
国立研究開発法人　電子航法研究所

E L E C T R ON I C
N A V I G A T I ON
R E S E A R C H
I N S T I T U T E
2 0 1 4
平成26年度　業務実績等報告書









 





1.1  
1.1.1   1
1.1.2   7
1.1.3   7

7
 7

ATM 8
11

Full 4D 15
19
23

GBAS GAST-D  
24
28

GNSS 30
32
36

WiMAX C 37
39
43

1.2  
1.2.1   47
1.2.2   48
1.2.3   49

 49
 52

 54

1.3  
1.3.1   59
1.3.2   60
1.3.3   60

26  60
 62

GNSS 62
65

SWIM 67
 71

1.4  
1.4.1   72
1.4.2   73
1.4.3  73

26  73
74



 80
83
87
88
89

 89
90
90
91

1.5  
1.5.1   92
1.5.2   93
1.5.3  93

26  94
94

ICAO RTCA EUROCAE   94
100
100

SWIM 101
101
103

1.6  
1.6.1   104
1.6.2   105
1.6.3  105

 106
 109

 109
110
111
111
112

 112
113

SSH 114
114
115

  115
26  115

 116



2.1  
2.1.1   117
2.1.2   118
2.1.3   118

  119
  120

 120

2.2  
2.2.1   122
2.2.2   124
2.2.3  124

124
125

 125
 125

26 126
 126

126
 127

3.1  128
3.2  130
3.3 130

26  130
27  131

 132

4.1  136
4.2  136
4.3  137

 137
 137

 137

5.1  138
5.2  141
5.3 141

 142
 142

  142
 142

 143
 143

13 1  143
143





 

1.1  

1.1.1  

 

 

 

 

 

 

CO2

 

 

 

 

4

CO2

 

 

 

 



 

 

 

 

 

 

 

 

 

 

CO2

 

 

 

 

 

 

 

ATM

 

 

4



3%  

ATM

 

1,000 3
 

 

GNSS
GNSS

 

 

GNSS
1-1×10-9 GBAS

100m GNSS
 

 

SSR S
SSR 2

 

GNSS GBAS

 

 

 

 

VDL M2
10 10-4 10-7 L

 



 

 

 

 

 

 

CO2

 

 

 

26  

ATM 23 26  

 
ATM

26
5%

 

24 27  

 

26
DARP

CDO CDO
 

Full 4D 25 28  

 
4 Full 4D TBO

26
Full 4D TBO

TBO  

25 28  



 

WAM ADS-B

26
WAM/ADS-B

 

 

 

26  

GBAS GAST-D  
23 26  

 
GAST-D

26

GAST-D
ICAO

1 1×10-9 GAST-D
 

23 27  

 
WAM ADS-B SSR

S

26
S

25 8%
 

GNSS  
25 29  

 
GBAS

GBAS

26
RNP GLS GBAS

 

26 29  

 



26
 

 

 

26  

WiMAX C 24 27  

 
WiMAX C

ICAO 26
C

WiMAX C
 

 
26 29

 

26

 

26 28  

 

EUROCAE
26 EUROCAE

 

 

a)  

b)  

c) 
 

d)  

e)  



1.1.2  

26  

  

  

  

3  

1.1.3  

 

CARATS

CARATS
 

3 CARATS
 

CARATS
3

 

 

 

a)  

ATM
CARATS ATM

 

b)  

ATM
 

c) 
 

ATM
 

 

d)  

ATM 5%
 

e)  



DARP
1

3,200 1,451kg CO2

 

 

ATM 23 26  

 

ATM Air Traffic Management
ATM

ATM

 

ATM

 

26  

5%  

 

26  

5  

15% 5%
ATM

ICAO CO2 3 ATM CO2

 

26
BADA: Base of Aircraft Data

15% 1.1.1
5%

 



1.1.1  

0  

 

1.1.2
ATM CO2

3,600
3

ATM  

 
 

1.1.2  

1

 

 

  

, [
lb

s.
/s

] 

[sec]



 

ATM

 

1.1.3

1.1.4

 

 
1.1.3  

2 1  

 

 
1.1.4  

10NM  

 

  



 

CO2

 

 

24 27  

 

UPR User Preferred Route DARP
Dynamic Airborne Reroute Procedure

CDO Continuous Descent Operation
CDO  

PACOTS Pacific Organized Track System

 

26  

CDO  

DARP  

26  

CDO  

CDO
B777-200

1.1.5  

ATC_OPT
OPD

SIM1 SIM3 3 SIM3

SIM1
2 SIM2

1.1.5
CDO

CDO  



 
1.1.5  

34L
OPD

ATC_OPT SIM1 SIM3
3  

 

  

2100

2200

2300

2400

2500

2600

4,500 

4,700 

4,900 

5,100 

5,300 

5,500 

OPD ATC_OPT SIM1 SIM2 SIM3



 

DARP  

DARP

1.1.6 DARP  

1.1.6 DARP  

 

 

FIR 150 DARP
DARP

 

150 160
DARP  

DARP

1 B747-400 3,200 1,451kg
160

150 DARP

DARP

DARP  

UPR UPR

40

DARP)

DARP



CDP/ITP  

FIR 95% 4NM
RNP4 30NM

30NM
2 1 ADS-C Automatic 

Dependent Surveillance Contract ADS-C CDP Climb 
Descent Procedure

ASAS Airborne Surveillance Application Systems 1
ATSA-ITP Airborne Traffic Situational Awareness - In Trail Procedure ITP
ASAS ITP CDP

CARATS ITP
CDP

 

RNP4 95% ASAS 95% 2018
CDP ITP

ITP CDP
CDP ITP

1.1.7 CDP
CARATS ADS-C CDP

ITP CARATS ASAS
ATSA-ITP  

ASAS  

 
1.1.7  

8 3

STD CDP ITP
CDP CDP CDP

ITP CDP ITP ITP
CDP ITP

CDP  

 
  

60%

65%

70%

75%

80%

85%

90%

95%

100%

A B C D E F G H

STD

CDP

ITP



 

 CDO  

CDO

CDO  

 CDO  

ASAS FIM Fight deck Interval Management
CDO  

 

Full 4D 25 28  

 

ATM

TBO
Trajectory-Based Operations TBO ICAO

GANP Global Air Navigation Plan
ATM  

TBO Full 4D TBO 2030
Full 4D 

TBO  

26  

 

 

26  

 

 

ATM 1
2 3  

1)  

25 AirTOp

AirTOp



10,000
1.1.8  

=10.5 NM
=20.1 NM 448.3 NM

25 75 / 10

 

 
1.1.8  

10 NM
0

7
10 60NM

1 10
30NM

 

 

2)  

26

 

ATS
1.1.9

 

ANSP Air Navigation Service Provider
ANSP

 

 



 

 

 

    
       a b 1  

ATS  

 
c d 1  

 

1.1.9  

1 a
b ATS

c d
 

 
  

0.1

0.1



3)  

