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Introduction

FAA Requirements

To integrate Unmanned Aircralystemsnto the U.S. National
AirspaceFAA Requires:

— Rule 1: * A equivalent level ofafety,comparable to see
andavoid requirements for manned aircyaft ( J an u e
2007)

— Rule 2: BeginningJanuary 2020 all aircraft operating in A,
B, C and certain other airspacwist be equipped with
Automatic Dependent SurveillanedBroadcast (ADSB)
transceivers (May 2010)



Previous Work
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" Goal and Current Projects

U Long Term Goal:

o Develop, integrate, and test an Airborne Sense and Avoid System
(ABSAA) that can sense and avoid cooperative systems carrying
ADS-B transceivers as well as non-cooperative obstacles

U Current Projects 2010-Present: ABSAA Payload
ABSAA miniaturization

0

o Right Of Way Implementation

o Terrain Avoidance

o Lost Link | || | |

0 Vision-based Navigation uw
0 Mosaicing and Super Resolution _ ‘
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" Miniaturization of ABSAA

Garmin
GDL-go PC-04 Form Factor
ADS-B Transceiver Flight Computer
CloudCap Technology
Piccolo II
Autopilot

Original Payload:

Eﬁ 13Kg
l 12,400cm?3

ADS600-B Gurnstix CloudCap Technology
Overo Fire Piccolo II
_— Flight Computer Autopilot

Sagetech l
XPS-TRB

7,000cm?3

< Current Payload:
ﬁ 2.5Kg

Gumstix CloudCap Technology
Overo Fire Piccolo SL
Flight Computer Autopilot N ext Pay I 0a d .

‘ 1.5Kg

750cm3

2

Images courtesy of Garmin CloudCap Technology, MITRE,Gumstix, Procerus Navworx, Versalogic SageTech



Environment Inputs

AOwnship’s Position & Velocity
ATarget Waypoint

Alntruders’ Positions & Velocities

From |Sensors

Behaviors IvP Objective Functions

AReach Target fi(heading, groundspeed, vert vel)

“WellClear”

AAvoid Small Threats

f,(heading, groundspeed, vert vel)

AAvoid La rge Threats fs(heading, groundspeed, vert vel)

AFAA Right-of-Way Rules

fu(heading, groundspeed, vert vel)

Ve

A..

TN
“Intruder”
A

“Threat”

- B

: wIVIAIN,

Control Outputs

heading, airspeed, vert vel

To | Actuators

Action Selection

max(w.f; + wyf, + ... + w,f)
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Mathematical Decision Space “Rule”

-600  -G00

Autonomous Decision Space
mimicking FAA Pilot behavior while
following a mathematically safe flight
path based on the objective function
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Ownship: blue =l

Intruder: Green
Intruder converges from the ownship’s right. Intruder has right of way and

ownship should give way
Ownship demonstrates pass behind behavior letting the intruder pass and

then continues on its programmed path 8
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Intruders Implementation
-

ADS-B
Transceivers

ARINC 429 ' l

Laptop P

Converter

Flight Test Results

- o L
S/N: 1 Q02 =i
TAS 2\ 20 .4im/s)

BALT: '900.0[m} ¢
RPM: 5238

Flight tests at Camp Grafton South (2011) -\

* Oneintruder using one ADS-B s A, ?
tranceiver : X

* Two intruders are introduced using \

two ADS-B transceivers <\
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Example of Flight Test Results

Intruders converge at varying angles from ownship’s right. Both intruders
have right of way and ownship should give way to both

Flight testing shows the ownship avoids both intruders, performing a
maneuver to avoid the first and continuing to avoid the second
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Terrain Avoidance

* Terrain algorithm based on the requirements of
Terrain Awareness and Warning Systems (TAWS)
using US Geological Survey data

* For all vectors in decision space, algorithm looks
at future ownship positions and looks for terrain 500 J
conflict, here at 28 seconds 0
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Terrain Avoidance

1600

1400 ..

 Ownship traverses a box canyon and avoids the cliff face at the end of the
box canyon and subsequently continues the planned mission path

* The terrain avoidance algorithm provides an additional level of safety if
improper flight planning puts the aircraft at risk 12
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Mountain Slope Approach

l~Flight Plan

Actual flight path included
significant elevation changes to
avoid terrain in addition to the
altered ground track

1 b

Fight test during Spring and Summer

2011 at Camp Grafton South

Flight path programmed shown with

solid line

Flight path actually flown shown with
dotted line




Vision Subsystem

U Objectives: Develop, test, and integrate a vision subsystem
into ABSAA that can sense and avoid non cooperative
moving and stationary obstacles.

