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	SUMMARY

	This information paper provides information on air-to-air communication experiment toward location information sharing and traffic management for low-altitude small unmanned aircraft and manned aircraft in uncontrolled airspace of Japan.


1. INTRODUCTION

1.1 At FSMP WG/6 meeting held in Mexico City, Mexico, the information paper FSMP-WG/6 IP11 provided information regarding universal access transceiver (UAT) for unmanned aerial vehicle surveillance.  And also the meeting members were encouraged to provide the information related to UAV surveillance.
1.2 In recent years, the number of reports on the near misses between drones and manned helicopter has also been increased in Japan.  The manned helicopter pilots are difficult to see the drone from the cockpit. In addition, there is no means to share information between drone operators and helicopter pilots in uncontrolled airspace in Japan.
1.3 In September 2017, the Federal Aviation Administration (FAA) published a report and recommendation regarding technologies available for remote identification and tracking of unmanned aircraft system. According to the report and recommendation, Low-Power Direct RF (unlicensed spectrum) is listed as one of methods for remote ID and tracking of drone.
1.4 For this reason, NICT has conducted an experiment of air-to-air communication toward location information sharing and traffic management for drones and manned helicopters with SKY Perfect JSAT Corporation under the national research and development program "Drones and Robots for Ecologically Sustainable Societies (DRESS) project" of Ministry of Economy, Trade and Industry (METI) and New Energy and Industrial Technology Development Organization (NEDO) of Japan.
1.5 This information paper introduces overview of experiment and results of air-to-air communication using 920MHz-band (unlicensed spectrum) for location information sharing for drones and manned helicopters.
2. SYSTEM OVERVIEWS 
2.1 Figure 1 shows an overview of the location information sharing system called “Drone Mapper”, and Figure 2 shows an overview of the prototype of Drone Mapper system function. This system provides low cost broadcast-based location information sharing between UAs and their operators or between UAs and manned aircrafts operated in surrounding airspace to support their safe operation. This Drone Mapper system has the following features: 
· is based on simple device-to-device (D2D) broadcasting protocol without the need of infrastructure or access point (Standardization process ongoing in IEEE802.15.8). 

· uses 920MHz-band (unlicensed spectrum) for telemetry, telecommand and data transmission radio equipment under ARIB Standards (ARIB STD-T108) .
· covers the beyond-line-of-sight drones with multi-hop relay up to two hops. 
· shares location information between drones and helicopters within the range of about 10 km.
· is able to network publishing by transmitting information data to an internet service or unmanned aircraft system traffic management (UTM) using integrated satellite telecommunication.  
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Figure 1 Overview of location information sharing system [Drone Mapper]
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Figure 2 Overview of prototype of drone location information sharing system function

2.2 Figure 3 shows the display screen of location information on Drone Mapper tablet. Table 1 shows the list of shared information on Drone Mapper tablet, and Figure 4 shows the equipped Drone Mapper device. Table 2 shows the specification of 920 MHz radio module in prototype.
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Figure 3 Display screen of location information on drone mapper tablet
Table 1 Prototype of shared information on Drone Mapper tablet
	Item
	Range
	Precision
	Size(bit)

	Aircraft ID
	０－FFFFFFFF(HEX)
	-
	32

	MSGTYPE
	0: from self-location data 

1: from multi-hop (2 hops) location data
	-
	8

	Time(UTC)
	0-86400[sec]
	1 sec
	17

	Latitude
	±ddmm.mmmm 
	0.0001 deg
	28

	Longitude
	±dddmm.mmmm
	0.0001 deg
	28

	Altitude
	-32767~+32767m
	m
	16

	Speed
	Speed to ground
	1 km/h
	10

	
	0-1023[km/h]
	　
	

	Direction
	0 - 720  (Decimal/2)°
	0.5 deg
	10

	Aircraft type
	s:station, d:drone device, h:helicopter　p:fixed wing drone, v:vehicle
	-
	8

	Reserve (byte adjustment)
	　
	19
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Figure 4 Equipped drone mapper device 

(Weigh w/o batteries: 300g, Size：H40mm xW129mm×L70mm)
Table 2 Specification of 920 MHz radio module in prototype
	Item
	Specification

	Compliance technical standard
	ARIB STD T108
Specific low power radio station

	Transmit/receive frequency band
	Selectable in 920.5-928.1 MHz

	Transmission power
	Maximum 20 mW

	Wireless channel bandwidth
	400kHz

	Modulation method and data rate 
	FSK/LoRa, 20 kbps/3kbps (Gp:7) 

(duty rate 360 sec/hour or less)

	Reception sensitivity 
	Typ. - 98 dBm (BER 0.001)

	Operating power supply voltage
	5 V input: 4.5 V to 5.5 V 1.5 A or less

	Antenna gain 
	 4.0 dBi

	Antenna directivity 
	Vertically polarized wave, omni-directional


3. FIELD EXPERIMENT

3.1 A simple evaluation experiment of the communication performance between Drone Mapper terminals was conducted using the manned helicopter and the drone in the area of Kiso river, Aichi Prefecture, Japan. The overview of system deployment for experiment is illustrated in Figure 5. The three Drone Mapper units were deployed in this experiment. A snapshot of experiment is also shown in Figure 6. The Drone Mapper was installed by hand carry into the cabin of helicopter. On the other hand, the Drone Mapper was fixed on the upper part of the drone. In this experiment, the helicopter flew the area 9 km ahead at 40 km / h.
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Figure 5 Overview system deployment of experiment
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Figure 6 Snapshot of experiment for air-to-air communication between drone and manned helicopter
3.2 When the helicopter moved away from drone, the influence of shielding of the body of helicopter was found. On the other hand, when the helicopter was approaching the drone, the receivable distance of sharing location information among manned helicopter and drone was about 9 km with 98% reception success rate. Figure 7 shows the example of monitor that plotted the location of manned helicopter at the ground monitor station. It has estimated that the maximum receivable distance between two drone mapper terminals could be much longer than 10 km with absence of shielding and is planned to be verified in future work. 
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Figure 7 Example of monitor that plotted the location of manned helicopter at the ground monitor station
4. CONCLUSION
4.1 The research and development on location information sharing and traffic management has been progressing in Japan. We will continue to consider available frequencies (licensed or unlicensed spectrum) for safe and effective information sharing among low-altitude small unmanned aircraft and manned aircraft while paying attention to relevant international trends.
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