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	SUMMARY

	This IP presents information on the status of standardization for FOD detection systems which uses radio frequency band. It also introduces the development of the FOD detection system using 92-100GHz within the band for the radio- location services.


1. INTRODUCTION

1.1 Since Concord's accident [1] occurred at the Charles de Gaulle airport in France in 2000, Foreign Objects and Debris (FOD) on the runway are widely recognized as one of the important issues for airport safety. 

1.2 In addition, unexpected events such as bird strikes cause a lot of labor cost and inspection time to collect FODs and check the clearance of runways. Such a situation, the airports limit takeoff and landing of the aircraft, which is a serious factor that decreases the processing capacity and operational efficiency of the airports. 

1.3 Under such circumstances, the demand for a system that monitors the state of a runway is greatly increasing, and various FOD detection systems have been proposed globally. Since the performance of the FOD detection system is an important factor concerning the safety of the runway, the Advisory Circular (AC) of the Federal Aviation Administration (FAA) [2] and Minimum Aviation System Performance Standards (MASPS) of the European Organization for Civil Aviation Equipment (EUROCAE)[3] are stipulated in international standards. 

1.4 In this paper, we introduce information on the status of standardization for FOD detection systems which uses radio frequency band. It also introduces the development of the FOD detection system using 92-100GHz within the band for the radiolocation services.
2. DISCUSSION

2.1 Many FOD detection systems have been developed in various countries after the Concorde accident. FAA AC specifies 4 types of FOD detection system which had developed in more than 10 years ago. Some of the systems use the radio waves in 76 GHz band for the automotive applications and another system uses 94 GHz band. Of course, some systems do not use the radio wave but use still/video images obtained by visible/infrared camera to detect the FODs. The technologies are greatly progressed after publishing the AC but no activity is conducting to revise the AC.
2.2 In order to specify the required performance and accept new technologies developed after FAA AC, EUROCAE WG-83 is discussing the European standard for FOD detection systems. They finished the definition of the required performance standard which includes the brief structure and test procedure but does not include certain technology such as radar/ camera/ or other technologies. And now, they are discussing the standard for operation services and environmental condition to specify how to use the systems.
2.3  We also developed a new FOD detection system using millimeter wave radar and ITV (Industrial TeleVision) camera network. The detailed architecture is described in the APPENDIX. We started to discuss the performance of the system to the Japan Civil Aviation Bureau, and negotiate with Ministry of Internal Affairs and Communications to issue the radio license.
2.4 Moreover, some of the Asian countries are interested in the system. A candidate country also started to evaluate the performance of the system in the field. Now, we choose the radio frequency from 92 to 100GHz allocated for the radiolocation services in the world in ITU Radio Regulations. However, we are always discussing the frequency authority to fit the regulation of each state.
2.5 In the future, the FOD detection systems will be deployed in the world. However, they won’t be a mandatory system for the airport. So the total number of airports which install the FOD detection system won’t be a great number. 
2.6 One of the members of our project is conducting the compatibility study between FOD detection system and EESS (Earth Exploiting Satellite Services) in the ITU-R WP5B. The number of the radio transmitter of FOD detection systems is not so large because the number of airports and number of the required transmitters for the single runway are quite a few in comparison to the other terrestrial radio services.
2.7 We intend to expand the exploitation of the FOD detection systems and continue the study to keep the compatibility between the FOD detection system and other radio services because the band is allocated plural services for the primary services.
3. CONCLUSION
3.1 The meeting is invited to review the contents of the paper.

APPENDIX

FOD Detection System development in Japan
Concept of the system
Based on the needs of Japanese airport operators, we conduct research on a runway FOD detection system that can not only issue alarms based on the presence of FOD but also recognize its overview and characteristics with the reduction of false alarm. 

