
 
 

 

1  
1.1  

[1]

[2] [3] [4]  

CARATS (Collaborative Actions for Reno-
vation of Air Traffic Systems)

[5]

[6]  
 

1.2  

 

N-control [7]

 
 
2  

2
A 4,000m B 2,500m

9 A

A
 

2 210
160

 
 
 
 
 
 
 
 
 

1  
 
3  
3.1 N-control  

N-control[7]

 
1. 

N  
2. N Nctrl

 
3. N Nctrl

 
4. 1

N Nctrl

1  
N-control

2 3

1414

505L 505R505L 505R

No. 1

No. 2

tf0051003 10005002000

500m300100100 0

803802801

38

51 52
53

32

47

55
5 4

56
57
58

37 41 42

68
L
68
R 6
7L
67
R66R

41
2

98
99

67

66

68
41
0

41
1

97

84

75

11

88

87 85 83 81 91 93 95

96949282
86

74 73 72 71 61 62 63 64 65

707706702701

903
904

905

212 210211 209 208 207 206 20
5

20
1

20
4
20
3
20
2

44

262524

23
22

21

18
17

16
15

12

68
L
68
R

41
2L
41
2R

41
2L

426L
426L

41
2R

426R
426R 425L
425L425R
425R 424L
424L424R
424R 423L
423L423R
423R 422L
422L422R
422R

67
L
67
R66R

No. 7

803 804804 805805802801

41
2

426
426
425
425
424
424
423
423

422
422

41
3

41
4
41
3

41
4

98105

10
1

10
2

10
3104

402
401

403

402
401

403105

10
1

10
2

10
3

104

99

67

66

68
41
0

41
1

97

84

75

11

88

87 85 83 81 91 93 95

96949282

86

74 73 72 71 61 62 63 64 65

707706702701

508

50
9

51
0

508 601 601

60
3

60
3

50
9

51
0

50
9

510

51
1

512

504 503506 505507 502 501

903
902
902

904

905

231
231A231B231C

232 231
231A231B231C

232

212 210211 209 208 207 206 205

20
1

20
4
20
3

20
2

2727 31 33 3531 33 35 37 41 42 4343

3634 36 38

51 52
53

32

47

34

4646

45

262524

23
22

21

18
17

16
15

12

7777 76767878

44
45

55
5 4

54
L
54
L
54
R
54
R

56
57
58

705704703 705704703

221222223224225226 221222223224225226

10
8R

10
8L

10
7R

10
7L

10
8

10
7

10
8R

10
8L

10
7R

10
7L

10
8

10
7

710709708 710709708

806 807 808806 807 808

402L 402R
403L 403R

402L 402R
403L 403R

504 503 502 501505506507

10
0A

10
0B

10
0C

100F
100F

E0
01

C

L

B

S7

C- TWY
B- TWY

C-TW
Y

S7GW
Y

C2GW
Y

C1GW
Y

SE
GW
Y

S6
R

S5GW
Y

S5

B

W
11

W
11

C

B

C

C

C

W
12

S4GW
Y

S4

S 3GW
Y S3

S2S2

W

M
4

G
W
Y

M
3

G
W
Y

M2GW
Y

A11
A10

A AAA

WW

A

Q
Q

W

R 2S
Y
W
G

R
R

RR

W-TWY

S8GW
Y

S7

L-TWY

S8

A-TWY

V-TWY

M 3
GW Y

W5
GWY

W6
GWY

W7
GWY

W8
GWY

E6
GWY

E5
GWY

E4
GWY
NO. 6

E7GWY

