Two Way Time Transfer for TAI

- Situation TAI-0708 based on the latest BIPM data set
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CH 0708: Mjd 54311-54341

Numbers of measures per day

Mijd TAI link

No Labl Lab2(54311 12 13 14/ 15 16 17 18 19/ 20 21 22 23 24/ 25 26 27 2% 29/ 30 31 32 33 34/ 35 36 37 38 39/ 40 41
1 CH 1PQ 358 (12 12 12 11 12 11 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
2 CH USNO 300 | 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10/120 10 10 10 10 10 10 10 10 10 10 10 10 10
3 CH NIST 359 (12 12 12 12 12 12 12 12 11 12 12 12 12 12 12 12/12 12 12 12 12 12 12 12 12 12 12 12 12 12
4 CH ROA 359 (12 12 12 12 11 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
5 CH PTB 359 ([12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 11 12 12 12 12 12 12 12 12 12 12 12
6 CH 1T 360 (12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
7 CH SP 355 (12 12 12 12 12 12 12 12 12 12 12 11 12 12 12 12 12 11 12 12 11 12 12 10 12 12 12 12 12 12
8 CH OoP 52 7 3 2 9 7 6 2 6 6 1 1 2

9 CH VSL 343 (12 12 12 12 12 12 12 12 12 12 12 12 1 7 12 12 12 12 12 12 12 12 11 12 12 12 12 12 12 12
10 CH TUG 49 6 4 5 2 4 6 6 6 5 1 3 1
11 CH AOS 53 6 5 7 2 4 6 6 6 5 3 3
12 CH OCA 148 312 12 12 12 12 12 11 12 9 8 12 12 9

Total measurements of a TAl month

ST

‘BIPM

Number of measurements

per day at CH side
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No Labl
13 T
14 IT
15 T
16 T
17 T
18 T
19 T
20 T
21 T
22 T
23 T
24 T

Lab2 54311
ROA 353
PTB 355
VSL 325

SP 331
OP 339
IPQ 350
CH 354

NIST 354

USNO 296
AOS 52
OCA 148
NPL 5
BIPM

12

12
12
12
10
12
12
12
12
10

7

13

12
12
12
12
12
12
12
12
10

5

2

14/ 15

12
11
12
12
12
12
12
12
10

8
12

12
12
12
12
12
10
11
12
10

2
12

Numbers of measures per day

IT 0708: Mjd 54311-54341

16

12
12
12
12
12
12
12
12
10

3
12

17

12
12
12
11
12
12
12
12
10

6
12

1

18

12
12
11
12
12
12
12
12
10

6
12

19/ 20

12
12
12
11
12
12
12
12
10

5
12

12
12
12
11
11
12
11
11
10

5
12

21

12
12
12
11
12
12
12
12
10

1
12

22

12
12
12
12
12
12
12
12
10

2
10

1

23

12
12
11
11
10
12
12
12
10

2

24/ 25

12
12

1
12
10
12
12
12
10

12
12

6
12
12
12
12
12
10

26

12
12
11
12
12
12
12
12
10

27

12
12
11
12
12
12
12
12
10

28

12
12
11
10
12
11
12
12
10

29/ 30

12
12
10
11
12
12
12
12
10

12
12
12

8
12
12
12
12
10

31

12
12
12
10
11
11
12
12
10

32

12
12
12
10

9
12
12
12
10

33

12
12
10
11

9
12
12
12
10

34/ 35

12
12
11
11

8
12
12
12
10

12
12
12
11
11
12
12
12
10

36

12
12
10
11
12
11
12
12
10

37

10
12
11
12
12
12
12
12
10

38

12
12
12
11
12
11
12
12
10

39/ 40 41

12
12
12
12
12
12
12
12
10

11
12
12
12
12
12
12
12
10

O N0 OO N

7

12

12
1

9
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No

25
26
27
28
29

KRIS NICT 676
KRIS NMI1J 559
KRIS TL 652
KRIS SG 656
KRIS NTSC 666
BIPM

12

24
24
23
24
24

13

23
22
23
23
23

14/ 15

22
22
21
20
20

22
22
21
22
20

Numbers of measures per day

KRIS 0708: Mjd 54311-54341

Labl Lab2 54311

16

15
15
14
13
13

17

24
24
24
23
24

18

23
23
21
23
23

19/ 20

24
24
22
23
23

23
23
23
23
21

21

23
23
23
23
23

22

23
23
23
23
22

23

24
24
24
24
24

24/ 25

23
23
22
22
23

24
24
23
24
24

26

23
23
22
23
23

27

24
24
22
24
24

28

20
20
20
20
20

29/ 30

22
22
20
19
22
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21
21
20
19
21

