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Spectrum issues and challenges, not on the specific agenda for WRC-19

This study is carried out under a government-commissioned research project of the 
Ministry of Internal Affairs and Communications.
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Communication Systems

2. Development of UAV-based wireless relay
network system in natural disasters

3. Recent UAS radio regulation status in 
Japan

4. Conclusions
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n Unmanned aircraft systems (UAS) or drones have received a lot of 
attention in recent years in the world for several applications
‣ wind and flood damage and fire, monitoring and observation, deliveries of goods

n Reliability of communication and the safe operation of UAS is 
becoming urgent need with the expansion of the needs of the UAS.

n The World Radiocommunication Conference (WRC)
‣ WRC 2012 (WRC-12) decided the allocation of the frequency band 5 GHz band 

(5030 MHz ~ 5091 MHz) for the UAS Control and Non-Payload Communications 
(CNPC) Link. 

‣ The definition of internationally standardized system is required under the footnote 
5.443C of ITU-R Radio Regulations

‣ Several discussions on UAS frequency usages including channel plan are carried out 
in ICAO 

‣ NICT is interested in usage of the frequency band 5030‒5 091 MHz  for CNPC link 
which realizes safe operations of small UAs in a short range with small transmission 
power. 3
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l In past large-scale disasters in Japan, many areas in mountains or
islands were isolated due to the total damage of roads, harbors, and
communication infrastructures by earthquake and tsunami.
• Many people left behind on the isolated area have mobile phone
and mobile terminal, but they could not work sufficiently due to the
broken of backbone network.

n The demand of wireless relay network using unmanned aircraft system 
has grown

l Now, various applications using UAS are being studied in Japan

l We report the development of a UAV-based wireless relay network
system and the current status of frequency regulations for UAS
wireless link in Japan
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Safety confirmation, 
E-mail, and voice 
are available by Wi-
Fi bridge via UAS

82B YGWYKJ 3 TS JO G YKW WK O OKSY OWK K ITRR SOIGYOTS YKR OSM RG
SRGSSKJ GOWIWGLY YKR  C0A OS TWJKW YT KS WK YNK ITRR SOIGYOTS OSLWG YW IY WK

HKY KKS YNK O T GYKJ GSJ YNK STS O T GYKJ GWKG GY YNK YORK TL JO G YKW
1L IV IOM 0 AI L LM TWaUMV W_ W M I WV KW W V_Ia VMMLML

BWT WV0 DVUIVVML 1 K IN JI ML
F MTM AMTIa M _W S

6



Femto cell	
Base	staions

Wireless	Mesh	Network	by	NerveNet

Femto Cell	
Zone

Small	UA:	
Puma-AE
�ASL1000m�

Broadband	Internet	
Satellite	(WINDS)

Internet

Optical	Fiber	Line

NICT	Earth	
Station	in	
Kashima

Isolated	rural	
area	in	disaster

Mobile	Earth	
Station

Mobile	phone	
Networks

3I M 5 M UMV WV WJ TM PWVM AMTIa Ba MU NW
9 WTI ML A IT 1 MI V 4 I M  6MJ (&

WJ TM PWVM AMTIa
Ja WV JWI L M MI M

7

:G HGSJ

( 7 HGSJ

7 HGSJ
2 2

3MTT TI N MY MVKa JIVL

4 UKWORKSYG LO KJ
 Y TL IK UNTSK IT KWGMK



National	Institute	of	Information	and	Communications	Technology

6 ML _ VO UITT D1
GRK RG 04 0KWT OWTRKSY ITWU CA0

EOSM UGS EKOMNY ( - R . PM
AYW IY WK RTJ GW :K GWB ITRUT OYK
0OW UKKJ WGSMK (& & PSTY
G TGJ G OR Rb& PM
TROSG KSJ WGSIK GHT Y ) NT W

2TSYWT WGSMK . PR ( 7 , PR 7
EOSJ UKKJ G OR R/ ( PSTY
2KO OSM G YOY JK G OR R/ PR
2TSYWT LWKV KSI AOMSG UT KW ( 7 7  &) 7 &- 7 E &

