-ND 10 0328 328 0.1" pitch 6 position female receptacle
ST008-ND 10 0.673 6.75 0.1" pitch 10 position female receptacle
S3TY01e011R 1 039 030 Stanley 16 mch tool box (Tx16x7.3)
VCNL4010 2 $7.50 $15.00 Proximity / light sensor 1-10em range
VLE180 2 2493 34000 IR range finder with level converter (0-10 cm)
BNOO35 3 $33.85 $160.25 Adafruit 9-DOF Absolute Orientation IMU
PIAULSSV2Z01TAEX 10 $0.57 $3.97 Voltage Level Translator Bidirectional
BOO94X2066 1 5.69 69 Wit nunchuck
TCAD348 1 6.95 $6.03 I2C pmltiplexer
COM-09032 2 395 $11.90 Sparkfun 2-axis joystick
36-941-KD 10 1.33 31330 micro USB connectors
LEMI113JE3/TRI3CT-ND 15 1.12 $16.80 022 V diode
MBEXI120LF-TPMSCT-ND 5 049 $2.43 0.36 V diode
641-1697-1-ND 15 04 $6.00 0.40 V diode
MBRI130T1GOSCT-ND 5 041 $2.03 043V diode
57012-ND 10 0.943 $0.43 14 pin female header 0.10"
307-1075-1-ND 5 0318 $1.59 500 mA fose 1206
311-0.0ARCT-ND 10 0.018 $0.18 0 ohm jumper 0803
300-11270-1-ND 5 .37 511.85 100uFE 16v X5R 1210 capacitor
1276-1766-1-ND 10 0.022 $0.22 1pF 30 V capacitor 0803
399-3367-1-ND 10 0.264 $2.64 10pF 0% capacitor 0803
732-3046-1-ND 10 0.12 $1.20 100pF 23V capacitor 0803
AE10637-ND 3 0.56 $2.80 USE A connector - plug
BOIMOW3IWNE 1 6.28 $6.88 USE Charger / power supply
LYSBOOVZXRRGG-CMPTRACCS 3 795 £23.83 Cat & Ethemet cable
Sub Total | $441.70
Total [$1,193.52

TABLE II.

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.

As needed to consider the design a success, all of the
milestones needed to be, and were met.

VI. PROJECT 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.

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

*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.

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.

The top two project tasks that required the most time to
complete are the BNOO55 Sensor and the Breakout Board
at 244 and 130 hours respectively. Whereas the tasks that
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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. RISK 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.

VIIL

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
Ibs, which is 0.25 Ibs below the original goal. The controller
is also designed to be easily adjustable as seen in the top of
Figure 4.

DESIGN OVERVIEW

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. DEPLOYABLE PROTOTYPE STATUS

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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Work Breakdown Structure tasks and hours
Task Amy Charlie Jamesson loseph Total Task Hours:
Micro-Controller Enclosure 10 2 X 1 13
Breakout Board X 83 12 1 101
-= Circuit Design X 5 10 b 15
- =PC Board Design X 4 10 X 14
Remote Unit 4 4 14 3.5 25.5
-*Remote Unit Enclosure X 2 9 X 11
->Remote Unit Conv. To Edison X X 12 2 14
Main Controller X 2 X 3 11
Data Com. Coding Fram. 10 ] 2 47 65
-=Data Handling X 2 X 19 21
-=UDP Packet Structure X 2 X 15 17
-=Serial Data Input 1.5 1 X 7 9.5
BMNOOD55 25.5 34 11 9 19.5
-=User Hand Orientation & 9 3 3 21
->0rientation Code Conv. 2.5 ] b 1] 14.5
-=Integration of all IMUs 3 33 4 3 49
-=Position IMU Data X 46 b b 46
-=Joint Variables from data X 24 X 2 26
-=Velocity Kinematics 2 2 2 2 8
Precision Control Feature X 7 4 15
Lockout Feature 3 4 b 17
Status LED Programming 3 7 155 9 34.5
Miscellaneous 170 143 77 159 549
Unused 39.5 15 17 5 78.5
Total Team Member Hours: 280 457 209.5 306.5 1253
The Unused task relates to work with features and hardware that were replaced or cut from the final design
The Miscellaneous task merges: calls, meetings, papers, presentations, preparations and misc tasks.
*it should be noted that Jamesson tended to not include as many misc tasks as other teamates in Team
activity reports and as o result has a lower total number of hours.
** the '-»'indicates a sub-task

TABLE III.