31

22
22
22
20
22

32

23
22
22
23
22

33

23
23
22
23
23

34/ 35

24
21
24
22
24

23
22
22
22
23

36

23
23

37 38 39/ 40 41

24 21 23 21 22

23
23
24

24 19 22
24 20 23
24 21 22

20 21
20 21
22 22
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No

30
31
32
33
34
35

Labl

NICT
NICT
NICT
NICT
NICT
NICT

NICT 0708: Mjd 54311-54341

Lab2 54311
KRIS 676
NMI1J 572
TL 674
SG 669
NTSC 683
PTB 484
T~
BIPM

12

24
24
23
24
24
20

Numbers of measures per day

13 14/ 15 16

23
22
23
23
23
22

22
23
22
21
21
21

22
24
23
23
22
23

15
21
21
19
19
23

17 18 19/ 20 21

24
24
24
23
24
23

23
23
21
23
23
21

24
24
23
23
23
21

23
24
24
22
21
21

23
23
23
23
22
20

22 23 24/ 25 26 27

23
24
24
24
23
22

24
24
24
24
24
21

23
23
22
22
23
23

24
24
23
24
24
23

23
23
22
23
23
21

24
24
22
24
24
15

28 29/ 30 31

20
22
22
22
22
19

22
22
20
19
22
17
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21
21
20
19
21
17

22
22
22
20
22

32 33 34/ 35 36 37

23 23 24
22 24 21
22 24 24
23 24 22
23 24 24

23
22
22
22
23

23
22

24

38

21

39/ 40

23 21

41

22

23
22
23
11

24
24
24
22

21
22
23
22

23 20
24 19
24 22
20 3
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No

36
37
38
39
40
41
42
43
44
45

Labl

NIST
NIST
NIST
NIST
NIST
NIST
NIST
NIST
NIST
NIST

NIST 0708: Mjd 54311-54341

Lab2 54311
IPQ 352
CH 360
SP 349
oP 359
VSL 343
OCA 191
PTB 359
IT 356
ROA 357
AOS 55

e -

‘BIPM

12

12
12
12
12
12
11
12
12
12

13

12
12
12
12
12

6
12
12
12

14/ 15

12
12
12
11
12
12
12
12
12

7 5 8

10
12
12
12
12
12
12
12
12

Numbers of measures per day

16

12
12
12
12
12
12
12
12
11

17

10
12
12
12
12
12
12
12
12

18

12
12
12
12
12
12
12
12
11

19/ 20

12
12
12
12
12
12
12
12
12

2 4 6 6 6

12
12
12
12
12
12
12
12
12

21

12
12
11
12
12
12
12
12
12

22

11
12
11
12
12
12
12
12
12

23

12
12
11
12
12
10
12
12
12

5 1 3 1

24/ 25

11
12
12
12

1
12
12
12
12

12
12
11
12

6
11
12
12
12

26

12
12
12
12
12
12
12
12
12

27

12
12
12
12
12
12
12
12
12

28

12
12
12
12
12

9

29/ 30

12
12
11
12
12

12
12
12
12
12

31

12
12
12
12
12

32

12
12
12
12
12

33

12
12
12
12
12

34/ 35

12
12
10
12
12

12
12

9
12
12

36

12
12
12
12
12

37

12
12
12
12
12

38

11
12
12
12
12

39/ 40

12
12
12
12
12

11
12
11
12
12

41

12
12
12
12
12

12
12
12

1

12
12
12

11
12
12

12
12
12

12
12
12

12
12
12

12
12
12

12
12
12

12
12
12

12
12
12

12
12
12

12
12
12

12
12
12

12

11
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Numbers of measures per day

OCA 0708: Mjd 54311-54341

Labl Lab2 54311 12 13 14/ 15 16 17 18 19/ 20 21 22 23 24/ 25 26 27 28 29/ 30 31 32 33 34/ 35 36 37 38 39/ 40 41
OCA VSL 147 312 12 12 11 12 12 12 12 10 6 12 12 9
OCA AOS 37 ___ 1 7 2 3 6 6 4 5 1 2
OCA CH 148 312 12 12 12 12 12 11 12 9 8 12 12 9
OCA IPQ 146 312 12 12 11 12 12 10 12 9 812 12 9
OCA NIST 149 312 12 12 12 12 12 12 12 9 812 12 9
OCA USNO 140 ___ 1 10 10 10 10 10 10 10 10 10 10___ 10 10 10 9
OCA ROA 147 211 12 12 12 12 12 12 12 10 71212 9
OCA IT 148 212 12 12 12 12 12 12 12 10 71212 9
OCA OP 147 212 12 12 12 12 12 11 12 10 71212 9
OCA SP 144 212 12 12 12 12 12 11 11 10 6 12 12 8
OCA PTB 142 111 12 12 12 12 12 12 12 10 6 10 12 8

e -
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No Labl
57 OP
58 OP
59 OP
60 OP
61 OP
62 OP
63 OP
64 OP
65 OP
66 OP
67 OP
68 OP
69 OP

