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Humans & Flight - 1903
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Boeing 737 MAX

Safe zone - _ _

Ethiopian b~ How the MCAS (Maneuvering Characteristics
Airlines Flight ~ Augmentation System) works on the 737 MAX

302 1. The angle-of-attack sensor ...the MCAS activates.
aligns itself with oncoming airflow. A 3. MCAS automatically swivels
s T the horizontal tail to lift the
ITREN. plane’s tail while moving
LJ @ the nose down. -
b@’ 3 “.--"'“.

flight an approaching stall ... Graphic by MARK NOWLIN / THE SEATTLE TIMES

Level ——> The angle of attack is the T Nose
_ﬂ ht LU
9 angle between the wing _ _—r down
and the airflow. L
¥ ; — ] 2. Data from the sensor
Flight Report Lion Air Flight 610 / is sent to the flight computer. Horizontal
Source: Komite Nasional Keselamatan Transportasi Republic of Indonesia tail
@ . e
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== o
o (1 L
s A 7
< ; . : - .
/ If the angle rises Sources: Boeing, FAA, Indonesia National Transportation —_
: : Safety Committee, Leeham.net, and The Air Current
Nose s too high, suggesting i : I
porting by DOMINIC GATES,
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What is, and Why, Simulation?
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What is Simulation?

Humans Inside or Outside

*Runs in Real or Non-Real Time

Some Systems have Order

Some Systems are Chaotic

Some are Random
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Human(s) Outside the Simulation

‘ <>  Simulation
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"Thanks to major
iInvestments in
research and
observations, today’s
five-day forecast is as
reliable as the two-day

forecast of 20 years
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Human(s) Inside the Simulation

Simulation
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Flight Sim

ulator
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Simulation Technology Drivers

*Computing

Games

*Networking /
*Graphics g |
*Audio 3] |

*Human Interfaces

*Sensors
Al
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Background EME
Various Modulations

Why Flight
Simulation?
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A Short History of
Flight Simulation

THINKEe



1903
* Wright Brothers
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1918 -
“Penguin”

Cadets and
Instructor

No.1 School of
Aeronautics, @
Reading
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Popular Science - July 1919

JULY  t.. 20 Cents Yyumpuess

Pop ular ey
| Scnence

Ruggles Orientator

“90% of the flying casualties
during the war were caused
not by bullets, or badly built
machines, but by "the failure
of the man”

Maj.-Gen. George W. Squier
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1920s/30s — Edwin A Link

Trainer based on Automatic Piano
technology

1931 Patent “Combination Training
Device for Student Aviators and
entertainment Apparatus”

The Link Trainer came into
widespread use during WWII

10,000 trainers used to improve

safety and shorten training time for
over 500,000 pilots

Sept. 29, 1931.
coMB

. 1,825,462

E. A. LINK, JR
INATION TRAINING DEVICE FOR STUDENT
AND ERTAINMENT
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Maritime

Link Trainer :

Source - UK Urban Exploitation Forums - Crail
Airfield [HMS Jackdaw/HMS Bruce/JSSL]




Analogue to Digital
Computing

More complete
aircraft data

*Motion Simulators

THINKE



1960s
NASA Moon Landing Simulator
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SR-71 Blackbird

Fred Forehand, Singer-Link’s SR-71 PM:

*“They created the mission upstairs, and
the tape they produced for the simulator
was the same tape used onboard in the

alrcraft computer
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PONG - 1972

special JDYSaEY
Free!

as3s57© value

6 optional
ODYS5EY games

with the purchase of Odyssey

=1 k. SN
[ ([ =3
ﬁ l " | [JDYSSEY the exciting TV

HANDBALL VOLLEYBALL .
R — Electronic Game Center
) ‘\ e M gm This year give the glft that makes TV more than something to just
" Ui A sitand watch, Odyssey easily attaches to any TV~ black and white
i IE; or color, 17" diagonal or larger—and transforms it into a challenging
elecironic playground of fun and learning for the entire family. Like
Hockey and Tennis, Arithmetic games, like Analogic. Geography
games, like States. And pure fun games, like Simon Says and
Haunted House, And, now, just in time for the holidays, you get
Each game (s packaged complete with all necessary materials. sixextra games free! So give Odyssey by
*Manufacturer's suggested retail price. Optional with dealars. Magnavox. Odyssey is thought, action and

reaction. It's a play and learning experience the |2

for all ages. Odyssey—model TL200.

