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SUMMARY

Foreign object debris (FOD) on runways may cause a serious aircraft damage resulting

in fatal accidents or severe air traffic delays as well known from the previous records.
Therefore, it is very important to check a runway for debris every take-off or landing,
But this is impossible with the conventional way which is done manually four times a
day during a certain permitted interval. To overcome these critical problems, automatic
FOD detection systems are being developed and recommended in US and European
countries for constant monitoring of runways. However, the presently available
commercial systems has their own weakness depending on the adopted technologies
although their performance is much better than that of the conventional intermittent
checking method done by driving vehicles or walking humans. Therefore, in this report,
the commercially available systems are analyzed to check the performance
characteristics. Though most of systems show the good performance exceeding the
requirement specifications recommended by US FAA (Federal Aviation Agency), there
are several issues for further improvement to be applied more widely in various
airports.

Considering these, the hybrid and data fusion systems are proposed for detection
improvement and false alarm reduction. Radar, optical, thermal and laser sensors has
different characteristics and they should be combined to build a more robust system
regardless of weather and environmental conditions. Two types of systems are suggested
here. One is the moving platform structure which sits on a running vehicle for
monitoring runways and other areas if it is necessary. It may be economical in some
applications since only one system is needed for FOD detection even though that does
not provide the constant monitoring capability. The other type is a fixed platform which
consists of multiple sensors as described and 24 hours simultaneous monitoring of
runways are possible with these fixed platforms for checking, confirmation and removal
of FOD. Therefore, this type is absolutely essential in most of crowded and busy
airports where the constant monitoring of FOD is required for aviation safety. However,
it needs maximum of 12 fixed systems to cover the full runway of 4km resulting in the
increased system implementation costs.

In this report, the development strategies are explained in detail to build both types
including the best technical approaches and the expected yearly financial and human
resource requirement. Following the suggested strategies, the very competitive systems
can be built and utilized in every military or civilian airport for the greater safety
improvement and reduction of costs which is the enormous amount considering both
direct and indirect effects occurred from FOD related accidents.
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<% 30> US - Movile millimeter wave imaging radar system

Mobile millimeter wave imaging radar system

<¥E 31> US - Millimeter wave surface imaging radar system

£3]04 | Millimeter wave surface imaging radar system

=7} US

dg# | Trex Enterprises Corp.

=7} US

A A | Trex Enterprises Corp.

sE/Ms | US 7,782,251

=dws | 12/286,981 (2008.10.03)

US 2011-0199254 | EP 2347281, US 77822!

WO 2013-095683 | US 8362946 1 US 8362948 | US 2012-0249363 | EP 2347281 | CN 102301255 1
51 1 WO 2010-039268 i US 2009-0135051

SEWS | US 8,362,946 (2013.01.29)

Sdrls

12/806,488 (2010.08.13) - US
7,782,251 (CIP)

1. A short range mobile millimeter wave imaging
radar system comprising: A) a vehicle,

B) said radar system adapted to detect a plurality
of targets located on a relatively flat surface such

as airport runways comprising:

@) electronics adapted to produce millimeter
wave radiation continuously scanned over a
A| frequency range of a few gigahertz in the

frequency range between 60 GHz and 100

GHz,

FIG. 6A

b) a frequency scanned transmit antenna
adapted:

i) to produce a narrow scanned transmit
beam in a first scanned direction defining a
narrow approximately one dimensional
electronically scanned field of view
corresponding to the scanned millimeter wave
frequencies, and

ii) to be mechanically pivoted or scanned in
a second direction perpendicular to the first
scanned directionso as to define a
two-dimensional field of view,
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FIG. 8

WO 2013-095683 | US 8362946 | US 8362948 | US 2012-0249363 | EP 2347281 | CN 102301255 |
US 2011-0199254 | EP 2347281 | US 7782251 | WO 2010-039268 | US 2009-0135051

1. A short range millimeter wave imaging
radar system comprising:

A) a frequency scanned millimeter wave
surface imaging radar system mounted on

the vehicle, said radar system comprising:

FIG. 6A

A

1) electronics adapted to produce
millimeter wave radiation scanned over a
frequency range of a few gigahertz,

w o ]

©) a frequency scanned receive antenna
co-located or approximately co-located with
said transmit antenna and adapted to produce
a narrow scanned receive beam in a first
scanned direction defining a narrow

C| approximately one dimensional electronically
scanned field of view approximately
co-directed in the same directions as the
transmitted beam in approximately the same
one dimensional and two dimensional fields of
view as the transmit antenna,

