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Flight Intelligence

Artificial intelligence
controlled flying machines

Human pilot
controlled flying machines

Same
Performance

s Safety
¢ Predictability

+ Society acceptance
O

And same quality
Passenger comfort, noise, emission, ...

Picture ref. https://www.healthytravelblog.com/2013/08/29/safety-tips-for-kids-flying-alone/
http://www.connectivity4ir.co.uk/article/159844/Innovators-challenged-to-use-Al-to-boost-aircraft-performance.aspx



Human Controlled Flight

Pilot is the authority
» Monitoring
» Communication
» Negotiation

» Decision making .

* Reasoning
* Training

* Memory

* Creativity
* Etc.

How can we do better ?

Picture ref. https://www.flightsafetyaustralia.com/2017/07/getting-smart-artificial-intelligence-and-aviation/
https://itunes.apple.com/us/app/f-sim-space-shuttle/id352670055?mt=8
https://alis.alberta.ca/occinfo/occupations-in-alberta/occupation-profiles/helicopter-pilot/
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Fatigue
Distraction
Stress
Panic

Etc.




Intelligent Pilot Assistance

How to prevent?
Accidents happen Design onboard Al to assist the pilot

Fatalities by CAST/ICAO Common Taxonomy Team (CICTT)
Aviation Occurrence Categories
Fatal Accidents — Worldwide Commercial Jet Fleet — 2001 Through 2010

2000 r
ARC Abnormal Runway Contact
1756 (85) [ External fatalities [Total 231] (E:SLTC gs::f:“ﬁgnﬂlgm Into or Toward Terrain
1800 . 2 ¥
EEm Onboard fatalities [Total 4774] TR et Srmoke Non-mpact)
Loc Loss of Control - In flight
1600 MAC Midair/Near Midair Collision
OTHR Other
RAMP  Ground Handling
RE Runway Excursion (Takeoff or Landing)
1400 RIVAP  Runway Incursion — Vehicle, Aircraft o Person
SCF-NP  System/Component Failure or Malfunction (Non-Powerplant)
SCF-PP System/Component Failure or Malfunction (Powerplant)
UNK Unknown or Undetermined
1200 Usos Undershoot/Overshoot
Fatalities WSTRW  Windshear or Thunderstorm
1007 (0) Onboard fatalities No accidents were noted in the following principal categories:
1000 . ADRM Aerodrome
External fatalities AMAN Abrupt Maneuver
/ ATM Air Traffic Navigation,
BIRD Bird
800 766 (17) CABIN Cabin Safety Events
F-POST  Fire/Smoke (PostImpact)
GCOL  Ground Collision
ICE Icing
600 LALT Low Alttude Operations
LOC-G  Loss of Control - Ground
RI-A Runway Incursion — Animal
SEC Security Related
400 352 (0) TURB Turbulence Encounter
For a complete description go to: http:/iwww.intlaviationstandards.org/
156 (69) 225 (0
(€9 2250) 154 (35)
200
1223)  1108) g6 (1)
23(0) 1(8) 2(2) 3(0) 1(0)
0 =
Loct CcFIT RE UNK MAC  SCFNP RE OTHR  RIVAP  WSTRW  FURL RAMP  SCF-PP FNI EVAC
(Landing) (Takeoff)
+ARC
Number of L USOS

fatal accidents

(87 total)—— 20 17 17 3 2 1 5 4 1 1 1 9 3 2 1 TeChnOIOgy requirements

Note: Principal categories as assigned by CAST.
22 ZLﬂaEI/VE
2010 STATISTICAL SUMMARY, JUNE 2011

* Reliable state estimation
* Maneuverability margin predictions
* Real-time pilot cueing



Margins From Piloting Perspective

Los-of-control Criteria
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The Predictive Architecture

Command
Pilot ) Reference Dynamics ..............................................................................................
Adaptive Control Augmentation
l (Optional loop)
| Nominal Flight A4 s|  Aircraft >
Control System
Pilot Cues l’

> Adaptive
>  Prediction

Estimated

Vv Dynamics

Pilot Aid <=

LoC Boundary
Estimation

Control
Deficiency




LOC Example Without Cueing

Pilot Cue (amber box) on left not displayed to pilot

Left wing damage with no pilot visual cue



Left wing damage with pilot visual cue




Flying Robot’s Architecture

Pilot is out-of-the-loop :> Artificial Intelligence is flying

Mission design
Offline planning

Environment

Onboard Computing Power

- User Dynamic S Trajectory 3 Resilient
interface Planner generator Controller
AN N
Real Time
// Estimator
| \ 4
Advanced
. Sensors
technologies

for flying
robots



Challenges of Robotic Flight

Environment Atmospheric Failures and
Challenges Uncertainty Contingencies
Degraded RF, SAT- Winds and Avoid endangering
COM, GNSS microbursts objects in environment.
Ground
Operators
] n
3 an S‘U \&}
reoV’ ﬁ %D
Detect, Operate- Detect, Operate-Near,
Near and Avoid- Avoid-Endangering Other Other Aircraft