All for. 3999 .ﬁ

A $135.65 VALUE

WIPEOUT INVASION FUN 200

/3

TABLE TENNIS

25
:%

CAT AND MOUSE

Magnavox Odyssey - world's first
commercial home video game console
($500 at 2020 prices)
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1960/70s

Redifon’s
Laser
Revolution

Advances in the tochanbons of vissal siesiation In recent
vears has heen dramatic, Compuler generalod ape vouah
for exnmple have in the space of jJmt sovem youn
revebationised the eatire business of Tlight simalation
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SIMNET Vision - 1978

Networks of simulators that would be used for combat planning, rehearsal & execution

Enemy aggression detected Planning a response Rehearsal and analysis Real time mission observation

Source
Trends in Modeling, Simulation & Gaming: Personal Observations about the Past 30 Years & Speculation about the Next 10. Jack Thorpe, Ph.D.
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(Microsoft) Flight Simulator

OIL P 844

_§§§%§§g§§§§§§§§§§§§§

145

gaa 377 P34567 89
MLTITUDE |

Bog ;
TURN_RATE HEADI
L. ALT ama — = —"-"4
OIL P 678 OIL T 252

subLOGIC Flight Simulator 1 for subLOGIC Flight Simulator 1 for

Apple 11, 1979 TRS-80, 1980
(sold Jan 80)

L1 3 = - =

Microsoft Flight Simulator 1.00, 1982
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Multiplayer Games! - 2000

}LKBLUEIZB

Source - Half life Counter-Strike - http://youtu.be/mex
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https://www.google.com/url?q=http://youtu.be/mex00PAACyk?t%3D4m13s&sa=D&source=editors&ust=1784457170629777&usg=AOvVaw0GxaUSA6pSXKFJKQ4NYTz4

Consumer Flight Simulation Now

THINKE
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Training, Simulation
and Gaming
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Simulation Now - Land, Sea, Air, Anywhere
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Battlespaces

+ New Battlespace

Whole Earth Simulation
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Military Access to Simulation

1,000’s

Numbers

1990 2000 2010 2020
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Fast Jet Training at RAF Valley (UK)
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Predator UAV Training Simulator (L-3)
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Full Flight Simulator (FFD)

* Supports conversion to a new aircraft type
* Airline flight crews train 2 days every 6 months

*40-50 Level D FFS simulator purchased per year
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Stewart Platform - 6 Degrees-of-Freedom

Forward
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eXtended Reality (XR)

Reality
The real Information Blend of real & Fully virtual
world layered over digital information world
vision to enhance reality
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Huey Flight Simulator with Oculus Rift

—_— e
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.. Microsoft Flight Simulator 2020

&3 YouTube ~ Search Q

)
.w
Y
“ans

Q) Qusvs OV

Cratg Davies HIGH END CPU : Ryzen 7 Pro 2700X
or Intel 17 S800X GPU : Radeon VI or Nvidia RTX
2080 VRAM -8 Gb RAM : 32 Gb SSD : 150 Gb Solid
Stare Drive Bandwidih: 50 Mbps

Navdeep Singh @043 disable Hpet on your
computer for smoother gameplay ook 1t up on
Youlube

Siddhant Bhirud thats me

Jackson Scaletta doaroll

Hunt3r - - Fly over some stagiums n london
4

SpursFan214 omyg i found you

Keatucky Friec-Chicken Who else Iive near
southanpion

DocgeliS such a cool gamer moment!

SpLiT pErSoNaLiTy GTA Scar meet

PDDDOOGCO ®©

TheGamingBluejay Did he download London or Is
this streamed?