Millimeter wave radar has a short wavelength and good reflection characteristics for tiny metallic pieces relatively large compared with the wavelength. However, the free space propagation loss of radio wave is getting larger due to the shorter wavelength. Moreover, it is difficult to obtain high transmission power from solid electronic devices compared to radio wave with a longer wavelength. Therefore, the maximum range of millimeter wave radar encounters a big challenge to extend for tiny metallic objects detection.  
To compensate the small radar coverage of single units, we developed a new millimeter wave radar architecture to cover the entire runway to divides into several monitoring areas. A concept of our FOD surveillance system is shown in Fig. 1. The system consists of several remote antenna units (RAUs) connected by Radio over Fiber (RoF) to a central station, and automatic tracking camera connected through the local area network. The system continuously monitors the runway surface by the millimeter wave radar and automatically photograph the abnormal part detected by the radar. Therefore, the airport operator can instantaneously grasp the state of the runway far away. The 8-12 units of RAUs are connected to the central station to cover the whole runway with 3 km long.


[image: image1]
Figure 1   Concept for FOD detection system
Technical specifications
The brief structure of the system for Narita International Airport is shown in Figure 2. The remote sensors are located in the top of the pillars along with runways. A central station controls the transmission of RAU using the distribution of local signal waveform of the transmitter through the RoF. RAU receives the reflection from the object in the field and creates the radar data. The radar data is sent to the central station. The central station collects the data from all of the connected RAUs and calculates the presence of the FOD on the runway surface. A tracking camera is directed to the place where the radar detects something twice in during measurement procedures. 

[image: image2]
Figure 2   Overview of the system

Figure 3 shows the block diagram of the system. The central station consists of an FMCW signal source, a laser source, an optical modulator, an optical amplifier, and an optical distributor. An FMCW signal at 16 GHz is generated in the signal source, and input to the optical modulator for the modulation on the laser signal. The modulated optical signal is divided into four components after suppressing the optical carrier wave and amplifying. Through the existing optical fiber network in Narita Airport, the optical signal is sent to the four Remote Antenna Units (RAUs) installed so as to surround north landing point of the runway #B. The optical signal is converted into an electrical signal within each RAU. At this time, a radio signal of 32 GHz, twice the input signal, can be obtained. The signal is multiplied by trippler in the electric circuit in the RAU, amplified, and radiated from the high gain antenna to the outside. After receiving the signal reflected back from the object, it mixes with a part of the transmission signal and converts it to an intermediate frequency. The RAU converts the intermediate frequency signal into digital signals and transfers them with angular information for the antenna rotation to the central station. Frequency analysis is performed on the digital signal sent from the RAU to calculate the distance to the object, and a radar image is generated based on the angle information. The antenna of this system uses the Cassegrain antenna (beamwidth of about 1 degree) with a diameter of 20 cm. Each antenna is mechanically rotated at a rate of once every 4 seconds under the control of the central station and the data is acquired from each antenna by pre-defined timing. 
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Figure 3   Schematic diagram of millimeter wave radar connected by optical fiber
Typical system performances

The imaging performance of the single RAU is shown in Figure 4. The range resolution of the radar is 3 cm and the maximum radar coverage is 480m. We can obtain very fine radar images in comparison to the conventional radar systems. Using radar data, we also calculate the CFAR (Constant False Alarm Rate) processing to extract the FOD on the runways. The detected object in the monitoring area is highlighted as shown in Figure 5 and illustrated on the runway map. The figure just illustrates a part of the runway because the information on the runway is too much and too narrow if we illustrate the drawing of the entire monitoring area. We also have to improve how to express the situation of the runways. All of the detected objects are recorded in the log files with the information on time, position, the strength of reflection, and so on. One of the typical detected results is shown in Figure 6 to detect a metallic cylinder automatically in midnight. We cannot see anything by human eyes but the system can photograph the shape of the obstacle without any illumination for it.
[image: image4.png]250

200

150

y (m)

-50

-100

-150

-200

~250 L L L L L
500 600 700 800 900 1000 1100 1200





Figure 4  Radar image obtained by a RAU
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Figure 5    Example of Human-Machine interface

[image: image6]
Figure 6   Detected metallic cylinder (1-inch-diameter, 1-inch-height)                                                         350m away in midnight operation without any additional illumination
Conclusion

In this IP, we introduced the development of RoF-connected millimeter wave radar system for FOD detection systems. In addition, a basic trial was conducted at Narita International Airport. In the future, we will develop multistatic radar system to decrease the mis-detection rates for the objects which have the specular reflection characteristics.
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