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Abstract— Foreign Object detection (FOD) as Airport can be 

considered as main cases of accidents that include aircraft 

damage, infrastructure and human lives, loss. base on this 

analysis and report of the accident of Aeroplane causes of 

finding defect while manufacturing. There for object 

detection is very complex to identify the object while 

manufacturing the aircraft parts assembling. Aircraft parts 

one of them is propeller design and manufacturing while 

coating of carbon _lm one -upon-one and Marks propeller. 

While the manufacturing parts of plane it's very complex to 

identify the smaller or either unwanted Object. 
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I. INTRODUCTION 

We have analyzed various papers for implementation of this 

system. Those papers has given many technologies through 

which we can build this system. FOD is an important safety 

and quality control concept in any aviation, aerospace, 

manufacturing warehouse, shipping, military or similar 

environment where small debris, loose object, wildlife and 

even stray humans have the potential to causes: damage the 

manufacturing equipment, manufacturing defects to avoid 

production or safety violation. Foreign object detection 

(FOD) has been a major cause of to damage and bad 

production or manufacturing unit. In various manufacturing 

company they have use the different system to detect find 

unwanted object at the run time. 

 The FOD system will use in industry find vary tiny 

object in rune time on moving product. The image 

continuously capturing while production , the system will 

capturing the image and processing on this captured image 

and processing is base on reference image , if while compered 

image is not similar then system will noti_ed to end user and 

system turn off automatically till this object is Remove. 

 The FOD system proposed the various component 

that will help to detect the image and get process and get 

result effectively. This system work base on following four 

components: 

1) Image capturing of moving carbon film by using 

raspberry pi camera forwarding. 

2) After capturing the images the pi-controller processing 

on that using (grace scale, blur, edge detection, noise 

rejection, controller). 

3) If object is detected controller will decide and notified to 

the user. 

4) After that, detected image is store in end user system 

database for future prediction analysis. 

 
 Usually Debris are very small in size therefore it is 

very difficult and challenging task to identify and estimate it. 

Most of the Foreign objects are made of metals like nut and 

bolts having size generally 2.5 by 2.5 cm and much smaller. 

Tarsier1100, FOD Detect, FOD Finder have been regular 

FOD identification systems that utilizes millimeter radar with 

the combination of video camera and sensors. 

 To reduce the issue, we have proposed a cost 

effective solution based on transducers and image processing 

algorithm. The major issue was the occurrence of missed 

information, high false alarm rate and errors in compressed 

images. To mitigate the issue, a transmission protocol was 

needed in the application layer so that the compressed images 

must be received properly and accurately in a right order. 

II. SURVEY 

A. Detection Characteristic Evaluations of Optically- 

Connected Wideband 96 GHz Millimeter-Wave Radar for 

Airport Surface Foreign Object Debris Detection. 

The small debris on airport runways must be removed 

immediately. There have been an accident, for example, a 

thin metallic strip caused fatal damage to an aircraft [1]. To 

detect these small debris, several types of automatic foreign 

object debris (FOD) detection systems have been developed 

recently. In addition, the international standard for the airport 

FOD detection system has been discussed and determined for 

the practical operation in the airport [2]. Among the various 

types of sensor devices, we employ the millimeter-wave radar 

as a primary sensor because of its high-sensitivity, high-range 

resolution and weather robustness. We have developing the 

96 GHz millimeter- wave Radio-over-Fiber (RoF) connected 

distributed-type FOD detection radar system [3], [4]. 

 In this paper, the detection characteristics of the 8 

GHz signal bandwidth 96 GHz millimeter-wave radar system 

are discussed based on the actual airport field experiments. In 

addition, the degradation of radar sensitivity due to the phase 

noise characteristics of the frequency-modulated continuous 

wave (FMCW) signal is evaluated based on the measurement 

results. 
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 This paper discusses the detection characteristic 

evaluations of the developed 8 GHz frequency-modulated 

signal bandwidth 96 GHz radar system at an actual airport. 

The millimeter-wave radar transmission signals are 

transmitted by the RoF signal. 

 The detection characteristics of the wideband RoF 

connected 96 GHz millimeter-wave radar system was 

evaluated in the airport field. The -20 dBsm target on the 

runway was detected around 100 m with 20 dB SNR by the 

constructed radar system. In addition, the receiving noise 

floor, which depends on the phase noise of the FMCW signal 

source, is investigated to clarify one of the sensitivity 

improvement methods. 

B. A New SAR Imaging Scheme in Foreign Object Debris 

Detection 

Foreign object debris (FOD) poses a significant hazard to 

aviation safety and brings huge economic losses to the 

aerospace industry due to aircraft damage. Different schemes 

and sensors have been utilized for FOD detection. In this 

paper, we propose a new method of synthetic aperture radar 

(SAR) imaging, which can be used in airport runway foreign 

object debris (FOD) detection, and study its feasibility. 

 The typical threatening foreign object size is 

approximately 2.5 by 2.5 cm, of which 60% are metals 

including nuts and bolts [2]. A radar system is preferable for 

this application, due to its larger coverage area, robustness in 

poor weather conditions, as well as, its ability to operate 

unabated for twenty-four hours [3]. 

