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ABSTRACT 
The system is a Robotic Flight Simulator. The system further develops human-robot interactions 
by utilizing vision processing and a collaborative robotic arm to interact with the user. This is 
one more step towards having robots respond to gestures, facial expressions, and human 
motion in real time. The vision system utilizes OpenCV written in python to handle the vision 
processing and communicates to a Kuka iiwa robot that manipulates the end effector around a 
person within arc. The end effector is a small control panel outfitted to look like a mini mockup 
of a control panel for user interaction. This is a static / dynamic robot system where the robot 
has a specified route it will follow but it is based on human feedback through vision. In the 
future, using this progress, we will be able to further improve upon more dynamic robot 
systems that react with human feedback. Most robotic arm solutions involve static paths that 
do not change based off of human input. With the rise in collaborative tasks between humans 
and robots within the industry, it is imperative that the technology be developed to further 
develop these interactions. A possibility with this research is to create a robotic system that is 
able to care for the elderly or sick with simple tasks, such as lifting a table or reaching for items 
on the floor.  
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INTRODUCTION 
The project completed is a Robotic Flight Simulator. The purpose of the robotic flight simulator 
is to reduce the cost of flight simulators and to increase the research into human-robot 
interaction. This document covers the following: Problem, Solution, Implementation, and 
Benefactors of designing and building a robotic flight simulator. The project will encompass the 
material the team has learned within the classroom and while on Co-Op. This project allows the 
team to demonstrate electrical hardware design, programming, robotics, and project 
management.   
 

Problem 
The cost to construct a standard full-scale flight simulator is extremely high in comparison to 
the cost of a robotic system. An example of a flight simulator is shown in Figure 1 below. With 
the greatest cost of the project being the robot and a typical robotic arm being ~$65,000, there 
is large cost savings when compared to a typical simulator. The remaining components at 
commercial cost would be approximately $10,000. Also, as more robots are increasingly 
integrated into the workforce, more research needs to be completed on how humans and 
robots can interact. The outcome of how the robot will react to human interaction, as well as 
how a human will interact with a robot. These interactions can be monitored by force sensors, 
cameras, switches, pressure mats, etc.  
 

 
                           Figure 1: Boeing 737 Flight Simulator [1] 
 
 
 
 
 
 
 



 

Austin Kucinski, Heath Palmer, and Nathan Huber, 2018 - 2019 Page: 7 

Robotic Flight Simulator 

Credibility  
The three students, Austin Kucinski, Heath Palmer, and Nathan Huber are all pursuing a 
Bachelor of Science in Electrical Engineering Technology at the University of Cincinnati. Each 
student has experience with electrical design and programming within industrial and research 
environments. Individually, each student has greater strengths within a section of the electrical 
field. Austin specializes in industrial hardware design and integration, Heath specializes in vision 
and camera utilization, and Nathan specializes in industrial programming, vision, and robotics. 
The concept map in Figure 2 shows how the experiences the group gained within the classroom 
and on Co-Op interlink with the proposed project. All of these skills, classroom and hands-on, 
will further strengthen the quality and durability of the project proposed.  
 

Austin has gained experience throughout school and co-op including electronics design, 
programming, and integration. In addition, his control systems work at Cincinnati Test Systems 
and Automation Plus/Process Plus designing control panels for process plants and integrating 
automated test fixtures further adds to fact that the function and operation of the 
EOAT/Control Panel is easily achievable. In addition, his software development and programing 
skills will be a helpful asset. The application of each of these skills and other general skills will 
result in a finished product based on the original design. 
 

Heath gathered theory and hands-on experience with Virtual and Augmented Reality 
development, through co-op, personal projects, and undergraduate research. This includes the 
use of tracked user data in an application. Heath attended the 2018 Reality Virtually USC 
Hackathon where his team created a mobile app to track three points on a human arm, then 
overlay the appearance of muscle or skeleton layers for educational purposes. This application 
used the mobile camera for tracking and Unity 3D for application development. Although 
different development software, Heath has shown adaptability and promise to complete this 
product. 
 

