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Fig. 3
1000
1010 ———— capturing a thermal image of an area of interest on the runway
1020 —— capturing a visible light image of the area of interest on the runway
1030 —— detecting a thermal object image in the thermal image
1040 — detecting a visible light object image in the visible light image
determining that the foreign object is detected when the thermal

1050 ——{ object image and the visible light object image are detected in the

thermal image and the visible

light object image respectively

Fig. 4



4/10

2000

1 x

2110 ——

Visible Spectrum Camera (Primary Sensor) scan Infrared Thermal Camera (Secondary Sensor) scan respective (i.e. the | 2210
respective Runway Sector, subsector by subsector same) Runway Sector, subsector by subsector (i.e. the same subsector)

2120

FOD detected within
respective Runway Sector (by Visible
Spectrum Camera) ?

FOD detected within
respective Runway Sector (by Infrared Thermal
Camera)?

2220

2130 __ | Generate “Suspected FOD - Visible Spectrum Camera” event : Generate “Suspected FOD - Infrared Thermal Camera” event 2230
Include FOD Features (FOD Position, FOD Size) Include FOD Features (FOD Position, FOD Size)
FOD Features (Position, Size) FOD Features (Position,Size) from
from Visible Spectrum Camera Infrared Thermal Camera

2140

2150

2160

Ll

Compare relevant FOD Features (FOD Position, FOD Size) from “Suspected FOD - Visible Spectrum Camera” event with
relevant FOD Features (FOD Position, FOD Size) from “Suspected FOD - Infrared Thermal Camera” event

e . FOD Features from “Suspected FOD - Infrared Thermal Camera® event match T .
‘f\ FOD Features from “Suspected FOD - Visible Spectrum Camera” event ? Pt
s Sl “Suspected FOD - Visible Spectrum Camera” event confirmed by_ .-~ i
el “Suspected FOD - Infrared Thermal Camera” event? T

Perform FOD |dentification based on FOD Features

|

2170

Generate “Confirmed FOD” Alert

Fig. 5
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3000

i 1

3110—

Infrared Thermal Camera (Primary Sensor) scan Visible Spectrum Camera (Secondary Sensor) scan respective (i.e.the | 3210
respective Runway Sector, subsector by subsector same) Runway Sector, subsector by subsector (i.e. the same subsector)

FOD detected within
respective Runway Sector (by Visible Spectrum
Camera)?

FOD detected within
respective Runway Sector (by Infrared
Thermal Camera) ?

3220

3130 | Generate “Suspected FOD - Infrared Thermal Camera” event Generate “Suspected FOD - Visible Spectrum Camera” event 3230
Include FOD Features (FOD Position, FOD Size) Include FOD Features (FOD Position, FOD Size)
FOD Features (Position,Size) FOD Features (Position,Size)
from Infrared Thermal Camera from Visible Spectrum Camera

3140

3150

|

Compare relevant FOD Features (FOD Position, FOD Size) from “Suspected FOD - Infrared Thermal Camera” event with
relevant FOD Features (FOD Position, FOD Size) from “Suspected FOD — Visible Spectrum Camera” event

T FOD Features from “Suspected FOD - Visible Spectrum Camera” event matches o S
< FOD Features from “Suspected FOD - Infrared Thermal Camera” event ? o=

T~ “Suspected FOD - Infrared Thermal Camera” event confirmed by Pt
T “Suspected FOD - Visible Spectrum Camera” event? e -

Perform FOD Identification based on FOD Features

3160

l

Generate “Confirmed FOD” Alert

3170

Fig. 6
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4142

4143

4144

4145
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4140

Difference between
FOD Position from “Suspected FOD - Visible Spectrum Camera” event and
FOD Position from “Suspected FOD - Infrared Thermal Camera” event?
within pre-defined Position Threshold Level?

FOD Position from “Suspected FOD - Visible Spectrum Camera” event matches
FOD Position from “Suspected FOD - Infrared Thermal Camera” event.
Generate “FOD Position Match” event

Difference between
FOD Size from “Suspected FOD - Visible Spectrum Camera” event
and
FOD Size from “Suspected FOD — Infrared Thermal Camera” event
within pre-defined Size Threshold Level?

