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e Presentation framework

- software engineering of unmanned-aerial-vehicle system through
modeling, simulation, visualization, and analysis

- emphases
B software engineering: testing, evaluation, analysis
M virtual worlds and gaming

[l mechatronics
Il pedagogy
* Project serves as surrogate for many others and shows...
... what I do

... how [ include students in teaching, research, and service

more details at shelby.wnmu.edu/uav and shelby.wnmu.edu/cmps450


http://localhost/uav
http://localhost/cmps450

* Army Future Combat Systems program
- modeling and simulation of virtual worlds, agents, and systems of systems

— serious software quality assurance
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Pedagogical Framework ¢ Goal

* Bidirectional correspondence between real world and model
— does what it is supposed to do

- does not do what it is not supposed to do

If builders built buildings the way programmers wrote programes,
then the first woodpecker that came along would destroy civilization.

Harry Weinberger

S fvmfr] sources: clker.com, blogiarenillas.wikispaces.com 4



* Critical thinking

— holistic, multi-perspective, systems view
* who, what, when, where, why, how: W°H

* data, information, knowledge, wisdom: DIKW

. g

Data Information
no associativity associativity within one context
Knowledge Wisdom
associativity within creation of generalized principles
multiple contexts based on existing knowledge

from different sources

S [Vl source: Software Engineering, Pressman 5



Social Scientists Frohblem-
& Specific
Engineers

MNon-Technical Experts

Physicists, Chemisls,

Business Computer| Embedded | Controls Mathematicians, &
Experis 5?5!&11‘!5 Computer Scientisis
@ wuitidisciplinary System Design
@B Control
{?‘7’ Systems
&
General aviation is an economic o Do soriey Conttol
af Systems B Electronics
. e11e T
engine that pumps S150 billion = |
Ly e
in the U.S. economy each year & Ei‘:;i;:;
and creates 1.3 million jobs.
: \ Electro-
AOPA Magazine, Sep. 2011 o

Mechanical
Systems
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Technology / System ?\ijgt?il?tss
(Feasibility) [Integration Sustainabxi;ity)

Complexity
(Usability)

source: multimechatronics.com 6
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MAMUFACTURING

TECHHOLOGY

Engineering Analysiz
Statics & Dynamica
Electronics & Mechatronics
Programming Methodology
Bioengineering

Materials

Thermodynamics

Chemical Engineering

(feasibility)

.f"'#
e
-
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DESIGH & INTERACTIVITY
Human Computer Interaction
Visual Thinking

Design for Sustainability
Aesthetics & Form

Manufacturing Technology
Manufacturing Process

Supply Chain Management
Rapid Prototyping

HUMAN YALUES

Paychology
aAnthropology

Sociolo
Ethnography
Meed-Finding

e

N

e,

BUSINESS
Accounting
Finance

Economic Analysis & Policy

Marketing
Operations

Information Technology

Entrepreneurship

DESIGN

™

.

Competition and Strategy

INNOVATION

ORGAMITATIOMAL BEHAYIOR

Management & Teams
Human Besources
Organizational Dynamics
Megotiation

source: designinnovation.ie
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Course Project

* Instrument-based flight simulator with human pilot
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Data Acquisition * Virtual
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 Data collection from flight-test regimen

Cessna 172XP Robinson R22

see shelby.wnmu.edu/logger and shelby.wnmu.edu/yellowstone
HEW source (right): everettaero.com 12


http://localhost/logger
http://localhost/yellowstone
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* Repurposeable logged sensors with innovative applications

i AHRS Property [ditar

www.pololu.comBgy

PROCESS_COVARMNCE_REPORT packet P
erved MAG_COVARIANCE _REPORT packet
Recerved MAG_CAL_REPORT mn
Recesved MAG_BIAS_REPORAT pach
MAG m_wcron_ntmr pachat
EXF_RESET packet
Comglets: EXF_RESET

[Mllsﬂ’*lw[ I - " .—u-“ = o

>

HUE source: pololu.com, sparkfun.com 18



Game Engine

* Flight-dynamics model, instrumentation, graphics engine, etc.

 Student-friendly API and Javadoc with no magic

13730731.2”N 134" 38738.6"H 330°
15712 1.,3”N 1337 14713.7"H 21397 27, BNM

SHLBY




 Familiarization with subject matter
— coordinate systems and units
— input, processing, output
- interrelationships, cause and effect, correlations

 Software errors are our fault in understanding and thinking

altitude (+2)

latitude (+v)

longitude (—x)

- ﬂ W source (left): wikipedia.org 20



Conceptualization and Analysis




Conceptualization and Analysis




Conceptualization and Analysis

3
-

T
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Il Illli\-
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How the customer explained it How the Project Leader How the Analyst designed it How the Programmer wrofe it How the Business Consultant
understood it described it

How the customer was billed How it was suppaorted What the customer really
| needed

W W source: crossthebreeze.com 23

How the project was What operaticns installed
documented




* Investigative reasoning by trial and error, kid-style

step |
300.0000

time.
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Analysis * Black-Box Interactive

* Learning to fly by trial and error given list of basic maneuvers

anybody can learn to fly if vou think like a kid again!
S fvmfr] 25



* Cross-references with reality

— [ flew, logged, videorecorded, and compared solutions with...
... this simulator
... X-Plane simulator

