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[Abstract]

Damage caused by FOD which is a foreign substance at the movement area in airports around the world has reached 200 million every
year. In 2000, the casualties occurred 133 people at charles de gaulle airport due to FOD. The occurrence of damage by FOD has
continuously influenced in domestic also it makes equipment repair indirectly or directly. Accordingly, One of the solutions to the problem
is the development of FOD automatic detection system. That is ongoing for plane movement area in airport. As the analyzed result, the
military airport prefered mobile type and the civil airport prefered fixed type due to the characteristics of the operating type. In this paper,
we analyzed the minimum performance specifications meeting the domestic requirements by investigating military and private FOD
detection systems.
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Fig. 1. FOD detection by the manpower.
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Table 1. The incheon international airport performance requirements.

Classification

Requirement performance

Operational Mode

— Fixed detection

Detection Method

— Radar(mm wave) + Electronic optics + Infrared light etc)
- Position detection (GPS etc)

Detection Range

- Min. 50ft(15m)~Max. 650ft(200m)
- Max. Tkm
- Max. 2km(<Assumption> Incheon Airport 1~4 Runway — 4 sensors)

Detection Angle

- 360°
— If Necessity 180°(<Assumption> Incheon Airport 1~4 Runway — 4 sensors)

Sweep Velocity
[Scan Velocity]

— 2seconds

1Time Detection Area

- 22,710m 2

Long Range

— Higher than 3.1cm(Lengths)X3.8cm(Diameter) Metal cylinder objects
— Higher than 4.3cm (Diameter) Sphere objects

— Higher than 5cm(Scale) Socket, PVC pipe

— Nuts or Fuel caps

— Higher than 1.5cm (TBC) Tire fragments

- Distinguishing Pavement (Crack/Sink/Protrusion etc.)

- Higher than 10cm Birds or Dead birds (Include other animals)

Detecting Ability

Short Range

— Higher than 5mm (Diameter) Nuts/Bolts

— Higher than 1Tmm (Diameter) Metal wires

— Higher than 10mm(Scale) Stones, Pavement fragments

— Higher than 10mm(Scale) Timbers

— Higher than 5mm Distinguishing Pavement (Crack/Sink/Protrusion etc.)
Only, Higher than RCS 0.01m2(-20dBsm) - detecting object

Detection ratio

- 100% (Pavement, Clear and fine weather) Higher than (3.1cm(Lengths) X
3.8cm(Diameter) metal cylinders, Higher than 4.3cm(Diameter) sphere objects

False detection ratio

- Less than 3times per day(Average 90 days)
(Using Optical equipment — less than 1 times per day)

2 Objects Discernment Ability

— Minimum 10ft(3m) — 2 Objects discernment ability

Detection Position Error

— Within 16ft(5m) (<Standard> Common GPS)

Power Supply

- 12V, 6A(TBC)

Detection Equipment Weight

— Lower than 15kg (TBC)

Radar Frequency Range

- E-Band or W-Band

Optical Camera

— Higher than zoom(X20), Day, Night image photographing

Heat Image Camera

— Need for reexamination

Warning

— Warning sounds, Visual alarm(lf detecting FOD)

Weather

— All-weather workable(Higher than 16mm/h rain)
(Performance of Bad weather)

Follow—up support

— Spare parts, Operation/Maintenance/Instructional manuals, Supporting item list

Operation test

— Satisfied test examination (Specified in FAA AC 150/5220-24)
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Table 2. The air force performance requirements.

