Robotic Flight Simulator

Conclusion

» The Robotic Flight Simulator will provide a
cheaper method of simulating airplane controls
and improve the human - robotics relationship. The
project has a very tight deadline, but the team is
capable of handling the task.

Problem

» Current flight simulators are costly to build and
not interchangeable between different flight models.

« The relationship between human and robots
requires improvement.

Austin Kucinski, Heath Palmer, & Nathan Huber

All members are pursuing a Bachelors degree in Electrical Engineering Technology

Results Future Plans
+ Design the first step of a human-robot environ-
ment with the intent to train users hot to fly planes. Next steps include:
+ Ensure high levels of safety and system quality. . Robotics . . »  Run user tests to achieve high accuracy with the current
The data collected is the user's cartesian coordi-
nates (X, Y, Z, W, P & R) within the camera'’s field of Setup.

* Align system design and goals with Dr. Ma. view. The Roll (R) data will be parsed and convert-

ed into a 16-bit integer value and transmitted to the
PLC over Ethernet/IP. The robot determines the
threshold of when to move to the new coordinate
values. The robot takes the new head angle provid-
ed by the PLC and computes its path to follow
within an arc fashion.

+  Develop the Virtual Reality (VR) Component.

- Assemble robotic system for use with the end of

arm tooling (EOAT) and computer vision system. » Integrate VR and Robotic into one engaging interactive

flight simulator.
- Prepare for use with Kuka and Fanuc collaborative

robots. »  Further develop the project and run new user tests and

compare results from other flight simulators.
» Submit an abstract to The 70th International

Astronautical Congress in Washington, DC.

« The system will allow the user to interact kines-
thetically with the system while providing a similar
workspace area to a full-scale flight simulator.
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The control panel has a variety of switches and in-

R R dicators for the user to interact with. These do not
Robotic Theor = 2 have any effect on the robot's operation but are FOAT & Trackinc
| O only for aesthetic purposes. The operation of the

O | © switches and indicators is controlled by an Arduino
S . Nano. The Arduino Nano does not have sufficient

— — ! ! /0 pins for the number of devices designed for.

Mo  Rarsom a7 r O Therefore, an 12C bus driver is utilized to expand

. s fandon 3 e ks = the number of 1/0 pins.
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- — The user’s head angle and the location is collected
Caleute moton by a Logitech HD C920 Camera. A desktop comput- { ]
T er runs the python program that estimated the p—
P | sup e user's head Euler angles. These angles are estimat- e T EOAT B
— ed using position data of the user's face with 68 . I ! ! I
T [ ntaepostons point tracking around the eyes, nose, mouth, and Alen Brsdey KN Aecino Nano
p— j head. The OpenCV library is used for the computer anyoue Gateway ; -3 Camere
tep 1 Display important . e —_
vision. These Euler angle values are sent to the ——
— Kuka robot and utilized for the robot’s motion ac- I — e
g cordingly. A filter is applied to the python program —
to reduce the “gitter” or error while estimating the AINERGRIFLE 18 o e

Euler angles. The library used is: head-pose-estima- t
tion by lincolnhard.

Ethermnat




General Project Management

Safety

Facilities

Schedule

Bill of Materials (B.0.M.)
Simulator Topics

Credibility

Advisors + Acknowledgement

 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 a E-Stop.

» There is a red button on the robot's control panel
that will pause the robot. This is hon-safety rated.

Facilities
Our project has utilized the following facilities:

« Dr. Ou Ma's lab: The Kuka and Fanuc robots are
stationed here alongside most of the capstone
integration. This includes robotic arm programming
& testing, computer vision integration testing, and
EOAT integration testing.

» IRAS Lab (Dr. Ma)
« Kuka Robot
+  Fanuc Robot
 Testing facilities

- EECS
Desktop
PLC
HMI

Robotic Flight Simulator

Simulator Topics

- The first part of the flight simulator focusses on
hardware design, development, and integration for a
preliminary representation of a more complex flight
simulator. Aircraft control representativeness,
aircraft model flexibility, and cost were primary
concerns in this step.

Austin Kucinski, Heath Palmer, & Nathan Huber +Next, a complete visual representation of the

All members are pursuing a Bachelors degree in Electrical Engineering Technology ?\i/chz:)raithshalltbe irlrlplemented tthrOchjgfh .Virtuf?lf?egtlji.tl};
. The external environment and faircraft flexibility

topics shall be implemented in this step.

