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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 1issues 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 1S 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 1is 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

53103 | Mobile millimeter wave imaging radar system
=7} Us A A | Trex Enterprises Corp.
S=H3s | US 7,782,251 =93 | 12/286,981 (2008.10.03)
e 2] 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 mobile millimeter wave imaging ,1 7 3— w ' e
radar system comprising: A) a vehicle, i = =\l ;
B) said radar system adapted to detect a plurality . - ;i.!_;,, |
of targets located on a relatively flat surface such S (] NS {
as airport runways comprising: P
™ - m— _'_' =
a) electronics adapted to produce millimeter
wave radiation continuously scanned over a
FIG. 6A FIG. 6B

A| frequency range of a few gigahertz in the
frequency range between 60 GHz and 100
GHz,

b) a frequency scanned transmit antenna Tia T3T3e T3 Tae
adapted: v

i) to produce a narrow scanned transmit n_ . Emdetd
beam in a first scanned direction defining a AL A
narrow approximately one dimensional = B s
electronically scanned field of view L
corresponding to the scanned millimeter wave ;
frequencies, and

ii) to be mechanically pivoted or scanned in 5
a second direction perpendicular to the first FIG. 8

scanned dire.ctionsq as to dpfine a i) 4 o 1]
two—dimensional field of view,

¢) a frequency scanned receive antenna
co—located or approximately co—located with Al A EFY] MMW/FMCW

said transmit antenna and adapted to produce

a narrow scanned receive beam in a first
scanned direction defining a narrow

glojtt uj 2] @)

C| approximately one dimensional electronically
scanned field of view approximately
co—directed in the same directions as the
transmitted beam in approximately the same 7hel 2k X
one dimensional and two dimensional fields of
view as the transmit antenna,

d) electronics adapted to detect millimeter o] u] 2] 2 g 0
wave radiation collected by the frequency

= scanned receive antenna, e) a display monitor
and HES=A X
f) computer processor equipment adapted Z AR X

determine location of the targets based on

millimeter wave radiation reflected from the
E| targets in the two dimensional fields of view goltt +5 )
and collected by said receive antenna and to

display the location of the targets on the .
display monitor in a map format. T A
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£35)04 | Millimeter wave surface imaging radar system

=7} US

A

Trex Enterprises Corp.

ol

=35 | US 8,362,946 (2013.01.29)

12/806,488 (2010.08.13) — US

=9WE | 90951 (CIp)

£,

7 2]

WO 2013—095683 | US 8362946 | US 8362948 | US 2012—0249363 | EP 2347281 | CN 102301255 |

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:

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

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
B| 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,

se

a3

US 2011-0199254 | EP 2347281 | US 7782251 | WO 2010-039268 | US 2009-0135051
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FIG. 8
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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,

7} 2} X

o v A A 7 0

HEH= X

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

golt 5 0

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

- Multistatic radar system for airport monitoring

ort monitoring

US

A2z | ONERA

US 8,654,002 (2014.02.18)

ZdH3E | 13/254,908 (2010.03.04)

EP 2406660 |

W02010-102945 | FR 2942884

US 2012-0019407 |

EP 2406660 | FR 2942884 |

A method

runway by means of emitting modules
and receiving module,

wherein said emitting modules 1 and
said receiving modules 2 are alternately
distributed along each one of longitudinal
sides of said runway and in that it

includes

for monitoring targets on a

emitting orthogonal signals by said
emitting modules at a rate of at least
two orthogonal signals per emitting
module 1,

receiving signals in said receiving

modules 2 coherently with emitting

o 2 o ]

orthogonal signals by said emitting
modules 1, and

Multistatic Radar

0

detecting an object OBon said runway

based on a distribution of said

modules into meshes each including
three neighbor bistatic pairs of

emitting module 1 and receiving
module 2 and on a radio location of

said object through triangulation and

interferometry in at least one mesh.
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<% 34> US - System and method for ascription of foreign object

debris detected on airport travel surfaces to foreign object sources

=812 System and method for ascription of foreign object debris detected on

airport travel surfaces to foreign object sources

=7} uUS A A Xsight Systems Ltd.
S=H3 | 8022841 (2011.09.20) =YWE | 2008—059377 (2008.03.31)

&

el
2009-0243881

US 2012—0194358 | US 8022841 | WO 2009—122398 |

W02009-122398 | US

A system for detection of foreign objects
on an aircraft travel surface and
ascription of the foreign objects present
on the aircraft travel surface to foreign
object sources, the system comprising:

a foreign object detection subsystem
A| 110 operative to detect foreign objects
on an aircraft travel surface;

a potential foreign object source
identifier subsystem120 operative to
B| indicate the presence of potential
foreign object sources at or near the
aircraft travel surface;