Classification

Requirement performance

Operational Mode

Movable detection

Detection Range

Min. 50ft(15 m) ~ Max. 1,000ft(300 m)

Detection Angle

- 360°
If Necessity set—up 80°(Direction left,,right angle 40°)

Sweep Velocity

— 2seconds

1Time Detection Area

22,710 m2 (<Detection> Angle80°)

Detecting Ability

» Movable Radar Vehicle (Stop)
Within 30 m x 30 m (Detecting/Distinguishing ability about below objects)
- Higher than 5mm (Diameter) Nuts/Bolts
— Higher than 1mm (Diameter) Metal wires
— Higher than 10mm(Scale) Stones, Pavement fragments
— Higher than 10mm(Scale) Timbers
— Higher than 5mm Distinguishing Pavement (Crack/Sink/Protrusion etc.)
— Higher than RCS 0.01 m2 — detecting objects
» Movable Radar Vehicle (Run — 40km/h)
— Higher than 3.1 cm(Lengths) x 3.8 cm(Diameters) metals
— Higher than 4.3 cm(Scale) Sphere objects
— Higher than 5cm(Scale) Socket, PVC pipe
— Higher than 5cm(Diameter) Nuts or Fuel caps etc
— Higher than 1.5cm Tire fragments
— Higher than 1.5cm Pavement (Crack/Sink/Protrusion etc.)
— Higher than RCS 0.01 m2 — detecting objects

Detection ratio

- Within 30 m x 30 m (100%)

False detection ratio

- Radar operate — less than 3 times per day (An average of 90 days)
— Laser, optical instruments linked(co—operation) — less than 1 time per day

2 Objects Discernment
Ability

— Minimum 10ft(3m) — 2 Objects discernment ability

Detection Position Error

— Within 16ft(5 m) (<Standard> Common GPS)

Power Supply

-12V, 6 A

Radar Weight

— Less than 15 kg

Radar Frequency Range

- E-Band or W-Band

Optical Camera

— Higher than zoom(X20), Day, Night image photographing
— Resolution : Higher than 18million (1920 x 1080)
— Processing speed : Higher than 30 frame/sec

Heat Image Camera

— Higher than zoom(X10), Day, Night image photographing
— Resolution : Higher than 320 x 240

— Temperature resolution : less than 1° (uncooled way)

http://dx.doi.org/10.12673/jant.2016.20.3.210 214
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Table 3. Domestic FOD detection system performance targets.

FOD AFSEXIAIAE 27 AR 24

Division

Fixed type

Mobile type

Sensor Component

Radar + EO/IR

- Radar + EO/IR + Laser
(Lazer can disadhesion)

Basic Function

O

Integrated Management System 1 set

— Integrated operation and display funtion of fixed and mobile detection devices

Providing scalability for majority of runway real time integrated operations

Operational functions are associated with navigation systems installed in airports

Associated function with flight information management system

DB associated with the FOD detection and function that automatically generates statistical data

Minimum detecting
the target substance

Satisfied with More than criteria FAA

Development of 2cm or more objects are also
to be sensed

For more than 2cm objects are applied
development detecting the target substance
and size, criteria, test and evaluation method

— Satisfied with More than criteria FAA

— Development of 2cm or more objects are also
to be sensed,(Developed to be even more than
2mm sensing object when applying laser)

- For more than 2cm objects are applied
development detecting the target substance
and size, criteria, test and evaluation method

Detection Range

More than 400 m

—Radar front detection range
More than 100 m

—The width of the laser scanning detection
More than 20 m

—Moving speed more than 60 km/h

Location Accuracy — Within 1 m = Within 1 m
Detection Renewal Cycle — Within 4 minutes - N/A

Detection Time — Within 1 minutes — Realtime processing
Detection Percentage > 95 % > 95 %

Minimum Detection RCS — 30 dBsm —30 dBsm

Weather Conditions — Same with FAA criteria — Same with FAA criteria
Reliable False Alarm — Same with FAA criteria — Same with FAA criteria
Product Life — Same with FAA criteria — Same with FAA criteria
Environmental Conditions — Same with FAA criteria — Same with FAA criteria
Power Supply — Same with FAA criteria — Same with FAA criteria

The others

- Inside of vehicle
display/control function

— Equipped by wireless communication function

— Possessed by Foreign object collect device
involve equip / interlock function

realtime processing and

Other criteria that are not defined, is about
document by ICAO, FAA, RTCA applying the
standard

— Other criteria that are not defined, is about
document by ICAO, FAA, RTCA applying the
standard
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