Nathan has a strong background in robotics, vision, and industrial control systems. This 
experience has been gained from working at Coldwater Machine, personal projects, and 
undergraduate research. Nathan is skilled in four different robotic programming languages and 
proficient in over ten programming languages. Also, Nathan is certified in Fanuc Collaborative 
Robotics and Dual Check Safety. With these skills, Nathan managed the software, vision, and 
robotics of a 22 robotic industrial system in a fraction of the quoted time for an automotive 
supplier. Using the experience and skills preserved, Nathan has the capability to accomplish the 
task at hand.  
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Project Goals 
There are several goals that have been identified. The main goal is to improve the research 
within human – robot collaboration. The collaborative robotic market is rapidly growing and 
there is minimal research on how humans can better interact with robots. Part of the research 
being done within this project is how this collaboration can improve training of systems within 
aerospace. The robotic arm will manipulate its end effector around a person within an arcing 
fashion to simulate the rounded shape of a cockpit. The project is not a final solution but a 
stepping stone to further research.  
 
The use of robotics is rapidly growing within today’s world. As the need for humans and robots 
to interact increases, the development of the collaborative robot market has increased. Both 
the Kuka or the Fanuc robot used for this project is a collaborative robot. Both robots meet the 
ISO standard to allow direct human interaction safely. Collaborative robots (Cobots) have only 
been used within the market for a short period of time now. By further developing software 
and motion controls to interact with different methods, the relationship can be improved.  
 
The cost of flight simulators can be up over 12 million dollars depending on the size and 
features required. [4] As this project further develops past the goals stated, it is anticipated to 
use virtual reality technology to provide a more proper visual feedback while providing the 
kinesthetic feedback of the control panel being manipulated around the person with a robot. 
Although the VR technology will not be included within this scope of work, it is designed to 
allow future members of the engineering community pick up with what is completed.  
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DISCUSSION  
Project Concept 
The Robotic Flight Simulator will help decrease the high cost for simplified flight controllers. 
Also, the greatest impact the project will provide is further developing and improving human - 
robot interactions. This is by using a robotic arm to engage with the user by having a control 
panel, mounted on the end effector, for the user to interact with and the robot changing its 
position based on the feedback provided from the vision system. The concepts taught within 
the team’s education and work experience tie in with the goals of the project shown in Figure 2.  
 

 
       Figure 2: Concept Map 
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Design Objective 
The project will contain several components shown below in Figure 3. The system will utilize a 
variety of embedded systems, communication protocols, and power systems. The camera on 
the end of arm tooling (EOAT) will monitor the user’s head angle and relay this information to a 
Raspberry Pi. The Raspberry Pi will relay the information from the EOAT to the main control 
panel over Ethernet/IP. Finally, the PLC handles the robot control and the HMI mounted on the 
end effector. The Arduino Nano located inside the EOAT Cabinet will control the switches and 
LEDs for human interaction. The Kuka iiwa is the robot used for demonstrating the system. 
Earlier in the proposal phase of the project, a Fanuc CR35iA robot was purchased for the intent 
of this project but due to installation delays, the Kuka iiwa is used as a substation. This does not 
change the overall scope or goals for the project but what hardware was used to complete this 
task.  
 

 
Figure 3: System Layout 
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Vision 
The problems stated will be resolved by implementing a robotic arm that responds to the user’s 
head position. The video to be processed is collected by a Logitech HD C920 Camera. A 
powerful desktop will parse the data using an open source software called OpenCV with a 
library called “Head Pose Estimation” by GitHub user Lincolnhard. [2] The Head Pose Estimation 
library will provide an estimated output of the yaw, pitch and roll of the user’s face. The 
software identifies 68 points on the user’s face shown in Figure 4 below. 
 

 
       Figure 4: Head Pose Estimation Annotation [2]  
 
The robot requires the Pitch value from the python script to be sent to the robot. The data is 
filtered by running a weighted average of the data collected and transmits the data to the PLC if 
it exceeds a certain threshold of the previous data transmitted to the PLC. The data transmitted 
to the PLC from the desktop uses the library ruscito/pycomm. [3]  
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Robotics 
The data collected is the user’s cartesian angular coordinates (Yaw, Pitch, and Roll) within the 
camera’s field of view. The Pitch (P) data will be parsed and converted into a 16-bit integer 
value and transmitted to the PLC over Ethernet. The modified vision program will determine 
the threshold of when to tell the robot to move to the new coordinate values. This prevents the 
PLC from being spammed with data it already knows. The robot takes the new head angle 
provided by the PLC and computes its path to follow within an arc fashion. A slight variation of 
this is shown in Figure 5 below.  
 