26
3

1.1.10

 

 
1.1.10  

A1, A2, A3, A4 FL 310)
480 4 D

Dij
Dall)  

 

CDM Collaborative Decision Making ATM

26 ATM
 

  

26

 

1.1.11

 

 



1.1.11  

 

 
 

27 TBO
ATS

TBO  

 

25 28  

 

ATM TBO
TBO

SSR Secondary Surveillance Radar
ADS-B Automatic Dependent Surveillance-Broadcast

 

ADS-B

WAM Wide Area Multilateration
ADS-B

WAM SSR ADS-B ADS-B

 

WAM
SSR WAM

S
WAM/ADS-B

S



 

TBO TBO

CARATS WAM/ADS-B
 

26  

 

WAM/ADS-B  

26  

 

WAM/ADS-B
WAM/ADS-B

 

26
1.1.12

1 45 17 dBi

 

ADS-B
ADS-B 1.1.13 ADS-B

1 220NM

9dBi
1.1.14

8%
 

  



 
1.1.12  

60cm 220cm 30cm 30kg 

 

 
1.1.13 ADS-B 1  

220NM
 

 

  

220NM

ADS-B



 

 
1.1.14  

 

 
WAM/ADS-B  

WAM

 

26
WAM/ADS-B 1.1.15

SSR
1,500W  

 
1.1.15 3  

 

 
 

1 2 3



27 WAM/ADS-B S

28  

 

 

 

a)  

GBAS GAST-D
GNSS

ICAO GANP Global Air Navigation 
Plan CARATS CAT-

GBAS
 

b) 
 

GBAS GAST-D

GNSS

ILS
 

c) 
 

GBAS GAST-D
GBAS

GBAS  

d)  

GBAS GAST-D
ICAO GBAS

 

e)  

 

GBAS GAST-D
GBAS GAST-D

GBAS
 

 

 



GBAS GAST-D  

23 26  

 

GNSS Global Navigation Satellite System
60m

CAT-
CAT-

GBAS Ground-Based Augmentation System  

ICAO GBAS SARPs 22 5
GPS L1 CAT- GBAS

GAST-D
 

CAT- GNSS
GBAS

GAST-D

GAST-D
CAT-I GBAS GAST-D

GAST-D
 

GAST-D ICAO

25
26  

GAST-D GAST-D
1-1×10-9

ICAO 
 

26  

GAST-D  

GAST-D  

ICAO GAST-D
 

26  

GAST-D  

GAST-D

H25 GAST-D

 

95%
VDB  



GAST-D 16m 4m
0.2m 0.5m

VDB GAST-D
12ft 38ft

VDB
1

 

3
GAST-D

ICAO GAST-D
27 10

1-1×10-9 2×10-7

10-9 GAST-D
 

25 26 3
1 26 9 2

7 2

1.1.16

1.29m   
  

GAST-D
 

  



 
1.1.16

2m
m 95%

1.29m 4m
A B

A B
GPS PRN2 PRN5

 
 

GAST-D  

500mm/km
518mm/km 1.1.17 ICAO GAST-

D

1.1.16
GAST-D

2m GPS

GAST-D

 



a  b  

1.1.17 a b

GBAS
a 4

GAST-D
500mm/km b

1.37km 2
710mm km 518mm/km

 

 

ICAO GAST-D
 

ICAO  

1. 500mm/km  

2.  

3. 
 

4. 
 

1 2

ICAO 26 2
27

 

GAST-D
GAST-D

 

CAT- 1-1×10-9

GAST-D

 



 

 

GAST-D ICAO
GANP CARATS GNSS CAT-

GBAS  

23 27  

 

ADS-B WAM
SSR S

 

 

26  

 

 

 

26  

 

 

26 ADS-B SSR S

1.1.18
SSR S

SSR S
 

 



 
1.1.18   

SSR S

ADS-B
SSR S

 

 
 

SSR S
8% SSR

 

 
1.1.19  

SSR S ADS-B

 



 
 

SSR S
DAPs Downlink Aircraft Parameters ADS-B

25

ADS-B
 

26
 

 

S A/C
1,090MHz

 

 

 

 

GNSS  

25 29  

 

GBAS Ground Based Augmentation System
GNSS Global Navigation Satellite System

GLS GBAS Landing System I
ILS GLS

ICAO GLS PBN
Performance Based Navigation

GLS
 

26  

RNP GLS GBAS  

 

 

26  

RNP GLS GBAS  

GLS RNP RF GLS
ILS GBAS



TAP Terminal Area Path 2 RNP AR
GLS RNP RF GLS

GLS
RNP to GLS FMS Flight Management System

FMS
GLS

ISA International Standard Atmosphere

RF
1.1.20  

 
1.1.20 RNP GLS  

  

FMS

-15 +45
RF

GLS  

 
 

GLS ILS
GBAS TAP

GBAS
RNP AR

JAXA JAXA
RF

TAP

 

 

GLS GLS
ILS GLS

GLS ILS



GLS
GLS

1.1.21

 

 
1.1.21 GLS  

 

GLS

 

 
 

27
RNP GLS

 

 

26 29  

 

CO2  

26  

 

 

 



26  

  

1)  

1.1.22
2 200

Gateway
20 Gateway

10 12 18 20

 

 
1.1.22  

 

2)  

26  

Gateway Gateway
 

 Gateway  

 

1.1.23
26

6 Gateway

1km 2 30km/h  

km ×2 km 1  



 
1.1.23  

 

1.1.24

26 6

2  

 

1.9 × 2.0 × 0.4  

… 2  

 
1.1.24  

 

1km 2
 

 Gateway  

Gateway
Gateway

27  

 



  

 

1.1.25

N-Control  

26

8 5
8 ±2.5  

1.1.25  

 

26
 

8 5 8 2.5
 

  



 

 

 

 

 

a)  

WiMAX C
CARATS

 

b) 
 

WiMAX C

 

c) 
 

WiMAX C

 

 

d)  

WiMAX C AeroMACS

 

e)  

WiMAX C

 

  



WiMAX C  

24 27  

 

30kbps

ICAO RTCA AeroMACS
Aeronautical Mobile Airport Communication System

 

AeroMACS 2.5GHz WiMAX IEEE 802.16
C 5GHz AeroMACS

WiMAX

 

WiMAX C

 

26  

C  

C  

26  

C  

25 C
26 AeroMACS AeroMACS 1.1.26

AeroMACS AeroMACS  

 
1.1.26 AeroMACS  

AeroMACS  

AeroMACS
AeroMACS

 

 

 



26 25 AeroMACS
AeroMACS

AeroMACS

C
ICAO  

1.1.27
1.1.27

Throughput
100

3Mbps
200 5Mbps

 

WiMAX AeroMACS
WiMAX

AeroMACS
 

1.1.27 AeroMACS  

AeroMACS AeroMACS
1.1.27

(Throughput) 5Mbps 3 5Mbps 1
3Mbps 1Mbps

 