Lab2 54311
VSL 338
SP 348
PTB 354
IT 355
ROA 354
USNO 297
NIST 356
CH 355
IPQ 343
L11 9
OCA 149
AOS 45
NPL 13

AT —

‘BIPM

OP 0708: Mjd 54311-54341

Numbers of measures per day

12 13 14/ 15 16 17 18 19/ 20 21 22 23 24/ 25 26 27 28 29/ 30 31 32 33 34/ 35 36 37 38 39/ 40 41
12 12 12 12 12 12 12 12 12 12 12 12 1 311 12 12 11 12 12 12 12 12 12 12 12 12 12 12 12
12 12 11 12 12 12 12 12 11 11 12 12 12 9 12 12 11 12 10 11 11 12 12 11 12 12 12 12 12 12
12 12 11 12 12 12 12 12 11 12 12 12 11 9 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
11 12 12 12 12 12 12 12 11 12 12 12 12 9 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 11 12 12 12 12 9 12 12 12 12 12 12 12 12 12 12 12 11 12 12 11 12
10 10 9 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10
12 12 11 12 12 12 12 12 12 12 12 12 12 9 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 11 12 12 12 12 11 12 12 12 12 12 9 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 11 12 11 12 11 12 11 11 12 11 12 7 12 11 12 12 11 12 11 12 11 11 12 12 12 12 12 11
9

1 212 12 12 12 12 12 11 12 10 1 1 6 12 12 9

___ 5 7 1 3 6 6 6 5 2 2 2
1 1 1 1 1 1 1 1 1 1 1 1 1
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No

70
71
72
73
74
75
76
77
78
79
80
81
82

Labl

PTB
PTB
PTB
PTB
PTB
PTB
PTB
PTB
PTB
PTB
PTB
PTB
PTB

Lab2 54311
OCA 185
IT 360
ROA 358
OoP 231
VSL 341
SP 345
CH 719
1PQ 355
USNO 300
NIST 359
NPL 231
AOS 53
NICT 484
TE =
BIPM

12

12
12
12
12
12
12
24
12
10
12

5

7
20

13

4
12
12
10
12
12
24
12
10
12

9

5
22

14/ 15

11
12
12

7
12
12
24
12
10
12

4

8
21

12
12
12
11
12
10
24
12
10
12
11

2
23

Numbers of measures per day

PTB 0708: Mjd 54311-54341

16

12
12
12
12
12
11
24
12
10
12

9

3
23

17

12
12
12
10
12
11
24
12
10
12

9

6
23

18

12
12
12
12
12
11
24
12
10
12

8

6
21

19/ 20

12
12
12

9
12
12
24
12
10
12

7

5
21

12
12
12
11
12
11
24
11
10
12
10

5
21

21

12
12
12
10
12

9
24
12
10
12
11

2
20

22

12
12
12

8
12
11
24
12
10
12

6

2
22

23

11
12
12

5
12
12
24
12
10
12

6

2

24/ 25

11
12
12

9

1
12
24
12
10
12

8

10
12
12

8

6
12
24
12
10
12

5

26

10
12
12

5
12
12
24
12
10
12

7

27

12
12
12

5
12
12
24
12
10
12

6

28

8

29/ 30

31

32

33

34/ 35

36

37

38

39/ 40

41

12
12

6
12
12
24
12
10
12

4

12
12

11
12
24
12
10
12
11

12
12

11
10
23
11
10
11

12
12

12
11
24
12
10
12
10

12
12

12
11
24
12
10
12
10

12
12

12
12
24
10
10
12

6

12
12

12
12
24
11
10
12

8

12
12

12
11
24
12
10
12

8

12
12

12
12
24
12
10
12

12
11

12
12
24
12
10
12

12
12

12
12
24
12
10
12

12
12
12
12
12
24
12
10
12

12
11

12
12
24
12
10
12

12
12

12
12
24
12
10
12

21

23

23

21

15

19

17
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17

11

22

22

20
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No

84
85
86
87
88
89
90
91
92
93
94
95

Labl

ROA
ROA
ROA
ROA
ROA
ROA
ROA
ROA
ROA
ROA
ROA
ROA

Numbers of measures per day

ROA 0708:

