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‘=" VLBI Facilities operated by GSI of Japan

Tsukuba 32-m VLBI Station Tsukuba VLBI Correlator/Analysis Center

GSl has been a network station and a correlator of IVS, and became a IVS Operational Analysis
Center in January 2010.
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Processed IVS Sessions in 2011

Session
Code

INT2
INT2
JAXA
JADE

Tsukuba VLBI Correlator

Ts, Wz
Kk, Wz 73
Ts, Ai, Cc, Ud 1
Ts, Ai, Cc, S3, Vm, Vs, 8
K1, Kg

*Total 155 INT2 sessions and 9 domestic
sessions were correlated without any problems.

*The databases of INT2 sessions are analyzed
at Tsukuba VLBI Analysis Center, and rapid
dUT1 solution is calculated.

Correlation System

K5/VSSP Software correlation System

Software K5/VSSP utility programs
Some management programs

# Servers Management Servers : 3
Data Servers : 39
Correlation Servers : 32

File system NFS

between servers (since 2007 )
Lustre File System

(since 2011)

*The correlation system is consisted of a lot of general-
purpose servers, which installs K5/VSSP utility programs.
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=" Tsukuba VLBI Analysis Center

Ultra-rapid dUT1 measurement on VLBI session

dUT1 solution is calculated within 30 minutes of the end of observation session

INT2
(155 sessions)

CONT11
(1 session)

Continuous dUT1 solutions for
15 days

One dUT1 solution per
session

Processed sessions in 2011

IVS 24-hour sessions
(15 sessions)

Special sessions
(2 sessions)

Continuous dUT1 solutions for

several hours
(Optimum sessions for dUT1 measurement)

Continuous dUT1 solutions for

one day
(The sessions includes Ts and On stations)

These solutions were used for calculation for rapid EOP solution by USNO
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=" Improvement in 2010-2011

(1D New distributed processing System for Correlation

- Management server The number of process which
= = management server threw to

rapid_cor.pl Correlation server is selectable.
/ (it depends on the servers’ spec)

All of the data are stored in the shared

/W/ M/ N directory managed by Lustre File
/’ System

otadata server

Lustre|File Systgm

As the data is managed by Lustre File
System, the access rate between
correlation servers to data is not
decreased due to increasing the
correlation process.
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=" Processing time on JD1109

JADE1109(Domestic session)

Processed Baseline TSUKUB32 — CHICHI10

# scans 202

Processing System NEW OLD

# correlation servers 15 servers 12 servers
Maximum number of 46 12
data process at one time

File system between Lustre File System NFS
servers

Processing time 25 145

The new system enables us to shorten the processing time to one-sixth.

In the old system, we could not increase the number of correlation servers due to the weakness of NFS.
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Processing time on JD1109

Processed Baseline Processing time
(minutes)

TSUKUB32-CHICHI10
TSUKUB32-SINTOTU3
TSUKUB32-VERAMZSW
TSUKUB32-VERAISGK
CHICHI10-VERAMZSW
CHICHI10-VERAISGK
VERAMZSW-VERAISGK
TOTAL

202
95
170
149
163
146
137
1062

25
12
20
18
63
59
77

274
(about 4.6hours)
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Ultra-rapid dUT1 measurement

Onsala station

Automatic analysis (C5++)

Tsukuba station

Analysis center

Management
correlator e
K-5 Data Acquisition Terminal
. . lnl
Automatic correlation B (L oa0coroumy

Mark5

Data transfer

Data server

Real-time data transfer
+ Automatic Data conversion

The programs for data transfer, conversion and correlation run during the observation.
The automated analysis program runs when enough number of scans for analysis is correlated.
We use C5++ developed by NICT of Japan on the automatic analysis.
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Ultra-rapid session on CONT11

RN

CONT11 is a campaign of 15 days continuous VLBI
sessions performed in the second half of September.

< X7
ONSALA60 ) 4 BADARY
Le

®NYALES20

WETTZEL

WESTFORD

® KOKEE

o *ZELENCHK
YEBES40M

® FORTLEZA

¢ TIGOCONC

® HARTRAO

®
HOBART12

—I Ultra-rapid dUT1 measurement I—

Baseline : ONSALA60 — TSUKUB32
Correlator : Tsukuba VLBI Correlator
Analysis : Tsukuba Analysis Center

*The data was transferred to Tsukuba
correlator via high-speed network in
real-time.