 

C  

 

AeroMACS



 

AeroMACS 28 ICAO
ICAO

AeroMACS

 

 

26 C

ICAO CP AeroMACS
AeroMACS

 

 

 

26 29  

 

1 PSR Primary Surveillance Radar 2
SSR Secondary Surveillance Radar SSR

ADS-B
PSR

PSR
PSR

PSR
PSR  

PSR
MSPSR Multi Static 

Primary Surveillance Radar MSPSR
MSPSR

MSPSR
 

PSR ASR Airport Surveillance Radar
MSPSR

 

  



 
1.1.28 PSR SSR  

PSR

SSR

SSR

 

 

 
1.1.29 MSPSR  

PSR

MSPSR
MLAT

MLAT
MSPSR

PSR

 



26  

 

 

 

26  

 

MSPSR
MSPSR

 

ASR 2

10NM

MSPSR
ASR

MSPSR  

1.1.30 1μs  

 

 

 

ASR
MSPSR

ASR
ASR 2

 



 
1.1.31  

 

 

 

 

 



1.1.32  

1  

 

 

ASR

 

 

 

26 28  

 

12 FOD
Foreign Objects and Debris

100

 

ITV



EUROCAE
 

26  

EUROCAE  

 

 

26  

EUROCAE  
 

FOD
EUROCAE 83 WG-83

MASPS
FOD

MASPS

MASPS 27 EUROCAE Document 235
ED-235  

MASPS
FOD FOD

1.1.33
1.1.34  

 
1.1.33   

100  

 



 
1.1.34  4  

3 5 m 8-14 m 4

PC
 

 
LED

LED

m
 

 

1.1.35 2 2
2

2

-30dB -60dB

 



 
1.1.35   

 
 



1.2  

1.2.1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

26  



 

 

 

 

 

 

 

27  

26  

 

27  

26  

 

a)  

b) 
 

c)  

d)  

 

1.2.2  

26

 

26

 



26

 

1.2.3  

 

a)  

ICAO GANP
CARATS

 

 

b) 
 

 

CARATS
 

1.4
 

c)  

1.4  

d)  

26 18 9
2

 

 

GANP NextGen
SESAR

 

JAXA
ICAO GANP CARATS

15



TBO
4

 

CARATS

 

 

CARATS

 

GBAS CARATS GNSS
GBAS

27 GNSS
 

 

ROF Radio Over Fiber 26
ROF 2  

ROF

ROF

1.2.1
ROF

ROF

ROF

OCTPASS (Optically Connected Passive Surveillance System) 
 



1.2.1  ROF MLAT OCTPASS 

 

A
27 30  

ROF

26 30
 

S

HMU: Height Monitoring Unit
S ADS-

B 26
ADS-B 27 28  

MLS C 5GHz
24 WiMAX C

5GHz
25



( 26 27 )  

CDO Continuous Decent 
Operation

CDO
CDO

CDO
28
28 31  

 

 

 

 

 

ATM  

UAS JAXA
 

 

 

 

CARATS
 

 

IPACG  

 
  

 

 

 

GLS  

RNP-AR RNP-GLS  

SBAS ABAS GNSS  



APNT  

 

 

CARATS PBN WG RNAV SG  

GNSS  

 

ATEC  

 

URSI
 

Red Rescue NTT
 

 

 

WiMAX C AeroMACS
ICAO

 

ICAO/ASP  ASTAF  UASSG RTCA
EUROCAE  

 

 

 

 

 

 

CARATS WG ATM WG Adhoc
WG Adhoc  

 

 

 

IFR  

 



 

 

9GHz
 

UWB  

4  

 

 

2
 

 

 

26 18 9 27
 

26 1
36  

1.1 26  

    

3 16  1  

26  
ATM  

GBAS GAST-D
 

27  
UPR  

GNSS
 

27  
 

 

 

 

1.2 26  

    

5 20  1  25  
 ASAS  

 

9 29  2  
26  

 
 

  

 



9 30  3  
26  

 ATM  
  

 

10 1  4  

26  
 SWIM  
  
  
 

 
 

 

 

10 2  5  

26  
 WiMAX C  
  
 CPM-OFDM

 

 

10 6  6  
26  

 UAS GPS  
  

 

 

10 7  7  
26  

  
  
 ADS-B  

 

10 15  8  

26  
 -  
  
 RNP-AR

 
  

 

10 16  9  

26  
 

GNSS
 

 
GNSS  
GNSS APNT  

 

 

10 20  10  

26  
 GBAS GAST-D

 
 GBAS

 
 3  
 GNSS  
 F

 
 

 

 

10 31  11  
26  

 GNSS
 

  

 



11 6  12  

26   
 Full 4D  
 ACARS  

 
 

 WiMAX C  

 

11 10  13  

26  
  
  
  
 

 
 90GH

 
 

 
26  

  

 

1 30  14  
26  

 
 

  

 

2 2  15  

26  
  
 WiMAX C  
26  

  

 

2 3  16  
26  

 ATM  
27  

 UPR  

 

2 4  17  

26  
 SWIM  
  
 

 
 90GH

 

 

2 6  18  26  
  

 

2 9  19  26  
  

 

2 12  20  

26  
  
 GNSS

 
 GBAS GAST-D

 
27  
COMPASi  

GNSS
 

 

2 23  21  

26  
 GNSS

 
 RNP-AR

 

 



2 25  22  

26  

 
26  
GNSS  

 
27  

 

 

2 27  23  

26  
 

26  
ADS-B  

 
27  
ADS-B7  

 

3 2  24  

26  
GBAS

 
-  

27  
 

 

 

3 3  25  
26  

 
 

 

 

3 4  26  

26  
 

 

 
27  

ABAS  

 

3 5  27  

26  

 
27  
 

 

 

 

 

 

3 9  28  

26  
 

 
26  
 GNSS APNT  
27  
 GNSS APNT  
 GNSS

 

 



3 11  29  

26  
 

26  
 

27  
 

 

3 18  30  

26  
 

 

 

 

3 19  31  

26  
 

 
Full 4D  

26  
CPM-OFDM

 

 

3 20  32  
26  
  
27  
  

 

3 23  32  
26  
  
27  

 

1  

3 30  33  

27  
 

 
 

 

 

3 31  34  

26  
ACARS  

27  
  
 GNSS APNT  

 

4 10  35  

26  
  
27  
 

 

1  
 

 

4 15  36  

26  
F

 
3  

26
 

GNSS  

 

 

 

  



1.3  

1.3.1  

 

 

 

 

 

 

 

 

 

 

 

26
GNSS

 

 

 

a) 
 

b) 
 

 

 

 



1.3.2  

26

 

1.3.3  

 

a) 
 

SWIM

 

 

b) 
 

GNSS SWIM

 

26  

A B
A

B

 

26
GNSS SWIM

16
4 20  

1.3  

No.   
 26  

1 GNSS
 

A 
(H23 26 )  

