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“EAVN & KJJVC project

<+ KJJVC framework and status
= Playback Systems
= RVDB System
= VLBI Correlation Subsystem
= Peta-scale Epoch Data Archive
= Control & Operation Software
= Some Results from Test Operations

<+ KJCC: Future Works and Operation
Plan
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EAVN & KJJVC project

East Asia VLBI Network
Korea-Japan Joint VLBI Correlator
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VLBI facilities in Eas
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CJK Cooperation
in VLBI
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Korea-Japan Joint VLBI Corre
Backgrounds

At the beginning of 21C, two correlator plans are
there.

- KVN needs its own High-speed Correlator

- Japan needs Next Generation Correlator

To establish the bigger, more powerful correlator and
get the best performance in East Asian VLBI Network,
we concluded that KASI & NAOJ join together to
develop new Correlator. (—2004)

MOU between KASI & NAOJ (2005. 7. 7.)

-> Sharing the vision, Collaborating together

- Development of Korea-Japan Joint VLBI Correlator,
- Common facility of correlation & data center

Joint Development Project was initiated respectively.
Japan : 5 years from April 2005

Korea : 5 years from Jan. 2006
|q\S| s HMEH2H
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Ob=ervation Modes of KWN

#IF

Bandwidth

[MHz]

Max.
#Chan

Max.

Data Rate

[Mbps]

Recorder

Mk5E

VERA Modes

1

256

1,024

VLEI1

1,2

128

1,024

VERA1VLEI2

1,234

64

1,024

VERAZ VLEL3

1,2,3,4

32

i
2
4
8

1,024

VERA4, VS0P 1

YWith the help of newer data transmission system
- Upgrade version of MarksB
- Qptical fiber from Telescope to Correlator

Observation Modes of KVN (1Gsps Sampler Output)

1,234

15

16

1,024

(O o] (o] (e8]

VERATVERAS,
Geol, Geo2,
V50P2

Bandwidth DataRate
[MHz] [Mbps]

Maode #IF Data Media Remark

Wi 1 512 2,048 Fiber, Mk5B+

1,2,3,4

8

16

512

Geo3, Geod,
K4-1

w2 1,2 512 x2 4096 Fiber, M5B+

W3 1,23 512 x3 5,144 Fiber, Mk58+(7)

1,2,3

54/128

21

1,024

VERAJ

wa | 1,234 512x4 8,192 Fiber, Mk5B+(7)

1,234

32/54/128

211

1,024

VERAS

1,2,3,4

32/128

41

1,024

VERAG

1,2,3,4

16/32/128

2{3/1

2

1,024

o) io) o) (o) e

VERAS

Wote) Digital Filter : Data Qutput- 32pin x 32MHz,
Far Mode 2~6, Digital Filter always operatesin full output speed, and MESE may
zelect the channels ar bits to be recorded for zupporting the sub-modes,

KVN DAS : Future (2)

Sampler

Sampler

Sampler

Sampler

4CH

24Ghbps
SDH

Optical
T

4CH

24Ghbps
SDH

Optical
R

Digital
Filters

= 3l BAhHz
. WSl 32MHz
T

SDH Optical

kark 5B

DR 000

Digital
Spectromete

kark 5B+
(dzets)

Motel 1Gzps Sampler: Data Qutput- 32pin x 63kHz
hESE+ iz & upgrade model for higher recording speed, (x2, x4, x3)
Optical fiber will be u=sed within VN in near future,

KVN Correlator : Future(2)

4CH 2 4Ghps
S0H Optical R

4CH 2 4Gbps
S0H Optical R

4CH 2 4Gbps
S0H Optical R

kark 5B+
(dzets)

=2
=2

kark 5B+
(dzets) KA N

Carrelatar

kark 5B+
(dzets) 'Sl
2Gbps

x4

MarkSE+
fdzets)




Design Target of KJJVC
2004. 12.

