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● Presentation framework
– software engineering of unmanned-aerial-vehicle system through

modeling, simulation, visualization, and analysis
– emphases

software engineering:  testing, evaluation, analysis

virtual worlds and gaming

mechatronics

pedagogy

● Project serves as surrogate for many others and shows...

... what I do

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

Introduction

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

http://localhost/uav
http://localhost/cmps450
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● Army Future Combat Systems program
– modeling and simulation of virtual worlds, agents, and systems of systems
– serious software quality assurance

Background

source: defenseindustrydaily.com
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● Bidirectional correspondence between real world and model
– does what it is supposed to do
– does not do what it is not supposed to do

Pedagogical Framework  Goal

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

Harry Weinberger

sources: clker.com, blogiarenillas.wikispaces.com

???
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● Critical thinking
– holistic, multi-perspective, systems view

● who, what, when, where, why, how: W5H
● data, information, knowledge, wisdom: DIKW

Pedagogical Framework  Approach

source: Software Engineering, Pressman

Data
no associativity

Information
associativity within one context

Knowledge
associativity within
multiple contexts

Wisdom
creation of generalized principles

based on existing knowledge
from different sources
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source: multimechatronics.com

Pedagogical Framework  Approach

General aviation is an economic 
engine that pumps $150 billion 
in the U.S. economy each year 
and creates 1.3 million jobs.

AOPA Magazine, Sep. 2011



7source:  designinnovation.ie

Pedagogical Framework  Approach
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● Instrument-based flight simulator with human pilot

Course Project
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source: komanetskyaviation.com
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source: maxcraft.ca
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Data Acquisition  Virtual

source: x-plane.com
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● Data collection from flight-test regimen 

Data Acquisition  Actual

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

Cessna 172XP Robinson R22

http://localhost/logger
http://localhost/yellowstone
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Data Acquisition  Actual

wind
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Data Acquisition  Actual

source (left): destination360.com

Teton Peak, 13,770’

previous slide
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earlier slide
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actual

expected

previous slide
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Data Acquisition  Actual
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● Repurposeable logged sensors with innovative applications

Data Acquisition  Actual

source: pololu.com, sparkfun.com
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● Flight-dynamics model, instrumentation, graphics engine, etc.
● Student-friendly API and Javadoc with no magic

Game Engine
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● 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

Conceptualization and Analysis

source (left): wikipedia.org

lift

weight

thrust drag 





altitude (z)

longitude (x)

latitude (y)
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Conceptualization and Analysis
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Conceptualization and Analysis
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Conceptualization and Analysis

source: crossthebreeze.com
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● Investigative reasoning by trial and error, kid-style
– input: programmatic manipulation of flight-control surfaces 
– output: change in 30+ flight parameters in log

Analysis  Black-Box Programmatic

24
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● Learning to fly by trial and error given list of basic maneuvers

Analysis  Black-Box Interactive

anybody can learn to fly if you think like a kid again!
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● Cross-references with reality
– I flew, logged, videorecorded, and compared solutions with...

... this simulator

... X-Plane simulator

... real plane

Analysis  Black-Box Interactive

45 right turn

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

stall

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

landing

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

http://localhost/research/project-flying/right45.mov
http://localhost/research/project-flying/stall.mov
http://localhost/research/project-flying/landing.mov
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Analysis  Black-Box Interactive
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● Controlled experiments via scientific method
– claim/hypothesis:  turning right is “harder” than turning left

Analysis  Formal Experiments

Conclusion:  no difference at all

left right

(scaling issue in plot)

≅

mirror image

identical

swapped

key:
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● 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

Synthesis  Instrumentation

airspeed indicator altimeter clock

turn coordinator vertical speed indicator tachometer
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● Four navigational flight computers

Synthesis  Radio-Navigation

sources: laf.natca.org, airnav.com
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● Homing beacons

Radio-Navigation  ADF
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Radio-Navigation  ADF

2D

2D

2D
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● Aerial highways

Radio-Navigation  VOR/DME
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● Instrument Landing System

Radio-Navigation  ILS
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● Optional text-based plug-in
– 3D interpolation on winds-aloft vectors
– strong connection with system architecture and concurrent courses

Wind Model
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Visualization  Virtual
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Visualization  Virtual
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Visualization  Virtual
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Visualization  Virtual
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Visualization  Virtual
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Visualization  Virtual
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Visualization  Virtual
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Visualization  Virtual

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

http://www.youtube.com/watch?v=vMy8kZ2_TMs
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Visualization  Virtual
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Visualization  Actual
● Three-axis model-controlled electromechanical gimbal

– computer science (software and hardware)
– electrical engineering
– mechanical engineering
– fabrication

● Useful in...

... software engineering

... embedded/game systems

... recruitment and science fairs

see shelby.wnmu.edu/gimbal

http://localhost/gimbal
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● Crossover to computer-aided design (CAD) and manufacturing (CAM)

Visualization  Actual

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

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

1 foot
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Visualization  Actual
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Visualization  Actual

source: hotseat.com
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Visualization  Actual
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Fabrication

see shelby.wnmu.edu/welder

http://localhost/welder
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output

processing

input

Fabrication
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● 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

Data Analysis and Machine Learning

source: ammodel.wordpress.com



57

● 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

Conclusion

software engineering: 50

virtual worlds and gaming: 41

mechatronics: 11

pedagogy: 46



58source: de-motivational-posters.com
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this talk available at shelby.wnmu.edu/uav-talk

Questions?

shelby.wnmu.edu
tappand@wnmu.edu

http://localhost/uav-talk