 

2  
A 

(H24 26 )

 

 



3 
RNP-AR

 

A 
(H25 27 )

 
 

 
 

4  
A 

(H25 26 )
 
 

5  
A 

(H25 27 )

OCTPASS
 

OCTPASS  
 

6  
A 

(H26 29 )

 
 

 

7  
A 

(H26 27 )

RAG  

 
AFIS  

8 SWIM
 

A 
(H26 27 )

SWIM  
Mini Global SWIM  

SWIM
 

9 
GNSS

 

A 
(H26 ) 

GNSS
 

GNSS  
GBAS DCPS  

 

10  
B 

(H24 26 )  

11  
B 

(H25 27 )

 
 

EMI  

12  
B 

(H25 27 )

76GH
 

 

 

13  
B 

(H25 27 )  
 

14  
B 

(H25 26 )

 
 

 

15 GNSS
 

B 
(H25 26 )

 
 
 

16  
B 

(H26 ) 
/
 

 
  



1.4  

No.   
 26  

1 ACARS
 

 
(H24 27 ) B737 FMS  

2 UAS GPS
 

 
(H25 27 )

UAS
 

UAS  
UAS  

3  
 

(H26 27 )  
 

4  
 

(H26 27 )

3  
 

 
 

 

 

16
5  

26
GNSS

SWIM

 

 

 

GNSS  

A 23 26  

 

 

ICAO
 

26  

 

 

 

 

 



 

KMITL 2011

 

LAPAN 2012

25 LAPAN
 

GAST-D
 

 

GEONET
1.3.1

web
GAST-D

GAST-
D 1.3.2

 

  



 
1.3.1 GEONET

 

1
Web 5

 

 

 
1.3.2 GAST-D  

GAST-D
11km

S4

15km
630nm 250km

 

 

 

ICAO (ISTF)



5 APEC GIT

 

27 GNSS

 

 

ISTF

ISTF
 

 

 

A 25 26  

 

TBO Trajectory Based Operation
CARATS

 

26  

 

 

 

 

25
CARATS

DSP
RTCA SC214 EUROCAE WG78

VHF

 

 

25 CARATS ATM WG Adhoc
VHF

STAR Standard Terminal Arrival Route / CDO Continuous Descent 



Operations FIX

RTCA DO-290/EUROCAE ED-120
DSP Digital Signal Processing 95%

10 1
1.3.3

VHF 2.4kbps
POA Plain Old ACARS 10

31.5kbps VDL M2 VHF Digital Link Mode 2
150 VDL M2

 

26
VDL M2 ATC

AOC ATC

26 ATC
25 AOC

VDL M2 25
1.3.4 ATC ATC AOC

1.3.4 95% 10 ATC
170 AOC 150

 

 
1.3.3 VHF  

25  

VHF
95% POA
VDL M2 95% 10

POA 10 VDL M2 150  

 



 
1.3.4 26  

AOC ATC
25

10 ATC 10
170  

 

 

 

 

SWIM  

A 26 27  

 

SWIM System Wide Information Managements
ICAO SWIM

CARATS
SWIM SWIM

 

SWIM
SWIM

SWIM
 

  



26  

Mini Global SWIM   

 

 

 

Mini Global SWIM  

MGD Mini Global Demonstration SWIM

 

MGD
FIXM Flight Information Exchange Model

1.3.5
SWIM

GUFI Global Unique Flight 
Identifier

 

 
1.3.5 Mini Global Viewer  

Mini Global Viewer Web FIXM

 

 

1.3.6



SWIM  

 
1.3.6

 

 

 

 

NextGen Next Generation Air Transportation System SESAR Single 
European Sky ATM Research SWIM

SWIM  

SWIM
1.3.7 a

Data Field

Gateway
1.3.7 b

SWIM
 

 
1.3.7  

a b Gateway

 

Air Data Field

Gateway Gateway
GAP GAP

High Speed Ground Data Field

Middle Speed Ground Data Field

Low Speed Ground Data Field

Gateway Gateway

Gateway Gateway Gateway

Surveillance 
Systems

Airlines 
Applications

Weather 
Information

Air Traffic 
Control

Aeronautic 
Information

General 
Applications

Gateway

Mapping Validation Messaging

Registration Filtering Configuration

Access
Control

Performance
Management

Security
Management

Local Data Field

SWIM-enabled
Application

Legacy
Application

SWIM
Adapter

Legacy
Interface

Legacy
Application

Legacy
Interface

Gateway

Mapping Validation Messaging

Registration Filtering Configuration

Access
Control

Performance
Management

Security
Management

Local Data Field

SWIM-enabled
ApplicationLegacy

Application

SWIM
Adapter

Legacy
Interface

Legacy
Application

Legacy
Interface

(a) (b)



 

SWIM
AIXM Aeronautical Information Exchange Model WXXM Weather Information 

Exchange Model SWIM FIXM
1.3.8 a Publish / 

Subscribe 1.3.8 b
Web 1.3.8 c 1.3.8 d

Web 27
 

1.3.8  

a b
c Web

d  

 

 

MGD 26 27 MGD II
MGD

SESAR SWIM Master Class SESAR SWIM Web Service

 

  



 

4 1
 

26 27  

 

ATM

 

HCD Human Centered Design

HCD
 

1.3.15  
 



1.4  

1.4.1  

 

 

 

40
30  

30  

 

 

 

40
30

30

 

 

 

 

 

26  

5  

6
 

6



 

 

 

a)  

b)  

 

1.4.2  

40
23 17

23
26 5  

30
26 6  

30
26

6  

1.4.3  

 

a)  

Horizon2020  

CARATS
 

 

b)  

ENAC
LAPAN

 

  



26  

45 40

 

26
Horizon2020

 

 

26 EU
Horizon2020 EU 2011

EU Horizon2020 EU
Horizon2020 EU 7 770

EU 26
EU 93  

EU
5

5

 

Horizon2020 FP7 3
EU 3 2011

Web

 

  



1.4.1  

5G
 

 

NASA
C

NASA

 

 



 
1.4.2 

 

 

26 13 3
10  

26 3

 

NICT KDDI

 

E F
JAXA JAXA

NASA NRL
SRI International

GEONET



 

 
1.4.3 

 

JAXA  2

JAXA
NICT

GEONET
JAXA

 

 

2

 

  



 

JAXA

ICAO RPAS

 

 

1

26

 

 

 

24

 

26 ATM 3
4 3

25
GNSS

26

 

 

KARI 24 GNSS
SBAS GBAS

GNSS 26
GNSS SBAS

SBAS
SBAS MSAS



KARI
2

 

26 8

27
90GHz

 

(LAPAN)
24 25

 

GNSS MOU
 

GNSS
GNSS 25

26 JAXA
NEDO

 

26 NASA
4D ASAS

TMA Traffic Management Advisor
NASA 5

NASA
SPICA 4D

NASA
 

ENAC ENAC
Horizon2020

ENAC 26
4  

26 ENAC
FOKUS 1

SSR S
DAPS

 

GBAS
26 Galileo GBAS

GBAS
GAST-D GBAS

 



26

CARATS SSR S
27

 

 

 

26 22 5 17
39

26 1.5  

26 17 6

1.4.5 NICT
KDDI 24

5

 

 
1.4.5  

 

KMITL

 

 

 



1.5 26  
No.    