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

HOURS SPENT ON WBS TASKS, INCLUDING RESPONSIBLE PARTY, TEAM MEMBER TOTALS AND TASK TOTALS.

line to each IMU. The addition of these diodes allows for a
reliable connection between the BNOO055 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.

More specific details on the smaller features are located
in the Hardware and Software sections of Appendix B and
Appendix C. All tests pass, the deployable prototype performs
all required tasks, and it includes all required features as
specified in the design idea contract.

X. DEPLOYABLE PROTOTYPE MARKETABILITY
FORECAST

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.

All in all, this product is very marketable with very little
changes needed to be fully deployable.

XI. CONCLUSION

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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XIII. GLOSSARY

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 /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. APPENDIX A. USER MANUAL

The following documentation shows the user manual
created for this project.
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Precision Robotic Arm Controller

User Manual

This manual serves toinform the user how to operate the precision robotic arm controller, designed and
constructed by Team 2 of the joint Electrical and Electronic Engineering and Computer Engineering
Senior Design class of California State University, Sacramento, College of Engineering and Computer
Science from Fall 2006 to Spring 2017. This project was sponsored and funded by TechnipFMC in Davis,
CA.
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GlossaryofTerms

End effector —end of the robotic arm, for performing specific tasks.

Inertial Measurement Unit (IMLU) —electronic sensor, capable of determining force, angular rate of
change, and strength of magnetic field. The basis for this design.

Microcontroller —a small computer, wsually for performing a single task or group of small tasks.
RJ-45—a type of electrical connector, typically associated with Ethernet cables.

Components

Fig, A-1: Different components of the finagl design.

The different main components of this project, as depicted in Figure A-1, are as follows, starting in the
top-left and moving clockwise:

1. Maincontroller —consists of three Velcro bands into which have been inserted the three IMUs that
the controller uses. These straps arein turn placed on the bicep, forearm, and the back of the hand.
The one closest to the shoulder includes an R1-45 port; Ethernet cable is provided to connect the

main controller to the enclosure.
2. Offhand module — Controller for the end effector. Also allows the user to make changes to the

various settings of the controller.
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3. Power—The controller reguires up to 2 amps at5volts. Power is supplied via a type A to micro-USE
cable.

4. Enclosure — protective box that houses the microcontroller that handles the controller's actual
program.

Theory of Operation

MNote: this manual assumes that the arm has been properly set up and is ready to use.

1

Eal

L A

Strapthe maincontroller onto the arm: one section straps tothe back of the hand, one in between
the wrist and the elbow, and one in between the elbow and the shoulder. Note: the section on the
shoulder needs to be on top of the shoulder, or the controller will not function as desired.
Additionally, if the user's arm is extended fully, the IMU sensors should all face directly upward.
Plug the power adapter into the wall.

Plug micro-USE cord into the power adapter.

Plug the micro-USE cord into the micro-USE port of the enclosure. Note: the microcontrolleris a
small computer: it will need a few moments to power on and start up.

‘Wait until the three LEDs on the enclosure turn on; they will be pink atthis point.

Connect one end of an Ethernet cable to the shoulder section of the main controller.

Connect the other end to the port on the enclosure labeled “Controller”.

At this point, the LEDs will turnyellow.

Wave the arm with the controller on around until all three LEDs turn back to pink, at which point the
LEDs will begin normal operation according to Table A-1:

. Table A-1 below depicts the error information for each LED, starting from left to right.

Error LED Precision LED Lockout LED
1:1

IMU not Initialized  Movement Fully Locked
21
IMU not Calibrated Movement

Beyond Reach Movement Movement
Config

Found by [teration

Mo Errors

Tabile A-1: Color chart for each of the LEDs on the enclosure. The error messages listed are defined in
Troubleshooting.

11.
12

Starting LED configuration should be Teal, Sky Blue, Red.
Press both buttons on the offhand module simultaneously totoggle the hydraulics of thearm. The
controller turns the hydraulics on at startup.

Appx A-5
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The arm is now ready to use. When the taskis complete and the arm needs to be stowed, press the
circular button located on the center of the enclosure’s lid. This will lock out the arm against user
movement and repositionthe arm toa pre-determined location.

Offhand Module

F St |

Figure A-2: The offhand module for the precision controller.