 4 UKWORKSYG YK Y YGYOTS

Ground
control station

Control 
terminal

Small UA



National	Institute	of	Information	and	Communications	Technology

IaTWIL NW MTIa VO PM LI I

K M

6 MY MVKa ( 78b  5 M UMV IT
2IVL_ L P . 8b

B OVIT W_M ( F
WL TI WV B C4 1 C44

13 C4 1 C44 )) U MK N IUM
1V MVVI NW 7B TIVI I KP IV MVVI

1V MVVI NW V JWI L d _P IV MVVI
4I I I M CP W OP , J && SJ
6 IUM aVKP WV bI WV B Ja 7 B

(78b WV JWI L M MI M 1V MVVI WN
(78b JIVL 7B

C IV KM M WN 7B

&&O

9



National	Institute	of	Information	and	Communications	Technology

Please see also demonstration video
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n Utilization in agriculture, tracking of wild animal, monitoring of environmental level, and disaster medical by using on-board
video camera or on-board transponder

n We have conducted on the demonstration and experimental measurement all over JAPAN
n Total number of flights is over 200 times, total flight time is over 100 hours.
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GCS

430MHz

150MHz

Small UA
�Collection of log data, down load the log data�

Log data (GPS 
information, 
radiation levels

Coverage area : 20km

Collar-type transceiver (GPS, 150MHz)

Measurement of radiation 
levels using wild boars 
activities

Wild boars move in area of the 
high radiation levels

On board receiver

Control & Command 
Link for UA

GS for monitoring

12Restricted area 
due to the nuclear accident

Transceiver equipped 
with  radiation meter 
and GPS
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Definition and	Prohibited	Airspace	for	Flight
The	term	“UA/Drone”	means	any	airplane,	rotorcraft,	glider	or	airship	which	cannot	accommodate	any	person	on	board	
and	can	be	remotely	or	automatically	piloted	(Excluding	those	lighter	than	200g.	The	weight	of	a	UA/Drone	includes	
that	of	its	battery.).

*https://www.mlit.go.jp/en/koku/uas.html

Operational	Limitations
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2.4 GHz-band is mainly used（partly 920MHz-band, 73MHz-band）

2400 2483.5MHz

Coexistence of RC Hobby and institutional use
（frequency-hopping and Direct Sequence spread etc.）

Wireless LAN（Wi-Fi） MicrowaveInterference

l There is no guarantee of connections when congested, 
therefore the band is not suitable for command and 
control transmission except video

l The band in not suitable for long distance transmission 
due to the power limit (within 1km for control, 200-300m 
for video, telemetry transmission )

Control Camera 
control

Movies, 
telemetry 
trans

Robots
(including 
drones)

From website of Wifi Analyzer

Example of 
interference in 
2.4GHz

ü No license
ü Low costs
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For example
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2.4GHz band（～10mW/MHz, about 84MHz 
Unlicensed bands (sharing , exiting system）

920MHz band（～20mW, about7MHz）

2.4GHz band（～1W, 10MHz）

5.7GHz band（～1W, 120MHz）

169MHz band（～1W, 340+190kHz）

Ø Short range（～1㎞）
Ø No coordination between 
users

Command and telemetry
（Control and acquisition of 
the positon of robots )

Video

As before, 
hobby and 
commercial use

Mainly video 
transmission 
(or command 
and telemetry)

Ø Long range（～5㎞）
Ø Suitable for back-up line
Ø Require coordination between 
users

Backup line
5fps video 
transmission

Ø Long range（～5㎞）
Ø Broadband transmission
Ø Require coordination between 
users

Mutual coordination among robot users across different industries in the same 
area and its surrounding area. And adjustment with business entities other than 

robots that use the same frequency band for safety radio operations

Licensed band (Sharing band, unmanned mobile video tx ; starts in 2016 Sep.)

（air :10mW ）
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Figure Frequency allocation of 2.4GHz band
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ISM band 2400-2500MHz

Wireless LAN 
（Domestic）

Wireless LAN 

Mobile satellite 
communication 
system
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19Figure Frequency allocation of 5.7GHz band
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ISM band 5725-5875MHz
ISM band 5725-5875MHz

Amateur radio

Wireless LAN 

Radar
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Figure Frequency allocation of 169MHz band
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Broadband telemetering 
system

Broadband 
telemetering system

Radio microphone 
for heading assistant
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• We developed and tested UAV-based
wireless relay network systems in natural
disasters

• Recent Status of UAS radio regulations in 
Japan

• New frequency bands are allocated for video 
transmission of robots and UAS, not CNPC

• However, the frequency allocation of CNPC is 
required for safety operation of small UAS

21
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Thank you for your kind attention