AAMES

ol uj =]

7wl 2}

ol m] 2 A &

a foreign object to foreign object
source correlator (130) operative to
receive inputs from said foreign object
detection subsystem and from said
foreign object source identifier
subsystem indicating at least a time
relationship between sensed presence of
said potential foreign object sources on
the aircraft travel surface and detection
of said foreign objects and to provide
an ascription output indicating the
origin of at least some of said foreign
objects detected by said foreign object
detection subsystem.
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<% 36> WO - METHOD AND APPARATUS FOR DETECTION OF

FOREIGN OBJECT DEBRIS

E3]16 | METHOD AND APPARATUS FOR DETECTION OF FOREIGN OBJECT DEBRIS
SYSTEMES PAVEMETRICS

=7k | WO A=A INC.Ca)

=23 Z9Ws | PCT-IB2013—058082 (2013.08.28)

Age | 9o

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

receiving 3D profiles of said surface
from at least one 3D laser sensor, said
3D laser sensor including a camera and
a 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 surface model of said surface;

identifying pixels of said 3D profiles
C| located above said surface using said
surface model;

generating a set of potential FOD by
applying a threshold on said pixels

D| located above said surface model to
identify a set of at least one protruding
object;

providing detection information about
said potential FOD.
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Final results for detection alarm triggering
And location information
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User display for confirmation
(raw radar image + camera vision)
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24. 7|4 €934
O 2 #Ag 5d Hu® ©oBd AFFAN2Y & $evtete) FYA
Rol 7&A8e Endty A 23 2 F 5 252 949 G ave
N2 7|58 40 A3k AuE MEd & e FE HHe Sudds &
2~ 0]o
T AT
O 53], 38 9 &322 37 24 539 dolgE x3s 4AX7|&E2 gL
e, $541 541, 75 #oltt 59 fAREoke] Al B AJ2H s E A
& 2 80| Zhsstn FF7] S&HA 2 EE Fof T $EAYAE &80
e Bl /eRAe BHS T £ JE AV F o Bu.
O 2 g doj AMe $gRokE aokalw ol %o PL
<E 48> HvE #Ho|t} AA FH&FoF
T & S £ =
A7 87 A8 Age] BEE 1A
CEEER H)A A
H
ge 2w H S5 9] (sextant) ALY f
e A8 78BS
T HotEAl 4 3+ 4
F54 B4 AdA T4l Z A7
A& AZ 7 29} AEAF] 4
A7y 2 goltt A&
Secure military radar surveillance
Interference free radar EXE Q4
Cloud sensing radar ALY &=
RS Foltt F 58 % =2 (navigation)
olu] x| @ ot} Clutter &
Map matching radar Al B (fuzes) &
Folth o & b matcing racel S res T
space object identification ook He 8
EXE 547AE radar 37 AE BxE
weather radar air traffic control beacons Jet
Clean air turbulence sensor engine exhaust, cannon blast
EXE 29l2E radar beam rider
range finders Passive seekers
22§ radar olu|x] g5
Plasma diagnostics automatic braking
remote vibration sensor prediction of blast focusing
Hu A= rocket exhaust plume spectroscopy
B measurements AAZAA va2AZ SH
hoj=4 H 32 A G o] o] &
wY 27
O & 8729 A% F4 Aol ohd 4% BFE7} vl Q& A7t Ba, 27
gelel] Wk Fdol A7) He A7 87 WEA 0% PAANLEL 27



oleg ANzde ARl s A% 100kmE FeWA 2mm Lr)e] o]BAL
9AY 5 Qe 3D dolA 2WRA AL Jle, AR Faol 5w ol5EY
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O 2012837 2013 SAFETALY o] &4 2 Q13 AHAQ AdAFAE Fxs)d
£ uf, o] I FHse A FFAE sty HHEAREA AAFHo =
ghitste] & wf, SF2 olEFE WAE A3 AAFAE BAHE aHrt F A
o7 diH.