-dUT1 values were calculated during
the observing sessions.

This approach enables us to get 15 days continuous dUT1 values during the observation.
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Data Processing Image

Session start
00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00

Raw data

¥

Converted data

3

Correlation result

4

Bandwidth
Synthesis result

4

Analysis result
(duT1)

100 00 000 © 000 0000 000 €00 00 0000 © 000000 00 0000 0 00 000 O

00 00 000 © 000 0000 000 000 00 0000 © 00000 0 00 0600 © 00 §00 ©

« (1) oo;o ® 000 o:poo 000 fpoo (T ) oo;oo ) ooolbo o 00 o¢loo ® 00 000 O

tuna®

We can obtain the bandwidth synthesis results within a few minutes after the end of the
observation for each scan.

Fringe search
---> Clock offset and rate is determined

Two analysis method
(1 6 hours slide window mode
@) 30 scans mode
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oA ke Analysis method
(6 hours slide window mode)

Session start
00:00 01:00

02:00 03:00 04:00 05:00 06:00 07:00
€—=—=—=—= e —— 4 — . 6hourstime window —'i- — — — — - — ————— > !
Raw data |@0 @0 G0 © 000 0000 000 €00 00 0000 © 00000 0 00 0000 © 00 000 ©
Converted data | 00 0@ 000 © 000 0000 000 000 00 0000 © 00060 © 00 0€00 © 00 00 ©
Correlation result | 00 00 000 © 000 0000 000 000 00 0000 © 00000 0 00 0400 © 00 000 ©

Bandwidth 00 00 000 © 000 0000
Synthesis result \ \

4

Analysis result
(duT1)

000 5’00 o0 .Qf.. [ QQQ?‘. ® 00 0000 0 00 “. o

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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o Analysis method
(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
" — — - 6hours time WindoW — = — = = — — R — '>
00 00 000 © 000 0000

Raw data 000 000 00 0000 © 000000 00 0000 0 00 000 O

¥

Converted data

3

Correlation result

4

Bandwidth g0 00 000 © 000 0000
Synthesis result \ \

4

Analysis result
(duT1)

000 5’00 o0 .Qf.. [ .005‘. ® 00 .‘i.ﬂ o 00 “. o

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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o Analysis method
(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
" — — — - 6hours time window — — = = — — e m L}
Raw data | ©OO® 9@ Q.Q o 000 .‘... 000 .... o0 ..... o ...Q:. o 00 .....
Converted data | @@

3

Correlation result

4

Bandwidth 0600 000 © 000 0000
Synthesis result \ \

4

Analysis result
(duT1)

000 5’00 o0 .Qf.. [ .005‘. ® 00 .‘i.‘l o 00 “. o

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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oA ke Analysis method
(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00

6 hours time window — — — —
Raw data

¥

Converted data

3

Correlation result

4

Bandwidth o0 00 000 © 000 0000
Synthesis result \ \

4

Analysis result
(duT1)

000 5’00 o0 .Qf.. [ .005‘. ® 00 .‘i.‘ o 00 “. o

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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£ Analysis method

(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00

6 hours time window — — —
Raw data

¥

Converted data

3

Correlation result

4

Bandwidth o0 00 OO © 000 0000
Synthesis result \ \

4

Analysis result
(duT1)

000 5’00 o0 .Qf.. [ .005‘. ® 00 .‘i.‘ o 09 “. o

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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oA ke Analysis method
(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
= - 6hours time window - — -

Raw data | 00 0O 000 © 000 0600

¥

Converted data

3

Correlationresult | O® ©©® @

4

Bandwidth o0 00 0/00 © 000 0000
Synthesis result \ \

4

Analysis result
(duT1)

000 5’00 o0 .Qf.. [ .005‘. ® 00 .‘i.‘ o W“O o

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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oA ke Analysis method
(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00

. L — . 6hourstime Window —'m — — — — — — - >i
Raw data @0 00 006 © 000 0000 000 ©00 00 0000 © 000000 00 0000 © 00 000 O
Converted data | @@ 0® 00§ © 000 0000

3

Correlationresult | O® @@ .... o 000 .....