 We then use the filtered back-projection algorithm 

for a two-dimensional imaging simulation. The simulation 

results show that the method is feasible. The simulation 

results confirm the validity of the proposed method. 

Unfortunately, a problem have yet to be addressed in FOD 

detection that is how to make the radar beam cover the entire 

runway, and this needs far more research in the future. 

 

 SAR imaging, as a mature technology, still has not 

been used in FOD detection area. Although traditional SAR 

imaging systems are theoretically optimal. However, it will 

suffer from many practical limitations if we want to get FOD 

targets' 2-D imaging, such as the limited space and high cost. 

These will be followed by a description of a new scheme of 

SAR imaging in order to solve the problems. The new scheme 

will fix a radar on one end of the projected arm and put the 

other end as the circle center which the radar is rotating 

around. At last, we use filtered back-projection algorithm for 

a point target simulation. This is the first time of SAR 

imaging technology being used in FOD detection area and 

obtaining 2-D image of FOD targets. 

 As such, it is concluded that the proposed SAR 

system could be a suitable alternative for use in FOD 

detection applications after some modifications. The 

simulation results confirm the validity of the proposed 

method. Unfortunately, a problem have yet to be addressed in 

FOD detection that is how to make the radar beam cover the 

entire runway, and this needs far more research in the  future. 

C. High-Speed Photonic Device Technologies in Optical 

Fiber Connected Millimeter-wave Radar System for Foreign 

Object Debris Detection on Runways 

we have focused on an optical fiber connected millimeter- 

wave radar system using a radio over fiver (RoF) technique 

for effectively detecting FOD over the large area of an airport 

runway. In this paper, we introduce high-speed photonic 

devices such as a W-band frequency modulated continuous-

wave (FM-CW) signal generator, a highly sensitive quantum 

dot (QD) photodetector, and a QD optical frequency comb 

laser (QD-CML) with harmonically optical pulsation. 

 In this paper, we introduce potential candidate high 

speed photonic devices for the RoF technique in the optical 

fiber connected millimeter-wave radar system. We study the, 

Rof technique is connected to fiber optic cable to detect the 

object photodetector. 

 
 The FOD detection system must be capable of 

detecting a metal cylinder as small as a few cm in size at a 

distance of approximately 60 m, which is a typical runway 

width. Millimeter-wave radar is one of the possible 

candidates for detection of small FOD, and it has the 

following advantages: anti-fog, anti-dust, and availability in 

dark situations. 

D. Optical FM-CW signal generation for millimeter- wave 

and optical imaging 

In this paper, they con_gure an optical FM-CW signal 

generator for simultaneous imaging in the MMW and optical 
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domains. In the optical domain, optical frequency domain 

reectometry (OFDR) is used for detecting the cut of the 

optical fiber network. 

 In this paper, we configure an optical FM-CW signal 

generator for simultaneous imaging in the MMW and optical 

domains. In the optical domain, optical frequency domain 

reflectometry (OFDR) is used for detecting the cut of the 

optical fiber network [13]–[15]. In addition, the MMW signal 

for high-precision imaging in the W-band is provided with 

the entire bandwidth of the W-band, corresponding to a 35-

GH bandwidth. A common FM-CW signal generator based 

on a high-precision optical modulator provides a pulse 

duration of 1–20 that is capable of a range of 2 km for optical 

fiber sensing. 

 The frequency quadruple feature of the MMW and 

doubling of the optical signal have no significant degradation 

of the SSB phase noise. The obtained FM-CW signal for the 

MMW in the W-band has a bandwidth of 35 GHz, which 

corresponds to the entire W-band. When evaluating the 

application of the optical FMCW signal for imaging, OFDR 

signals with various SMF lengths were consistent with 

theory. The optical FM-CW signal generation technique with 

optical frequency up-conversion is capable of simultaneous 

imaging for the free-space by the MMW and for its optical 

signal distribution on the optical fiber network by the optical 

FM-CW signal. 

 The MMW signal for high-precision imaging in the 

W- band is provided with the entire bandwidth of the W-band, 

corresponding to a 35-GHz bandwidth. 

The optical FM-CW signal generation technique with optical 

frequency up conversion is capable of simultaneous imaging 

for the free-space by the MMW and for its optical signal 

distribution on the optical fiber network by the optical FM-

CW signal. 

E. Sensor Fusion for Intrusion Detection under False Alarm 

Constraints 

The results obtained in this paper were obtained by post 

processing data that was captured by the test bed. 

Specifically, the analysis was performed in MATLAB. 

Ideally, the background data would be stationary in which 

case one could estimate all of the required parameters, the 

mean and covariance matrices, on a test set. With the 

estimated mean and covariance, the PCA subspace and 

thresholds can be computed and would be fixed for all time. 

Thus, under the stationarity assumption, the algorithm is 

straight forward and the only required computations are the 

FFT and matrix multiplication. In reality, we have observed 

that data sets taken from different days lead to slightly 

different statistics. In order for the algorithm to be effective 

in guaranteeing the false alarm constraint, the parameters 

have to be updated periodically. 