FOD Size from “Suspected FOD - Visible Spectrum Camera” event matches
FOD Size from “Suspected FOD - Infrared Thermal Camera” event.
Generate “FOD Size Match” event

Y

Relevant FOD Features from “Suspected FOD - Visible Spectrum Camera” event match
Relevant FOD Features from “Suspected FOD - Infrared Thermal Camera” event
Generate “FOD Features Match” event

Fig. 7




7110

Image Acquisition —— 5302
h A
Image Segmentation — 5304
h
Feature Dete?non and 5306
Extraction
Feature Matching  — 5308
h
FOD Detection —— 5310
h
FOD Recognition/
Classification 5312
Generate FOD Alert |— 5314

Fig. 8
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Image Acquisition

A

Image Segmentation

A

Automatic Feature Detection,
Feature Extraction, Feature Matching
(via Deep Learning)

A 4

FOD Detection

h 4
FOD Recognition/

Classification

A

Generate FOD Alert

Fig. 9
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6304

6306

6308

6310

6312

6000
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7000

START
7 1 10 Visible Spectrum Camera (Primary Sensor) scan Infrared Thermal Camera (Secondary Sensor) scan respective (i.e. the same) 72 10
respective Runway Sector, subsector by subsector Runway Sector, subsector by subsector (i.e. the same subsector)

FOD detected within
respective Runway Sector (by Visible
Spectrum Camera) ?

FOD detected within
ective Runway Sector (by Infrared Thermal Camer.

7120

Generate “Suspected FOD - Infrared Thermal Camera” event 7230
Include FOD Features (FOD Position, FOD Size, FOD Temperature)

I l I
FOD Features (Position, Size) FOD Features (Position, Size) fom  FOD Features (FOD Temperature, Size, Position etc..)
from Visible Spectrum Camera Infrared Thermal Camera

7130 Generate “Suspected FOD - Visible Spectrum Camera” event :
Include FOD Features (FOD Pasition, FOD Size)

Compare relevant FOD Features (FOD Position, FOD Size) from "Suspected FOD - Visible Spectrum Camera" event

7140 with

relevant FOD Features (FOD Position, FOD Size) from “Suspected FOD - Infrared Thermal Camera” event

A 4
l Store “Suspected FOD - Infrared Thermal Camera” event in 7232
7150 T “FOD Alert & Event Database”

T - FOD Features from “Suspected FOD - Infrared Thermal Camera™ event match T -
vz FOD Features from "Suspected FOD - Visible Spectrum Camera” event ? ey
T . “Suspected FOD - Visible Spectrum Camera” eventconfirmedby - -~ .
Tl “Suspected FOD - Infrared Thermal Camera® event? T
‘ 7180
Store "Suspected FOD - Visible Spectrum Camera” event in Tl
“FOD Alert & Event Database” —
Optimize “FOD Detection Configuration Parameters
(Infrared Thermal Camera)” by leveraging on
7132 Yes “FOD Alert & Event Database”
7170 Generate and Display “Confirmed FOD" Alert 7182

Store optimized “FOD Detection Configuration Parameters

7 172 Store as “Confirmed FOD” Alert in (Infrared Thermal Camera)” in
“FOD Alert & Event Database”™ “FOD Detection Configuration Parameters Database

| (Infrared Thermal Camera)”

FOD features (FODtyEe, size, position etc..) i L

“FOD Alert & Event Database” “FOD Detection Configuration
(Confimed/Verified & "Suspected” FOD Alert/Event from
742 Visible Spectrum Camera & Infrared Thermal Camera) (Inf::rr::‘::zerrsmgzligi::'li‘:a]” 744

Include FOD features (FOD type, size, position, temperature etc..).

Fig. 10
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8000

FOD Detection by Infrared Thermal Imager (operating as standalone & sole FOD detection sensor)
by leveraging on
optimized “FOD Detection Configuration Parameters (Infrared Thermal Camera)’
stored in the
“FOD Detection Configuration Parameters Database (Infrared Thermal Camera)”

- 8402

FOD Detection Configuration Parameters Database
(Infrared Thermal Camera) 844

Fig. 11
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