Correlator : Design Target

= Stations (Baselines)
5(10) — 7(21) — 10(45) — 12(66) ?
= Max. Data Rate

1Gbps + 4Ch x 2Gbps

= # of Freq. Channels
4,096 @ each stream
&0 1km/sec sty )

27 & ob GHz
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Development of KJJVC

Requirements

<+ Data Rate : Max 8Gbps/station
8Gbps - 512MHz BW x 4 streams @ 2bits/sample

1Gbps - 16MHz BW Xx 16 streams @ 2bits/sample
1Gbps - 256MHz BW x 2 streams @ 1lbits/sample
<+ # of stations : Max 16
< Freq. Resolution : <0.05 km/s @22GHz

< Field of View : =1 arcmin
Min. Integ. Time : <25 msec

< For Space VLBI, Max. Delay : 36,000 km
< Various Playbacks : Mark5B, DIR2000, K5/VSlI,

|q\S| sta2M I
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Development of KJJV

Specifications

# of Antennas

16

# of Inputs / Antenna

4 VSI ports (Narrow, Composite, Wide)

Max. # of Correlations /7 Stream

120 Cross + 16 Auto

Subarray Operation

3 cases (16,12 + 4,8 + 8)

Bandwidth for each Input

512 MHz

Digitization for each Input

1 Gsps by 2bits/sample

Data Rates per antenna

2 Gbps VSI-H (32 parallels, 64 MHz clock)

Max. Delay compensation

+36,000 km

Max. Fringe Tracking

1,075 kHz

Architecture

FX type, with FPGA and DSP chips

Word length in FFT

16+16 bits fixed point for real & imag.

Integration

25.6 msec — 10.24 sec

Data compression (Flexible Binning)

8,192 channels

=
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Development o
- Organization

<*Review Committee
“*Working Groups
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KJJVC framework and status

e x
KI\SI s

£H0
12
Hpd



VERA2000 Raw
VLBI
Data
K-5 Buffer
Optical Fiber
- = =

i

Correlator Control & Opera
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< Mark5B for KVN, CVN(?), VSOP-2
< VERAZ2000 for VERA

= Playback only version of VERA 2000
< K5-VSI for JVN (Yamaguchi, ...)

<+ Optical Fiber for some on-line sites (upto 8 Gbps for
near future)

<+ OCTAVIA
= modified RVDB

= currently 4Gbps, but
8Gbps coming soon.

= High speed Recorder
as an upgrade of
VERA2000, Mark5B

= and also the
replacement of RVDB
and VERA2000/Mark5B
at KICC

|q\S| sta2M I
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< Purpose :
= Data format adjustment : # of bits per sample, and so
on

= Easy synchronization while playback (heterogeneous
recorder models)

= Buffering between recorder speed(1 Gbps) and
correlation speed(8 Gbps)

= Handy switching over to next session

|q\S| st Mo
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Raw VLBI

basic config

DIO

1

I I

i

VSl{data)
10GbE(data/control) .-~
1GbE(control)
4 ] 1Gbps, nominal
DMS24 VERAZ2000 P :I
\ J From ‘ _-']
RS232C Piaying
converter Ur"’l—p:l
Mark5B — ]
4 D-pons
K system
1GbE SWITCH 4[ CONTROL PC ]_/
DDB
“.B.[O' Data Input Output
DDS., Disk Data Bufler

10GbE SWITCH

DDBE

YV VY

VCS

Lt |

y & Space Science Institute



VLBI Correlati
(2007.8-20009.

»16 Stations, 2Gbps x 4 sub-
streams/station

eCorrelation : (120 Cross + 16
Auto) x 4 sub-stream

eSerialized data sub-streams in
time domain, and Parallel
processing in frequency
channels after FFT.

eFull polarization observation
supported (up to 8 stations)

Two sub-array modes
prepared (12+4 and 8+8).