A13A9
A8A6A5 A7A4A3A2A1

G- TWY

B- TWY

G- TWY

B9

B8

B8

B-TWYB-TWY

W3
GWY

W4
GWY

H2
GWY

H1
GWY

B- TWY
B- TWY

No. 4

No. 9

A-TWY

W-TWY V-TWY
K-TW

Y
K- TWY

M2GW
Y

S7
S6

S5GW
Y

S5

B

W
11

W
11

C

B

C

C

C

W
12

S4GW
Y

S4

W5
GWY

W5W5

2S
Y
W
G

W6
GWY

W6W6

W7
GWY

W7W7

W8
GWY

W8W8 W9W9

M
4

G
W
Y

S 3GW
Y

E6
GWY

E5
GWY

E5E5
BB

E6E6

E6E6 S10

E7E7
J

S9S9

S9S9

S8S8
P1P1

P2P2

P4P4
P3P3

P5P5

S8GWY

C

B

E4
GWY

E3
GWY
E3
GWY

Y HOLD

NO. 6

E7GWY

O

Y Z

I I

X

X

O

O

R
R

RR

R

A AAA

WW

A

Q
Q

W

R

A11
A10

A9
A8A6A5 A7A4A3A2A1

B2

E- TWY

B- TWY

E- TWY

P

B9

B10

C

B7B7

B7B7
B8

B8

B-TWYB-TWY
N ( NORTH) -HOLD

S ( SOUTH)
- HOLD

B2 B3
B4 B5

G1G1
GG

G3G3G2G2

B1

W3
GWY

W4
GW Y

H2
GWY H3

GWY
H3
GWY

H4
GWY

H1
GWY

B- TWY

E-TWY

CC

B- TWY

S3

S2S2

W

No. 4

No. 5

S7GW
Y

C2GW
Y

C1GW
Y

SE
GW
Y

R

C-TWY

W9
GWY
W9
GWY

GP-HOLD

C

G4

G5
CC

CC

DD

DD

S10

G4

G5

GG

U
U

E

E2

E1
H-HOLD

E3 P

I

P

S7

S8

L-TWY

B
HOLD

H4
GWY

A13A12A12

J

L

5
W
Y
W
G
5
W
Y
W
G

E2
GWY
E
GWY
E2
GWY

B- TWY

NB 2,500m

A 4,000m

1414

No. 1

No. 2

38

51 52
53

32

47

55
54

56

37 41 42

11

206 20
5

20
1

20
4
20
3
20
2

44

262524

23
22

21

18
17

16
15

12 11

206 205

20
1

20
4
20
3

20
2

2727 31 33 3531 33 35 37 41 42

4343

3634 36 38

51 52
53

32

47

34

4646

45

262524

23
22

21

18
17

16
15

12

44
45

55
54

54
L
54
L
54
R
54
R

56

22122 22122

W
Y

B

S4GW
Y

S4

S3GW
Y

WW

Q
Q

W

R

Y
W
G

R
R

R

WTWY

W5
GWY

W6
GWY

W7
GWY

W8
GWYWTWY

W
Y

B

S4GW
Y

S4

W5
GWY

Y
W
G

W6
GWY

W7
GWY

W8
GWY

S3GW
Y

R
R

R

WW

Q
Q

W

R
W9
GWY
W9
GWYWG WG

─25─

電子航法研究所研究発表会（第15回平成27年６月）

15-04-331_本文_CMYK.indd   2515-04-331_本文_CMYK.indd   25 2015/05/22   13:29:522015/05/22   13:29:52



 
 

2 3 1
1

2
1

16
2

2

 
 
 
 
 
 
 
 
 

2  
 
 
 
 
 
 
 
 

3 N-control
 

 
2

Nctrl=15 N-control
3

3 N 15 16
N-control 16

15
14 2 3

2 3
 

 

3.2 N-control  
9 A

A
A

N-control
3.1

N A
 

4
4

1

 
 
 
 
 
 
 
 
 

4  
 

2

4

 

3.1
N-control 3 4

1  

─26─

電子航法研究所研究発表会（第15回平成27年６月）

15-04-331_本文_CMYK.indd   2615-04-331_本文_CMYK.indd   26 2015/05/22   13:29:532015/05/22   13:29:53



 

 1
 

N
Nctrl

 

3 4
2  

 2  

N Nctrl
 

N-control 1 2
A

 
 