End Effector Controls

The joystick of the offhand module controls the end effector. Pressing up on the joystick will openthe
jaws. Pressing downwill close them. Similarly, pressingright will rotate the end effector clockwise
relative to the user, and pressing left will rotate it counter-clockwise relative tothe user. Note: there are
twomovement modes no matter inwhich direction the joystick is pressed. In other words, pressing the
joystick a little bit inany direction will cause less movement inthat direction than pressing the joystick
fullyin the same direction.

Settings

There are two buttons on the offhand module. Pressing them simultaneously turns on/turns off the
hydraulics to the arm. Pressing the top button alone oycles through the different lockout settings, as
depicted inthe right column of Table A-1:

& FRed-the program defaults to Fully Locked when the controller is initialized, signified by a red light.
Thizs means that, no matter what the user does with their arms, the robot arm will not move.

& Green— Fully Unlocked. This means that the arm is fully capable of moving, including the end
effector. Additionally, whatever position and orientation of the hand and arm of the userwhenthe
system transitions from Fully Locked to Fully Unlocked will be the starting position of the robot arm.
In other words, movement of the robot arm is relative to the starting position of the arm when the
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transitionis made.
& Yellow —Nolaw Movement. This means that the arm is capable of full movement, and the end
effectoris capable of rotating, but the jaws will not openor close.
Pressing the lower button cycles through the sensitivity settings, shown in the middle column of Table A-
1:

# Sky Blue—This light corresponds to 1:1 Movement. This means that any angular movement of the
user's arm will correspond to the same amount of angular movement of the robot arm.

# [ark Blue—1:2 Movement. Amy angular movement of the user's arm corresponds to half of that
angular movement of the robot arm.

* Viclet— 14 movement. Any angular movement of the user's arm corresponds to a quarter of that
angular movement of the robot arm.

Troubleshooting

If the arm is not moving, use the following table to determine the cause of the issue.

LED Colar Potential Problem Solution

Molightfall are black | Controller not pluggedin Plug in appropriate cable (power,
Ethernet, etc.)

All are pink IMUs not initialized Unplug and plug in main controller
Ethernet cable

Allare crange IMUs not calibrated Wave arm around until no LED is crange

All are different Hydraulics are not on Press both buttons simultaneously

colors, lockout LED
stuck on red

Lockout LED is red Armi is fully locked Press top button once on offhand module

Error LED is lavender | Trying to reach fartherthanarm | Lock arm, then extend main controller
is capable arm, then unlock arm

Error LED is red Armisin animalid position Slowly move individual joints of thearm
until robot arm moves; bend hand at the
wrist back and forth; lock arm, then
unlock arm.
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XV. APPENDIX B. HARDWARE

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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BNOO55 SDOF IMU
(forearm)

BNODS5 SDOF IMU
(upper arm)

BNOO55 SDOF IMU
(hand)

Intel Edison
Microprocessor on
an Arduino Shield

TCA9548 —12C
Multiplexer

Custom Breakout
board

Main controller
Harness

3 serial LEDs

Appx B-2

2 buttons for
lockout, precision,
and hydraulic
control

Secondary Control
Module

2 axis joystick

Fig. 5. flowchart showing all of the electronic hardware components and interconnections
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Fig. 6. Schematic of the main breakout board, connected directly to the arduino shield
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Appx B-4