eMax. data output rate of
1.4GB/sec

4 |# B
T e w J{F| | Hiememem w {F T [[Fl]- - - H
CHDEDm I 2 1T & =
:.g-_.""" Ll ..;-—.--"” i) slation ar
| r—— ot thit e —— 1 ] e 3
I I e 2 11— ¥ 2
! it 8 | i, 8.1 ||| |
F -y T Tk
CIEm o & 2 O O O 2
ATt Bl ] e 4 Powsr Unit
i T e | i 1 i T
— I I a — - z £ suan T 2
(| B 8 i1 | | (s TN | = e e 8
F| - — 4 thit e R R |
T om | a E [— 1T &
t| S, 8 51 ||| | ', S 8 51 | A
i ||| H| ——— o T T TR o |s 2
| e & ] m——_ i
t| Sninigim. B | ||| | |, S, I
cie ||| [H -y tn T
o | & [— 114 |
r, S, G o1 ||| | | I G pome =5
Wit F — s Wit . -
| S—— s ) S— | i
e |f] |}y S ] | S 0 ) |{|
= ——_bRILE =
=== == == m== === mm s
! for Antenna #1 . Patch Pannel ] Corrleration Block #1 |
! | i 10GbE
Data Delay 256k : 1 1136 Corr. Output : SW
Accept ==| Control f=={ FFT ; v-——3—43p  Arry > |F > HUB ——>
) 1
1 W\ V% 1 1 X
_______________________________ : \\\>// II 'l_____________________: 4
R \),\,’ e e _
for Antenna #2 i pa\ 7N | Corrleration Block #2 | >
—H‘a*\——\-,’-%——/* —>
1 I
_____________________________:- \\/’A\/’ . :____________________: :
! : M ! : : —
[} . . I . .
S . SN :
for Antenna #16 i I/II/ \i_ 3 i Corrleration Block #32 | o
L —/—)I\> — ——
1 1
1 ! 1
----------------------------- I---_ (R R —— |
! 2Gbis x 16 1Gb/sx 16 | GbEther 10GbEther
i x 16 x 32
| | |
: Optical transmission :

4Gsample/sec

g g e
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VCS Factory Test(200¢€
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PEDA(Peta-sc

< Max. data rate of 1.4GB/sec
(—10% at average operation)

“* PEDA (specification)
= Architecture
* Infiniband

= Max. Capacity
« 1~-3 PB for 1 year (EAVN, VSOP-2)
e 500 TB at initial phase (KVN, KJJVN)

<» CODA File System
= Revision of Mitaka Correlator FS with
some modification (c++)->CCoda2.1

|q\S| ot M 20122
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Control & Operation S

Playback(VERAZ200O0, including Mk5B GUI) and
RVDB control SW development was developed by
NAOJ, and are now modifying to adopt new
functions.

We developed the prototype control & operation
SW for final factory test of VCS August 2009.

The GUI control & operation SW development
was completed the end of March, 2010.

The Post-Correlation Post Processing SW
development are now underway in close
cooperation with Japanese colleagues.

CODA file system by NAOJ

Global Fringe Search SW by Kagoshima Upiv.
KA?' shRME2o2
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LS L)
- nantrrio e e
i wartitie-os  [EEE me-0 2
i T EeD § 008-8
’ nIsK
.
Por st SET_X6IF 192, 168.010.022 | Parthum Froe Rese rved Recorded
- SET_CTLIP |152. 168.100.022 | [1; | size !_unlar.re |benoBnan | |epen1229 | | SHOW_DISK |
- [
4 1024 | | |
’I 2048 [011n11ml13s ooonoomoss | |oolnlemd?s | | sHow_pLIST
"
Eﬂ—l ,mli_“"._ J.Il‘_'!-r.
- Partition Name ¥ Operation  Size Record Start Record End
Loy | TSHIGAKT 2073230460 IDLE 15 2007y323d04h00m0s 200TyI2IA0ME1nE0s
¥ ” g i T T -__ ; ﬂ'l:l -.| [ﬂlwl_?w?}’aww 10LE 1% 1007y 17300Rh20MB0S J00Ty 1730082 InG9S
thtim e YR
3 ::,,,,_,u T - ::__,__ e AR it s ISHIGAKI_20080771955 10LE 15 2000y077d19n5SmI0s 2006y077d19n56M595
1 1 ISHIGAKI 20080772040 I0LE 15 200By077d20n40m00s 200By0T7d20h410595
1] ] Playback_2007323035% 10LE 1 Ty 25 'y
Tt | (Rt REISHCORR_2007323040 10LE 16 2007y323d04n00m0ls 2007y323d04nDInG9s
w4V e e
E v T S Lol | [“seecr | r07323c_3c445_lsg IDLE a5 17mo4s 22m59s
= — rB7323c_W49N_Tsg IDLE 2% y ¥
SEL_VRTPREFRM |P.nn|-m. #||Aw 2 GETJ |SET | COEDT7a_NRASI0_13g 1nLe 46 Z00EYOTIAZENIGM04s IOBEYHTTAZ0NA4G 5
| ’ r — rono77a_SGAAIM_Isg 10LE 46 2008y077d19nS3mE4s 2008y077d19nSANSSs
SET_VRTPSRC  [Partl] [192.168.10.29 |[192.168.10.29 |[10 3| |1 3] |oeT] |seT] ISR i = gLl s
CTL_RECORD |,.q, ;|(p,,“| uBBO19a_Yamagy 1oLE a1 ¥ yo1501
[2 |[2 635 || 1024 | [ s |
PLAY
Partition?  |u0801%a_Yamagu | | sewecr |
SET_VRTPDES  (Part2) [192.168.10.29 | |192.168.10.20 |oeT | ;] N
CTL_PLAY |stop ¢ |(partz)
|2008y01901Tn5ams5s | |2008y | s | DiskSts  PartSize Rate  SplitFem  Recordsize PlayErrint
-3 1 1
| I | | I | | |
RENOVE Capald2d Dpart  SplitMode  RecStartTime CmdRecStartT ime
partitiony | | [“seeer | [ Il I I |
—— Operation Capa204s Split  RecErrCnt  RecEndTime CmdFecEndT ime
CTL_ERASE  [Partition3] |_ser | | 0 I I I I |
COMMAID
[oom7 <] | [ macro | 2009/10/26 (299) 17:12:36 GMT