Lab2 54311
ITO 360
OCA 189
PTB 358

SP 335
VSL 341
oP 358
CH 360
IPQ 352

USNO 300

NIST 360
L11 52
NPL 132

e -

‘BIPM

12

12
11
12
11
12
12
12
12
10
12

13

12

5
12
11
12
12
12
12
10
12

14/ 15

12
12
11
12
12
12
12
12
10
12

7 5 8
5 3 6

12
12
12
11
12
12
12
11
10
12

16

12
12
12
11
12
12
12
12
10
12

17

12
12
12
12
12
12
12
12
10
12

18

12
12
12

9
12
12
12
12
10
12

19/ 20

12
12
12
12
12
12
12
12
10
12

2 3 6 6 5
4 3 2 5 3

12
12
12
12
12
11
12
12
10
12

Mjd 54311-54341

21

12
12
12
10
12
12
12
11
10
12

22

12
12
12
10
12
12
12
12
10
12

23

12
12
12
11
12
12
12
12
10
12

5 1 2 2
4 6 6 4 4

24/ 25

12

9
12
12

1
12
12
12
10
12

12
11
12
11

6
12
12
12
10
12

26

12
12
12
12
11
12
12
12
10
12

27

12
12
12
11
12
12
12
12
10
12

28

12
9

29/ 30

12

12

31

12

32

12

33

12

34/ 35

12

12

36

12

37

12

38

12

39/ 40

12

12

41

12

12
11
12
12
12
10
10
12

12
12
11
12
12
12
10
12

12

9
12
12
12
12
10
12

12
11
12
12
12
12
10
12

12

9
12
12
12
12
10
12

12
12
12
12
12
12
10
12

12
11
12
12
12
11
10
12

12
12
12
12
12
11
10
12

12
12
12
12
12
12
10
12

11
12
12
11
12
12
10
12

12
12
12
12
12
11
10
12

12
12
12
12
12
12
10
12

12
11
12
12
12
11
10
12

12
11
12
12
12
12
10
12

5 3 4 4 7
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6 5 6 5 3

4 8 3 2 2

5
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No Labl

96
97
98
99

*x

SP
SP
SP
SP
SP
SP
SP
SP
SP
SP
SP
SP

Lab2 54311
VSL 329
OP 206
ROA 346
IT 349
PTB 347
NIST 346
USNO 294
CH 351
IPQ 330
OCA 175
AOS 47
NPL 29
ATE o~
BIPM

=
N

PNWWwhr,Ooooobsphoadp

13

12
11
12
12
12
12
10
12
11

4

5

3

Numbers of measures per day

SP 0708: Mjd 54311-54341

14/ 15

12
10
12
12
12
12
10
12
11
12

8

1

12
12
12
12
12
12
10
12
12
12

16

12
12
12
12
12
12
10
12
11
12

17

12
12
12
12
12
12
10
12
11
12

18

12
12
12
12
12
12
10
12
11
12

19/ 20

12
10
12
12
12
12
10
12
12
12

1 3 6 6 5

1

2

12
11
12
12
12
12
10
12
11
12

21

12
12
12
12
12
12
10
12
12
12

22

12

8
12
12
12
11
10
12

9
12

23

11

1
11
12
11
11
10
12
12

9

5 2 2 2
1 2 1

1

24/ 25

1

6
12
12
12
12
10
12
12
10

6

8
12
12
12
12
10
12
12
10

26

11

5
12
12
12
12
10
12
12
12

27

12

1
12
12
12
12
10
12
10
12

28

10
-
10
9
11
10
9
12
12
7

29/ 30 31

11
12
12
12
12
11
10
12
10

12
4

12 12

12
10
11
10
11
10

12

12
12
12
10
12
11

32

12

1
12
12
12
12
10
12
12

33

12

1
12
12
12
12
10
12
11

34/ 35

12

2
12
12
12
12
10
12
12

11

2
11
12
11
10
10
12
12

36

12

4
12
12
12
12
10
12
10

37

12

11
12
12
12
10
12
12

38

12

12
12
12
12
10
12
12

39/ 40

12
11
12
12
12
12
10
12
12

12

11
12
12
12
10
12
10

41

12

12
12
11
12
10
12
12

1
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3 3 1 3

2

3
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No Labl
**  TL
**  TL
**  TL
**  TL
**  TL

Lab2 54311
NICT 674
KRIS 652
NMIJ 554
SG 647
NTSC 645
BIPM

Numbers of measures per day

TL 0708: Mjd 54311-54341

12 13 14/ 15 16

23 23 22
23 23 21
23 22 22
23 23 21
23 23 21

23 21
21 14
23 21
21 19
21 19

17 18 19/

24 21 23
24 21 22
24 21 23
23 21 22
24 21 22

20 21

24 23
23 23
24 23
23 23
15 10

22

24
23
24
24
23

23 24/ 25 26 27

24 22
24 22
24 22
24 21
24 22

23 22 22
23 22 22
23 22 21
23 21 22
23 22 22

28 29/

22 20
20 20
22 20
22 17
22 20

TW WG Meeting Sept. 2007 CH Bern

30

20
20
20
19
20

31

22
22
22
19
22

32 33 34/ 35 36

22 24 24
22 22 24
21 23 21
21 24 22
22 24 23

22 23
22 23
21 22

37 38 39/ 40 41

24 21 23 20 23
24 19 22 20 21

21 21
22 23

24 20 23 17 23
24 21 23 21 23
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Labl

