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Abstract— Aviation is a fastest growing means of 

transportation. It is very much dependent on the runway. If 

there is any object on the runway it causes a fatal accident. 

FOD can directly threaten safety of flight crews and integrity 

of the aircraft. In 1998 to 2008, there were 116 FOD 

occurrences reported to the Aircraft Transport Safety Board 

(ATSB) that affected high capacity air transport aircraft, 

which normally happened during the busiest hours of 

operations at most airport in Australia. Nine of them 

happened at the aerodrome apron while the other 12 occurred 

on taxiways. Other occurrences that happened during aircraft 

pushback included cases when the tyre was punctured by a 

metal pin and the engine was damaged. The problem is that 

there is no such system to find out FOD instantly on the 

runway and also this much of cost effective. Era of 

automation robot become an important part of our industry. 

This research introduces the new concept of finding out 

object on the runway coming to its path and instantly picking 

it up from the runway. The project is designed to develop a 

robotic vehicle that can sense metals ahead of it on its path 

similar to sensing objects. The robot is controlled by a remote 

android application. Remote operation is achieved by any 

smart-phone/Tablet etc., with Android OS based touch screen 

operation. It consists of a metal detector circuit interfaced to 

the control unit that produces beep sound and detect objects. 

At the transmitting end using android application, commands 

are sent to the receiver to control the movement of the robot 

either to move forward, backward and left or right etc. 
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I. INTRODUCTION 

Foreign object damage (FOD) is a big problem in aviation 

maintenance industry that reduces the level of safety for an 

aircraft. In fact, it can only be controlled and minimized 

properly by using the right and precise control method. 

Basically, FOD is known as foreign object (FO) that can 

cause severity and destruction to the aircraft such as engine 

failure and loss of human life. Nowadays, there are many 

cases of FOD that happened due to some reasons and this 

situation leads to a survey on aviation safety in the aviation 

industry. Foreign Object Debris (FOD) can come in many 

different forms and may produce disastrous effects if not 

identified and corrected. In severe cases, FOD can directly 

threaten safety of flight crews and integrity of the aircraft. 

 Basically, this research will focus on FOD sources 

and also its prevention method at airports and maintenance 

areas where the most common FOD cases happened. Apart 

from that, this paper is aimed to classify FOD based on their 

specification, understand the consequences of FOD to the 

aircraft and identify the cost contributed by FOD. An 

automatic robot, which is capable of detecting metallic 

objects and taking from their locations, while enabling the 

operator to control the robot wirelessly from a distance. The 

detection of the metal is done by using metal detectors. The 

robot will travel in a straight line path. Robot movement can 

be controlled wirelessly or remotely. Throughout the 

completion of this research, several methods ha en used to 

gather reliable information and data. Most information was 

obtained from reliable sources such as internet, technical 

report, books, articles and journals. 

II. LITERATURE REVIEW 

A. Definition of FOD 

FOD includes debris, substances or articles that have the 

potential to cause damage to any vehicle or system. In other 

words, FOD can be defined as anything that is around or 

inside the aircraft and flight line operations that does not 

belong there. FOD varies in sizes and it has the capability to 

create hazard to equipment or personnel. Another definition 

of FOD is the damage on aircraft, helicopters, launch 

vehicles, engines or other aviation equipment which takes 

place when a foreign object smashes the engine, flight 

controls, airframe and the other operating systems. Based on 

Federal Aviation Authority (FAA), FOD is principally known 

as a hazard element that can severely harm the airport, 

personnel and equipment. In fact, the most serious case of 

FOD had involved personnel injuries or death and in most 

cases, it usually occurred during aircraft close-proximity 

taxing when the personnel was exposed to adverse effects of 

high velocity jet blast. The harsh blast forced FOD through 

the airport and often caused injuries to personnel who were 

working around that area. 

B. FOD Sources 

Through the researches and surveys done by FAA, there are 

many types of FOD that can be found in many forms. None 

of them is beneficial since they cause difficulties to airline 

operators, especially in maintaining safety on airfield 

operations. There are many types of FOD that vary in 

materials, colors and sizes. In general, there are four basic 

classes of FOD: metal, stone, miscellaneous and birds. Based 

on the research done by the French Study on Automatic 

Detection Systems, over 60% of the collected known FOD 

items were made of metal, followed by 18% made of rubber. 