... real plane

45° right turn

shelby.wnmu.edu/research/project-flying/right45.mov shelby.wnmu.edu/research/project-flying/stall.mov shelby.wnmu.edu/research/project-flying/landing.mov

STV e e 26


http://localhost/research/project-flying/right45.mov
http://localhost/research/project-flying/stall.mov
http://localhost/research/project-flying/landing.mov

S fvmfr]

Analysis * Black-Box Interactive
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* Controlled experiments via scientific method

- claim/hypothesis: turning right is “harder” than turning left

step time | pitch | roll
1 10100 00000 0.0000
2 0200 0.0041
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key:
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Svynthesis * Instrumentation

 Student-ranked subset of instruments to implement

- required holistic understanding of how they work...
... as instruments in real flight and model/simulation

... as code via API

120 100

airspeed indicator

turn coordinator  vertical speed indicator tachometer

S fvmfr]
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 Four navigational flight computers
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Radio-Navigation * ADF

* Homing beacons
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* Aerial highways
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* Instrument Landing System
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* Optional text-based plug-in

- 3D interpolation on winds-aloft vectors

- strong connection with system architecture and concurrent courses
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Visualization * Virtual




. Playground [my_playground]

Sandbox [ods1]

Sandbox [ods2]

Sandbox [ods3.1]

Sandbox [ods3.2]

Sandbox [ods3.3]

Sandbox [ods3.4]

Sandbox [ods3.5]

Sandbox [ods3.6]

Sandbox [ods3.7]

Sandbox [ods3.8]

Sandbox [ods3.9]

Sandbox [ods3.10]

Sandbox [ods3.11]

Sandbox [ods3.12]







CS344 Lab 1

“cout_field
~aaa? field

~Zeel-field
wood field

®Rece3_field




CS344 Lab 3




CS344 Lab 4







Visualization * Virtual

22:16:33

Fower Condition Flap

T [
A |

Gear DOWN

source: www.youtube.com/watch?v=vMy8kZ2_TMs 43


http://www.youtube.com/watch?v=vMy8kZ2_TMs
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Visualization * Actual

* Three-axis model-controlled electromechanical gimbal
— computer science (software and hardware)
— electrical engineering
- mechanical engineering
— fabrication
e Useful in...
... software engineering
... embedded/game systems

... recruitment and science fairs

see shelby.wnmu.edu/gimbal
HUE


http://localhost/gimbal

* Crossover to computer-aided design (CAD) and manufacturing (CAM)

see shelby.wnmu.edu/mill and shelby.wnmu.edu/lathe
HUE 46


http://localhost/mill
http://localhost/lathe
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Visualization * Actual
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Visualization * Actual
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Software

By Lockheed Martin

B H W ™ source: hotseat.com 50
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PITCH PERFECT
Clint Fishburne
initiatly tried a leaf
blawer to power tis
flght simulator’s
movable platform

Cost 51,200

Time 20 months

EEE | | =] i L |
 SEsERsEE amuAssemuuaa
THEME BUILDING

Room Cockpit

Rec

How one reader built his own flight simulator

STORY BY Andrew Rosenblum

Clint Fishburne, a regional-airline pilot
based in Atlanta, wanted to help his
children develop the body movement and
muscle memory necessary to fly and land
a plane. With the cost of commercial flight
simulators starting at $25,000, though,
Fishburne, a longtime PoprSci reader,

decided to make one from scratch. Build- -

ing the plywood-and-PVC plane, frame
and control stick was relatively easy. The
challenge was making a platform that
could mimic a plane’s motion and that
was strong enough to support and move a
75-pound child. After some experimenta-
tion, Fishburne built four custom airbags

74 POPULAR SCIENCE @ APRIL 2012

made of PVC-coated fabric and, to inflate
them, connected them to 457-air-watt
central vacuum mator. The amount of air in
the four bags varies, allowing the simula-
tor to bank or pitch up to 25 degrees on
either axis. When the pilot pushes the
stick left, a valve increases airflow to the
right airbag and vents air from the left. An
accelerometer sends spatial-position data
to a laptop by USB, and an LCD projector
beams the imagery from Microsoft’s Flight
Simulator software onto a wall. Fishburne
is now trying to commercialize a kit ve.
sion of his simulator, in part to inspire
more young gamers to become pilots.

51
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see shelby.wnmu.edu/welder
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http://localhost/welder
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Data Analysis and Machine Learning

» Metrics for data analysis

- Army Future Combat Systems

- DanStat Half-Life Statistics Engine
* Machine learning

- landing and hovering

— air traffic self-organization

- self-adapting software

S [V M

Accelerating Software Modernization
with Artificial Intelligence
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* On-going end-to-end software-engineering project

real-world example by real-world practitioner using real-world tools

interdisciplinary computer science with computer, electrical, and
mechanical engineering, fabrication, and aviation

broad student involvement
award-winning teaching philosophy

great funded research potential

H software engineering: 50
W virtual worlds and gaming: 41 * |

[l mechatronics: 115

@ pedagogy 16
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MAC GYVER

All he needed was a ball-point pen and a paper clip.

source: de-motivational-posters.com



Playground [viewer-in-east)

andbox [distllation 1]

Sandbox [dissillation 5) . Sandbox [distillation 6]

this talk available at shelby.wnmu.edu/uav-talk



http://localhost/uav-talk