Part Number Quantity Price/Unit Total Description
00340 0.5 $6.27 53.14 3/4" wide double sided velcro roll
311-10.0ECRCT-ND 20 $0.01 $0.20 10k 1% 1/8W 0803
311-100KCRCT-ND 3 50.01 $0.035 100k 1% 1/8W 0803
311-200CRCT-ND 3 50.01 $0.035 200 ohim 1% 1/8W 0B03
6094618-1-ND 2 5046 $0.92 surface mount microUSB connector
82-103-ND 0.0825 18.23 51.14 60/40 rosin activated 26 AWG solder (1/2 Ib spool)
al3091800ux0023 0.2 $10.20 $2.04 double sided 100x70mm copper clad prototyping boards
BOOHCOZE2C 0.25 §13.30 $3.38 routing bits for making PC boards
BOONA3OMIO 0.3 50.74 $2.92 2 inch wide elastic for arm bands
BOOOZTWHWO 0.1 $0.99 $1.00 pack of 10 rectangular buckles for 2 inch straps
COM-12025 0.05 $19.95 $1.00 LED RGB strip (1 meter)
DEV-13097 1 $00.05 $00.05 Intel Edison Breakout Kit
N/A 1 £3.32 $3.32 .3-1.2mum carbide bits for through-hole drilling
P120315CT-ND 1 8037 $0.37 tactile switch surface mount 20mA
PCE3868CT-ND 1 $0.73 $0.73 1000uF 10V Aluminum Capacitor
RILSE4238101TCTND 3 5138 54.14 modular connector (RJ-43) surface mount
S1012E-36-ND 2 1.403 $2.81 0.1" pitch 36 position male header
S1112E-36-ND 2 1.064 $3.03 0.1" pitch 36 position right angle male header
S7002-ND 2 0.463 $0.93 0.1" pitch 4 position female receptacle
BNOD33 3 $33.85 $101.33 Adafiuit 9-DOF Absolute Orientation IMU
BO094X2066 1 3.69 $3.69 Wit nunchuck
TCA9348 1 6.93 $6.93 12C multiplexer
36-041-ND 3 1.53 $4.50 micro USB connectors
LSMI113JE3/TR13CT-ND 7 1.12 $7.84 0.22 V diode
641-1697-1.ND 1 0.4 $0.40 0.40 V diode
S7012-ND 2 0943 $1.89 14 pin female header 0.10"
311-0.0ARCT-ND 2 0.018 $0.04 0 ohm jumper 0803
390-11270-1-ND 2 237 $4.74 100uFE 16v 35F 1210 capacitor
AE10637-ND 1 0.36 $0.56 USB A connector - plug
BOIMOW3IWNE 1 6.88 $6.88 USB Charger / power supply
LYSBOOVZXRRGG-CMPTRACCS 2 793 $13.90 Cat 6 Ethemnet cable
Total $289.02

TABLE IV.

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

Team
Pass/ Completion |Member
TestID  |Description Expected Results Actual Results Fail |Additional Comments date assigned
Reasonable setup/removal |User can start using robofic Easily able to setup and begin User is able to fully setup both the
007  |time controller in < 3 minutes device usage within a three PASS |Enclosure and the wearable 3/11/2017 | Charlie
minute fime period portion withing the alloted time.
BNOO55 Verification Accurate and stable orientation |The BNOO55 sensors are able The multiplexer circuitry is all Amy/
012 values from the sensors to accurately read calculate PASS |functioning for this data to arrive | 3/11/2017 Charlie
and send stable data. successfully
Breakout Board testing Multimeter tests; make sure all |All traces are independent of All three custom circuit boards are
_ . X 3/1/17- |Jamesson/
015 wires and traces are correct other traces when tested with | PASS [tested and all problems fixed for 3/11/17 Charlie
a multimeter proper signal transmission
Remote Unit Testing verify all buttons waork as Able to detect when each LEDs are no longer part of the
016 intended; LED's display as butten is being pressed, PASS |remote unit but they also work 3/11/2017 | Jamesson
intended independently and together

TABLE V.

TESTS PERFORMED FOR BOTH HARDWARE AND SOFTWARE TO ENSURE PROPER FUNCTIONALITY.
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XVI. APPENDIX C. SOFTWARE

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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Arm Movement

Arm Position
IMLU's

Intel Edison
Microcontroller

Position
Conversion

Secondary
Module Setting
Check

UDP Packet
Preparation &
Processing

simulator Movement

Hand Orientation
MU

Fig. 9. Software block diagram for Precision Controller.

Appx C-2



SENIOR DESIGN MAY 2017

Power On Precision
Controller

o INitialize UIDP Socket

Initialize MRAL
Library & Wariables

Detect IMU
Iriticli zatian

Set LED Lights o
Pre-Canfig Status

Check & Update
Jaw Mavement

Check & Update
layitick Ratatian

Update Precision
Setting & LED Calar

Precision Button
Pressed?

Staw Buttan
Pressed?

Mowe Titan 4 to
Stow Pasition

Lpdate Lodooat
Setting & LED Calar

Lockout Batbon
Pressed?

Pafarm MU
Calculations

Store IMU Results in
Buffar

Set LED Lights to

Default Resdy Status

Calibrate |MU's

Send UDP Packet to
Titan 4 Arm

Update UDP Packet
with Old Pasition
Data

Update IDP Packet
with Mew Pasition
Data

Lok ut
Enabled?

Appx C-3

Perfarm Yelocity
K reieirrca Ries

Usger Hydrawlics
On?