 
             Figure 5: Robot Path 
 
The radius of the arc can be set through the C600 HMI mounted within the control cabinet. This 
allows the user to have the flexibility when wanting to simulate different sized cockpits of 
airplanes. For example, a smaller airplane will have a smaller radius to the oblong shaped 
cockpit while a larger airplane will have a larger radius. A downside to the current layout is that 
the robot has a max reach and the larger the radius, the decreased angular capabilities it has. 
An example is the Kuka iiwa 14 robot, at a radius of 500mm the max angle the user’s head can 
go is +- 40 degrees. At a radius of 600mm the max angle that the robot can reach is +- 28 
degrees. This is assuming the robot’s end effector is at a distance of 175mm from the base in 
the X coordinate plan with an overall angle of zero. The robot calculates the max angle that it 
can rotate about along the specified radius in the background. The equation to calculate this is 
shown below in Equation 1.  
 

𝑀𝑎𝑥 𝐴𝑛𝑔𝑙𝑒 = (𝑅𝑎𝑑𝑖𝑢𝑠 ∗ 0.135 + 108.5) ∗ 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟  (1) 
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This equation was developed by removing the max angle limits internal to the robot program 
and allowing the robot to run until it faults stating that the position cannot be reached. This 
data was recorded and shown in the table below in Figure 6. 
 

Radius Height  Max Angle 

400 

400 57 

500 55 

600 55 

500 

400 41 

500 41 

600 40 

600 

400 29 

500 28 

600 28 

  Figure 6: Angle Limits 
 
The data shown in Figure 6 above is plotted in Figure 7 below to show the data is relatively 
linear. There is a slight dip in the Max Head Angle around 500mm but in comparison to the 
linear dashed line, it is close enough for these purposes to consider linear. The “R” value also 
proves the visual assumptions due to the slight difference between the “R” value and one.  
 

 
     Figure 7: Radius vs Angle 
 
A safety factor of 10 % is taken into account to prevent any accidental overreach. This equation 
is constantly executed in the background to ensure any changes in the radius are accounted for 
within the limits of the robots reach.  
 
 

y = -13.5x + 68
R² = 0.9959
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Also, the Z height that the control cabinet is manipulated upon is dynamically changed within 
the HMI shown in Figure 14. This allows different height users to interact with the simulator 
comfortably. This is also a solution to different height control systems.  

 
An outline of the main robot program is shown below in Figure 8.  
 

 
 

Figure 8:  Main Robot Program 
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An outline of the background robot program is shown below in Figure 9. 
 

 
 

     Figure 9: Background Robot Program 
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End Effector 
The user interacts with the control panel mounted on the end effector of the robot. The control 
panel has two main purposes, Play Mode and Robot Configuration (Settings). The “Play Mode” 
is a screen that the user is able to interact with that has no correlation with the systems 
operation.                                       
 
The design ideology for the control panel is to mimic an aircraft flight control panel in both 
loose aesthetic and mechanical function. Therefore, the research required for the design of this 
panel consisted of compiling several different, actual, aircraft flight control panels and drawing 
similarities. With the overall design scheme selected, buttons and switches were selected to 
provide different types of hand/finger mechanics when interacting with the panel; E.g. square 
momentary pushbutton, circular latching pushbutton, toggle switch, others.  
 
The operation of the switches and indicators are controlled by an Arduino Nano. The Arduino 
Nano does not have sufficient I/O pins for the number of devices designed for. Therefore, an I2C 
buffer is implemented with a 16-Bit I2C I/O Expander to expand the number of I/O pins and to 
account for any problems with bus capacitance. These integrate with the manufactured PCBs to 
supply all the inputs and outputs communicated to the Arduino. A 4-digit 7-segment display 
with an I2C backpack is also integrated into the user feedback setup. A stop button is mounted 
on the front of the control panel and integrated into the PLC I/O to request the robot to stop. 
The completed panel and panel layout are shown in Figure 10A and Figure 10B below.  
 