 The central challenge is the space of intrusion 

signals is unknown and we want to quantify analytically the 

probability of false alarm. It is shown that this quantification 

is possible by estimating the background noise statistics and 

computing the Mahalanobis distance in the frequency 

domain. Using the Mahalanobis distance as the decision 

metric, a threshold is computed to satisfy the false alarm 

constraint. 

 The decision metric is the Mahalanobis distance 

computed on the PCA coefficients. The decision metric has a 

known distribution on the background noise, a chi-squared 

distribution, which allows a threshold to be computed to 

achieve the false alarm requirement. The threshold is derived 

in a straight forward manner from the theory of maximum 

order statistics. 

F. Radar CFAR Thresholding in Clutter and Multiple 

Target Situations 

The radar data available after it has been processed can be 

thought of as representing a two-dimensional raster image 

which could be entered into a conventional image processing 

system. The fact that radar images commonly are sampled 

along polar coordinates instead of the Cartesian coordinates 

of conventional image processing does not affect the 

following considerations. The sliding window of the radar 

CFAR system corresponds to the local operator as used in 

image processing. 

 The calculation of a threshold value individually for 

every test cell is identical to the generation of a threshold 

image with the dimensions and the resolution of the input 

image. In image processing the local operator is called a rank-

order operator if it outputs a preselected value from the 

ordered statistic. 

 The presentation layer is used to input data and 

output information after processing. The logical layer, 

vacancy of slots was determined using Python application 

along with OpenCV by isolating each region of interest and 

processing it to make this system fast when processing the 

vacancy status (vacant/occupied) of each slot. The 

persistence layer saves all data required by the logical layer 

for its processes and, is stored and retrieved whenever 

required by the logical layer. 

 In situations with clutter edges, this organization 

makes the transient behavior of the CAGO CFAR superior to 

that of the CA CFAR, although it is known that its 

performance is only slightly inferior in the case of stationary 

clutter where  it exhibits a loss in sensitivity of only 0.3 dB in 

its signal-to- noise ratio (SNR). 

G. Investigation of Wideband Millimetre-Wave Reflect 

arrays for Radar Applications Operating in the W Band 

This paper describes the investigations conducted at the 

LEAT for wideband reectarrays. Two antenna structures are 

presented. The first one is an offset reectarray operating at the 

centre frequency of 94 GHz with a prolate horn as primary 

feed for wideband operation purpose. 17dB was obtained. 

The second one is a cosecans square folded reectarary 

operating in the76-81 GHz band. 

 Different solutions to obtain an enhancement of the 

reectarray bandwidth are proposed in the literature. One of 

them consists to use radiating elements having several 

stacked patches. However, this solution is more complex and 

more expensive compared to single layer structures. Single 

layer solutions exist. They are based on specific radiating 

elements improving the reectarray bandwidth. 

 This paper the millimetre-wave radars are widely 

used in the civil applications like adaptive cruise control or 

helicopter crash avoidance. It requires an antenna system of 

high gain, low side lobes and low profile. Printed reectors or 
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reectarrays have become the best solution against parabolic 

reectors or lenses, due to their low cost, low pro_le and 

fabrication facilities. Recently, the 77 GHz band has been 

extended to 76-81 GHz resulting in an increasing interest for 

wideband reectarray operating at millimetre waves. 

III. PROPOSED SYSTEM 

Following figure shows the block diagram we will implement 

in next semester of Our System to describe how it will work. 

firstly the administrator log in using user id and password, 

and then will open the graphical user interface,  

 
and chose the option we will define in this system an perform 

the operation. this is first step of the our system will to take 

the action. Start from image processing. The administrator 

log in there user id and password and get menu bar of 

different operation as start want to be perform. The FOD 

system will use in industry find vary tiny object in rune time 

on moving product. The image continuously capturing while 

production , the system will capturing the image and 

processing on this captured image and processing is base on 

reference image , if while compered image is not similar then 

system will notified to end user and system turn off 

automatically till this object is remove. 

 Also after a particular time-span the device will start 

giving a beep. User(s) will be conveyed about the beep and 

user(s) will able to turn off the beep through our mobile 

application. User(s) will have an option to lock his vehicle 

virtually. If vehicle moves after locking virtually from it's 

location of virtual lock, then user(s) will get alert on his 

mobile application. Also the user(s) will be able to access the 

dashboard on the mobile application. On that dashboard 

user(s) will get the information about total distance his 

vehicle travelled in km, travel path user(s) had done in/on 

vehicle(with statistics of travelling distance of particular 

travelling), condition of the road while travelling, vehicle 

speed, average driving speed of user(s), location of last 

parking and no-parking area of vehicle. Also user(s) will have 

a button to lock his vehicle virtually with last location of 

virtual lock. 

IV. CONCLUSION 

Our proposed System comprising of sensors and image 

processing algorithm with less fake alerts is a cost e_ective 

solution compared to all other techniques. Existing Radar 

based, sensor based and drone based approaches cannot be 

considered as a cost e_ective solution. We have minimized 

the false alarm rate in future work. Therefore, it must be 

implemented practically with the combination of IOT 

platforms as a future enhancement. 
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