Initialize Titan 4 Arm

Create UDP Packet

Fig. 10. Software flowchart for the Precision Controller.
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Appx C-4

* Psudocode for Precision Fobotic Manipulator
Controller *
-Create a UDP socketto conumunicate with the Titan 4
Hydraulic anm

-Initialize necessary pins and buttons foruserimput

-While the IMTTs are not nitialized loop through and
mitialize all three IMT sensors
-Then Update LED colors

-While the zenszors arenot calibrated, min calibration
functions for the IMU sensors
-Then Update LED colors

Forever loop |
-Check for User input
-Ifa input is detected onthe joystick
-Update rotation/Jawvalue

-If one ofthe buttons were pressed
-Wait for a time
-Fecheck the buttons againto detenmine
ifit wasa 2 button press

-Ifthe precision andloclkout buttonis pressed
-Toggle the hydraulics varable
-Update LED colors

-If only the precision button was pressed
-Change precision state
-Update LED color based on state

-Ifthe lockout button was pressed
-If Hydraulics are on
-Change lockout state

-Ifztate(
-Update color

-Elze Ifstatel
-Update LED color
-Get the most recent
position data
-Update the buffer
-Set the current and
recent buffers

-Elze Ifztate 2
-Update LED colors

-Elze Ifthe stow buttonis pressed
-Change tolockout
-Update the buffer
-Update the stow buffer
-Update LED colors

-Ifnot locked out and Hydraulics are on
-Updatelast position buffer
-Pull new positions from IM1TI's
-Calculate new varable positions

-Check to see if they are out ofrange
-If zo0, set the current position to
thelast position
-Updatethe LED colors

-Elze if it iz in range
-Updatethe LED colors
-Checkto seeifit’s a
valid configuration
-Ifnot, set corrent position
to last position
-Ifit is valid
-Change LED colors
-Change new position to
the calculated vanables

-Mowvethe valid position mfornmation into the
UDP buffer

-If Hydraulics are on andit’s notlocked out
-Perform the movement using velocity
kinematics

-Ifhydraulicsis on andthe ammis notinitialized
-Foum the nitialization sequence
-Elze if hydraulics are on and the anmis
mitialized
-Walidate UDP packet data
-Build UDP packet with checksum ete.
then append position nformation

-Ifthe UDP commumcatons are vahd
-Send the UDP paclket

-Ifthe UDP conumunicatons are valid
-Beceive the reply

-Continue the foreverloop bazedon
reply infonmation

-End foreverloop

Fig. 11.

Software pseudo code for the Precision Controller.
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Appx C-5

Team
Pass/ Completion | Member
TestID  [Description Expected Results Actual Results Fail |Additional Comments date assigned
Max/Min angles within Possible joint values not to Al joints tested All jumping has been fixed and no
001 (range exceed Max/Min valid range independently and limits PASS |invalid movement is possible 4/15/2017 | Charlie
before max angles exist
Continuous rotation of Wrist joint rotates indefinitely, |loystick accurately controls Rotation works correctly for both Amy/
002 |wrist joint left ar right, based on input continuous wrist rotation PASS |left and right rotations. 3/11/2017 Jamesson
based on two distinct speeds
No runtime errors/freezing |Simulator runs for = 12 hours The Simulator runs for over initial freezing issues are resolved
003 with no errors 12 st_raight hours, occasienally PASS with dropped packet handling 3/18/2017 lose p_h,l’
maoving the controller to code Charlie
ensure functionality
Lockout Enable working Activation of lockout feature Lockout button correctly 3 lockout steps work correctly,
004 stops position transfer cycles through lockout PASS button sequence is co_rrect and 3/11/2017 | Jamesson
sequence and correctly works continuously without error
disables arm segments
Lockout Resume working | When lockout is disabled, arm Lockout resume button The simulator is able to resume
005 maves proportional to user correctly re-engages robotic | PASS [on command with no apparent 4/17/2017 | Jamesson
manipulater in the simulation issues.
Precision Control When enabled, the robot arm Double and 4 times precision Checked using camera on z-axis of
006  |functionality moves about half as far as the | modes both work as PASS |simulator and rotating 90 degrees | 4/10/2017 | Jamesson
user's hand anticipated
Prototype resumes after | After power loss, Prototype Loss of power resulted in a Re-establishing power causes the
oog  |Power loss resumes_functionali'ty repoot and the PASS device tc: power up gnd 2/24/2017 loseph/
automatically Micro-controller properly autematically initialize the Amy
started after boot up program.
Jaw opening/closing is The jaws open when the joystick |Joystick accurately controls The joystick accurately controls
003 accurate i_s mtivet_i up and close when the jgw direction on the physical PASS l_:mth opening and closing of the 4/19/2017 Jamess?n,’
joystick is moved down Titan 4 arm jaws based on the two ranges of Charlie
opening and closing speed.
Data handling reliability Ensure that data is received and | Position data is received, The data is received reliably
010 stored correctly stored, am_i sent t_wl:k gut to PASS otherwise t_he arm woqldjump 4/10/2017 | Joseph
the arm without jumping when sending the received
position back to it
Data communication Ensure data sent to arm is Data is able to be sent to and The testing with the real arm
011  |ceding framework correct, and errors are handled | received from a physical Titan | PASS |verified communication works 4/19/2017 | Joseph
as needed 4 manipulator between the two
Velocity Kinematics code | Output values are calculated to | The values of the joints step the velocity kinematics have
013  |testing maove at a constant velocity over |to the desired value, viewed | PASS |eliminated any instantaneous 4/10/2017 Army
time with the console jumps
Velocity Kinematics arm Verify user to robot arm The physical arm does not Test performed on the simulator
014  |[test movement ratio is within valid | move faster than the limit PASS |and then verified on the physical | 4/19/2017 Arny
range with guick movements manipulator