There are two programs developed for the control panel. The first is a simple “test” program 
designed for simple input and user feedback. For example, when a button is pressed, an LED is 
activated; when a selector switched is turned, a different display is called for the 7-segment 
display. The second program developed includes this test program, but adds another element 
called “Game mode”. In this mode, the selector switch is used to start, and an indicator is 
randomly chosen and lit. The user then required to activate the corresponding input. If correct, 
the program gives the user the “correct feedback”, if incorrect, the program notifies the user 
and the same button is re-lit. 
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              Figure 10A: Control Panel Layout 
 
 

 
                   Figure 10B: Control Panel Layout 
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Main Control Panel 
The Main Control Panel will contain the following: 

⚫ Power supplies 
⚫ Allen Bradley PLC 
⚫ Ethernet Switch 

The Allen Bradley PLC will communicate any information over Ethernet/IP to an Anybus 
EtherCAT to Ethernet/IP converter to communicate to the robot. The PLC will send and receive 
information from the C600 HMI over serial and the computer will communicate over Ethernet 
to the PLC. The incoming 120VAC will be switchable fused to allow the power of the whole 
system to be turned off from the control panel, as well as a fuse for the power supply. The 
backplane is made from painted plywood and 1” conduit was used as wireway. The completed 
main control panel and panel layout is shown in Figure 11A and Figure 11B below. 
 

 
Figure 11A: Main Control Panel Layout 
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 Figure 11B: Main Control Panel Layout 
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PLC  
The CompactLogix PLC is used as a pass through between the Computer Vision system and the 
robot. Some of the data such as the robot’s Cartesian position and head angle are shown on the 
HMI. The PLC also has miscellaneous timers and bits that interact with the HMI’s “Play” screen 
interface. The data to be sent to the robot from the Vision Computer system is written to the 
PLC by using a python library called Pycomm by Ruscito. [3] The PLC is shown in Figure 12 below. 
 

 
  Figure 12: Allen Bradley PLC 
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HMI 
The C600 HMI allows the user to interact with a “Play” screen and “Settings” screen. The “Play” 
screen has various buttons, dials, and indicators that the user can be engaged with. See screen 
in Figure 13 below. 
 

 
Figure 13: Play HMI Screen 
 

 The “Settings” screen allows the user to view the robot’s Cartesian coordinates, set the height, 
and radius of the robot in real time. See screen in Figure 14 below. 
 

 
Figure 14: Settings HMI Screen 
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Communication 
The system uses numerous different industrial protocols to communicate. Typically, it is 
preferred to stick with one protocol but due to the supplies being donated by outside sources, 
it was not in our control to dictate what protocols were available. The Computer Vision system 
communicates over Ethernet to the PLC using a python library called Pycomm by Ruscito. [3] 
This setup does not require the PLC to have a configured device within its Ethernet tree. The 
HMI communicates with the PLC with serial communication. The null modem serial cable 
between the two allows them to communicate. Despite the HMI bring programmed over 
Ethernet and Ethernet/IP capable, the HMI cannot communicate over Ethernet with a 
CompactLogix PLC. The HMI can only communicate to older models of Allen Bradley PLCs. The 
PLC (Ethernet/IP) communicates to the Kuka Robot (EtherCAT) by communicating through an 
Anybus converter. The Anybus converter allows the Ethernet/IP device to communicate to an 
EtherCAT device with little lag.  
 
The list of IP Addresses is shown below in Figure 15. 
 

NAME IP Address 

PLC 192.168.1.150 

C600 HMI 192.168.1.151 

Fanuc Robot 192.168.1.154 

Anybus Converter 192.168.1.155 

Desktop 192.168.1.160 

Kuka Robot 192.168.1.161 

Nathan’s Laptop 192.168.1.241 

    Figure 15: IP Address 
 
An example of the output terminal is shown below in Figure 16.  
 

 
                  Figure 16: Terminal Output 
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Manufacturing 
The system requires custom parts to be manufactured such as camera mounts, foam mounts, 
high voltage covers, Ethernet switch mount, and PCB. These parts are manufactured using 
Nathan’s 3D Printer and CNC machine. The parts are developed in Autodesk Fusion for 3D 
Printing and Autodesk Eagle for the printed circuit boards.  
 
The camera mount is made with blue PLA filament shown in Figure 17 below. The mount is 
designed to hold the Logitech C910 Camera and mount to the top of the control panel with 
3mm bolts. The camera can be strapped into the with a small zip tie through the slots along the 
side and through the camera’s folding stand. 
 
 

 
       Figure 17: Camera Mounts 
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The foam mounts are made with blue PLA filament shown in Figure 18 below. The foam mounts 
are designed to be the same diameter as the foam tubes that will be interested into them. The 
inner side of the mount has a protruding notch that digs into the foam tube to ensure that it 
does not move. The mounts are affixed to the control panel with self-tapping sheet metal 
screws. The foam provides a cushion for any accidental impacts to the side of the control panel.  
 