A A EFd

MMW/FMCW

2) a frequency scanned transmit antenna
adapted:

a) to produce a narrow scanned
transmit beam in a first scanned direction
defining a narrow approximately one
dimensional electronically scanned field of
view corresponding to the scanned
millimeter wave frequencies, and

b) tobe mechanically pivoted or scanned
in a second direction perpendicular to the
first scanned direction so as to define a
two-dimensional field of view of a
surface region,

FG. 8

kRl

A A )

MMW/FMCW

glojt} wj x|

0

Fhvile}

glojtt uj A

0]

7}l 2}

d electronics adapted to detect millimeter
wave radiation collected by the frequency

and

scanned receive antenna, €) a display monitor

ol u A A 2

HES T

f) computer processor equipment adapted
determine location of the targets based on
millimeter wave radiation reflected from the
E| targets in the two dimensional fields of view
and collected by said receive antenna and to
display the location of the targets on the
display monitor in a map format.

3) a frequency scanned receive antenna
co-located or approximately co-located
with said transmit antenna and adapted to
produce a narrow scanned receive beam
in a first scanned direction defining a
narrow approximately one dimensional
electronically scanned field of view
approximately co-directed in the same
directions as the transmitted beam in
approximately the same one dimensional
and two dimensional fields of view as the
transmit antenna,

ol w2 A 2

HES A

=g gA

4) electronics adapted to detect millimeter
wave radiation collected by the frequency
scanned receive antenna, and

ot &

5) computer processor equipment adapted
determine location of targets located on
the surface region based on millimeter
wave radiation reflected from the targets
and collected by said receive antenna.

Qo | e 2FS o] §F FOD BA Al2=H)

_6"_

_62_



<¥ 32> US - Multistatic radar system for airport monitoring <¥ 33> KR - 0983 U9 o]&R, 5H £ &4 AE A A2"d &

53109 | Multistatic radar system for airport monitoring k3
=7k | US RN ONERA =510 | vl Yol o8, BE vk &4 AE 74 A2d 2 B
SSWE | US 8654002 (014.02.18) EAWE | 13/254.908 (2010.03.00 . =7 KR Z94 | STRATECH SYSTEMS LIMITED
I EP 2406660 | US 2012-0019407 | EP 2406660 | FR 2942884 | Z=ms ZeMs | 2013-7024843 (2012.02.21)
W02010-102945 | FR 2942884 o KR 2014-0029394 | EP 2678835 | US 2013-0329052 i AU 2012221159 | IL
A method for monitoring targets on a R 928067 1 G 192881 ¢ WO 2012115504
runway by means of emitting modules »
and receiving module, i
wherein said emitting modules 1 and g, T N
sgid .receiving modules 2 are alternate}y ua A o] o]2d, B EE &AS \]
distributed _along each one of longitudinal AZzs7] 9 7hA A28 9500 24, ¥
sides of said runway and in that it
includes :
e
X
emitting orthogonal signals by said m-"”
5| €mitting modules at a rate of at least L o
two orthogonal signals per emitting A7) A A zEle vlgAe] ojux| \ - B 7
module 1, A == HTLE WA A% st /j"' n
olate] 7wl 951; 1 I
o %1
______ T e
0
receiving signals in said receiving
B modules 2 coherently with emitting ) 2 T u] ) 2 o =]
orthogonal signals by said emitting . B o
modules 1, and A A EFSY Multistatic Radar s o) arel Fhulets A% AAEY Camera
o|lu| x| 2 X v A o] o]&H, wH
el i 0 B oy hya nean o meAy dAelch X
detecting an object OBon said runway 71 X A
based on a distribution of said JREp— X Zher ©
modules into meshes each including o)1) %) 1 2) X
g three neighbor bistatic pairs of WES A2 X
emitting module 1 and receiving P 5 D] =A0 == HES A 0]
module 2 and on a radio location of EE X SJZ‘HEO‘L@] T;;SZLE@ @LHZO}OE'D] A=
said object through triangulation and #oltt 75 0 e e a1 S1xlal . = = ESE X
, , Cl AA =231} ol 4o AvaE
interferometry in at least one mesh. 23 A Shysly] 9% B 27 A A2 Aol = X
108
% A
e o Z}zZbe] WAL BmEo] 7 A ole] Hw ANsE WEste &FE e FOD
& BASE A=d gAS 3] 3 A ° 27 v = &=A8 =3 ZF A =
aer o FFE ol &3 WA U olEH, v e &L HAEsta AAEke
Al 2=Hl
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<E 34> US - System and method for ascription of foreign object <¥ 35> KR - ¥ ZAE °]&3% FOD #A Al=H