Bandwidth o0 00 009 © 000 .".Q
Synthesis result | \

4

Analysis result ! ! i i i 000 O 00 00 ©
(duT1) i 5 ; ; : : '

000 5’00 o0 .Qf.. [ .005‘. ® 00 .‘i.‘ o 00 “O o

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.

7t IVS General Meeting, Madrid (Spain), March 4-9 2012.



I —————
R

oA ke Analysis method
(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
L — —. 6hourstime window = — — — — — — E e m e '}

00 00 000 D 000 0000 000 ©00 00 0000 © 000000 00 0000 0 00 000 O

Raw data

¥

Converted data | @@ ©® ©0®

3

1
1
Correlationresult | OO ©©® @ 0®®
1
1

4

Bandwidth o0 00 000 |0 000 .".Q
Synthesis result | \

4

Analysis result
(duT1)

000 5’0. o0 .Qf.. [ .005‘. ® 00 .‘i.. o 00 m

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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oA ke Analysis method
(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
€—=———— === L - ——. 6hourstime window - - ———— E e m e .L)
Raw data | @0 00 000 ©(000 0000 000 ©00 00 0000 © 000000 00 0000 © 00 000 P
Converted data | 00 0O 000 6000 0000 000 000 00 0000 © 000060 0 00 0000 © 00 G000
Correlation result | @0 0@ 000 6 000 0000 000 000 00 0000 © 00000 0 00 0000 © 00 000/
Bandwidth 00 00 000 @ 000 0000 000 000 00 0000 © 000000 00 0000 © 00 000|0
Synthesis result | \ \ ' \ \ \
Analysis result ,.‘. o 00 ,..‘ o
(duT1) l '

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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£ Analysis method

(6 hours slide window mode)

Session start

00:00 01:00 02:00 03:00 04:00 05:00

6 hours time window — — — — = e e i
o0 00 000 © 000 0000

Raw data 000 000 00 0000 © 000000 00 0000 0 00 000 O

¥

Converted data | @@ 0® 000 © OPO 0000

Correlation result

4

Bandwidth 00 00 000 © §00 0000

Synthesis result

4

Analysis result
(duT1)

000 5’00 o0 .Qf.. [ .005‘. ® 00 .‘i.‘ o 00 “Q o

The analysis is done every scans.

The data recorded in 6 hours before the latest scan are analyzed on each analysis.
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o Analysis method
(30 scans slide window mode)

Session start
00:00

30scans
Raw data | 0©® 0O ©00 © 000 0000 000 000 00 0000 © 000000 00 0000 © 00 000 O

Converted data | PO 00 000 © 000 0000 000 000 00 0000 O 009000 0 00 0000 O 00 000 O

Correlationresult | |00 OO ©00 © 000 0000 000 000 00 0000 © COPOO O 00 0000 0 00 000 O

Bandwidth |00 0O 000 © 000 0000 000 000 00 0000 © 000000 00 0000 © 00 000 O
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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LAY Analysis method
(30 scans slide window mode)

Session start
00:00

30SCaNS = = = — — == = >
Raw data

‘ 00 00 000 © 000 0000 000 000 00 0000 0 000000 000000 0 00 0000

Converted data | @9 0O 000 © 000 0000 000 000 00 0000 0 000

PO O 00 0000 © 00 000 O
Correlationresult | @

4

Bandwidth GO 00 000 O 000 0000 000 000 00 0000 ¢ 000000 00 0000 0 00 000 0
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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LAY Analysis method
(30 scans slide window mode)

Session start
00:00

30scans
Raw data

¥

Converted data | OO PO 000 © 000 0000 000 000 00 0000 O 000OCP O 00 0000 ¢ 00 000 O

Correlationresult | OO PO ©00 © 000 0000

Bandwidth 0000 000 © 000 0000 000 000 00 0000 ¢ 000000 00 0000 0 00 000 0
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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o Analysis method
(30 scans slide window mode)

