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Background EPS
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I Autonomous system which is able to pilot

vehicles with the ability of an expert
human pilot

A Previous state of the art

I Systems exist which are able to pilot
aircraft from takeoff to landing
y. n FdzG2YFGAOFEEE@X Ay Yy 2N\

47 , A Technical Challenges with an EPS

I The ability to adapt to unknown and
potentially emergency situations is
difficult for an autonomous system to do

I Additionally, traditional certification for
these adaptable system is difficult, if not
impossible
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= A One of the most critical
decisions made Iin an
emergency Iis where to land.

I Can an alternate airport be
used?

I Are there any off runway
landing sites?

| Isditching required?

. A Expert human pilots are

. Ffgrea auUNIXAYAY
scenario
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st A Why?? Al pilots, aircraft, and

B A With new computing hardware,
§%-f geographical information
systems data, and machine
learning algorithms these
decisions can now be made by
automated systems.

A Mixed criticality strategies may
provide a path to certification
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Innovationsg WTL function
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Autonomous decision process

Sense\ ‘ ) M
Need E Dec:lde/ EActuate

A Sense NeeglDetermine need for emergency landing and
what type of landing (Health monitoring, vehicle state)

A Decidec Minimize the potential loss for the chosen
landing selection/here to land decision function
algorithms)

A Actuatec Perform landing in location selected (Auto
landing system, route planning, adaptive control)
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Target scenarios
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Landing Category Description Notes

Land as soon as practical Land at nearest airfield Currently available determination of neares
airfield available in current GPS systems
Land as soon as possible Land when/where probability of zero loss is Category may change into land immediately
greater than 80% (for instance) conditions for acceptable landing site are nc
found. Preplanning activities should limit th
possibility.
Land immediately Minimize combined expected loss in the Preplanning activities should limit expected
immediate area loss to a predefined limit.
Crash smartly (UAV only) Minimize loss on the ground only Failure conditions on inexpensive UAVs ma

always call for this landing category

A Nearest airfield algorithms currently exist.
A WTL decision function development targets emergencies scenarios
which require:
I land as soon as possible
I land immediately
I and crash smartly categories.

A Landing category determination comes from health
monitoring function (what type of fault, aircraft statetc)
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Decision function objective
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A The WTL decision function will select an emergency
landing site which minimizes predicted on and off vehicle
losses given:

I the emergency landing category
I aircraft state

I aircraft capabllities

I geographical and population data
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Decision function components
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Geographical and . Fault detection
population data Observations .. 4 isolation
Starting and goal l :
location Nominal Landing
flight route decision

Pre-planning

Loss tolerance

Real-time J

A Pre-planningc Plan flight routes with bound on
expected loss using a prionformation

A Realtime ¢ Optimize landing decisions along
flight route based upon redlme observations
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Emergency landing model
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Disturbance

Flight v
Landing _ Landing Surface Landing
Command Gmdadnce Trajectory | Inner-loop [Commands| Aircraft |Location
an .
z Navigatiorj x() Control J Dynamics

A Upon detection of fault, emergendgnding system computes a
landing commana N Y

I Position, velocity, orientation at landing

A This command is passed to guidance and navigation to compute a
landing trajectory

A Landingrajectory is then passed to inndobop control to generate
controlcommands

A Disturbances (e.g. wind and tracking errors) results in perturbed
actual landingconfigurationg® Y
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| 0oss model

... Two sources of loss
# I I Onvehicle loss: vehicle damage due to
landing at hazardous locations (e.g. water,
buildings, tree¥
I Off-vehicle loss: environment damage due to
landing in populated areas (e.g. residential

LR or industrial areap
WY Given potential landingitesw N Y , model
sources of loss via two maps:
i Hazardmap QY © Ttip
I "Ow) prepresents hazard at location
I Constructed from geographical and terrain
data
i Impactmap'@yY © mib
I "Qw) representsenvironment loss at
location
I Constructed from population density and
land use data
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Computing expected loss
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A Aggregatelossis sum of on and off vehicle loss over
emergency landingrea (given a specific fault)

,
AT

O

AT

Vehicle loss incursostCif landing area contains a hazard,
as defined by the hazard map

Environment loss modeled by integration of impawp

nis function is then minimized to provide the
ptimal landing command

ne optimal landing command is then used to

provide an expectetbssfor each fault and
compared to predefined maximum allowable loss to
produce acceptable prplanned flight routes.
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Realtime updates of impact and
hazard map

e i mpact and hazard maps will be
pased on information which may
ne old and/or at too coarse a
resolution to provide optimal

landing locations

. A Realtime updates using sensors

| such as cameras, radar, lassc
provides a method to update
these maps on the fly

" A Realtime updates allow the
system to truly act as an expert
pilot would
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Simulation scenario

A Consideplanning domain as
- section of UC Berkeley
campus

* w Assume vehicle to bguad
« rotor helicopter, flying at
&8 height of 25m abovground
f;_‘ w Model failure mode as 10%
2@ |oss of vertical thrust
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A Impact map

QY © m

I Buildings: 5 unit
cost per 1marea

I Roads and
parking lots: 3
unit cost per 1m
area

I Grass: 0.5 unit
cost per 1M area

I Trees: 0 unit cost
per 1n¥ area
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Construction of hazard map
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