(2009299171001 DDB-8: [EAROA) device offline
| 200929%1 71002 DOB -6 [INFO]
| 2009299171003 DDB-7: [INFO)
| 2009299171006 DOB-8: [INFO]

device online
device online
device online

=)




RVDE-MARKS (UNIT=1, DIO=DIO-1, DPORT=L1]

Output
s

Mark5B Playback Control Software

Device
Control SW

(StreamStor,
VSl IObarod)

Main

Control SW

(domino)

Y

VSI I/O
Device

!

StreamStor
Device

Control

Lz Terminal SW

(dominator)

-
VLBI Raw Contral flow
Data Data flow

SCHEDULE(fxlog)
Fe | imk3bjmkab-10og/r09295bKYS_MKS_copylog | | smoe STOP RUN
Exper KYS ro929sh VERATSIOZ 2009-285 21:45:12 2009-295 21:56:12
MKSE A KvN-OOOE | B
ND START TIME END TIME 5CAN SCAN NAME BANK START ADDR

o B W P —
[ I

92,692,070, 400
169,743,165, 200
246, 794240, 000

77,051,084, 800
77,051,084, 80D
77,051,084, 800

RVDE
¥l Record to DO DIO  2008-295 21:49:43 »
Partiion:  [DDB4 % |[108295bKYSm5n08 || seecT |
FartRecTime: | 2008-285 21:45:12 2009-295 21:55:12 Rae: [ 2] Aux: | MaRks |
- MKSB
Media Check = A KVN-DODE || B KUN-CODS T »
bank/sst)| | Bank-A | Bank-B
— |_| NO | SCAN START ACDR SCAN SIZE SCAN NAME
scan 0 7,820,492, 800 r09295a_KVNYS_N000OG4
| : | T.820 492 800 7 820 492 80D ro9295a_KVNYS_No0Doons
15, 640, 985, 600 77,051,084, 800 roS295h KVNYS_No0DDo1

r0%265b KVNYS_NolDo02
r0%295b_KVNYS_Mo0DO003
r0%295b_KVNYS_No0Doo4

Manual Command: |

I l Macro

2010162020900:DDB-4< CTL_RECCRD=start:'r00205bKY5m5no8 2000y 205d21h4d5m13s.2000y205d21h55m12=:1024;

2010162020900, DDB RECORD START (DDB-4.r09293bKYSmMSnoB)
2010162020900 MK5 < start 554998579200 Angim92950_KVNYS_No00o0s