Credibilit
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Gantt Chart c The three students, Austin Kucinski, Heath Palmer, and Nathan
@ O o o S - Huber, are all pursuing a Bachelor of Science in Electrical
= e SEERe et oyt s Engineering Technology at the University of Cincinnati. Each
8 o F % o5 |elelelz|zlzzlzlz izl 2 5 e 5l e o e o o e o o e e e e e 2 e o student has experience with electrical design and programming
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- I S-S HH B HE AR R R HEHHHEEHEHE RN HEE within industrial and research environments. Individually, each
WES Tashks Lead Start End & ® . . . .
e D - T R R [ student has greater strengths within a section of the electrical
1.2 ECAT Panel Hardware Design (20 Hours) Bystin 18 111818 47 100%: 35 47 0 | R
T e o T — ; field.
15 PCE Manufacturing (EQAT & Contral) (15 Howrs) ACENH 1280118 2/810 41 20% 20 az ] B 1
T e pmx o wm & —
2 Gamera otsgration 114 Hours reon  DGGHAE  ooanolEINNRIGRY  t0s  so  2e (| , o . _ _
T R TR —— = i Austin specializes in industrial hardware design and
Ssie==t &  EE= : i integration.
27 System Integration (16 Hours) Heath 22019 22818 9 100% 7 g8 [i] 1
3 Rebotic Programming (122 Hours) Matan | 10MME  22sm0[ 481 121% . 10 182 31 el
22 Spna Ot e LTI S N — Ly i . L de
53 s g o T T S — — : Heath specializes in vision and camera utilization.
T . 3 EEE e I
i.? mﬂu:] m 117HS ﬁ:: 43 100% ;‘l :;, .:]3 Il ' . ' . . . .
i i i Nathan specializes in industrial programming and robotics.
4.3 Db |10 Hours) MNathan 11718 22815 43 100%: 3 43 0
5 HMI (37 Hours) Nathan 22818 88 107 13 s
——TE g e R e The experiences the group gained within the classroom and on
6.1 Technical Design Reviews (Oral) {20 Howrs) Team 10118 111618 47 0% a5 i] 47 ] 1 . . . . .
T e o — Co-Op interlink with the proposed project. All of these skills,

classroom and hands-on, will further strengthen the quality and
With a capstone project of this size, the timeline is rushed. It is anticipated to have all hardware and software durability of the project proposed.
completed promptly after Christmas break. Integration and debug will start at the beginning of January. The
estimated timeline. 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.
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Senior Desen Roboti Fheht Sinmlstor (1'3)
Bill of M sterial
Members Nattan H AmtnK. & Huti P Uniersity Funded Dr M a
PeromalivFundad ¢
Lie Bem: Oty Caglog Mumber Desripton: Manfachrer Vendor Suppler; TnitCost: TomiCoxt o
1000 1 CR35-1A Famx Rohot Fanx Famx Ameria Universie of Crcewmti S45710.00 54571000 D r Ra b I e e
1000 1 SoftwareOptoms Rabot Scftware Addisors Faax  Fanx Amerta Usberstydf Crciveti $982800 §9,82890 ’
102 1 RSD-14 Kika 2 Kua Kua  Usbersty of Cincivati $50000.00 $50,000.00 ere. o
10 1 Calo ABRMI S Alkn Bradal Rociooell  Untersiivd Cirimti 550000 $300.00
104 1 17©1%BEQEIB CampactLosi PLC AbnBradey  Rockwel UnberstvoCreivati 5120000  $120000 E H &S & U C Fa CI | It I eS
1006 $Q00 50.00
1006 1 Losiech- C520WebCam CROWebCam Losich Lositach Haath Palmer $50.00 $5000
1007 5000 $0.00
108 2 A- 1640 RotarvSwirh4 Pois 3 Posision  Tawda Elacwonis Tavda Angin Kuceski §0.89 5178
100 3 A-5098 Bhck Past Knob with Green Poerter Tavda Elacwont s Tawda Austin Kucingki 5022 $0.66 ®
1010 5 A-30 Black Plastc Knob with Whies Porter Tawda Elecroncs Tawdz Austn Kucnski 0212 51.10
1011 | 3 A- 1962 1K OHM Linear Taper Pontome r  Tawda Elecwonts Tawda Asstin Kucinski $0.50 $1.50 Hnyb us
1012 |5 A-T06 LED 5o Rad Tawda Elecwonrs  Tawda Anstin Koceski 0.02 .10 BY HMS NETWORKS
1013 ' 5 A-057 LED Smen Green Tawda Eleckonts Tawda Austn Kiciski 0.03 $0.15
104 5 A-407 LED 5= Ele Tawda Elecwonts Tawda Austin Kcski 005 3035
1015 5 A-1583 LED Smen Yo low Tawda Elecwonts Tayda Austin Kiceski .03 .15
1018 5 A-4587 M Toegle Swirh SPDT On-On | Tawda Bleckonts Tawda Anain Kol 5047 235
1017 | 3 A1 IM7E05 Volase Rembator Tawda Blecont s Tawds Anssin Kueingei 013 W&
1018 | 50 A-N15 10K OHM 14W 5% Rastier Tawda Blectronts Tawda Anatin Kucind| 5001 0350
108 | 5 A-001 8 pin DIPIC Socket Adaptar Tawda Blackonts  Tawda Anstin Kucinsici $0.03 $0.15
100 |5 A-1801 8o DIPLC Socket Adapior  Tawda Blacwonts Tawda Anstin Kucinsici $0.11 50355
10 |1 A-5182 Copper Chd Board PCE Tawda Bacronrs  Tawda Austin Kucinsii 5189 5189
wn 20 A8 20OHM 14W 5% Resimor  Tawla Elcwonrs  Tawda Austin Kucnsc $0.01 020
105 10 A- 2087 3E00BM 19W 5% Remmor Tavda Elecwonis Tawda Angn Kueensi 50.01 50.10
104 16 A- 240 PCE support with Adresve Back Tawda Elacwonrs Tawda Angin Kucski $0.10 $1.60
=T | A-2849 Karkd Abmine BackKoob Tawda Elecrontcs Tawda Augtin Kucing $1.29 5122

UenenivFunded: 310728890 5107.288.00
Pesoraly Funded: 528887 §382 80
Growp: $188.87 538280

Tot!Coat: $107,577.77 $107,671.70

The breakdown of the budget is shown above. Most of the supplies will be provided by Nathan and the remain-
ing supplies will be purchased using the money allotted by the College of Engineering.