<E 49> FAHFITA o] EZE A% AU (JAAFTE)
g A A & AHRHFY H 1

2012.01.14 g7 25 Dent $1,114
2012.01.16 GINAZAFE Leak $1,747
2012.02.19 SR $ 768
2012.10.05 gAgE B $24,417
2013.02.07 2x9e 9E F $4,500 Fe7l Ad =5
2013.07.25 QR4 $2,378
2013.07.31 Elolo] &4 $10,334

2 A $ 45,258

O of&d] gty F79 AtElE Fxstd o|EHE Qg &3 7] gEAE e Azt
of 204 A= WA= AoE duA dow, o2 3 AHF FHHIE 5 g
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X EO S| al A x
= =3 S
12, 790l 48 JEEYAY
<FE 51> /ALY AA JEFLAE
sgay | A8 00
Fo2E8F A= (7]17h) AAF (M/M) (AREAF +
uRGS
12Pd = ( 67H%J) 3 18 111,456,000
=3 A7 2APAE (12701 4 48 297,216,000
AANLE L SX}JE(127H%J) 5 60 371,520,000
A=) 37

A2 A E ) 42PA=(1270Y) 5 60 371,520,000
5xPAE(12789) 5 60 371,520,000
1xPA &= ( 67H%J) 8 60 297,216,000
22PAE (12712 17 204 1,263,168,000

TF 94771+ 1 1c
(GR84S AL 3RAE (12709 13 156 965,952,000
4?}»@15(12711%) 11 132 817,344,000
5RPAE(1271€) 11 132 817,344,000
129 = ( 67 °J) 3 18 111,456,000
22PAE (127019 2 24 148,608,000

TF5 9F7H 2

1T
(A= A 3FPAE (12702 2 24 148,608,000
4RPAE (12709 3 36 222,912,000
5RPAE(12701€Y 3 36 222,912,000
1A =( 670 L ) 3 24 111,456,000
3% Az 3 2APAE (1270 8 96 594,432,000
(& oy AFA 2" | 3xpd=(1270€ 8 96 594,432,000
SIW 74E) 4 }@5(12711%) 4 48 297.216.000
5PA = (1271Y) 4 48 297,216,000
x3} 122 1,380 8,433,504,000
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O d+H F2&
[T @ 9
< > = = = = T4
H = IAE9E | 29 | 3RIEE | 4319 = | 5RPE % | A (%)
0
o)
A /e B4 631,584 | 2,303,424 | 2,080,512 | 1,708,992 | 1,708,992 | 8,433,504 30.35
H]
AT 71 A A -
W A A 0 0 0 500,000 | 650,000 | 1,150,000 4.14
AT NAE
= - . . o e
A 5 1] A= 0 1,065,000 | 1,046,000 | 2,000,000 | 2,400,000 | 6,511,000 23.43
A 2 1] 179,900 | 557,300 | 1,281,300 | 1,617,900 | 792,900 | 4,429,300 15.94
z_]
A o H 50,527 184,274 166,441 136,719 136,719 | 674,680 2.43
H]
a+ 84 o e . ) ) o g
25 sag 50,527 184,274 166,441 136,719 136,719 | 674,680 2.43
ZeAR -
Ee 44,211 161,240 145,636 119,629 119,629 | 590,345 2.12
A7 94,738 345514 | 312,077 256,349 | 256,349 | 1,265,026 4.55
S EAFA L 100000 100000 100000 100000 100000 500,000 1.8
HA H 157,723 | 720,154 | 779,761 971,446 | 930,196 | 3,559,280 12.81
3HA 1,309,210 | 5,621,180 | 6,078,168 | 7,547,754 | 7,231,504 | 27,787,816 100
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(6744)

71 &4 A

O ol&d AsgA Al=d Fue) W7 52 a7 AR 4
O ol2d AsFAANEH ENE 9 Aude A
U 252§ mE HF o]Fd FARA AgEE
W FF2 840N FAEE TIE 3 Ads MY

O o2 ATHAA LR 71 =LA

glolth FAAA R 7| 8AA 9 A=A (1Set)

B3 AR N 71 RAAA 9 A FH(1Set)

glol A GAZA R 7| 2AA 9 A (1Set)

EHF 71

AA FZA=E 71227

O ol2d AsgAXNLH v de F1-

=]
=
=]

=

1,309,209

2=
(1271€)

BA715AA
& A F A =

O ol&d ATHANEH 7lens AEA LA A2
glolth FAAA R 7| ZAIA] A AL A=A (4Set)
Fhelel GAZAR 7| ZAA A A F- A (3Set)
glo] A FAPFRF Z1RAIA] A AT A A1 (2Set)

ol sd SHF 71RAIA 2AAF- AR (1Set)

SElolE AZAER Z1EAA A A A A - (2Set)

O ol2d AsgANLH TN 84 75

5,621,179

RPIat R
(12714)