TABLE VL

TESTS PERFORMED FOR THE SOFTWARE TO ENSURE PROPER FUNCTIONALITY.
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XVII. APPENDIX D. MECHANICAL

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.
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XVIII. APPENDIX E. VENDOR CONTACTS

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. APPENDIX F. RESUMES

This section contains the resumes of all group members as
of the end of the project.
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Amy M. Glovinazzo

ELECTRICAL ENGINEERING « [ESIGH

Education
Bachelor of Science in Electrical Engineering CSUS G: 3.9
Sacramento State University Graduation: May 2017
= Objective: to gain a full-time position with an engineering finm that will offer competitive pay, growth and work-life

balance.
skills
SUMMARY
« Lanpuapes: Huent in Thai and English
= Technical: Exposure to Python script, Bash script, C, Java, Linus, x85 Assembly, Verilog, MATLAB, and PSPICE.
= Personal: Excellent commumication skills, a fast-leamer, work well within a team and individually, great attention to

detall‘. highly organized, and a multi-tasher,

nce

Senior Dasign =

FH'EHMEIQ Robotics sporsor Falf A0e-Spring 200 7

= Design and implement a controller, based on human arm movemnents that will allow for a more intwitive and precise
control of the Titan 4 rebotic arm. Project sponsored by FMC Schilling Robotics.

DCPAE - Platform Application Engineering Intern Folsom, CA

Intel Coporation Meyy 2006 - present
= |ncharge of updating and testing for firmwarne BHCs for internal and extemal Granthey and Purley systems.

« Created Python script to parse current generation of emor codes plus its subcategories, and automated csy outpat that

-u:aln be ghven to customers. Changed a manwal process Into an automated one. Process was integrated into fubune ACM

releases,

= Cut down wait time and increased efficiency of im:FE ﬁnpmnnn by creating a remate imaging server with Clonegilla
that enabled remote clone, upload and download iferent 05 ima

= Enabled engineers to internally debug customer issue with SV05 byrlEEnnguut how SWOS works and confipuring the
server for step testing. Seeked out resounces to compliete the tash

Software Engineering Intern - Networking Roseville, CA
Hewlett-Packard Enterprise Sepy AL - Jav, 06
« Implement variows debugging technigues, including prntf debugging, commentingfuncommenting code debogging,

and A-B-A comparisons.

= Worked in Google test environment 1o find bugs in switch firmware/software using C and C4,
+ Created code reviews in Collaborator and incorporated code feed back to improve submitted code.

+ Worked on Customer Requests (CRs) to fix bugs for release cypcle for HP 3810 Fiked Port 13 Managed Ethemet Switchesin
. Used Multi debugper to step through code, Increased Google test to 83% lines and 98.9% functions coverage tested,

Hardware Engineering Intern - Router Grovss Volley, CA
Grass Valley Group, A Belder Browd May 2015 - Awg. 2015
= Tested baseline Alignment Jitter and Timing Jitter by isclating the FPGA system and bypassing the FPGA lequalizer baoand

with jitter cleaner with register microcontroller, 2 different types of reclocker boards, and cable driver) to see how the

video signal behaves. Successhul testing will win Sky Brazil's possible 510 million contract,
« Documented all data and proposed the best solution to the sales team so they can effectively communicate with Sky

Brazil and overcome objections,
« Got familiar with Grass Valley's equipment like switchers, routers in hardware, software, and IP,

Cars Internet/Sales Consultant Trocy, CA
American Chevrolet, Tracy Mazda, Porter Hyundai Aug. 201 - May 2015
= Consistently obtained average of 14 carsfmonth and top salesperson in most months.