 
          Figure 18: Foam Mounts 
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The high voltage covers are made with purple PLA filament shown in Figure 19 and Figure 20 
below. The high voltage covers protect users and conductive materials from coming into 
contact with 120VAC that is used within the main control panel.  
 
The cover shown in Figure 19 below, protects the main 120VAC fuse terminals. This fuse 
protects the incoming line of the Sola 24VDC power supply. The voltage cover has a small 
cutout along the rear to fit over din rail. Slots along the top and bottom allow incoming and 
outgoing cables to fit between the PLC and the cover. Horizontal slots along the front face allow 
the user to see if the fuse has blown. When a fuse failure has occurred, a red light will 
illuminate on the fuse holder and shine through the slots.  
 

 
         Figure 19: Circuit Breaker Cover 
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The cover shown below in Figure 20, protects the Sola Power Supply terminals from being 
touched. The voltage cover has holes at the top and bottom of the right-hand side tabs to be 
affixed to the power supply with screws.  
 

 
      Figure 20: Sola Power Supply Cover 
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The Ethernet switch mount is made with purple PLA filament shown in Figure 21 below. The TP-
Link 8 Port Ethernet switch snaps into place through an opening on the side of the part. The 
opening is slightly larger than the thickness of the Ethernet Switch. The bottom of the opening 
has a slight lip for the Ethernet switch to hold the switch into place once inserted all the way. 
On the opposite side, there is a small square opening to allow the 12VDC plug to be inserted 
into the device. The rear of the mount has two screw holes that have a large enough width 
between them for the screws to be inserted through the slots within the din rail. This allows the 
Ethernet switch mount to be mounted on top of din rail with screws. A major flaw in this design 
is that for the mount to be removed, the Ethernet switch must be unplugged and removed to 
relocate the mount. 
 

 
        Figure 21: Ethernet Switch Mount 
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The PCBs were designed to expand the amount of IO available to the Arduino Nano and to 
regulate 24 VDC to 5 VDC for use throughout the entire panel. Each component and point are 
through-hole soldered. Design considerations included extra IO and the option of a physical 
pull-up resistor rather than the internal pull-up implemented with the IO expander chip. The 
schematics and PCB layouts are shown in Figure 22, Figure 23, Figure 24, and Figure 25.    

 

 
      Figure 22: Power and Output PCB Schematic 
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       Figure 23: Power and Output PCB Layout 
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                   Figure 24: Input PCB Schematic 

 

 
      Figure 25: Input PCB Layout 
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The printed circuit boards are cutout from a 6” x 6” copper clad board. The PCB schematics and 
board are designed in Autodesk Eagle. The software FlatCAM and bCNC are used to prepare 
and control the CNC milling process. The CNC uses a 3.175mm end mill to cutout the board and 
a 0.2mm end mill to mill the traces. A benchtop drill press was used to drill the through-holes 
See Figure 26 below to see the boards post milling process.  
 

 
               Figure 26: Post CNC Milling 
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Safety 
The project will utilize numerous safety measures to protect the equipment and the personnel 
using it. The robot will maintain a minimum of 24 inches away from any stationary object to 
meet the ISO Robotic Standard. There will be an E-Stop that is tied into the robot’s safety 
processor to halt motion. The robot is collaborative, allowing the robot to stop safely when 
colliding with a human. The robot is configured for a stopping force of 30N. In order to have the 
Kuka robot at public events and have the public be able to interact with the robotic system, 
Nathan co-authored the robotic safety guidelines for the EH&S department and the College of 
Engineering. These reports are appended to the end of this document. For brevity, the 
following are in place for the system to operate safely.  
 

• High visibility duct tape showing the robots' maximum reach. 

• Sign(s) warning of robot motion. 

• Configuring limits internal to the robot.  

• Foam attachments around the End Effector (Control Panel) to reduce hard edges.  

• The Blue LED Ring Light will illuminate prior to the motion. 

• Nathan will hold the Teach pendant for an E-Stop 

• There is a red button on the robot's control panel that will pause the robot.  
 

Nathan designed the layout of the lab in Roboguide and Autodesk Electrical for the installation 
of the Fanuc robot and to visualize the DCS parameters. DCS stands for Dual Check Safety and is 
the safety component of the Fanuc robot. The DCS is configured to setup workable areas, 
collaborative settings, payloads, and user models. In Figure 27 below is a screen shot taken 
from the Roboguide model. 
 