AATE 2
AeAE

O ol AsEAANZHAATSE R 7IsAE
glolth GAAA R BYAIAl Al A1 H (4Set)
Fhelet SAGAT BGATA A 2E-A1E (3Set)
glo] A FAFA R BAIAl A A1 H (2Set)
Y FHE AAH2Set)

ol sd SHF HAAA AF- AP (1Set)

SulolE] X 2T HYAA] A A-A 9 (2Set)
AA &A1

O ol&2 AFHAALE AA A=A A3
A R M
e e
EMI'RFI Z4k3t A9

O o= AsgAALE AA 718 & AF

6,078,168

A=
@A)

O o2 AsHAALE AA 8% 8
glojy/gsl/dlol A FAZAN F8sAIA Ag-BA-L-8(10Set)
IAY FYRF BAAA A EFL8(10Set)

olFE U FEIAA AR EBFL-8(2Set)

SHlolE M2 FEsAA Al Bg-2-8(2Set)
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Ad s o
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O olEd AFHAALE F&F ALt

glolt/Fe/a ol A FAGAE FEF A=A =E(10Set)
148 ZUF FEE AR EFE(10Set)

o5 ZYRE FEFE AL AE8(2Set)

Fdlole] A 2=E FEF AR A8 F/1Set, ©15F/1Set)
e AE-8 AXFAL

O FOD AsgAA = &7 AHSE&E A EE2&4&
43 FEUFAHELSENEE Hrt

O A 4595 9

O +8(Operational) A=} 7| & w7 24
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se) 93 B5e FRANE BlepiE 2%

7,231,505

ks
712t

547] ¥
(44 671¥)
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D 9 71 47} ® =9 8 ® 3 F L @7 EF
o 1t ) = = (CDX@X@)
4,300,000 120% 120% 6,192,000
A dolx A4 FAE(%) FIE 48 294 (%)

AA Axe Hz7le 97 130%
AA Hd LS £ a7 120%
U JuFzE9 e 110%
S Af7= 100%

A A B (%)

© &7 AAM (%)

7 ZAF 110%
SEAS 100%
7Nl 120%
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O 4y &%
(&9 €]
- 2 a
1}d= 3 6 100% 18 6,192,000 111,456,000
- AT 4 12 100% 48 6,192,000 297,216,000
T3
bl abd Eus
Py 3Adx 5 12 100% 60 6,192,000 371,520,000
(AANE L
P =] 37
72 2 2) 4RI 5 12 100% 60 6,192,000 371,520,000
5= 5 12 100% 60 6,192,000 371,520,000
1d= 8 6 100% 60 6,192,000 297,216,000
T= 229 = 17 12 100% 204 6,192,000 1,263,168,000
AT71E 1
(&A1 RAA= 13 12 100% 156 6,192,000 965,952,000
[A7&E
M) 4AEE 11 12 100% 132 6,192,000 817,344,000
5AEE 11 12 100% 132 6,192,000 817,344,000
1A= 3 6 100% 18 6,192,000 111,456,000
2 = 2 12 100% 24 6,192,000 148,608,000
3L
55
AF7H 2 | 3d= 2 12 100% 24 6,192,000 148,608,000
(EFAF M)
4= 3 12 100% 36 6,192,000 222,912,000
SAIA = 3 12 100% 36 6,192,000 222,912,000
14 = 3 6 100% 24 6,192,000 111,456,000
U A= 8 12 100% 96 6,192,000 594,432,000
AT 3
(SFH oy | xd= 8 12 100% 96 6,192,000 594,432,000
A2 A| =)
S/W 7ld) 1A= 4 12 100% 48 6,192,000 297,216,000
5AEE 4 12 100% 48 6,192,000 297,216,000
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O x4 /A%

3= 1IFEE | 2R9= | 3X}AE |49 = | 5119 E | A
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= T gLl
ITF d77FE 1
(FAAR 24271% M)
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3L fe-] 7| &
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('E"—gl = 7 H J )