1 
 

(H21.3 ) 

Etudes de radars en bande 
W 
-  

 
  

2 
 

(H23.4 ) 
 

(Ionospheric TEC 
Characterization Program) 

 
GBAS(GAST-D)

 
GNSS

 

3 
 

(H23.9 )   
GBAS

 

4 
 

(H24.2 ) 
WAM A/C

  
 

5 
 

(H24.4 )  

 

 

 

GNSS
 

6 
 

(H24.6 )   
 

7 
 

(H24.7 )   
 

8 
 

(H24.8 ) 

90GHz

 

 
 

 

90GHz

 

9 
 

(H24.10 )   Full4D
 

10 
 

(H24.10 ) 
 

 
 

11 
 

(H24.10 ) 
  

 

12 
 

(H24.11 )  RFtestLab  
 

13 
 

(H24.11 ) 
24

  
 

14 
 

(H24.11 )   
 

15 
 

(H25.4 ) 
GBAS

2   

GNSS

 

GBAS(GAST-D)
 



16 
 

(H25.5 )  
 

17 
 

(H25.4 ) 
VHF 

E
 

 
 

18 
 

(H25.6 ) 
GBAS

 
 

 

GNSS

 

19 
 

(H25.10 ) 
RoF

  
 

20 
 

(H25.11 ) 

GNSS

  GBAS(GAST-D)
 

21 
 

(H25.10 )   

GNSS

 

22 
 

(H25.12 ) 

GPS

 
 GBAS(GAST-D)

 

23 
 

(H26.4 ) 2  
 

  

24 
 

(H26.5 )   
 

25 
 

(H26.6 ) 
  

 

26 
 

(H26.8 )   
 

27 
 

(H26.8 ) 
 

 
  

28 
 

(H26.8 )  
 

KDDI  
 

 

29 
 

(H26.9 ) 
 RF  

 

30 
 

(H26.9 )  IRT 
 

31 
 

(H26.10 ) 
 

 
 

 
 

 
 



32 
 

(H26.10 )  
 

 

33 
 

(H26.11 )   GNSS
 

34 
 

(H26.11 )  
 

 

35 
 

(H26.11 )   

GNSS

 

36 
 

(H26.12 ) 

ADS-B

 
 

 

37 
 

(H26.12 ) 

1090MHz

 
 

 

38 
 

(H26.12 )   
 

39 
 

(H27.2 )   
 

 

 

1.6  

1.6  

No.   

1 Etudes de radars en bande 
W   

2 
 

Ionospheric TEC 
Characterization Program  

KMITL

 

3  25

 

4 WAM A/C
 

WAM A/C

 



5 
 

ICAO

 

6  

MRI

MRI

 

7   

8 
90GHz

 

4

 

9  

 

10 

  

11  

 

12   

13 24GH
 

24GHz

 

14  
 

15 GBAS
2  

GBAS JAXA

GBAS III
JAXA

JAXA
 



16  
 

17 VHF 
E

 

E
GBAS VHF

E
E

 

18 GBAS
 

GBAS

JAXA GBAS
JAXA

 

19 RoF
 

RoF

 

20 
GNSS

 

GPS
GNSS

GPS
H26

GBAS

 

21 
 

L1-SAIF

L1-SAIF GNSS
QSS

QSS
 

22 
GPS

 

GBAS
GNSS

H26
GPS MLA

2 MLA
 

23 
 

 

24  

 



25  

TV

 

26   

27 

  

28  

 

29  

 

30   

31 

  

32 
 

33   

 

34 
 TIS-B

 

35 
 

GNSS
L1-SAIF GNSS

 



36 
ADS-B

 

ADS-B

ADS-B
 

37 
1090MHz

 

1090MHz
ADS-B

ADS-B ADS-B
 

38  

 

39  

SSR ADS-B

 
 

 

 

26
AeroTHAI Chang-Don Kee

Korean-SBAS

6 1.7  

1.7  

No.    

1 5 20   
 

2 6 13  AeroTHAI  ENRI
 

3 7 1  GNSS Kee
 

SBAS
Chang-Don Kee Korean-SBAS

SBAS
 

4 9 18    

5 10 17    

6 12 4  FAA   

 



 

 

26 5 7 12
6 1.8

 

19  

1.8  

No.    

1  GNSS
 1  

2  GNSS
 1  

3   1 
 

4   1 

 

5   1  

6 NTT  
GNSS

1 RNP to xLS

7 AAI-GNSS 
 

III
GBAS GAST-D

 
1 GPS

 

  7  

 
NTT ICAO IFPP  

WG 
RNP to xLS GLS TAP Terminal Area Path

RNP to xLS

 

AAI-GNSS GPS
GBAS

GPS

VHF
 

 



 

ATM/CNS

 

 

 

 

ATM

 

GPS

GPS

 

25 26
ILS

 

25

26 9

IEEE SA-SWIM
 

WiMAX C

26 ICNS2015 3



 

 

18
3

26

 

6

9
2

ADS-B
 

 

 

 

26 ENAC LAPAN
 

ENAC
17

ENAC 2 3 6

26 4 4
1 2 

GBAS 10 1
1

1
6 1 ENAC

27 3 1 6
 

LAPAN



26 25 1 10
12

25

 

AEROTHAI GBAS
2 27

 

ENAC LAPAN

 

26

3  

  



1.5  

1.5.1  

 

 

 

ICAO

ICAO

ICAO 120
 

 

 

 

 

ICAO
RTCA EUROCAE

 

ICAO
120

 

2
3  

 

 

 

ICAO RTCA



EUROCAE
 

 

26  

 

ICAO RTCA EUROCAE 24
 

 

 

 

a)  

b)  

c)  

 

1.5.2  

ICAO

ICAO RTCA EUROCAE
120

26 24

 

26
 

1.5.3  

 

a)  

EUROCAE EUROCAE
ICAO RTCA EUROCONTROL

FAA EASA
 

b)  

ICAO NSP
CSG



GBAS CAT
GBAS CAT  

WiMAX WiMAX Forum WiMAX Aviation

AeroMACS
 

c)  

ICAO ISTF
GBAS

 

SWIM

SWIM
SASWIM2015

 

ENRI

ATM/CNS  

26  

ICAO

 

26 ICAO GAST-D

SWIM
 

 

ICAO RTCA EUROCAE  

26
ICAO

NSP CP

24 39
 

ICAO  

WG

WG
 

RTCA EUROCAE



FAA

ICAO  

ICAO NextGen SESAR CARATS

RTCA EUROCAE
ATM

RTCA EUROCAE RTCA/EUROCAE
 

ICAO
EUROCAE RTCA

 