 
Figure 27: Roboguide Simulator 
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Budget 
The breakdown of the budget is shown below in Figure 28 to Figure 30. Most of the supplies 
will be provided by Austin and Nathan and the remaining supplies will be purchased using the 
money allotted by the College of Engineering.  
 

 
     Figure 28: Bill of Material (1/3) 
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Figure 29: Bill of Material (2/3) 
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  Figure 30: Bill of Material (3/3) 
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The hourly breakdown shown in Figure 31 assumes that the rate per hour is $100.  
 

 
   Figure 31: Hourly Breakdown 
 
 
 
 
 
 
 
 
 

Category Estimated Actual Category Estimated Actual

Market Research 10 10 Purchasing 15 22

Literature Review 10 8 Shipping/Install 10 85

Integration Research 10 10 Software Programming 50 48

Hardware Setup 25 15 Wire Assembly 10 9

Software Setup 25 40 Communication & IO 2 8

Troubleshooting 16 12 Initial Startup 10 10

Mount Construction 2 2 Debug 25 18

System Integration 16 10 Total: 122 200

Total: 114 107

Software Programming 30 20

Control Panel Hardware 

Design 20 5 Communication & IO 2 1.5

EOAT Panel Hardware 

Design 20 15 Debug 10 1.75

Control Panel Assembly 40 20 Total: 42 23.25

EOAT Panel Assembly 40 65

PCB Manufacturing(EOAT 

& Control) 15 30 Software Programming 25 19

Arduino Programming 20 25 Communication & IO 2 1.75

Debug 30 30 Debug 10 2

Total: 185 190 Total: 37 22.75

Technical Design Reviews 

(Oral) 20 2 Total Hours: 580 570

Construct Poster 40 10 Labor Rate:

Tech Expo 20 15 Total Cost: $58,000 $57,000 

Total: 80 27

$100 

Eye Tracking Robotic Programming (Kuka & Fanuc)

PLC Programming

Control Panel

HMI Programming

Presentations Total Project
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Timeline 
With a capstone project of this size, the timeline is rushed. It is anticipated to have all hardware 
and software completed promptly after Christmas break. Integration and debug will start at the 
beginning of January. The estimated timeline is shown in Figure 32 below. The Gantt chart does 
not follow the typical downward stair step pattern because each team member will play a key 
role within the development of the project while working independently.  
 

 
          Figure 32: Timeline 
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Lessons Learned 
The following section describes the lessons learned throughout the project. It will cover 
different issues that occurred and the resolutions to them. 
 

HMI 
Originally, the plan for the HMI was to communicate over Ethernet/IP to the PLC. This would 
allow for all of the network to be on an Ethernet based protocol. Instead, a null-modem serial 
cable is used to establish communication between the PLC and HMI.  
 
Early in the design phase, it was thought that having a PanelView 5300 series HMI on the 
control panel would be ideal to act as the “Settings” screen and the C600 would only be the 
“Play” screen. It was found that the newer PanelView HMI’s could not communicate to the 
CompactLogix PLC’s due to device version conflicts.  
 

Robot 
The robot intended to be used was Fanuc CR35iA shown in Figure 33 below.  
 

 
            Figure 33: Fanuc Robot 
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The Fanuc robot was received late December. Upon arrival, the robot was found to be too tall 
for the lab’s doorway and hallway. The pallet it was shipped on had too wide of fork lift pockets 
for the robot to be lifted with the small forklift at hand. Fanuc employees came to assist Nathan 
and the universities facility employees in moving the robot by bringing a device called a “Brake 
Box” that allows the robot’s brakes to be released and the arm moved. This allowed for the 
robot’s arm to be lowered for transportation through the hallway. By using pallet jacks the 
robot was able to be transported into the lab. The lab’s concrete is only five inches thick and 
Fanuc recommends a minimum of eight inches of concrete. Nathan worked with the 
universities structural engineer and facilities manager on figuring out a way to install the robot. 
It was decided that a larger 6.5ft plate will go underneath the robot to redistribute the forces 
applied to floor. Early to mid-April the Fanuc robot installation process started. See Figure 34 
below.  
 