Endangering SGOs Aircraft

Detect, Operate-Near, and
Avoid-Endangering DGOs

Risk Minimization/Avoidance,

Static Ground D i i
: ynamic Ground Hazard Footprint Awareness,
K Objects (SGO) / Objects (DGO)
Health Monitoring

Courtesy of C. Ippolito
10



Technology Requirements of Robotic Flight

. » Estimator shall provide in real tome
How can we Safely operate in *  Vehicle state and location in the environment

high density urban environment? «  Obstacles locations and motion

*  Atmospheric disturbance
e Detect and identify component failures
» Dynamic planner shall plan/replan in real time providing
*  Man maid strictures and terrain avoidance
* Static and dynamic ground obstacle avoidance
* Cooperative dynamic air obstacle avoidance
e Acceptable air and ground risk.
» Trajectory generator shall provide
* Feasible trajectories in real time
*  Power required to traverse the trajectory
*  Minimum endurance and maximum vehicle range
e Acceptable time time of flight
» Resilient controller shall provide
» Stability of the vehicle
*  Acceptable tracking performance and flight envelop
* Compensate for failures and disturbances
*  Flight within approved 4D volume in all phases

11



Use case: Point-to-Point Operation

Use case 1:
point-to-point

Take-off
4 Climb out

B> - o SV od

‘| Emergency
/) | (High-priority Flight)

o ¥
N,
{

Approach
Descent
Landing

£

| Customer

P
5
4
e

12



Contingency Example: Wind

Objective

Challenges

Autonomously fly the UAV in the uncertain
wind field using onboard sensors and
estimation algorithms.

i
-,,%

Real-time wind estimation

Real time re-planning to accommodate the wind
Required power estimation for the new plan
Decision making: continue or abort

Find alternate landing site to abort

Fly UAV though approved volume and change
plan to land to alternate landing site taking into
account wind and battery constraint.

* How reliable is the wind estimation?

 [s the mission still possible?

 Is the flight safe for the vehicle and environment?
* Are the predicted performance bounds acceptable?



Urban wind Field Specifics

» Wind characteristics
e Turbulent air flow
* Isolated roughness
*  Wake interference
e Skimming flow
* Hard to predict

» Local Measurement
* Isolated roughness
* No infrastructure
* Too expensive

» Wind field modeling
* Digital 3D mapping
* Heavy computations
e Large memory

» Not feasible onboard

» Expensive transmission



Wind Information

Can on-board sensors and compact CFD models provide
sufficiently accurate and robust wind estimates?

Digital 3-D Grid Egi‘:]‘;';s
Terrain Data-Base UAS |
Model _ True

Map % J’; .. _ ,”’ Motion
Vi ~ . -7

——{crp |1 || Adaptive | -7 o
Mean . Estimator

Wind

Surface
Heating

On-board

Sensed Wind and Position Data




Wind Estimation in Reflection

—

Wind field is generated using CFD and city digital map

ENaAGE HDG MoDE WOGSELECT  THRUST MODE ALT SELECT LAT MoDE LoN MoDE 40D wooe DN EEEEE—————————————————————————
FMS AP BYP 0 e r— - g : E I Pp—
6 6 Q CMD_HDG 13 :
CMO_H 3.0( |
CMD. Al +
DISENGAGE = I
|
0.00 |
-3.00
) == o =600 lginylated X (mis) 4302817
Estimated X (m/s) 4.358317
m | . — 7 Wind Simulated and Estimated in Y-Axi
BT £
b
T | e .
[ — .- .
e i
=2.00 S
— [ Simulated Y (m/s) 0.182161
Estimated Y (m/s) 0.231491
] SAFESO-Demo.ppt ce Impress

=
B sares

e Edit View Inset Format Tooks SlideShow Window Help

Normal |Outline | Notes | Handout | Shde Sorter

Real-Time On-Board Wind Estimation

Digital 3-D Grid
UAS
Terrain Data-Base e ‘
i Model [
N il
Adaptive

Mean Estimator
Wind

Surface

Heating Sensed Wind and Position Data

[:l On-board




Typical Component Failure

(A) (B) ()

T\ '\

Is it still possible to safely fly this vehicle?



Failure Identification Test

2.5 T T T T T T T

Sample rate is 0.1sec

—_
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Current, amps

—

Half throttle voltage
Is applied
0.5}

34 36 38 40 42
Time, sec



Resilient Control Application

> Motor 2 fails at t=8 sec Failure identification and intelligent control
» Vehicle switches to safe mode reconfiguration stabilizes the vehicle

« Find nearby emergence landing site

* Land 20 NA/\\
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