1) ICAO  

NSP GBAS GAST-D
CSG

GAST-D
APANPIRG

ISTF ICAO
CSG GBAS GAST-D

 

CSG VHF
VDB

1 19 GAST-D 

VDB
VDB Annex 

10 Appendix D CSG

NSP
GAST-D CSG

ISTF
GNSS

 



 
1.5.1. ICAO NSP WG-1 CSG  

 

CP AeroMACS

1 6
AeroMACS

 

AeroMACS WiMAX
WiMAX NPO WiMAX Forum

WMF WiMAX AeroMACS ICAO
WMF
WiMAX Aviation 1

2  

26 CP AeroMACS 
WG-S AeroMACS

CP WMF

 



 

 
1.5.2 WiMAX Forum(WMF)

ICAO CP WG-S  

 

ASP
2 1  ACAS

ACAS

2
SSR S

MLAT

 

ASTAF
5 1

26

26 12 ICAO  



RPASP 25 1
RPASP UASSG ICAO

26
ICAO  

ICAO ISTF

2
ISTF

26

5 ISTF ICAO NSP CSG

ICAO NSP CSG  

26 ICAO WG
1.9  

1.9 ICAO  

   WP/IP 

ATMRPP    1 

ACP
CP   7 9 

FSMP   1 1 

NSP  4 7 

RPASP
UASSG)  2 1 

SASP  

 
RVSM

RMACG  

1 2 

ASP   4 5 

ASTAF   1 2 

RASMAG  
RVSM 

 1 1 

 
APANPIRG   

1 1 

 
APANPIRG ISTF  

 4 7 



ADS-B
 

APANPIRG ADS-B SITF  

ADS-B
 

1 1 

 
ICAO 1.10

 

1.10  

   

APANPIRG  
ISTF

  

NSP  CSG  
IGWG 

 

 
2) RTCA EUROCAE  

RTCA/EUROCAE 26 11 EUROCAE
EUROCAE

EUROCAE ICAO
RTCA EUROCONTROL

 

EUROCAE WG-83
MASPS Minimum Aviation System Performance 

Specification  

26 EUROCAE WG-99

WG FAA EASA

WG  

 

RTCA/EUROCAE 1.11
4  

1.11  RTCA/EUROCAE  

  WP/IP

 
(RTCA SC-214 /EUROCAE WG-78) 

 2 0 

 (EUROCAE WG-82)  
 

1 1 



 (EUROCAE WG-83) 
FOD  3 0 

(EUROCAE WG-96)   2 0 

(EUROCAE WG-99) 
  1 

 
(EUROCAE WG-100)  4 0 

 

 

a) 

2 IPACG
26 9 IPACG DARP

UPR
FIR DARP

DARP
DARP

DARP  

FATS

FAA

26
FAA

25 SWIM
Mini Global Demonstration 

MGD
SWIM FAA

 

b)  

GBAS

GBAS IGWG: International GBAS Working Group  
26 6

15 GBAS CAT-I/CAT-III
GBAS RNP to GLS 787

GBAS IGWG PR

 

SBAS SBAS IWG SBAS
26 SBAS

 

 



26 SWIM

APISAT  

 SWIM  

ICAO
SWIM System Wide Information Management

SWIM

Mini Global Demonstration MGD
MGD SWIM

SWIM SASWIM2015
 

27 3
IEEE ISADS

3 26 27 2
60  

SWIM SOA Service Oriented 
Architecture

 

 
1.5.1 SASWIM2015 Call for Paper  

 

  

26
ATM/CNS 26 10 22 27

ENRI
JICA 25

 

SANE MMU International Conference 
on Space, Aeronautical and Navigational Electronics ICSANE 2014



Special Tutorial Session on Air Traffic Control
ICSANE

1 2 3
GBAS 4 5

5 50

 

"ICSANE2014 with Special Tutorial Session on Air Traffic Control"
 

 
1.5.2 ICSANE  

 

JICA CNS/ATM
CAAV ENRI Seminar on ATM/CNS in Vietnam

CAAV VATM VNA
ACV Institute of Geophysics Lecturer at School of Electrical 

Engineering, International University 50

ACV GBAS
GBAS JICA

 

  
1.5.3  



 

JICA 26
11 7 17

5
16

7 JICA

17
6
ADS-B

 

 

26 9
2014 The 2014 Asia-Pacific International Symposium on Aerospace Technology APISAT-2014

1.5.4
APISAT 4

2009 6
APISAT

Long-Term Vision of Future Air Traffic Systems in Japan
CARATS

ATM 1
APISAT

APISAT ATM
 

9 300 67 267

ATM
ATM

APISAT-2015 ATM
APISAT2014

 

 
1.5.4  APISAT-2014  

 



1.6

1.6

1.6.1  

 

 

 

1

 

80  

 

 

 

 

 

1
1 3

80
 

 

 

 

 



 

 

26  

1  

1  

 

16  

 

 

 

 

a) ( )
 

b) 
 

c)  

 

1.6.2  

26

 

26

 

80
26 16  

1.6.3  

 

a) 
 

CANSO World ATM Congress



1  

 

b)
 

VHF
 

c)  

 

 

 

26

 

 

26 9 1

 

15

EUROCAE

13

 

 



 
1.6.1   

 

 

CARATS
27 2 27

2012 5 7 9 11
2013 1 2 1 6

 

Plot Track

 

 
1.6.2 Plot Track  

 



1  

 

 

 
1.6.3  

 

 

VHF ACARS/VDL

17
20

VHF

 

 
1.6.4  



 

 

1
 

1.12 7

 

1.12 26  

    

1 Long-Term Vision of Future Air Traffic 
Systems in Japan  

-
APISAT 2014 

China Pullman 
Shanghai South

 

2  
136

  
 

3 Space weather 
effects on air navigation and utilization of 
space weather information  

3
  

4 MSAS MSAS Status  
IS-GNSS International Symposium on 
GNSS 2014 
SBAS  

International 
Convention 
Center Jeju 

 

5  27   

6  
UAS

JUIDA   

7 R&D Activities in Japan 
for Improved Air Traffic System  

  

 

 

370 1.13  

 
1.6.5  



1  

1.13 26  

 26  

 4  

 1  

 1  

ICAO  121 ICAO  

 104  
 

 26  

 9  

 10  

 12  

 31  

 3  

 48  

 370  

 

 

 

26 1.14 2
ICNS2014 Integrated Communications 

Navigation and Surveillance
 

1.14  

    

1 
Integrated Communications 
Navigation and Surveillance 
Conference (ICNS) 

3rd place professional
paper ( 3 ) 

2
WiMAX

VoIP  

2     

 

16 59
59 20

6  

  



 

ICAS International 
Council of Aeronautical Sciences ICAS

30
50 NIA DLR EADS

1.6
McCarthy Award SWIM

1.15 1.16  

1.15  

   

ICAS  

External Relations Sub-Committee (MERSC)  

  

McCarthy Award   

(IEEE) 

MWP2014   

International Workshop on Service Assurance in 

System Wide Information Management 

 

 

European Microwave Association   

 

1.16  

   

 
The 2014 Asia-Pacific  International 
Symposium on Aerospace Technology 

 

The International Federation of 
Operational Research Societies  

The Conference of the International Federation 
of Operational Research Society 2014 

 

 International Conference on Space,  
Aeronautical and Navigational Electronics 
2014 (ICSANE-2014) 

 

ION ION International Technical Meeting (ITM) 
2015 

 

IEEE International Symposium on 
Autonomous Decentralized System 

International Workshop on Service Assurance 
in System Wide Information Management 

 

 

 

26 6 5 6 2

26 14

2 395

 
 

1.6.6  



1  

 

7  

 

26 11 27 1

ENRI
4

 

 

3

 

 

 

26 1.17 3

26
 

1.17 26  

No.    