35 dT71# 3

(§3H ol AEGA=H 111,456 | 594432 | 594432 | 297216 | 297,216 | 1,894,752
S/W 74
e A 631,584 | 2,303,426 | 2,080,515 | 1,708,996 | 1,203,725 | 8,433,504
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A 7 N
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) 5
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2 A A S
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[T @ A
T B 1A% o4 139 v gt FA )
1R(d= 0 0 0
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e H & 49
631,584 8% 50,527
2,303,424 8% 184,274
2,080,512 8% 166,441
1,708,992 8% 136,719
1,708,992 8% 136,719
3HA| 674,680
o H & _ oo
A (HAY) (NZzdo)sz ) A (HY)
631,584 8% 50,527
2,303,424 8% 184,274
2,080,512 8% 166,441
1,708,992 8% 136,719
1,708,992 8% 136,719
3HA 674,680
=5 & H & = N
?_]_ﬁﬂl (;ﬁ_'{l) (7]_;;_'5_;,_0 OI%I'EH]%@%) ﬂ‘ﬂ] (:H_-;._])
631,584 7% 44,211
2,303,424 7% 161,240
2,080,512 7% 145,636
1,708,992 7% 119,629
1,708,992 7% 119,629
A 590,345
e H & . 5.2
QAN (HY) (Nz2Zdo)sz A7) SHA(HY)
631,584 15% 94,738
2,303,424 15% 345,514
2,080,512 15% 312,077
1,708,992 15% 256,349
1,708,992 15% 256,349
SHA 1,265,027
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O A H-u AA%

H = IAME | 2A9E | 3AEE | 4AYE | sREE | @A o)
AT71AA
ENdae 0 0 0 | 500,000 | 650,000 | 1,150,000 | 7.52
AF2H Al A&
S | e 0 | 1065000 | 1,046,000 | 2,000,000 | 2,400,000 | 6,511,000 | 8.53
AZ¥ | 179,900 | 557,300 | 1281300 | 1,617,900 | 792,900 | 4,429,300 | 63
ou] 50,527 | 184,274 | 166,441 | 136,719 | 136,719 | 674,680 | 4.41
a+ 2oy o
gsu | TR 50507 | 184274 | 166441 | 136,719 | 136,710 | 674,680 | 4.41
TT
NEBERT | 44211 | 161,240 | 145,636 | 119,620 | 110,620 | 590345 | 3.86
AT75T 94,738 | 345,514 | 312,077 | 256,349 | 256,349 | 1265026 | 8.27
7 436,250 | 2,497,604 | 3117898 | 4767,320 | 4492321 | 15295031 | 100%
O 4H A%
H &
T £ AAE(HY) | AR (AL | ClEFHelsE vedR) | FA(HD)
(LR +A Hu])*H &
1A= 631,584 419,902 15% 157,723
A= 2,303,424 2,497,601 15% 720,154
3= 2,080512 | 3,117,895 15% 779,761
1A= 1708992 | 4,767,317 15% 971,446
A= 1708992 | 4,492,317 15% 930,196
A 3,569,280
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AN RIS 28 &82J| 0|sSXIY 0|2&(FOD) XSEX AIAE JHet
1. 9 SH
O g2 0|2& = EAE /st D3 L 0lsE AIAE Y
O DHEEM 0lsE AMAEN e FAA 215 (Performance Assessment) &=
O 0ls"g AAEES2 1XHET =dAENA Y BIYd & =2 S=
ZECIH Y HEE 23
- 0l=S" ANAHON H=E= HOIM $HAVS AL 1XHEE £ 3IH
A JHE EIRA 2 =2 S22 HE ol N Z&EX 8E Z2X
O ds=H
+ &2 b k= o|=d
MM A (2 glold + EQ/IR + 20]X
() — E.I ol + -
(HZ IS oI + EO/R BlolxE EHRAls
O S2Y AAH 1set
-1 2 o=y EX ZX| 88 29 2 MA| s
Smols | - O BFE UAZ S 2¥S 8 HEM A3
- - 28 U MRE sEiA|AEDo| A 28 7|5
- 2% ME Ze| A" AA TS
- FOD EX| && DB 2 SAXIE XsMM J|s
- FAA 7| O|A2 THEStE - FAA 7| o|At2 ot&stE
- 2cm O|&te| EAT MAIE | - 2cm OlAle]l EXME MAl=E ==
T UL F Jfgsta, UTE TN
(Elolq ™A= 2rtm Ofale
L A= SHE MAZ = ATE A
|:|II S = HE
JéI E)
- 2cm O[Atel ExAloll tisiM= | - 2em olatel EAol oAM=
EXjtiA =2 2 37|, =t EX|tiatE22 2 37|, B
71F, AlEgot 4 S8 = AEgot w52 e
st Mg sto] ME
-0 MYEEX|HZ| 100m Ol &+
Bt x| A 2| 400m Ol 4t -2{|0|X AZHERX| = 20m Of4t
-0|=& = 60kmyn Ol &t
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EFX _
AH A 4% ol shels
Etx| Al 7} 1ol AAIZF K2
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