Session start
00:00

30SCANS = = = — — e e m — = = >
Raw data

‘ 00 00 000 O 000 0000 000 000 00 0000 0 00000 D 000000 ¢ 00 000 0

Converted data | ©O® 09 000 © 000 0000 000 000 00 0000 O 0000010 00 0000 O 00 000 O
Correlationresult | OO OP 000 © 000 0000 000 000 00 0000 © 00000|0 00 0000 ¢ 00 000 O

Bandwidth 00 O 000 © 000 0000 000 000 00 0000 ¢ 000000 00 0000 0 00 000 0
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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LAY Analysis method
(30 scans slide window mode)

Session start
00:00

30scans
Raw data

¥

Converted data | ©©® 0©® POO © 000 0000 000 000 00 0000 € 000000

Correlationresult | O® @@

4

Bandwidth 00 00000 © 000 0000 000 000 00 0000 ¢ 00000 0 00 0000 © 00 000 0
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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o Analysis method
(30 scans slide window mode)

Session start
00:00

30sCans - = —— e >
Raw data

‘ 00 00 000 © 000 0000 000 000 00 0000 0 000000 00 0000 ¢ 00 000 0

Converteddata | OO OO OPO © 000 0000 000 000 00 0000 © 00000 O OP 0000 © 00 000 O
Correlationresult | O® ©©® @

4

Bandwidth 00 00 0[00 © 000 0000 000 000 00 0000 ¢ 000000 00 0000 © 00 000 0
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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LAY Analysis method
(30 scans slide window mode)

Session start
00:00

30SCANS = = — o e e e = 2 >
Raw data

¥

Converted data | ©O® 0© O0P © 000 0000 000 000 00 0000 € 000000 00O

Correlationresult | OO ©©® @@

4

Bandwidth 00 00 000 © 000 0000 000 000 00 0000 ¢ 000000 00,0000 0 00 000 0
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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LAY Analysis method
(30 scans slide window mode)

Session start
00:00

30scans
Raw data

¥

Converted data | ©O® 0© 000 P 000 0000 000 000 00 0000 © 000000 00 09000 O 00 000 O

Correlationresult | OO ©©® © 0@

4

Bandwidth 00 00 000 [0 000 0000 000 000 00 0000 ¢ 000000 00 0000 0 00 000 0
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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o Analysis method
(30 scans slide window mode)

Session start
00:00

30SCANS = = = — — e e m— = = >
Raw data

00 00 000 © 000 0000 000 000 00 0000 0 000000 000000 0 00 000 0
Converted data | 0O 0© 000 © POO 0000 000 000 00 0000 O 000000 00 0090 © 00 000 O

Correlationresult | OO ©©® @00 ©

4

Bandwidth 00 00 000 0000 0000 000 000 00 0000 ¢ 000000 00 0000 0 00 000 0
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.
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o Analysis method
(30 scans slide window mode)

Session start
00:00

30SCANS = = = — - e e —— = = >
Raw data

00 00 000 0O 000 0000 000 000 00 0000 0 000000 000000 0 00 0000
Converted data | 0O 0© 000 © 0900 0000 000 000 00 0000 O 000000 00 0009 © 00 000 0

Correlation result

4

Bandwidth
Synthesis result

Analysis result

0000 O 00 0000 O 00 000 O
(dUT1)

The analysis is done every scans.

The data of 30 scans before the latest scan are analyzed on each analysis.

7t IVS General Meeting, Madrid (Spain), March 4-9 2012.



EEEEEEEEEEE——————.
dUT1 results (6 hours mode)

RA

UT1-UTC [sec]

UT1-UTC [sec]

i e, Results for 15 days on CONT15 Predicted value —— |
-0.306 o
served value ®
-0.310 |
-0.314 |
-0.318 |
-0.322 ' ‘ - \ . . ‘
9/16 0:00 9/180:00 9/200:00 9/220:00 9/240:00 9/260:00 9/280:00
Time
-0.3156 @ 00, ' ' T T T T . T T T -
L Results on 9/27 in 2011 Predicted value ~—— |
Observed value  O®
-0.3160 | i
-0.3164 |
-0.3168 |
- - .
03172 | Difference between observed and predicted value = about 100usec Tow o .
\./0\._
-0.3176 ' : : : ‘ ‘ ‘ . : .
0:00 4:00 8:00 12:00 16:00 20:00 24:00