U Projects:
O Lost Link technique
0 Fast algorithm for Mosaicing/Super Resolution
O Vision-based target recognition and navigation



Lost Link

U A fuzzy logic technique has been developed and tested:
0 Detect the loss of communication
0 Calculate the duration of the loss
0 Determine the cause of the loss: noise, distance, multipath, jamming..

U Implementation using Software Defined Radio technology
(SDR)

0 Under work
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Mosaicing & Super Resolution

* (Quantitative evaluation of mosaicing important, rather than
human based perception

* Previous works either lack sufficient performance metrics, or
suffer from computational complexity
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'\I\hﬁosaicing & Super Resolution

Nt

U Previous works:
0 Toy problems (5)
O Manual intervention
0 Matlab simulations
O Visual assessment

U Our objectives:
O Metrics and evaluation plan
O Fully automated algorithm
O Fast processing
O Stitching at least 10 frames
O Able to handle large data set (~25,000 frames)
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) Mosaicing Approach

Hierarchical Multi-level Mosaicing

High Level
L
New Anchor SIFT SIFT Projective ong
. — Duration
Frame Heap Feature Matching Transform .
Mosaic
/I\
Determine
New Anchor
LKT || LKT
NonAnchor Feature | | Matching Projective Shor-t—
— Duration
Heap Transform Mosai
SIFT || SIFT osalc
Feature | | Matching
Low Level

LKT: Lucas-Kanade-Tomasi tracking SIFT: Shift-Invariant Feature Transform
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Mosaicing & Super Resolution: Flight Tests

* Video data sets from flight test of May 2011 at Camp Grafton
South

Flight Plan Number of
HETES

Follow Manmade Structure 5000
V.2 300 Follow Manmade Structure 3600
V.3 200 Follow Manmade Structure 3300
V.4 400 Across Natural Vegetation 5400
V.5 300 Across Natural Vegetation 3000
V.6 200 Across Natural Vegetation 4900

e System Performance

— SIFT based: 907 ms (+/- 44 ms) / frame
— Our System: 156 ms (+/- 3 ms) / frame in best case
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= " Mosaicing & Super Resolution:
Example of Flight Results

Long Duration Mosaic

* Slow processing

* high number of frames
* Accurate
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Mosaicing & Super Resolution:
Example of Flight Results

Short Duration Mosaic

e Fast algorithm

* Low number of frames
* Less accurate




4
THE UNIVERSITY oF NorRTH DAKoTA N

¥

- Mosaicing & Super Resolution:
Performance Evaluation

*Percentage of mismatches
*Difference of pixel intensities: Measures the fluctuation of pixel error intensities

from the mean values o o
.psNR:  10log,o(max (G(, ), 0(L 1))

MSE
where MSE= 3, 3 .( G(i, /) — O(L, ))?

N
*Mutual information: I (G, O)= H (G)+H (O)-H (G, O); where H(G) is the entropy of the image G(i, j), H(O) is the

entropy of the image O(i, j), and H(G, O) is their joint entropy.

H(G,0)=_ Poo L i)logpes(i,f)
L.

Category of data Average Average Average PSNR | Joint Mutual
ratio of difference of | indB entropy informatio
mismatche pixel n
s (%) intensities

Images of 2D 1.42 3.14+/-14.05 22.99 8.01+/-0.49 | 2.8+/-0.30
surface

Images of outdoor 1.26 2.83+/-10.58 27.06 8.52+/-0.50 3+/-0.29
3D scenes
91 .

Airborne images 0] 0.86+/-2.22 38.50 5.92+/-1.00 3.46+/-
from UAV 1.51



Conclusions

U An autonomous airborne cooperative sense and avoid system has been
flight tested on small UAS
U Fully autonomous system that can operate without communication with a
ground station
O Onboard computer performs all calculations
U The algorithm is modular and is expandable to incorporate airborne and
ground based data for non-cooperative intruders
U Flight testing has included:
O Multiple Intruders
O FAA Right of Way Rules
O Terrain Avoidance
U The system is fully compatible with most classes of UAS



Conclusions

U A fuzzy logic technique has been developed and simulated

O Detects the loss of communication, calculates the duration of the loss,
and determines the cause of the loss

U 2 Mosaicing algorithms (short and long duration mosaics) have been
developed

O Error propagation is blocked effectively
0 High-speed performance is achievable

0 does not vary for ‘manmade structure areas’ vs. ‘natural vegetation
field’ or at different altitudes

0 affected by airplane fluctuation.
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Future Work

Continued miniaturization of the system for application in a broad range of UAS
platforms
Continued integration and fusion of non-cooperative sensor technologies

0 Airborne and ground based systems, including vision system
Automated Mosaicing algorithm
Development of Super Resolution algorithm
Continued vision system development for non-cooperative obstacles
Conduct testing (simulations and flight) to demonstrate the equivalent level of
safety of manned aircraft



Thank you!
Questions?