Microsoft Flight Simulator 2020 - London Update Pack & Viewer Suggestions! HOW mode was: enaiie o

114,410 views « Streamed live on 18 Aug 2020 iy 3K & 95 4 SHARE =+ SAVE vee IDF CHAT REPLA

Live chat replay ~ :
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Simulation
Trends

Unreal 5
(2021)

NANITE

VIRTUALIZED GEOMET

e
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youtu.be/qC5KtatMcUw
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Rift Drone

AR.Drone 2.0 + Oculus Rift + Unity + Xbox 360 Controller

Rift Drone is open source: https://lyoutu.be/nD2a00OHRmoM

THINKE


https://www.google.com/url?q=https://youtu.be/nD2a0OHRmoM&sa=D&source=editors&ust=1784457172240266&usg=AOvVaw27HNYgCjIBVnoO8JP5Ualc

Command and
Control

Flight Path

Programmed in,
and Controlled by,
Unity Game
Engine

THINKEe



Unity Games Engine
Machine Learning Agents
Al Training

& unity

Machine Learning Agents

Simultaneous Training Demo
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The Human
Dimension of Flight
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Pilots of the Future?

e What will they do?
e Who will they be?
e Where will they be?
* How will they train?

e Will we need them?

0,
Y4
-
1
—



Airbus Windowless Cockpit Patent
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Air Chief Marshal MatlOnline
Sir Stephen Hillier ]
Jan 18

Join the RAF for the real thing, Xbox
teenagers are told: Head of the air

“teenager‘s play| ng on force says young gamers s:hould take it

to the next level by operating drones

°
th e ' r x b ox at h 0 m e « Air Chief Marshal Sir Stephen Hillier wants more young people to join the RAF
. The service will be celebrating their 100th anniversary with events this year
. Among the major events planned is a flypast along the Mall before the Queen

°
S h ou | d ta ke th eir . RAF chiefs hope a display of military might could provide a boost to recruitment
By LARISA BROWN FOR THE [)\I MAIL
a m i n to th e n ext PUBLISHED: 00:32, 12 )18 | UPDATED: 00:53, 12 January 2018
gaming EmCEEe <@ e 1
° ° shares View comment
| eve l a n d J o ' n th e RA F Teenagers playing on their Xbox at home should take their gaming to the next level
and join the RAF to operate real drones, the head of the air force said yesterday.

to 0 p e rate re a | d ro n e S,, Air Chief Marshal Sir Stephen Hillier said the RAF’s next 100 years will see a huge

shift towards unmanned flying machines as he outlined plans for centenary
celebrations.
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Queen Bee Drone - 1930s/40s
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BOAC VC10 -
Automatic - — gl

Landing - —
(1968) ’ = —
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Google
DeepMind
2019

THEVERGE  rech - REVIEWS - SCIENCE - CREATORS - ENTERTAINMENT - VIDED  MORE

TECH ALINTE £l

DeepMind’s StarCraft 2 Al is now better than

99.8 percent of all human players

AlphaStar is now grandmaster level in the real-time strategy game

THINKE



Redundant

Pilots?

= pngodgel.

A new artificial intelligence flight combat system dubbed ALPHA has taken on
one of the Air Force's top tactical experts and won. Retired USAF Colonel Gene
Lee -- an experienced combat instructor with "considerable fighter aircraft
expertise" -- was repeatedly shot down during engagements with ALPHA in a
high-fidelity air combat simulation. Lee called his computerized opponent "the
most aggressive, responsive, dynamic and credible Al I've seen to date.”

DEFENSE

AIRWARFARE, NETWORKS / CYBER

Al Slays Top E-16 Pilot In
DARPA Dogfight Simulation

“It's a giant leap," said DARPA's Justin (call sign "Glock") Mock.