Time [9/27/2011]
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=" dUT1 results (30 scans mode)

.0.306 - —an Results for 15 days on CONT15 Predicted value ——
. ey ¥ S Observed value ®
= i g These solutions were calculated us ng
ﬁ -0.310 B scans before and after operation stop.
3 L
o
2 -0314 |
—
l_ -
-
-0.318 |
-0.322 ‘ ‘ ' ' ' ' '
9/16 0:00 9/180:00 9/200:00 9/220:00 9/240:00 9/260:00 9/280:00
Time
-0.3156 [go, ' ' ' ' o ‘ ' ' :
L Results on 9/27 in 2011 Predicted value  ——
5 Observed value ~ O®
-0.3160 | ]
ey L
3
— -0.3164 |
O L
5
& -0.3168
= L
D i
-0.3172 | e , ®
| Difference between observed and predicted value = about 100usec °E o
\./0\._
-0.3176 ' ' ' ' ' ‘ ‘ ‘ ' ' '
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Time [9/27/2011]
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LAY Problem of

analysis with 30 scans mode

-0.3064 : : : : : : . . , , s
¢ -+
-,y 4
[ 1 ] P
. .
-0.3066 [ !_“‘” !‘-P';"ﬂ So oo m——— .
oy o > v ; : :
§ e o ‘."! :
= 03068 | Sy § .
= SR A “
— : o e :
5 03070 f tes 3
'0.3072 L - - - L L L L L i L
0:00 04:00 08:00 12:00 16:00 20:00 24:00

Time (Sep. 17, 2011)

When the wrong scan is included in the analysis, the solution is not stable.

o

We have to add a new function to remove wrong scan on the analysis program.
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= Processing time

Analysis latency of each scan
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#scans

300

250

200

150

100

50

Processing time

68.75% of the total

On the most of the scans, we succeeded in

completion of correlation within 30 minutes
after the end of the observation.

0 3 10 30 35 40 45 50 535 60 65 F0 75 80 &5 90 55 100 105 110 115 120

Time between the end of the observation and completion of correlation (min.)
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= Ultra-rapid EOP measurement

The experiments for ultra-rapid EOP measurement were
implemented on HOBERT12, ONSALA60 and TSUKUB32 stations.

East-West baseline for dUT1 measurement i 2y

The 15t experiment was
implemented on RD1106,
and the 2" was a special
session optimized for EOP
measurement.

#Scan #Scan
(Ts-On) | (Ts-Hb)

RD1106  Now. 29,
2011

HOBER 2 UREOO1 Nov.30, 254 303
2011

=

North-South baseline
for polar motion measurement
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= Ultra-rapid EOP measurement

TSUKUB32 HOBERT12

Y
ﬂ- Mark5B data
/

Data transfer Data transfer Data transfer

Data directories on Lustre File System
4 Data Conversion

C . C > 4 Data Conversion
Servers / ‘mm@ Mark5B data \ Servers

conversion A Data conversion

e | [l —
\Correlatlon / \Correlatlon /

Command 8 Correlation Servers 8 Correlation Servers

EZ Moo

Management Server

pd

Management Server

Analysis for dUT1 Analysis for polar motion

Analysis Server
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= dUT1 (UREOO1)

Although we failed in rapid data transfer from HOBERT12 during the observation, EOP values
were obtained within 24 hours after the end of the observation session.

-0.3856
P S Predicted value —— |
- e s Observed value @
-0.3860 " Wi
i !1'.:'_,"_‘ Py
Ty About 600 usec v e L] i
S, 03864} Pews ""'\
O e T
= ST i
= T ™ e
= -0.3868| —
o
-0.3872f T
22:00 0:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00

Time (Nov.30-Dec.01, 2011)
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o Polar Motion (UREOOl)

u.1/8 '
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= Future Plan

* Analysis to determine the optimum slide window for
each session.

e Ultra-rapid dUT1 measurements on all of the 24-hour
sessions which includes ONSALA60 and TSUKUB32
stations.

— The solutions will be put on IVS data center.

* We want to succeed in obtaining EOP values during
the observation session.

— Next experiments with ONSALA60 and HOBERT12 are
planed in 2012.
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Thank you for your attention!
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