USNO
USNO
USNO
USNO
USNO
USNO
USNO
USNO
USNO

Lab2 54311
CH 285
OoP 283

VSL 270
PTB 284
ROA 281
1T 281
AOS 41
OCA 135
SP 209
e
‘BIPM

12

10
10
10
10
10
10

6

1

13

10
10
10
10
10
10

5

1

14/ 15

10 10
9
10
10
10
10
7
10

=
ONO©O OO

Numbers of measures per day

USNO KU 0708: Mjd 54311-54341

16

10
10
10
10

9
10

4
10

17 18 19/ 20 21

10
10
10
10
10
10

5
10

NWNO NSNS
RPRRRPRRRERRPR
00 CO W 00 OO 0O 0o 0o

=
©OR OWWOWOWOWO

22

10
10
10
10
10
10

3
10
10

23

10
10
10
10
10
10

1

24/ 25

10
10

1
10
10
10

10
10

4
10
10
10

26

10
10
10
10
10
10

27

10
10
10
10
10
10

28

10
10
10
10
10
10

29/ 30

10
10
10
10
10
10

10
10
10
10
10
10

31

10
10
10
10
10
10

32

10
10
10
10
10
10

33

10
10
10
10
10
10

34/ 35

10
10
10
10
10
10

10
10
10
10
10
10

36

10
10
10
10
10
10

37

10
10
10
10
10
10

38

10
10
10
10
10
10

39/ 40

10
10
10
10
10
10

10
10
10
10
10
10

41

10
10
10
10

10
10

10
10

10
9

10
9

10
10

9

9

10
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10

10

10

10

10
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Labl

VSL
VSL
VSL
VSL
VSL
VSL
VSL
VSL
VSL
VSL
VSL
VSL
VSL

Lab2 54311
SP 337
OP 342
IT 343

ROA 342
PTB 341
OCA 177
USNO 285
NIST 343
IPQ 340
CH 344
NTSC 982
AOS 53
NPL 5
ATE o~
BIPM

Numbers of measures per day

VSL 0708: Mjd 54311-54341

12 13 14/ 15 16 17 18 19/ 20 21 22 23 24/ 25 26 27 28 29/ 30 31 32 33 34/ 35 36 37 38 39/ 40 41
12 12 12 12 12 12 12 12 12 11 12 12 1 6 12 12 11 12 10 11 11 12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 11 12 12 12 1 6 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 1 6 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
12 12 12 12 12 12 12 12 12 12 12 12 1 6 12 12 12 12 12 12 12 12 12 12 12 12 12 12 11 12
12 12 12 12 12 12 12 12 12 12 12 12 1 6 12 12 12 11 11 12 12 12 12 12 12 12 12 12 12 12
11 6 12 12 12 12 12 12 12 12 12 12 1 6 12 12 9

10 10 10 10 10 10 10 10 10 10 1010 1 4 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
12 12 12 12 12 12 12 12 12 12 12 12 1 6 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
11 12 12 12 12 12 12 12 12 12 12 12 1 6 12 12 11 12 12 12 12 12 12 12 12 12 12 11 12 12
12 12 12 12 12 12 12 12 12 12 12 12 1 7 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
36 36 36 36 36 36 36 36 3533 3536 21 6 24 36 36 36 36 36 36 36 36 36 36 36 36 36 36
8 5 8 1 3 6 6 5 5 2 2 2

2 1 1 1
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Numbers of measures per day

X Band USNO-PTB 0708:
Mjd 54311-54341

No Labl Lab2 54311 12 13 14/ 15 16 17 18 19/ 20 21 22 23 24/ 25 26 27 28 29/ 30 31 32 33 34/ 35 36 37 38 39/ 40 41

** USNX PTBX 280 11 8 8 11 11 11 10 8 6 11 11 11 11 12 11 11 11 11 11 6 7 12 11 11 11 7 8 12
** PTBX USNX 280 11 8 8 11 11 11 10 8 6 11 11 11 11 12 11 11 11 11 11 6 7 12 11 11 11 7 8 12

Remark: there were 24 points per day before !

AT .
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Summary Raw data situation

Total « one way » links: 135
Europe-American: 12 points per days
Double TW link USNO-PTB Ku and X bans
Asia-Pacific: 24 points per days
Asia-Europe NICT-PTB: 24 per days

Other Asia-Europe links are under taking

Some holes including TAI links
Calibrations

STTE
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TAI 0708 links

PTB with

- CH

- 0T

- NICT

- OP

- ROA

- SP

- USNO

- VSL

- NPL not available since months
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Summary TAI TW links