1 H26.12.3  
 

118  

 
 

 
GBAS  

 
1.6.7  



2 H27.1.16  
 

80  

 

 
 

 

3 H27.3.5  
 

80  

 
GBAS  

ATM  
WAM  

Full 4D  
 

 

26  

 

4
20 26

2 4,462

 

 

 

26

10 12
1

400

PR

OCTPASS

1

 
  

 
 

1.6.7  

1.6.8  



1  

2014  

10 18 300

 

 

SSH  

 SSH

 

26 9 4
SSH 2 20

 

3 113

 

 

 

25

 

26 11 14 17

 

 
 

1.6.10 SSH  

 
1.6.9  



2
 

 

ICAO RTCA EUROCAE 

CANSO Civil Air Navigation Services Organization World ATM Congress2015
World ATM Congress 2015 199

27 3 10 12 3 7,000

AFIS: Aerodrome Flight Information Service
 

AFIS

World ATM 
Congress  

 
1.6.11 World ATM Congress  

 

 

26  

 

26 2



1  

 

26 1.18 2  

1.18  

No.     
 
  

1 US 
8803728 H26.8.12  16  50% 

2 5598879 H26.8.22  3  100% 

 

 

26  

 

 

26
3 1.19  

1.19 26  

No.   

1 ( )  

2 ( )  

3 ADS-C ( ) (
)  

 

 
1.6.11  

 
 



 

2.1  

2.1.1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

24 3

 



26  

 

 

 

 

 

 

a)  

b)  

c)  

d) 
 

 

2.1.2  

26

 

26

 

2.1.3  

 

a)  

 

b)  

 

c)  

 



d) 
 

 

 

 

 

 

 

 

 

 

 

23

 

CARATS WG

WG
 

26 CARATS ATM WG

CO2
WG SWIM Mini Global 

Demonstration  

CARATS

CARATS

 

PBN WG GNSS
GBAS GNSS

GBAS SBAS ABAS
GBAS 2020 GLS CAT-



 

WG WG CARATS 
WG WG

CARATS  

 

 

A/I

 

26

 

 

 

 

 

26

 

 

26 11 12
 



25
20

21 22

 

26

 

 



2.2  

2.2.1  

 

 

 

 

 

 

5 6%  

 

5 2%  

 

21 11
17

 

 

 

 

 

 

 

 

 

 



5 6  

 

5 2  

 

21 11
17

 

 

 

 

 

 

 

26  

5 6%
 

5 2%
 

 

 

 

a)  

b)  

c)  

 

 

 



2.2.2  

6%
26

 

2%
26

 

26

 

 

 

2.2.3  

 

a)  

 

b)  

c)  

 

 

26
 

 

 



 

100km 100km
 

 

 

 

 

 

5 6%  

26

LED
27

 

LED
 

3%
 

26 25 33,356,000
32,968,000 43 1.2%

5% 8%  

 

5 2%   

26
 

1%
 



26 25 724,763,000
740,429,000 811 2.2%

5% 8%
1%  

26  

 

26 52.3%
 

10
10 1,000

15
RSS

22
26

HP 1
1  

 

22

26
26

 

26 19 12 21

21
21 11 17

26 9 16 25

 

26 3
5

1
3

 

3  



 

13 4

 

2.1 26  

    
         

22  6 17,767 6 40,743 67(32) 535,940 47.8% 85.0%

23  5 17,144 3 13,900 64(34) 1,271,888 53.1 92.4

24  4 17,621 12 59,910 59(25) 503,598 42.4% 87.4%

25  3 15,506 9 59,131 51(27) 601,575 52,9% 76.3%

26  3 16,132 6 71,873 65(34) 340,044 52.3% 90.1%

1  

 

 

26
6

2  

 

26

 

 



 

3.1  

 

 

 

 

 

100
 

 

 

 

[ ] 

2,759  

2,838

 

 



100  

 

 

26  

 [ ]  

549

564

 

 

 

26 19

 

20
 

 

a) 
 

 



3.2  

26
 

100
26

20
 

3.3  

 

a) 
 

 

26  

26  

 

26  

 
  



26  

 
26 1,530 1,626

96  

 93.23  99.96
 97.35  

26 625
 

 
27  

27  

 

27  

 

 532  

 548

 



 

44 25 1
13 38 127

 

 

26 25 1 34
3.1  

3.1 26  

    

1  Bell206B
  

 

2 Mini Global Demonstration
 

Mini Global Demonstration

 
 

3  
 

 

4 
  

 

5 GBAS
 

GBAS GBAS
 

 

6 SBAS
 

SBAS SBAS
 

 

7 26 RNSS
SSC   

 

8 DHC8-100
  

 

9 SAAB340
  

 

10 E170 2
  

 



11 A330
  

 

12 V-LOW
ILS  

V-LOW
ILS

 
 

13  

(X )

 
 

14 777
  

 

15 737-800
  

 

16 HIRF
 

G

 

 

17 Bell412
  

 

18 
FIR GAGAN

 
GAGAN

 
 

19 X
 

(X )

 
 

20 
SSR

 

SSR

 

 

21 
V-LOW

ILS
 

V-LOW

ILS
 

 

22 
SIP

L1 SAIF
 

GNSS
L1-SAIF

 

 

23  
 

 

24 
 

WAM

 

 

25  
 

 



(26) Bell204B
  

 

( ) 26  

26 13 93
3.2  

3.2  

    
:  

1 24
 

90GHz
 3  

2 25  
B   

 
( ) 3

 
( ) 2  

3 25  
B    

4 25  
B   

 

5 25  
B  F

 

 
( )  

6 25  
C   

 
( )  

7 25  
 

ICT CPM-OFDM
  

8 25  
 

3
 

 
( )  

9   
 

( ) 4  

10 26
  

 
( ) 3

 

11 /
  

1  
( )  

12 26
  

 
( ) 3

 

13 
  

 
( ) 3

 
 

  



3.3  

3.3  

    
:  