4  
4.1  

[8]  

 
 
4.2  

26 1 3
5 7 9 1 35

1
 

 

1  
    

 A B A B  
 5,570 674 4,290 590 11,124 
 2,349 3,844 1,821 3,118 11,132 

 
4.3  
 

 
 

 
 

 
 A

A  
 
4.4  

A
A

N 5 5 N
0 24

 
 
 
 
 
 
 
 
 

5 A  
 

N A 15
6
N 15

6 N 10 N
15

N 10 N

─27─

電子航法研究所研究発表会（第15回平成27年６月）

15-04-331_本文_CMYK.indd   2715-04-331_本文_CMYK.indd   27 2015/05/22   13:29:532015/05/22   13:29:53



 
 

15
8  

 
 
 
 
 
 
 
 

6 15
1  

 
N 7

7 N

6
N

 
 
 
 
 
 
 
 
 

7
1  

 
 
 
 
 
 
 
 
 

8
1  

 
N 8

8 N

7 N
 

15 N
9 9

10 12 18
20 N

2

 

 
 
 
 
 
 
 
 
 

9 15

 
 
5.  

6 15
N 13

7 8
N

Nctrl

 
Nctrl 17

 

2 A
10

10 2
1

10

─28─

電子航法研究所研究発表会（第15回平成27年６月）

15-04-331_本文_CMYK.indd   2815-04-331_本文_CMYK.indd   28 2015/05/22   13:29:532015/05/22   13:29:53



 

 
a) 

 
b) 

 
c) 

 
10

 
 
 
 
 
 
 
 
 

10  
 
 
 
 
 
 
 
 

11 Nctrl=17  
 

Nctrl 17
11 11

N
Nctrl

10 11

2 3

 
18 20

A
Nctrl=17

2
2

 
3.3 1

Nctrl=17 1
4  

 
2 Nctrl=17

18 20  
  Nctrl=17  

 1,094  1,094  

 
11 35  10 14  

 
29 12  27 53  

95%  
22 20  19 3  

 
 348  

 
 1

4 14  
1   4  
2   1  

 
6.  
6.1 N-control  

Nctrl
6

15 8

15
8  

3.2

a 

b 

c

─29─

電子航法研究所研究発表会（第15回平成27年６月）

15-04-331_本文_CMYK.indd   2915-04-331_本文_CMYK.indd   29 2015/05/22   13:29:532015/05/22   13:29:53



 
 

2
5

Nctrl=17 2 1
Nctrl 2

Nctrl
 

 
6.2  

N-control 3.1

 

N-control
 

 
7.  

N-control
 

A N
N 15

 

N-control
15

N N 13
Nctrl 17

N-control 18
20

1 20
 

Nctrl

N-control

 
 

 
 [1] EUROCONTROL, “Airport CDM Implemen-

tation Manual”, ver.4, 2012. 
 [2] Deutsche Flügsicherung / Flughafen München,  

“Airport CDM Munich - Results”, 2008-2013. 
 [3] D. Bhadra et al., “Benefits of Virtual Queuing 

at Congested Airports Using ASDE-X: A Case 
Study of JFK Airport”, 9th USA/Europe ATM 
R&D Seminar, No. 33, 2011. 

[4] I. Simaiakis et al., “Demonstration of Reduced 
Airport Congestion through Pushback Rate 
Control”, MIT Technical Report, No. ICAT-
2011-2, 2011. 

[5] 
2010  

[6] 
25

2014  
[7] N. Pujet et al., “Input-Output Modeling and 

Control of the Departure Process of Congested 
Airports”, AIAA Guidance, Navigation and 
Control Conference, AIAA-1999-4299, 1999. 

[8] 

vol. 
111, no. 407, SANE2011-143, pp. 9-14, 2012.

 

─30─

電子航法研究所研究発表会（第15回平成27年６月）

15-04-331_本文_CMYK.indd   3015-04-331_本文_CMYK.indd   30 2015/05/22   13:29:532015/05/22   13:29:53