Sigma 0.2 ~ 0.6 ns: less noisy than last year
Slight diurnals from time to time

High redundancy in TW networks

All backed up by GPS geodesic recelivers

TTE -~
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Some H-Maser links

e Europe-American: CH NIST OP SP USNO

e Asia: NICT TL KRIS

TTE -~

‘BIPM TW WG Meeting Sept. 2007 CH Bern




7420.0 +

340.0

7410.0+

330.0+ =
7400.0+

320.0+ L
7390.0-] 7377.8 299.8 298.9
7371.8

7374.9 7375.1 7374.9

7372.0

310.0+
300.0+

290.0

7360.0—
OP-NIST 200, i
7350.0+ CI I_NIS I
270.0+ -
Link(ns): Tw/Tai0708__OP-NIST/08-02 , Total: 428_Ep/at15:13_09/15/07 . .
7340.0-— — T T T T T Link(ns): Tw/Tai0708__CH-NIST/57-02 , Total: 431_Ep/at15:13_09/15/07
54310 54315 54320 54325 54330 54335 54340 260.0 T t T = T T = T = T T
L L L L L L L 54310 54315 54320 54325 54330 54335 54340
1.2+ 4+ -+ L L L L L L L
-+ 4+ 0.5 + + o+ r
*o7 -+ - + . . . N L -+
0.4 - =
0.8 o - -+ — -7 ST N T + " + e - +
H =+ - . -+ -+ -+ -+ 0.3+ + -+ + . -+ - + =
0.6 -+ + + I + + +
- N 4 I . -+ ~H»++ —= 1+ - + + L : - + - oL L
—+ - |
0.4 ++ . - L to::c'L - + 5L LT RO +¢#+ " o= ++++ + T - tt;:+ +t+ O T Tt T
A e + —+ -+ b i . P i et 4+ + LT + " 4+ o o+ L
o.2 -+ e e -+ o oL h AL +* L e T e+ ., + . o+ P R s + +
4+ Eo— o —+ - iy . + e -+ -+ ' - L Lt + o -+ 4 . T+ + 4+ + g+ o+
-+ L -+ j’*;ﬁ + - Th ot T e PR 0.0 i + Tt +++ R R I S T 4 {gpf 4+ 1
bl f+ -+ +++++t+ ++ ++} #+++F++ s +t++++ ToE T f* +tf:ﬁ+%t7 . + - ::t * e L T - + i¢+ A «:{t‘f’ h 1+#++ T de s
oo FEE L I+ T T T S S e e L -oa # T N Eh ‘*“‘++++;:f+ - o - * +++++++++++ ot Lo L
o Ry T - - + T - T+ . U + ++ e T L e, E e ¥ -
-o.a-{+ +~ o+ + Lt L+ . . -+ ++ . L+ +~ T °27 o+ -+ * 4 - T + -+ -+ ++++ e ++ =
- - - ++1 - * s - - . - — LT IR T T o4 - o et - + e
-+ -+ —o.3 =+ +
,o_s—*ﬁ» +++ . - -+ . -, - . —+ +++I + -+ L -o.= + + 4+ 4 . :++ . L+ . L+ o
_o.8 -+ . 4oL ’_4,—-:——-_\\ -+ | —o.ad P - + L
- e S g N
-+-o1 Max smoothing residual : 1.258_Linear \, Sigma= 0.404ns ! o5 . - ) . N _ ) + r
Sa3io Salis 2330 Py =P ey PP —aao el Maxsmoothing residual : 0.618_Linear »Sigma= 0.193ns- B
* sadi0 sadis sa520 Sadzs 54330 Sadas sada0
Mod.AIIar7I§e7v. Tau0=7250s, Scale D-15 Time Dev., Scale D-10 seconds e Rt T
a2 . Mod.AllanDev. Tau0=7200s, Scale D-15 Time Dev., Scale D-10 seconds
417 132 sz
1341 35.7 L sef
13.4- 3 8.4 25 ) ol 37.9 L ool
=6 20.3 [ B 24.9 .
. 136 L] I -8.6q
’e 26 77 diurnals
o 10.3 4 1384 LY 14‘8 r
14.04 o 9.4 9.04 84
6.8 + 140 | ool
102 | 2] 6,0 = 59 6.6
142 A 50 96 [ ‘4
1441 booad 33 410 4.6 9% *
0
A a4 L oel
1464 9.6
14.6 I -9.6q
1484 . 9.8
14.8 I -9.8q
~i_d/8 d/4 dj2 day ddd wK d8 di4 di2 day ddd wK
IR = = e SRS R A S A e T djg d/4 dj2 day ddd wk
3 i 4 4 5 5§ 5 5§ 5 & 6 35 3 4

‘BIPM TW WG Meeting Sept. 2007 CH Bern




7240.0 + 160.0 t
7230.0+ r150.0+ |
129.8  129.5
72000 7205.7 7207.6 7205.2 7205.3 14007
7201.8 7201.9
7210.0+ r130.0

