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Background
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Background

Accidents and Incidents on Apron
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Introduction to LiDAR sensing
Advantages

LiDAR Field of View

« Non-cooperative environmental scanning

, Human Binocular Vision
« Large angles of detection

« Accuracy of position and pose at millimeter range
level (?)

: " H Symbol
« Independent from light conditions (?) uman 5ymono

Recognition
* Less sensitive to weather conditions (?)
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Introduction to LiDAR sensing
Temporal resolution
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Lidar Equation

cXxt O(r) g
Peeturn(,A) = Py X An X X X B(6,)) X exp| —2 f a(r,A)dr
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LiDAR system: const. Backscatter coefficient

Measurement geometry Transmission term
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Reflection values for different surfaces

Description: Reflectance

Bare aluminum metal that is weathered and scratched/scored 81,21%

Galvanized steel from roof and vent covers 47,37%

Gray and white weathered runway concrete 38,52%

Approximately 30-year-old runway construction concrete with (mostly granite) aggregate

showing. 37,84%

Weathered, galvanized bare steel from roof and vent covers 27,27%

Frost. (Particle size 10 pm) 22,52%

Weathered, galvanized steel from roof and vent covers 16,52%

Fine snow (Particle size 24 pm) 9,99%

Unweathered, transparent construction plate window glass 8,65%

Medium granular snow (Particle size 82 pm) 2,03%

Tap water 2,00%

lce 1,61%

Coarse snow (particle size 178 um) 0,63%

Source: NASA spectral library for 1540 nm
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Lidar Equation

cXxt O(r) g
Peoturn(T,A) = Py X An X > X —— X B(6,7) X exp —Zf a(r,A)dr
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LiDAR System: const. Backscatter coefficient

Measurement geometry Transmission term

C - atmospheric composition
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Introduction to LiDAR sensing
Transmission term/Absorption term
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Mean Latitude | Winter [263.15 K 1—-10.0017 = 0,9983
Mean Latitude | Summer |303.15K 1—0.0017 = 0,9983
Tropics| Summer |313.15K 1—0.0019 = 0,9981
Source: simulated spectra from HITRAN data
E;E‘E\Z%‘é%%ﬁ Institute o A Transportation and Logatce/ Hannes Broctel Folie 10 oacsoen (“\,
9th SESAR Innovation Days // 2-6 December 2019, Athens, Greece P



Technische Universitat Dresden
Faculty of Transportation and Traffic Sciences
Chair of Air Transport Technology and Logistics

Contact: Dipl.-Ing. Hannes BraRel
Hannes.brassel@tu-dresden.dg



Experimental Design

a. Angular diameter
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g. Object size
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Experimental Design

Visibility Scenario Description

Clouds and visibility okay (CAVOK) according to

Clear/Day: . . . . .
y Meteorological Terminal Air Report (METAR) during daytime.
Clear/Night: CAVOK during nighttime.
“Precipitation in the form of liquid water drops, varying in
Rain/Day: size from 0.5 to a maximum of 6 mm in diameter [...]" during
daytime.,
Rain/Night Rain during nighttime.
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Experimental Design

Detection (‘is there an object?’)
Recognition (‘is the detected object an aircraft?’)
|dentification ('is the recognized aircraft an A3207)

Size Estimation (‘how large is a detected object?)
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Experimental Setup
Recognition by components
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Experimental Results

Distance: 0.329351
-0.134359

-0,300086
-0,019693 Distance: 0.501231

0.274472

0.416400 Diskance: 0,180235

0,05007 -0.024842
0.006646
0.175391

Distance: 0,503022
-0,191607
-0,465065
-0.005749 Distance: 0.282468
-0,195837
Distance: 0,130269 -0,201197
-0.037659 0.,123998 -0.030602
-0.1158141 0.054889
0.039932 0.124707

iskance: 0,292242
-0.192104
-0,196073
-0.1002584

Distance: 0.304017
0.112761 W 0.303352
0.281615 0.114539
0.020103 Wl 0.2523532

TECHNISCHE Validating LiDAR sensor surveillance systems for airport operations

Distance: 0.494505
-0.266276
-0.417012

0.005457

Distance: 0.296979
-0.210189
-0,098427
-0,155282

UNIVERSITAT Institute of Air Transportation and Logistics/ Hannes Brassel
DRESDEN 9th SESAR Innovation Days // 2-6 December 2019, Athens, Greece

Distance: 0.203527
-0,150300
-0,137230
-0,001121

Distance: 0.253934
0,034090
-0,004574
-0,251694

Distance: 0.260732
0.032193
-0.035629
0.256272

Distance: 0.245569
0.123107
-0,099033
0.187992

Distance: 0.299423
0126415
0,267622

-0,045290

Distance: 0.099737

0.157997
0.224714
0.212452

Folie 16

0.086793
0.045441
0.008934

DRESDEN
concept

"N
~4



Experimental Results
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Experimental Results

Influence of illumination on object detection/size
estimation/recognition/identification:
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Experimental Results

Influence of rain on object detection/size
estimation/recognition/dentification:

TECHNISCHE Validating LiDAR sensor surveillance systems for airport operations
UNIVERSITAT Institute of Air Transportation and Logistics/ Hannes Brassel
DRESDEN 9th SESAR Innovation Days // 2-6 December 2019, Athens, Greece

Folie 20



100%

50%

SDetection [%]

0%
_100%

0,
SSize_estimation [A’
(O
o
X
T T T [ N T T |

0%
100%

50%

SRecognition [%]

0%
_100%

50%

0%

o,
SIdentification [A’

o

TECHNISCHE
@ UNIVERSITAT
DRESDEN

10 20 30 40 50 60 70 80 90
Angular diameter [arcminute]
—e— OTWV Mean/o | Clear/Day —+— LiDAR Mean/o | Clear/Day
---0---OTWV Mean/o | Rain/Day ---a---LiDAR Mean/o | Rain/Day

Validating LiDAR sensor surveillance systems for airport operations
Institute of Air Transportation and Logistics/ Hannes Brassel Folie 21
9th SESAR Innovation Days // 2-6 December 2019, Athens, Greece

DRESDEN
concept

(L

&,



Outlook
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Thank you for your attention.

Contact:

TU Dresden
Institute of Air Transportation and Logistics

www.ifl.tu-dresden.de

Hannes Brafel Hannes.brassel@tu-dresden.de
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