= Manaped existing customers who have nol purchased, and handle all incoming recall appointments as well as ordering
of parts needed for the recalls,

R & D Inters Livermoare, CA

Lawrence Livermone National Laboratory Surrmer 2000 and Surmer 2001
= |ntesned with Dr. Lanry Fried on the Cheetah pmﬂt:am Researched chemical elements and its properties and how thiy

react to one another in the Chestah engine simu
+ Shadowed Dr. Sat Pannu on the Vision project, Obstained a Secret Clearance.

Extracurricular & Honors

CLUBS & CORGANIZATIONS
+ Society of Women Engineers 2016-2017: Rewarded the Sacramento County scholarship.

« Competitive Robotics (Event Coordinator, Industry Liason 2015-present)

« Tau Beta P (present): Sponsor Chair elect.

« American Indian Science and Engineenng Society (AISES) 2015-2006: member

« High Power Rifle Team (Secretary 2000-2011): Orpanized each practice and made sure thelt everyone practiced sale
shooting ftarget pulling techniques, used M-165 o practice at 500 yards with inon sights. Expert in rifle and pistol Mawy.

sy M GIOWINATZD
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Joseph D. Smith

Appx F-3

Summary

Experienced and reliable with a strong technical background and excellent client service communications.
Versatile and able to quickly adapt to fluid project goals. Experienced with various programming platforms.

Highlights

by

*

Experience with C/C++, C#, Vernilog, VBA_ X86 assembly, MATLAB, Cadence software & GIT

1 year stimulating, simulating and emulating test models in a Windows environment

Strong evaluation skills; including measurements and analysis

4 wears of computer diagnostics and repairs in work settings

3+ vears reviewing, analyzing and documenting operational procedures of varying nature
Multi-tasking and self-starter skills with ability to understand difficult concepts and solve problems
Possess SECRET security clearance

)

*

e

A

e

A

e

*

e

*

b

+

Education

Bachelor of Science, Computer Engineering
California State University, Sacramento
Expected Date of Graduation: May 20th, 2017
CSUS GPA:33

Professional Work Experience

TechnipFMC (Senior Design) Aug 2016 — May 2017
Student Contractor

¢  Sponsored by TechnipFMC to design and implement a controller, based on human arm movements that will
allow for a more intuitive and precise control of the Titan 4 robotic arm.

Space and Naval Warfare Systems Center (SPAWAR) May 2013 — Sept 2014
Security System Support Specialist
*  Analyzed and documented operational procedures related to electronics configuration and implementation.

¢ Built, assembled, and tested electronic computer systems including server rack systems.

o (Conducted equipment studies and gathered market research data regarding large scale upgrade options.
o Measured, analyzed and tested virtual machine models using simulation, stimulation and/or emulation.
¢ Configured, updated and installed Cisco Network switches at SPAWAR. sites

Projects:

o Installed and maintained Windows Server in a test environment, including the management of client
connections and privileges. Hardened windows server and clients against security vulnerabilities.

¢ Created an automated document using Microsoft VBA. The document searched through hundreds of rows
of data across multiple sheets to indicate the status of the necessary checks on equipment at SPAWAR
sites. Additional features were added to the program to auto save the results, as well as restricting fields
and options from non-admimstrative users.

Staples Nov 2009 — May 2013
Resident Computer Technician

* Intake and assessment of customers’ computers and their associated problems.

¢  Well versed in computer hardware and software diagnostics.

* Replacement of computer parts to solve hardware malfunctions.