1 27
C   

2 27
B   

3 27
C   

4 27
B  

5 27
B  MIMO  

 

6 27
  

7 27
A  

=

 

8 27
B  VHF  

9 27   
A01

10  
H27   

 
( ) 4  

11 27  
 

GNSS

 
 

12 27  
  

 

 



 

4.1  

 

 

 

 

300
 

 

 

 

 

 

 

 

 

 

 

300
 

 

 

 

 

 

 

 

 

 

4.2  

 

 

 

  



4.3  

 

 

 

 

 

 

 



 

5.1  

 

 

 

 

 

 

 

18 47 18 5 5%
23

 

 

 

 

 

 

 

 
 

 
 

 

 

 

547

 

 

 

 

 

 

 



 

 

 

 

 

21
103.6 27 100.0

 

18 47 18 5 5
23

 

 

 

 

37  

 

11 210 13 1
 

 

 

 

 

 

 

 



26  

 

 

 

 

 

 

 

 

 

18 47 18 5 5%
25

 

 

 

 

17
37  

 

11 210 13 1
 

2 2

 

 

  

( ) 

 

 

 74
 

 



 

 

 

a) 
 

b)  

c) 
 

d)  
 

 

5.2  

26
 

26

 

27 100.0
26

 

18 5 5%
26

 

24 1 20
 

5.3  

 

a) 
 

b)  

 
 

c) 
 



 

d)  

 

 

26  

 

 

 

 

 

26 1
27

 

 

 

25
26

 

GNSS

 

 



 

26 105 26

 

105.6 103.0

 

 

75.3
85.1

 

26 10

10 4
 

 

 

26 629,531,100

495,657,736
17

613,270,000 17
19.2% (1 495,657,736/613,270,000)×100 25

502,869,000 1.4%
26 25 1.1%  

 

 

 

25 12

 

 





 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 



 



 



 



 



 



 



 



 



 



 



 

  



 



 



 



 



 



 



 

  



 



 



 



 



 



 

36,929  35,452  34,388 33,356 32,968 31,679  
615,500  584,725  578,878 559,089 571,762 566,044  



 



 



 



 



 



 

 



 



 





 





 

 

 



 



ATM
23 26 4

 

1
CO2 ATM

ATM

2
ATM

 
ATM

ATM

 

 

1  

2  
 

1
2

 

1  
2  

  



1
H23

H24 ICAS

H25 APISAT
H26 ICAS 
 

2
 

 

  

 

2 6 

 

 

 = 20 5 
 = 8 

 20 5 ÷ 8 = 2 6  

0.0

1.0

2.0

3.0



GBAS GAST-D

23 26 4

 

1
ICAO GBAS SARPs

H22 5 GPS L1 CAT-III
GAST-D SARPs

H25
ICAO  

GBAS CAT-I
CAT-III

GNSS
GAST-D SARPs ICAO NSP

GPS
H25 H26

H28 H32 CAT-II/III 
GBAS CAT-IIIc GBAS

2
GAST-D

 
 

CAT-III
CAT-I

FTA

CAT-I Signal-in-Space
SIS

CAT-I GAST-C
 

GNSS CAT-III
GNSS

GAST-D SARPs ICAO

 



1 GAST-D
GAST-D  

2  

 

1 GAST-D 1×10-9

2  

3  
4  ICAO VDB

 

1  VDB
CAT-I GBAS

2  RTCA
GBAS

3  GAST-D GNSS

4  

 

1  
H23  
ICAO NSP WP 2 IP 2 WP 1  
H24  
ICAO NSP WP 2 IP 2 ICAO APANPIRG CNS/MET IP 1  

IGWG 1 ICAS2012 1 ION GNSS 2012 1  
ION ITM 2013 1  

1  
H25  
ICAO NSP IP 1  

1
IGWG 1 1 ION ITM 2014 1  

5 1  
H26  
ICAO NSP WP 1 IP 3 WP 3  

IGWG 3 ION GNSS+ 2014 1 ICSANE 1  
ION ITM 2015 1  



3 : 3  1  
 

2   
ION Pacific PNT 2015 1 2015 4

 
1 1  

ION GNSS+ 2015 1 2015 9  
VDB  

 

 

 
2.7 

 

 

21 2
 = 8 

 21 2 ÷ 8   2 7  

  

0.0

1.0

2.0

3.0

3 10 2 



UPR
27 30 4

1
2025

UPR(User Preferred Route)
UPR

2

3

UPR

 

1  UPR

2
 

1 CARATS OI-7 TBO OI-5
OI-6

2  



  

 
2.5 

 

 

= 24 8 
 = 10 

24 8 ÷ 10 = 2 5  

0.0

1.0

2.0

3.0



GNSS
27 31 5

 

1
GNSS

2012
ICAO ANC/12 GNSS

SARPS GNSS

ANC/12

GNSS GNSS
 

2
GNSS

GNSS
ANC/12 WP

GNSS
 

3
GNSS GNSS

 
  

GNSS
COMPASS GNSS

GNSS
GNSS

GPS
 

  
GNSS

GNSS
GNSS

 



1  GNSS

2  SBAS GBAS

3  GNSS

1  GNSS
GNSS

2  GNSS CARATS

3 GNSS

4  GNSS
 

  



 

 
2.6 

 

 

 = 26 2 
 = 10 

26 2 10 = 2 6  

0.0

1.0

2.0

3.0

























×



































































 



 























é









 















































国立研究開発法人　電子航法研究所
Electronic Navigation Research Institute, National Research and Development Agency

所在地
本　　所：Headquarters
〒 182 -0012 　東京都調布市深大寺東町 7 丁目４２番地２３
TEL 　0422 -41 -3165　 　FAX 　0422 -41 -3169
7-42-23,Jindaijihigashi-machi, Chofu, Tokyo  182-0012, Japan
TEL　＋ 81-422-41-3165　 FAX　＋ 81-422-41-3169

岩沼分室：Iwanuma Branch
〒 989 -2421 　宮城県岩沼市下野郷字北長沼４
TEL 　0223 -24 -3871　 　FAX 　0223 -24 -3892
4,Kitanaganuma, Shimonogo, Iwanuma, Miyagi  989-2421, Japan
TEL　＋ 81-223-24-3871　 FAX　＋ 81-223-24-3892

ホームページアドレス：http://www.enri.go.jp/

本印刷物からの無断転載を禁じます。　2014 ENRI
No part of this material may be used or reproduced in any manner without a prior written 

permission of Electronic Navigation Research Institute

○本冊子は、グリーン購入法（国等による環境物品等の調達の推進等に関する法律）に基づ
く基本方針の判断の基準を満たす紙を使用しています。
○リサイクル適正の表示：紙へリサイクル可
　本冊子はグリーン購入法に基づく基本方針における「印刷」に係る判断の基準に従い、印
刷用の紙へのリサイクルに適した材料 [ Ａランク ] のみを用いて作成しています。