2010162020910; MKSH PLAY START [r09295b_ KWNYS MoDODODE)
2010162020920; PLAY VALID (UTC=2008295214512)

=)
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@ 5 4 @

Initialization

Observation Setting

Correlation Plan

1 2|1 31 4
Binning 5 1 6 [1 7 8
Factor
2 (1 101 111 12
131 141 151 16
Correlation,
Setting
Parameter

& | D oper@kvn-ces:ho..

u

1
[}
1 2.
0
1
0
1
Universal Time 2008-10-16
LOAD
oK rt Time | 2009y289412h35m08 Stop Time [2009y289d12h35mS% Ok

Initialize All

ANT Unit Satting Optical Transmission Int
1 TX PMA Int
CAU Setting
Corralation Control
Post Processing (CODAgen)
System Time 2010-06-28 10:08:54
Start Time 2009y289d12n35moO8
Stop Time 2009y289d12h35m59
PS5 Time NONE B0 S ST AT
1-1 KVNTAMNA [
1.2 KVNTAMNA |4
1-3 KVNULSAN 5
1-4 KVNYONSEL [
VCS info
2.1 NONE 0
2.2 NONE 0
VCS Control System, SETsyster 2.3 NONE s
= CAU Setting =jia][x 0
PLength [1024.0 25.6ms - 1.024sec : 25.6ms un 3
1.02dsec ~ 10 24sec : 10.24sec un 0
Binning 3
Start o 0 - 262143
Channe| L

[ vCs Control System | O Initlaization

o T Observation Setting 16 mode ol

Expenment 1

|| Experiment Code|{r09289a

Number of Scan |g SelectScan |

Scan Information
RA |19:10:13.415

DEC |+09.06:14 290 000
le|

|| startTime [2009-10-16 10-20:00
Y stop Time  [2009-10-16 10.30.00
ol
ok
et Aprion View Aprion
LoAD ok
oK
PrEm—— iew Script Run Script
Get Ready Ready
ANT status CALU status
CAU STOP GO STOP

)
g.Shoutodal () == w
xt = nsq +-
B troy()

Expenment 1

Station Name KVNTAMNA

x position 3042278 896 y position 4045002 0207
VCS Settings

Main Port &) port 1 Port 2
oo Q

Stream Constituent () ¢1 @ ¢2 (3 ¢c3 (0 cd O 5

Port 3 Port 4

Playback Speed & N Valid Act @ H

Port Sequence potl & portl & potl S

Strm 1 - Strm 2 - |

Strm 5 : Stem § s

Strm 9 $ Strm 10 2
Stream Sequence

5tm 13 3 Stm 14 $
PPReq ON & OFF PmOut & ON

QObservation Frequency(F) Delay Offset(D)
Stream

1: F|22.227 Djo 2: F|22.259 Djo

5: Flz1971 Dlo 6. Fl21971 Do
9: Flz1971 Dlo 10:F |21 971 Dio

13F 21971 Djo 14F 21971 Djo

Portl Port2| Port3 |Port4

FFT Settings

Frequency Offset(F) DC Offset(D)
Stream
1 Flo Dj0.0 2:Flo Djoo
5. Fl0 oio.o 6 Flo Djog
9: Fl0 D00 10F |0 Djog
13F |0 Djo.0 14F |0 Djo.o
FFT Length
— Window
i FoutBsel

“+dlg. GetPath()+*

“postpfrome.py” [dos] 2500, BIIBC w itten

[kvn-ccs: /hone/ oper

CCS/GUT/ fromes ] [

2401} (%) (524 )

zposition |3867376.1335| DDB[1.1
Data Rate () 1Gbps (& 2Gbps
L Delay Control 3 Use NoUse
6O cTOc8O ey Daaspit O oN
pom 3
Strm 3 . Strm 4 5
Strm 7 : Strm B :
St 11 : Stem 12 .
S_(fm 15 s Strm 16 .
OFF IppsReq () ON & OFF
3 Flz1em olo 4: Flz1871
7: Fl21.971 bja 8. Fl21871
M21.971 olo 12F (2197
p1.971 olo 16F|21.971
3 Flo D00 4: Flo
7 Flo ofo.o 8 Flo
11F(0 D[0.0 12F [0
15F |0 Dfo.0 16F [0
8k 16k 32k Gk 128k 256k
None @ Hanning ) Harning ( Blackman
IFReq oN OFF

14 5

Antenna Unit Setting 16 mode

1 - LKVNTAMNA:S | 1 - 2KVNTAMNA:A | 1 - 4:KVNYONSELS | 1 - 3:KVNULSAN:6

OFF

Djo
Dlo
Do
Do

Do
Dioo
Doo
Dioo

o%

336m @)

L]

L]

[ Observation Settin... || [ Observation Plan 1..