THERESA HITCHENS

36k w f in

SHARES

N

Case Time: 164.5 s
Distance: 2,277 ft r
Closure: 87 kts

s ils den

Heron Systems’ Al pilot scores the final kill against AF F-16 instructor “Banger” in
AlphaDogfight Trials

WASHINGTON: In a 5 to O sweep, an Al ‘pilot’ developed by Heron
Systems beat one of the Air Force’s top F-16 fighter pilots in

DARPA's simulated aerial dogfight contest today.

2016

2020
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Cautionary

Tales
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a DATA CENTRE SOFTWARE SECURITY DEVOPS BUSINESS PERSONAL TECH SCIENCE EMERGENT TECH BOOTNOTES LECTURES Q

Security

Brit Watchkeeper drone fell in the sea
because blocked sensor made
algorithms flip out

Report scolds maker Thales for poorly understood
software

By Gareth Corfield 15 Apr 2019 at 13:58 120 SHARE Y

Investigators concluded that one of its pitot probes used for reading the
aircraft's speed and angle of attack (AOA) became blocked, causing the
Watchkeeper's onboard flight control logic to enter an erratic series of

cli aives until it stalled itself and flopped into the :
criticised the craft's maker, Thales, for not fully understanding how its
algorithms responded to loss of accurate sensor data.

Algorithms...

Air Marshal Susalt Craytireetorgenere=otiT nce Safety Authority,
criticised the Ministry of Defence and Thales for their "incomplete level of
detailed technical understanding” regarding the drone and its systems.

_

A Thales Watchkeeper drone. File pic, Crown copyright

A British Army Watchkeeper drone stalled itself and crashed into the sea
on a bad weather flight test, military investigators have said — though
most of the wreckage was never found.
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Al

Limitations

100 000 population (log scale)

14-day incidence of reported COVID-19

0.01 +

Days since cumulative incidence >0.05 reported COVID-19 cases / 100 000 population

Artificial intelligence / Machine learning

Our weird behavior during
the pandemic is messing
with Al models

Machine-learning models trained on normal behavior are showing
cracks —forcing humans to step in to set them straight.

by Will Douglas Heaven May 11,2020
MIT son | [oaems
Technology

ReVIeW Topics Magazine Newsletters Events =Q

In the week of April 12-18, the top 10 search terms on Amazon.com were: toilet
paper, face mask, hand sanitizer, paper towels, Lysol spray, Clorox wipes,
mask, Lysol, masks for germ protection, and N95 mask. People weren't just
searching, they were buying too—and in bulk. The majority of people
looking for masks ended up buying the new Amazon #1 Best Seller, “Face
Mask, Pack of 50
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Issues with Automation
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Monitoring Systems

{* INTERNET OF THINGS “}

Army Watchkeeper drone flopped into tree
because crew were gazing backwards

e & ™ Disa Ik Dy p
i H vt | 02 [ hot ATCR 'ri
Live footage of runway and grass verge more compelling than actual » SRPEEI = b
flight instruments T f Me P T

o

Thu 29 Aug 2019 // 10:11 UTC 98 GoTTIPS?

S p——
Gareth Corfield EBIO  EMA TWITTER SHARE =

”~» -
The latest British Army Watchkeeper drone crash happened because its
crew became fixated on live footage from an onboard camera instead of

their instruments, a Ministry of Defence report has revealed.

Oy | A DNIN-L

sore  [To_mamow m

An internal Defence Accident Investigation Branch (DAIB) report detailed
why the semi-autonomous aircraft, tail number WK050 and flown on the
day by two Royal Artillery operators, crashed in June 2018.

4 > »
The report, dated February 2019, was published online by the MoD after a1 - L R oy ""'"""‘"‘""'_)
the BBC made a Freedom of Information request for it, leading to news
reports over the past few weeks.

I, 177

WKO50 flopped into a tree just beyond the runway of Aberporth airport on
the Welsh coast after its Army operators, under the supervision of
contractors from a Thales joint venture company, cut its throttle
immediately after the drone had landed and lifted off again.

"Had no action been taken, the [Watchkeeper] would have completed its
automatic go-around from which it could have been commanded to
conduct a further approach,” said the DAIB in its Safety Investigation
Report, which was written by a major and a Warrant Officer 1 (WO1).