debris detected on airport travel surfaces to foreign object sources =515 | 9 ZA S o]&% FOD ZA AxH
=512 | System and method for ascription of foreign object debris detected on B KR Aela | obrlohfotol E] 345 AKR)
B airport travel surfaces to foreign object sources =93 | 1251350 (2013.04.01) =9d¥s | 2011-0133388 (2011.12.13)
=7} US #A2A | Xsight Systems Ltd. A | §le
T=WE | 8022841 (2011.09.20) 9w s | 2008-059377 (2008.03.31) £
" US 2012-0194358 | US 8022841 i WO 2009-122398 | W02009-122398 i US Ny . ol
2009-0243881 4 A E o] &g FOD(Foreign Object 0-\*‘-:::- .
i} Debris) Al Al 2~Hl, "“J )
N {
A system for detection of foreign objects | : - 31
on an aircraft travel surface and 2c %
ascription of the foreign objects present = .
on the aircraft travel surface to foreign %TEQL%] oggvoﬂ EEHSH ;ﬁ'ﬂg EL 100
object sources, the system comprising: golr 7 o= shus A= 3
Al 2 E Aojste] A7) BFERe) B SR i
S &3 ZABIEE Aot 27 - )
Aol g
a foreign object detection subsystem ) 3 o B)
A| 110 operative to detect foreign objects
on an aircraft travel surface; :ri] g%z =29 boal ) H?]lo 2@ ?T A K EFY Thermal, Laser
5 narrow beam) ¥} S 7
A B B utss a4 2529
a potential foreign object source ERERUE 0 Z32 Wege AZs= FOD otk EREERE X
identifier subsystem120 operative to
B| indicate the presence of potential 7kl 2t o Shela 0
aircrett wavel surtaces ERRRE 0 A7) 20 A o) 28
a foreign object to foreign object YEYT (¢} c AR 7% A {}%1 oz wezk A o || A A 2] )
source correlator (130) operative to PR X & Wggkesia 8l 4] FOD
receive inputs from said foreign object glojthel o8 HE® Fk vk vESZ X
detection subsystem and from said Holtt L5 0 A5dhe e ALGEE;
foreign object source identifier 2w X
subsystem indicating at least a time A7) e wezrel M e o3 el
C relationship between sensed presence of %ﬁtg‘ iELEﬂ olE], W o4 wre gt
said potential foreign object sources on D = 015%]-14-% -L’_;‘L_X]_cq A7 = doltt 7= X
the aircraft travel surface and detection ) 7= 2 Ak %i];}b FODE Az3l=
of said foreign objects and to provide T A FO_B A, = = _
an ascription output indicating the HEE T A
origin of at least some of said foreign
objects detected by said foreign object
detection subsystem.
89k e 23 2% dHolH 9 Fug WS T3l FODE AEdte Al=d

Qok e FOD2] WA UlS sty A3l Al2=E)
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<% 36> WO - METHOD AND APPARATUS FOR DETECTION OF
FOREIGN OBJECT DEBRIS

5316 | METHOD AND APPARATUS FOR DETECTION OF FOREIGN OBJECT DEBRIS

e WO Ae) IS]\S](S”I("(];:%ES PAVEMETRICS
TERS =9dws | PCT-IB2013-058082 (2013.08.28)
RS

A method for the detection of Foreign
Object Debris (FOD) on a surface of a
transport infrastructure, comprising:

teceiving 3D profiles of said surface
from at least one 3D laser sensor, said
3D laser sensor including a camera and
N laser line projector, said 3D laser
sensor being adapted to be displaced to
scan said surface of said transport
infrastructure and acquire 3D profiles
of said surface;

analyzing said 3D profiles using a
B| parametric surface model to determine A EFY o] A
a surface model of said surface;
Holoh wjA| 0]
identifying pixels of said 3D profiles 7telet 0
C| located above said surface using said
surface model; o m] A A 2] 0]
HES A X
generating a set of potential FOD by
applying a threshold on said pixels PP X
D| located above said surface model to e
identify a set of at least one protruding
object; ol & X
E prpv1d1ng Qetectlon information about =g A
said potential FOD.
fef e go]A 270& F3 FOD &4 A"
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(c) Up-Down Converter -

(d) Filter & Duplexer
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