CODA Delete

A-priori block is ready now.

Reply from CODA

Ant 4 Seq 0 PPH 60 Stream 9 |
0.0000000000000+00 0. 000000
5 Seq 0 PPH 60 Strean 9

[ Antenna Unit Settin..

[ CAU Setting

OBSSCHEL MOMe/0per/CLS/GUITUY £69a_KVITUS 2698 Vex

OBSLOG_01 /n
OBSLOG_02 M

-1.2015754803962e-02 9. 7435736906245e-07 5.3017828289456e-11 -5. 18114079363 14e—

Ant 3 Seq 0 PPN 60 Stream 9
=1.2471528929656e-02 1.0208555993223e-06 5.6527853707078e-11 -5.42839491750

Ant 6 Seq 0 PPH 60 Stream 9
1622 2e-02 1.0293052701787e-06 5.1434193313252e~11 -5.473326003 12 14e~

3 Corralation Control

OBSLOG_00 home/oper/CCSIGULNS28%9a_KVNr0$285aKUS log
e/oper/CCS/GULNN9289a_KWNIr$289aKYs log
e/oper/CCSIGUUN09289a_KVNr09289aKTN log
OBSLOG_03 Mome/oper/CCS/GULNN9289a_KVNIr09289aKkTN log

@ Starting Take Scree.

ANT status

CAUSTOP

- CHOEZSEN

CAU status

STOR

Ferminal

e @

ize = [4084528)

ize = [404528)
0 8.

[484528)
L)

1484528)
[}

-/[a)x




| VCS output |

CODA software tools

FITS
| i )—»[ FITS-IDI ]—»[ AIPS ]

L

: : '
T,
. COoDA Ccoda -
| Generator (CODA auto-switching) |~ «_
________________ "
DB for correlated | 1 b
data J
:
CODA 2.1 ]‘ CODA 2.0
(KJJVC) b{ (Mitaka FX)

CODA File System

Global Fringe Search
(Q-look SW)

VEDA }

1~
: ‘ (VERA Data Analyzer)

KNI 2

KoreaAstronomy&SpmeSueme Instu:te
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Kagosh

e

*

le system at

Test with the CODA f

2010. 9.

e

*
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<+ Observation data

= Spectral Line
e W49N (KVN)

= Continuum
« NRAO150 (KVN)

|q\S| st s 2ol
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Auto-Corr

Auto correlation result #8081 in Adata/YCS_TEST/20891268 {IP 88 strean 8 no integ.)}
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Croge correlation result #8082 in fdata/VCS5_TEST/28891288 (IF 88 =tream 8 no integ,}
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KJCC:
Future Works and Operation Plan
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Integration i
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Future Works
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Test the Post-Correlation Software Tools (2010 Sep)

MoOA for joint operation of KJCC between KASI and
NAOJ (2010 Dec)

Start the normal operation of KJCC (2011 Jan)

Expand the capacity of Data Archive system, Update
Software for further activity (VSOP-2, Dual-Pol
Observation etc) (2011—)

Prepare a well tuned-up pipeline processing, and an
Interface to VEDA (2011—-2012)

Move to Daejeon for New correlation center (—2012)
Install the Data Archive Back-up system (2012—)

Fill up the remainder RVDB or OCTAVIA for full 8Gbps
system (2012—~)

Ensure the wideband network for e-VLBI capability
(2012~)
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Plan of Full C

EAVN

2,000 H/Y /

KJCC 6,000 H/Y
Mitaka 2,500 H/Y

5,000 H/Y
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KJCC is almost ready io serve YOU.
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