THINKE



Ethiopian_
Airlines Flight
302

Altitude

Boeing 737 MAX

Flight Report Lion Air Flight 610

Source: Komite Nasional Keselamatan Transportasi Republic of Indonesia

Safe zone - _

How the MCAS (Maneuvering Characteristics
Augmentation System) works on the 737 MAX

1. The angle-of-attack sensor ..the MCAS activates.

aligns itself with oncoming airflow. 3. MCAS automatically swivels
o the horizontal tail to lift the

a | airflow
pos. (0 wmw ul plane’s tail while moving
° the nose down.
Level ——> The angle of étfack is the R e
Hight angle between the wing s ",...--}
and the airflow. &J
2. Data from the sensor '
is sent to the flight computer. Horizontal
tail
P a®>

0\ o

oot (“\_) t

/ If the angle rises
Nose-up too high, Suggesting
flight an approaching stall ...

Sources: Boeing, FAA, Indonesia National Transportation
Safety Committee, Leeham.net, and The Air Current

Reporting by DOMINIC GATES,

Graphic by MARK NOWLIN / THE SEATTLE TIMES

THINKE



Paul M Fitts (1951)

Human Engineering for an Effective Air Navigation and Traffic Control System

 ‘“great caution be exercised in assuming that men can
successfully monitor complex automatic machines and take over
if the machines break down”

 “engineers should seriously consider systems in which machines
would monitor men and prevent them from making dangerous
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Responding...

“If I'm in the loop mentally | can
respond more quickly than if |
have to watch an automatic
system and take over and then get
my mind into the loop.

So | was more comfortable in
flying a manual descent than an
automatic descent... my mental
computer is already running at full
speed.”

David Scott
Apollo 15 Commander (1971)
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Digital Twins
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“Digital Thread” & SIS
“Digital Twin”

AVIATIONWEEK the next evolution

& SPACE TECHNOLOGY

USAF Selects Lead Programs For ‘Digital
Twin’ Initiative

Aviation Week & Space Technology
Graham Warwick

Jan 26, 2015
Dlgltal system models are seen as key to regaining understanding of complex systems

Threading the Needle

Over the years, the U.S. Air Force has come to rely more and more on industry for its
technical understanding of the systems it acquires. To reverse that process and bring
costs and risks more under its control, the service is experimenting with creating and
carrying digital system models through the entire life cycle of a program.

The acquisition process now bemg piloted has two key elementsthe dlgltal thread "D
a model of the svstess me-at conceptualization and evolves 0
retirement; anf{ the “d1g1ta1 twin,” a gabdel of the system as built, including any
manufacturing discreparncies, that is used to support the system in service.

Credit: Boeing
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Tupolev
Tu-160M2

Digital Twin
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The Price of Data
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Thoughts on Careers
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Thoughts on Careers

e Have Passion & Purpose

e Be Good to People

* Professionalism trumps Talent
* Don’t worry

* |t’s mostly beyond your/our control

 Go to the next interesting job

THINKE



ROYAL
AERONAUTICAL
SOCIETY

Royal Aeronautical Society

(RAeS)
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Free Student Affiliate membership, if in full-time
study and intending to follow a career in
aerospace

Benefits:

* Online access to the monthly magazine, AEROSPACE

* Free attendance to over 400 lectures and events
worldwide and often at a branch or Division near you

* Free places at RAeS Conferences (subject to demand)
* Free 1-2-1 careers guidance for UK-based students

» Support towards professional registration (EngTech,
IEng and CEng) with Engineering Council

* A Young Persons Network with over 8,000 like-minded
young professionals worldwide

» Access to Scholarship Schemes
» Use of the National Aerospace Library
» Access to the Members' area of the Society's website

xrowemew. RAES Student Affiliate Membership

ROYAL
AERONAUTICAL
SOCIETY
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Questions?

Twitter
@andyfawkes1

LinkedIn
andyfawkes

email
andy.fawkes@thinke.co.uk
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