7200.0+

TN

120.04

o0 OP-USNO 1000 CH-USNO I

Link(ns): Tw/Tai0708__OP-USNO/08-07 , Total: 337_Ep/at15:13_09/15/07

Link(ns): Tw/Tai0708__CH-USNO/57-07 , Total: 341_Ep/at15:13_09/15/07

7160.0— 7 T T T T T 80.! T 7 T T T T T
54310 54315 54320 54325 54330 54335 54340 54310 54315 54320 54325 54330 54335 54340
o6l - oL+ + L
1.5 =
0.5+ -+ -+ [
N
- - - - -+ 0.4 - - o + L
1.0 + [ + + +
-+ -+ -+ + +
P + 0.3 L
+ + + +
+ - + + a + L
0.5 h R e T o | OF . i + " " +
+ e E T g e T + + -+
R o s " + + gt - 4 Tt | oa + + -+ 4o+t + - + 4 = R e
+ + . + DT - 4 - e e+ + L R e + AL e e P e T T e
Tty -+ - T e = T SR PSP R FE R L TR L 4T e T N o e e T
oo+ 5 oF e, o+ -+ e + - = e T - A +ow, k - " + Tt e Jra A N ey -+ -
r + L - i + 4 + e, o 7 B~ + 7 + [ e + e
T T + -t 4 - e e F T+ + Hload 4 T F T+ e LT T TR 4T o Do R ot b
+ - * -+ -+ - 4 T -+ T+ A - 4+ R - I+ P
4+ o+ + - 4 4+ + + T - 4 . s - -+ = - . + - - N
-+ -+ -+ e - -0.2— = + + + -
0.5 - -+ -+ -+ + + = +
+ h 4+ + + + + s - - -+
L . N N + E____F o+ + 4 + + 0.3 T aeeea - - [
R g . /,"+ I -+ -+ + ,," T~ -+
1.0 . . . T - 4+ N + |-0.a . . . A > =
™| Max smoothing residual : 1.800_Linear  \, Sigma= 0.433ns" ' Max smoothing residual : 0.666_Linear  \, Sigma=0.150ns '
5a%10 sad1s s5a%z0 [P  —— cadiso- ~ Sadas sada0 5a%10 sad1s sadz0 Sadzs~ ~ = - _ modse- - 5ad3s Sada0
* * *
Mod.AIIanDl_a.\ﬂ. Tau0=9123s, Scale D-15 Time Dev., Scale D-10 seconds Mod.AllanDev. Tau0=9016s, Scale D-15 Time Dev., Scale D-10 seconds
-13.2q -8.2q 13.21 -8.29
-13.44 37.9 b 8.4 113.4- 8.4
27.9 26.1
136] as] 21.7 hasl . a6]
16.5 17.8 *
1384 . F 88 1384 13.2 884 14‘9
140 . 9.01 i 14.04 8.0 -9.0{ 9A6
6,4 6,9 ¢
02 . 2] 5 ;9 4 142 557 Loz
41 45 4.5
37 40 O <l 37
1464 -9.6q 114.64 -9.6q
1484 -9.8q Ha84 -9.84
wk d/8 d/4 di2 day ddd wk d/8 di4 di2 day ddd wk
-15. T T - 10, T T T T T T T T T T T T * T ol T T T T T T T T T T T T » T - 10, T T T T T
3 3 6 3 3 3 4 4 4 4 4 5 5 5 5 5 6 3 3 3 4 4 4 4 4 5 5 5 5 5 6 6 3 3 3 4 4

TW WG Meeting

Sep

t. 2007 CH Bern




-220.0 }

-40.0 t

-230.0 =
-50.0+ =

-240.01 -252.5 -251.4 L

257.0 257.9 257.8 -60.01 -74.6 -73.1 6.6 -73.7 76.0 r

-250.0-

ﬁ -70.0

-80.0+

-260.0

-270.0 =
-90.0 -

-280.0 -
-100.0+ =

20007 NIST-SP [ ss00] KRIS-TL f

Link(ns): Tw/Tai0708__NIST-SP/02-72 , Total: 336_Ep/at15:34_09/15/07

-300.0-— , T T T T T T T T T T T Link(ns): Tw/Tai0708__KRIS-TL/56-30 , Total: 778_Ep/at15:13_09/15/07
54310 54312 54314 54316 54318 54320 54322 54324 54326 54328 54330 54332 54334 54336 54338 -120.0 T + T — T T — T — T T
L L L L L L L L L L L L L L L 54310 54315 54320 54325 54330 54335 54340
0.6 -
1.0 + o+ . -+ + [ - -+ -+
e = -+
- - + - - -+ o+ - LT - —+ -+ o] + T+ - - 4 - - o L
+ - " - -
-+ -+ e - - - -+ -+ -+ + =
o5 -+ + e T -+ g+ - L+ - E=E -+ P e + i U R L
-+ - + -+ - + L+ . N o + - o TR o + e T T -~ - N i I
e et + + - o -+ T ot e T ++4f+++tf e g L e T o LT
e R R e ++ RS . - T =S e FE e e e T e g g e == -
-+ - R T e e e - R I R E i e aad o e h T e T =+
0.0 + -+ e v T + o L+ S LT T el AT s AT v AT T AT e S e e ]
+ e T L - T, T + oy P g w1 oo HF e, TH o L e L AT e e T e o T e L
+ e I - 3 T - - LT i - . T L T e e e e e i S T o T =
- o - [ e - T - T e I T I S e
. e . Lo+ L + e " I Y 4 e R e s =S Ve e S + [uarign S e -
-0.5- E_— -~ + . -+ + el il T I Gl 4+ -+ - -+ “+ +— -+
[ -+ + -+ 4 4+ -+ + —0.2-{ o e e = + “+— 4+ -+ - = -+ -
P - -+ -+ -+ -+ 4+ o+ = -+ -+ . -+ . -+ T L T
—“+ —+ . -+ N ++ . L . o 4+ . ++++ 4+ + : N o L +++ A
—+ —+ -+ = -+ -+ . 4+ o - 4 -+ e
-1.0- -+ ___—-t__ -+ L —o.a- -+ . -+ 4B - 4 +++ -+ =
. . . . S - - - F—--
Max smoothing residual : 1.426_Linear  ,-Sigma= 0.429ns S~ - . . ez Ss~
SaBi0 Sadiz Sadia sadib Sadis sadzo SalnzVgadoa Sabe Sabze 5aS0 5a335 Sadsa sadss sadss | o.e| Max smoothing residual : 0.674_Linear , -, Sigma=0.186ns"~ -
* Sk ___C -- sad10 Sadis sadz0 s3%2s sadso _~ sadss 5ada0
" T e S S S S SR . S Tl
Mod.AllanBeV. Tau0=7950s, Scale D-15 Time Dev., Scale D-10 seconds kS A T e
a2 L oz Mod.g@@nDev. Tau0=3993s, Scale D-15 Time Dev., Scale D-10 seconds
48.2 - 1324 o 821
L)
L dlurnals .
28.2 134 L sal
13.64 * I -8.64 26 5