 
       Figure 34: Fanuc Installation Base 
 
With the major delay and hold-ups with the Fanuc robot, Nathan taught himself Kuka robotics 
over winter to ensure the robotic portion did not fall behind. It was found that the University 
operates differently than an industrial facility Nathan is familiar with. 
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Control Panel 
Aesthetically and operatively speaking, the control panel preformed perfectly as design 
specifications were laid out and dictated. It adequately mimicked an aircraft control panel and 
the more popular button mechanics were implemented. Where the most changes would be 
made deal with the design of the PCBs and ultimately the cable management within the control 
panel. The first change would be to implement terminal blocks at the points that connect to 
external wiring such as inputs and outputs. This would have eased installation and ultimately 
saved time and space. The second change would be to layout the boards differently to improve 
the ability to cable manage. At the first revision of the boards, the amount of IO and other 
considerations had to be made without knowing the final layout of the physical setup and 
design. Now that these considerations are finalized, the PCBs could be trimmed and re-laid out 
to improve cable management within the panel.  
 

Vision 
While testing the system with various people, it was found that people with a skinnier and 
more oblong face cause inaccuracies within the vision system. Also, it depended on if the user 
was wearing glasses or not. The vision system identifies points around the eyes, eyebrows, 
nose, mouth, and jawline. When the user’s face is skinnier, the points identified become too 
close together for the system to estimate the head angle accurately. If the user was wearing 
glasses, the points around the eyes and eyebrows would be identified along the rim of the 
glasses or the glare reflecting from the lenses. The vision system also has issues with numerous 
faces being within the field of view. This causes the identified face to jump around between the 
faces detected. These results are concluded from Nathan’s observations of the numerous users 
at the CEAS Tribunal Expo.  
 
The original plan was to use a Raspberry Pi, but it was found that the processing power of the 
units are not enough for the task required. Nathan found that there is approximately a four 
second lag between the image being parsed to transmission. A 20mm fan was added to cool the 
CPU but provided little help to the Raspberry Pi’s speed. It did reduce the temperature of the 
CPU but did not improve the speed noticeably. 

 

Future Recommendations 
This project is not a complete solution to something rather a step towards improved human – 
robot collaboration. The project integrates many rapidly growing fields such as industrial 
control, robotics, and vision. In the future, it is hoped to have an improved vision system and a 
virtual reality component added to it.  
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CONCLUSION  
 

Benefactors 
Many people will benefit from the Robotic Flight Simulator project. It will help reduce the costs 
of training pilots. Also, the community as a whole will benefit from the increased research into 
the relationship between humans and robotics. It cannot accurately be estimated on the total 
reduction of costs because of the new technology being used.  
 

Conclusion 
In conclusion, The Robotic Flight Simulator will provide a cheaper method of simulating airplane 
controls and improve the human - robotics relationship. The objective of the project was 
completed, to create a robotic system that responds to human feedback. This feedback is in the 
form of the user’s head angle from a custom vision system. This is not a final project that has 
officially solved an issue but is a step towards improving human – robot relations.  
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APPENDIX 
 

Appendix A: HMI Program 
Website: https://github.com/naterbug25/Capstone/tree/master/HMI 
 

Appendix B: PLC Program 
Website: https://github.com/naterbug25/Capstone/tree/master/PLC 
 

Appendix C: Vision Program 
Website: https://github.com/naterbug25/Capstone/tree/master/Computer_Vision  
 

Appendix D: Computer <–> PLC Communication Program 
Website: https://github.com/naterbug25/Capstone/tree/master/Computer_PLC_Comm 
 

Appendix E: Robot Main Program 
Website: https://github.com/naterbug25/Capstone/tree/master/Robot_Program 
 

Appendix F: Robot Background Program 
Website: https://github.com/naterbug25/Capstone/tree/master/Robot_Program 
 

Appendix G: 3D Print STL Files 
Website: https://github.com/naterbug25/Capstone/tree/master/3D_Print_STL 

 

Appendix H: Datasheets 
Website: https://github.com/naterbug25/Capstone/tree/master/Datasheets 
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Appendix I: EH&S Robotic Safety Procedure 
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Appendix J: Rhodes 401 Robotic Safety Procedure 
Website: https://github.com/naterbug25/Capstone/tree/master/Report/Safety 
 

Appendix K: CAD Diagrams and Layouts 
Website: https://github.com/naterbug25/Capstone/tree/master/Schematics 
 
See next page. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

 
 



   

 

 

 

 

 

 

 