C. Problems associated with FOD 

In the aviation industry, there are many catastrophic problems 

associated with FOD. Frequently, the problem is damage or 

destruction to the aircraft parts. The damage can be divided 

into two categories: minor and major damages. An example 

of minor damages is a skin dent while for major damages, 

they include control surface malfunction, jammed flight 

controls, electrical shots and also engine failure. According 

to ATSB, about 11% of FOD occurrences led to airframe 

wheel and engine damages. These damages give financial 

impact to the organization and contribute to a massive amount 

of direct and indirect costs. 

D. Engine Damage 

Aircraft engine has a high tendency to be ingested by FOD. 

Ingested objects in a form of soft and hard materials of all 

sizes and shapes are causing big problem once they strike 
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rotating blades, static vanes, and other parts of the engine, 

thus reducing the strength of the component. Furthermore, 

ingestion by hard body object can cause damage to the engine 

rotating assemblies, which leads to vibration and disruption 

of airflow at the early stage of the compressor section. It will 

cause the compressor to stall and eventually reduce the 

performance of the engine. A study conducted by Thompson 

found that FOD is of great concern in the gas turbine engines 

because it can have deleterious effect to the rotating 

components in modern aircraft engines. The impact of FOD 

on gas turbine engine blade can be divided based on the 

severity of the damage as listed below: 

1) Minor – no more than blade blending is required 

2) Moderate – replacement of blade on single stage is 

required 

3) Severe – replacement of blade on more than on stage is 

required 

4) Very severe – blade replacement is required plus repair 

of additional damage incurred to the other engine areas 

III. WORKING PROTOTYPE 

For the efficient working we have to considered some cases 

1) What is the current method of locating FOD on runways? 

2) How to report the object location? 

3) How effectively thus technologies can be used to report 

such problems? 

The study of this project gives us following significances: 

To the aviation industry; the system is able to report the 

location of metallic objects. It is very useful to avoid accident 

causes due to debris’s on the runway. 

 Detection and removing of objects manually is a 

dangerous task, which may sometimes causes accidents. In 

such situations robots aid in detection of the objects on the 

runway. 

 It is cost effective because instead of using 1000 of 

laser poles on the runway we are using a single robot which 

will be able to identify the object instantly and remove it from 

the runway at the same time. 

 As it will detect and remove instantly, so loss of 

lives and fatal hazards probabilities are very less. 

 A prototype is design to show the whole process 

initially on ground to make ease to understand the project. 

This process is actually inspired by metallic object or any 

kind of obstacle detection. The basic block diagram of the 

prototype is shown below: 

 
Fig. 1: 

 
Fig. 2: Actual Prototype (Top View) 

It can be used as both with wire or wireless. 

Here android phone is connected for the movement of the 

robot. Thus it gives the frequency measurements. 

In keypad: 

2 - Forward movement 

8 - Backward movement 

4 - Left turn 

6 - Right Turn 

5 - Stop 

 As it is designed for both wireless and with wire 

configurations, so if we want to check frequency without 

connecting android we need to put frequency reader into it. 

IV. RESULT 

The Robot will be able to move in all four directions: 

1) Right, Left, Front, Back 

2) The IR sensor will detects the obstacle and avoid 

collision. 

3) The Robot will be able to sense metal ahead of it and it 

produces beep sound. 

4) The robot prototype executes successfully and it detects 

metal bodies. 

5) The test runs carried out with the prototype assure us of 

the success of the robot. 

 Robot is operated by a wireless RF module or using 

android phone to move in four directions, i.e., forward, 

backward, left and right directions. 

 RF Module can be operated at a distance of 100 m. 

 Metals can be detected by using simple metal detector 

circuit (induction coil with Colpitts oscillator). 

V. CONCLUSION 

In the present investigation of the current prototype of 

automatic metal detection robot has been presented and it can 

be built using some hundreds of US dollars. So huge 

investments on object detection can be reduced in the 

countries. This prototype provides less complex structure and 

reduced the cost to build detection robot. It detects the uneven 
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metallic objects present on the ground and generates alarm to 

the user and do inform ATC. 
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