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1000

1010 capturing a thermal image of a first view of an area of interest on the
runway from one side of the runway

capturing a visible light image of the first view of the area of interest
on the runway from the one side of the runway

transforming at least one of the visible light image and the thermal
image to a transformed visible light image and a transformed
1030 ——1} thermal image respectively, wherein the transformed visible light
image and the transformed thermal image are of a second view of
the area of interest

1040 ——] detecting a thermal object image in the thermal image

1050 ——| detecting a visible light object image in the visible light image

determining that the foreign object is detected when the thermal
1060 ——— objectimage and the visible light object image are detected in the
thermal image and the visible light object image respectively

1020 —

Fig. 3
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[ 1

2110 Visible Spectrum Camera (Primary Sensor) scan Infrared Thermal Camera (Secondaty Sensor) scan respective (i.e. the | 2210
respective Runway Sector, subsector by subsector same) Runway Sector, subsector by subsector {i.e. the same subsector)

FOD detected within
respective Runway Sector {hy Visible
Spectrum Camera) ?

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

2220

2130 Generate “Suspected FOD - Visible Spectrum Camera” event :
Include FOD Features (FOD Position, FOD Size)

Generate “Suspected FOD - Infrared Thermal Camera” event 2230
Include FOD Features (FOD Position, FOD Size)

FOD Features (Position,Size) from
Infrared Thermal Camera

FOD Features {Position, Size)
from Visible Spectrum Camera

g

Compare relevant FOD Features (FOD Position, FOD Size) from “Suspected FOD - Visible Spectrum Camera” event with
2140 relevant FOD Features (FOD Position, FOD Size) from “Suspected FOD - Infrared Thermal Camera” event

LT i FOD Features rom “Suspected FOD - Infrared Thermal Camera” event match el N
2150 —MMM, FOD Features from “Suspected FOD - Visible Spectrum Camera” event ? e
Tl “Suspected FOD - Visible Spectrum Camera” event confirmed by - -~
Tl “Suspected FOD - Infrared Thermal Camera” event? Pt

2160 I Perform FOD Identification based on FOD Fealures ]
2170 i Generate "Confirmed FOD” Alert }

Fig. 5
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3000
START
3110 Infrared Thermal Camera (Primary Sensor) scan Visible Spect: Camera (S dary 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 FOD detected within
3120 respective Runway Sector (by Infrased respective Runway Sector (by Visible Spectrum 3220
Thermal Camera) ? Camera)?
31304 G te “St FOD- 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 Th I Camera l l from Visible Sp Camera
Compare relevant FOD Features (FOD Position, FOD Size) from “Suspected FQOD - Infrared Thermal Camera” event with
3140 relevant FOD Features (FOD Position, FOD Size) fom “Suspected FOD — Visible Spectrum Camera” event

FOD Features from *Suspected FOD - Visible Spectrum Camera” event matches

3150 FOD Features from “Suspected FOD - Infrared Thenmal Camera” event ?
Tl “Suspected FOD - Infrared Thermal Camera” event confirmed by T -
NN N “Suspected FOD - Visible Spectrum Camera” event? e -
Yes l
3160 } Perform FOD Identification based on FOD Features ‘
3170 % Generate “Confirmed FOD” Alest ‘

Fig. 6
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4140

Difference between
FOD Position fom “Suspected FOD - Visible Spectrum Camera” event and
FOD Position from “Suspected FOD — Infrared Thermal Camera” event?

within pre-defined Position Threshold Level?

4141

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

Difference between
FQD Size from “Suspected FOD - Visible Spectrum Camera” event
and
@e from “Suspected FOD - Infrared Thermal Camera” event

4143

within pre-defined Size Threshold Level?

\\

Yes

FOD 8ize from "Suspected FOD - Visible Spectrum Camera” event maiches
4144 ——— 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
4145 ——— Relevant FOD Features from “‘Suspected FOD - Infrared Thermal Camera” event
Generate “FOD Features Match” event

Fig. 7



WO 2022/071894 PCT/SG2021/050601
12/15

5000

‘ lmage Acquisition I— 5302

h 4
‘ fmage Segmentation |—5304

F
Feature Detection and
Extraction

v

‘ Feature Matching I— 5308

= 5306

Y
‘ FOD Detection |— 5310

h 4
FOD Recognition/
Classification

~- 5312

v
Generate FOD Alert I-—- 5314

Fig. 8
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6000

| fmage Acquisition }— 6302

Y

I image Segmentation ]——6304

h 4

Automatic Feature Detection,
Feature Extraction, Feature Matching } 6306
{via Deep Learning)

Y

0D Detection }-««««w«w«w««w«w 6308

| 4
FOD Recognition/
Classification

6310

N

Generate FOD Alert },— 6312

Fig. 9
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7000

*

X

Vesinte Spertrum Camera (Primary Sensor) soan
respective Runway Soclor, sebsecior by subseciar

7110

nfvarod Thermal Camera ¥ Sensar; sean {Le. the samay
Runway Sector, subsentor by subsector (Le. he sama subsector}

——7210

7120

tespectve Rumvay Sector by Vlslhle 1
Specm:m Camem 7 -

FOD getected within
2 Runway Sectes (hy infrared Thermat Camera:

SRS

Yes i

7130 : ‘ Generate “Suspected FOD - Visiblo Spestrum Camerr” svent
; {nsiude FOD Fealums FOU Position, FOD Szel

Benamate Busaectzd FOD - Infrared Thermal Camera” sy
fnelude FOD Features (FOD Positon, FOD Size, OO Temperature}

FOI‘.\‘F esturgs (Position, Sizs) FOD Features {Fostion,$ us_s,« fom  FOD Faémres {FOD Tamporaturs, S2e, Position alc..)
from Visibie Specinum Camesx frapxd Thermat Camers H
i N {
i e S
X
7 140 i Campare ralevant FOD Features (FOD Pasifion, FOD Ske) fam FOD - Visibla Spe: Cama' pvent
with H
H wievant SO0 0N Gize) from ™ wsper‘led RO - Infrated Tennal Camera” e\mm :
§ Store “Suspected FOO - Infrard Therma Camers™ aventin | 7232
. E “FOD Afert & Event Databass”
e FOD Pentures fom "Suspected FGT - Infrared Thermal Camera™ svand mah Tl
FiOD Features fom "G FOL - Visthls Camera” svant 7
Tl .. *Suspected FOD - Visible Spectrum Cauers” avent confroed by . .
. “Suspseted FOD - Infraved Theamal Camers” event? -
Store "Suspected FOD - Visible Gpectrum Camera”™ svantin TSR
FOR Afert & Event Datakass® i H h R "
i i Optimize “FOD C
o o W—1 {tsfrared Thermal Camora)” by leveraging oo
7132 | res “FOD Atest A Event Datsbase”
7170 senerats aid Oisplay “Confinnes FOLN Alet : 7182
| X
* Store 2 “FOD Dot €
Stre 23 “Cenfined FORY Aled in (mrramd Therud Cm\w‘-); in
“FOD Alert 8 Svent Dxiatnse” FQE D
7 (‘En\‘fa(ed Thermat Camera)”
FOR features { \mm{pw size, positiog 2te.} Vo
| ) o b
5 =
“FQD Alert & Event Database” “FOD Detection Contiguration
74D & 2 & * R frar Parameters Database - 744

nchce FOO feafyres (FOO e, tite, positen, tempe

\iraibla Spackum Camera & inkared Thamﬂl Camera)

e ele,.) (nfrared Thermal Camera)”

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)”

L. 8402

FOD Detection Configuration Parameters Database
(Infrared Thermal Camera) \F— 844

Fig. 11