* Pride in mv ability to surpass my customers’ expectations concerning repairs and timelines.
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CHARLES RELAT

Electrical and Electrome Engineenng student graduating in May, 2017 with a pnmary focus on control
systems and secondary focus on power systems with more than 5 years of professional expenience

troubleshooting/testing electrome control and communications products and systems,

EDUCATION
California State University, Sacramento exp. 2017
Bachelor of Science Electrical and Electronic Engineering GPA: 3.9

*  Actve member of Tau Beta Pa
* Member of IEEE — Sacramento Valley Section
American River College 2013

Associate of Science Electronic Systems Technology GPA: 3.4
¢ [ S.CET. cernfication
¢ [FC.C. General Riadio Operators License

*  First place nationally in the Skills USA Electronics Technology Competition

PRIOFESSIONAL EXPERIENCE

Engineering Student Assistant, PSCO Sacramento, CA  2015-Present
Test products for specification comphiance, solder components on circuit
boards for assembly of small batches of products, tune and test antennas for
mobile radios, source replacements for obsolete parts.

Telecommunications Technician, PSCO Sacramento, CA 2012-2015
Repaired damage microwave radios, performed troubleshooting on broken
multi-hop radho paths, configured new radios and nstalled them i radio
vaults for use.

LT. Intern, Department of General Services Sacramento, CA 2008-2009

Helped maintain computer hardware and software for the aity of Sacramento.

SKILLS

MATLAR, LabVIEW, EAGLE PCB design, AutoCALD including 3-1) modeling, C language,
SPICE, HTML, PHP, SQL, Mach3 CNC, MPLAB IDE, PSCAD, Advanced Design System,
advanced traming in full Microsoft Office suite

PROJECTS

Robotic Mampulator Controller, Electric Mountainboard wath Wireless Controller, Custom
Quadcopter, D to DO Portable Power Converter, lmgation Control System

Appx F-4
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Jamesson A. Kaupanger

OBJECTIVE:
Secure a career in the field of electronics engineering.

EDUCATION:
Bachelor of Science, Electrical and Electronic Engineering, CSU Sacramento. Overall GPA: 3 269, Graduating Spring 2017

RELATED COURSES:

Analog & Mixed Signal IC Design Physical Electronics

Advanced Analog Integrated Circuits Lab Computational Methods (C & MATLAB)
CMOS & VL3I Network Analysis

Advanced Verilog * Intro to Microprocessors

Electronics II Intro to Feedback Systems

Electronies [ Signals and Systems

Intro to Logic Design
* In progress as of Spring 2017

KNOWLEDGE AND SKILLS
Programming:
Verilog, C, MATLAE

Software Applications:
Cadence Virtuoso, Eagle PCB, OrCAD Capture CIS, Xilinx ISE, MATLAB. AutoCAD, Visual Studio, Microsoft Office

Tools:
Ozcilloscope, Multimeter, Signal Generator, Raspberry Pi, Analog Discovery 2, Parallax Propeller, Intel Edizon

Design:
Analog Cirenit Destgn, Dhgital Cirenit Design, Cirenit Layout

PROJECT EXPERIENCE:
Robot Arm Precision Controller - Senior Design Group Project
Deesizned z system to control 2 robotic arm with motions of the user's arm and hand. Three inertial measurement units, two along the arm and one
on the back of the hand, determine a pomt and crientation m 3D space. The program performs forward kinematic equations to convert pont and
orientation to joint variables for the arm. Secondary module allows arm to be locked m position, a5 well as control sensitivity of movement.
Deesign implemented uzing Intel Edizon microcontroller.
Light-Sensing Alarm Clock
A Propeller microcontraller was used to take data from three photoresistors and average them together to get an ambient light level of a room.
Uzmng a predetermmed "brightness level”, the Propeller would serially communicate to an Ardume Max32 whether the room brightness lewvel
mmdicated "day” or "night”. User could input time and set the alarm through a 3x4 keypad. The alarm would sound if the alarm time was reached or
if the room got bright encugh.

WORK EXPERIENCE:

Microelectronics Engineer - Intern Defense Microelectronics Activity 10/16 to present
Inteprated circuit sample preparation for fatlure analysis and forensic enginesring.

Electrical Engineering Intern M. Neils Engineering 8/13-10/16
AntoCAD draftmg, determimng building compliance with Title 24, mamtaming as-builts, document archiving, and completing panel
schedules.

Education Representative Tim's Music 5/08- 8/15

Feguolarly fraveled 2 route to visit far-away schools, picked up instruments in need of repair, dropped off repaired instruments, and delivered
goods and supplies the teacher had ordered. Additionally: customer service representative, sales associate, mventory specialist, and assistant
repair technician.

ACTIVITIES AND ACCOMPLISHMENTS:
Eagle Scout
Full-time missionary for two vears