“ 6.9 57 ™ JEe RRRE N 75 | o] * 94 ol 838 ,
1421 * e ‘ . \ 6.5
551 /; 4.4 5A2 4'4‘| 511 1424 o Loz
104 eys v 3.6 4 4, L 4£6
AN , 104] b os]
14.64 b 9.6 \\\~___—’/ 2.8
18] o 1.5

148 Fos R

-10. T T T T T
3 3 3 4 4

di8 di4 di2 day ddd wk

d/8 di4 dj2 day ddd wk

15, — T T T
4 6 3 3 3 4 4

TW WG Meeting Sept. 2007 CH Bern




29.0

29.0

23.2 22.8

231

23.1

KRIS-NICT

T T T T T
54320 54325 54330 54335 54340

T
54315

Link(ns): Tw/Tai0708__KRIS-NICT/56-20 , Total: 806_Ep/at15:13_09/15/07

T
54310

60.0;

—50.0+

—40.0—

—30.0+

~10.0+

0.0+

~10.0+

-20.0-

e
s
+f
BEE .
- T
.

e
=
=
=
-
~
)
.
sa33s

-+
e
—+

Sigma= 0.081ns

N

-+

e
—+
-
-+
-
’
Ny
54325

-+
-+
-+
-+

1 0.403_Linear

Max smoothing residual

_o0.3

103.2

99.4

97.5

%20.%

99.8

TL-NICT

T T T T
54325 54330 54335 54340

T
54320

Link(ns): Tw/Tai0708__TL-NICT/30-20, Total: 802_Ep/at15:13_09/15/07

140.0

130.0

120.0

110.0

100.0

90.0+

80.0+

70.0+

-+

.
—+
-+
-+
7
=+
-+
-+
.

Sigia= 0.139ns +

54325

-
e
MY

+
pid
4+ T
Max smootﬁing residual : 0.408_Linear

=
-+
54340

+ [
)ﬁ%ﬁ +++

S~~~ 5azse-

54315 54320

54310

54335 54340

S~~~ . 52330~

54320

54315

54310

0.3

—0.1]

-0.2+

_o.a]
)

*

1 0
—
4 ~
-
] e
e
14 o,
1 m o
3]
19 -
lo
< <
ifa) -
12 @,
5] =
10
- ~
: 2]
] W o Le
Q ~, L
) =)
1€ Lo
T
& 5 & Py &
4 xlo
v, 37
0 N
19 Lo
\ P o
ifa) —e M—s
[ -
i o Lo
P
1Y) o e
g x 3
] - Lo
8 - g
1M ] o
I e
= 2 =)=
1@ 2. =L
e = o
12 © E-1nd
a 3
12 i be
(o] ©
1= . Fe
T 5
15 Lo
o
/s Lo
& & & & & & 3 & &
g 9 @ @ % 5 % % 3
i xlo
2 :
o
@, St
b °
14 ©, Lo
s « >l
o (©
1@ - ol
n o ~
lo St
< ~. ©
- -
ifa) =
< - -]
1 e be
8 - s
{0 o, St
i W o e
1a . L
()] -
1E Lo
T
& & & & & & I & &
. . . . ini nl ink T T by
4 Xgo
©, 37
0 N
19 Lo
! o
10 e Tew
o o °
4 nlﬂ [
3] <,

10 © Wfs
%) °
1¢ 2 Lo
] N
by P °
] =) L.
3 T
T © 9

18 e
. - ®
*®
12 o °
) e
4 w ~ |
o ™~
1= (=14
<
10
o
s I
& & & & & & & & &

TW WG Meeting Sept. 2007 CH Bern

Tsoft



Summary of the MH links

he precision UA In the best case: < 100 ps

TTE -~
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Comparison TW-GPS MC/P3

P3: CH KRIS NICT PTB TL USNO VSL
MC: PTB NIST NICT
X band: PTB-USNO

 P3 not complete (may be problem of BIPM data collection this month) : IT NIST OP

ROA SP ...

Link comparisons are available and updated
monthly: fip://tal.bipm.org\TimeLink\LKC\YY MM\

AT —
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Links[ns with (+) for Link1]: _0708_CHPTB.TPTAS , Total: 383Ep-Mean_Slope_Rmved

~ ——JW LINK : black crosses

7’., /GPS LINK: blue circles
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master clock and there are only 5
measures between the GPS
driving clock and the master clock
driving TW:
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Conclusion

TW links takes 15% of total TAI links but transfer about 70% clocks and all the PFSs

The uA:0.1~0.5ns
The uB : 1.0 ns the best case

Diurnals in some trans-continental links
TW monthly agrees with GPS P3 AV 0.6~1 ns due to GPS biases and TW diurnals ?

One side: The actual TAI time link is of one pivot PTB; on the other side: the TW
network is highly redundant and all backed up by GPS.

-- How to fully use the potential of the redundant TW/GPS data:
1. TW network time transfer ?
2. Combination of GPS+TW ?

AT .
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Thanks all the TW laboratories
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