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History of XF-type Software Correlators

e 1960's : Mark-I

— 144Mbits (720kHz sampling > 200sec) Processing (15-lag
correlation) => 90 minutes (IBM360/50) 26.7kbps

 1980's : CCC* (developed by Kashima Group)

— 16Mbits (4MHz sampling > 4sec) Processing (64-lag
correlation) => 150 minutes (HP1000/A900) 1.8kbps

Soft correlator was developed,
but it took time too much 9
* CCC : Cross Correlation in a Computer -

CCC developer
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Historical e-VLBI Experiment using Software Correlator

in JAPAN (1986) |

KASHIMA MIYAZAKI
KASHIMA

"1000km
MIYAZAK]

K-3 DECODER
(1Mbit BUFFER MEMORY)

(lell BUFFER MEMORY)

CONTROL
COMPUTER

It took about only 10 hours to get fringes!

i

! :
! |
! |
! |
: |
|

I [ K-3 DECODER :
! 1
! 1
{ 1
! |
! |
! 1
! |

ONTROL
OMPUTER

Cross Correlation in a Computer (CCC) fese e 10

STATION 1 AIYAZAKD - EATHIMG
FILE 5 _GEI8IA - RELBIA
SOURCE | 27N

PRT + I9BEYITIR 1KIIN 85
H-STRRT : 1HJIA 0.00005
H-ITOR & IHIINZZ. 24215

BF FROQUINCY (MNZi= 8210.99

I'= PRIORL IT NI 1
-,uszzlumn-n

RATE [us/sec)
21367500000 +28

CONTROL
COMPUTER

3.03E-03

(® COMPUTER MT COMPUTER MT

/ W TEa RLCORD . mm 2
RECORD+-BLOCK (PP = 16 7 =
ToTaL ocxa(pre) + 1z

—l ToTAL LA . 18 o

purcemarion (sec) - 3. s A2 e
ORREC R aHF = 4 £
HOST COMPUTER u:um':;n;:‘f..mu i GESRSE SToRCK rIMCTION ( 22064 )

1
HP-1000 45F : FRINGE FacauENcY (el = a7 AP = « 18,
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First Canada-Japan WFC VLBI
using Software Correlator (1990)

CCC was used in the first
Canada-Japan

) St : A\ Wave Front Clock VLBI
KasHiMa | RRE s ALBONQUIN | experiment in 1990

CCC Processing

ARD_46M - KAS_34n

30345
FRT "1 1998Y S?DIEH 5’1385
IRTEGRATION (sec)

)

L Fringe detection

AMP{Z)

thWMW s ?M‘QLMW.«MMW

ol

. . ) . . L
.0 e 8.8 32.8 64.8
DELRY(usec?>
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History of XF-type Software Correlators
(continued)

e 2000's : K5 Software Correlator (Kashima) developed by

— 8Mbits (BMHz sampling ><1sec) Processing (32-lag
correlation) => 1 sec (PC Pentium4 2GHz) 8Mbps) ¢

K5/VSI Gigabit Software Correlator (FX-type Kashima)
— 100 Msamples => 1sec (PC AthronXP-2500+) C100Mbps

developed by Kimura-san

Note: K5 (16-ch geodetic VLBI system with PC sampler board)
K5/VSI (Gigabit VLBI system with PC-VSI interface)

On April 1, 2004 CRL and TAO will be reorg
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Requirements for a Software
Correlator for Geodetic Use

o Compatible with conventional hardware
correlators, such as K3, KSP correlators

— Consistent definitions in delay, clock
parameters, etc.

— Pcal phase detection
— Check bit slip or make
— Processing using a schedule file

« Both K5 and Mark-5 data processing

On April 1, 2004 CRL and TAO will be reorg C/'/"\\yj -NI‘CT
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K5 Mark5 Fringes
Oct. 15, 2002

Kashima - Westford

X band S band
COARSE SEARCH FUNCTION ( 64x128) COARSE SEARCH FUNCTION (256x128)
0.001° 0.005°
KASHIM34 — WESTFORD Ref Freq(MHz) = 8210.899 KASHIM34 - WESTFORD Ref Freq(NHz) = 2237.89
Source : 4C39 25 Integration (sec) =100.0 Source : 4C39 25 Integration (sec) =100.0
8 | PRT : 2002Y288D 18 08 30 Peak Position ( 32, 67) 0o [PRT : 2002Y288D 18 08 30 Peak Position (128, 684)
0.000° ['vBW(MHz) : 2.00 Amplitnde =7.001e—004 0.004° fvBw(MHz) : 2.00 Amplitude =2.451e—003
A‘r? ec) = —0.0113 AT ec) = —0.02089
Af, (Hz) = 0.022¢ Af, = 0.0022
M-(-/-; = 2.7260-012 M-(-/-; = 9.880e—013
Io) Ooo5 0.0030
o -4
5] 8

: I 1;,’3"le @
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Mixed Raw Data Processing

Current | Future

Mark5 data K5 data Mark5 data K5 data
FMT Conv
Mark5 => K5 ‘
Software Software
Correlator Correlator
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Operation Mode of Internet VLBI (e-VLBI)

Offline VLBI (ftp-VLBI)J

{ Correlation }
Quasi real-time VLBI | “:> Real-time VLBl |

P

HDD { Correlation } [ Correlation ]

e
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Development Plan of Software

Correlators
< Current medium-term (5-year) program period >

Ks | core |
(Geodetic)
network-distributed system |
VLBI@home »
| @ | MH unified
K5VSI | core |
(S(?/EtZ?rllt) | network-distributed system |

|astronomical applications|
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Benchmark Test —)> VLBI@home
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Examples of Benchmark Test Results

Wtz CPU 00 TRELER(MHZ) [0} TchBH () [4chAH ) [AGES [ 53
1 Intel(F) Heoan(TM) 306584 Windows 0734 2781 HT.
2 | AMD AthlonxP-2500+ 1833 Windows 07E 2782 [ MEBZEFC
3 Pentium 4 25301 Win XP ooy 2083 GSI 5K,
4 Pentium 4 239655 Wi XP 0766 2969 =Y Dell
5 Pentium 4 253009 Win XP iESE] 3047 GSISK.
[ Intel Xeon 2rEa WinZ000 on Whiware 0831 3064 GSI 5K,
7 Pentium 4 192304 Windows 0927 3422 J M.
g Pentium 4 199304 Windows 0938 3546 GSI KT DELL DIMEMSION 5200
[1] Pentium 4 2008.89 Win=P 1.000 3578 GSISE.
10 | AMD Athlon:P-2400+ 200007 Win=P 0969 3504 Gl ML
11 | &MD AthlonMP-2200+ 1800 Windows 0922 3703 [
12 Pentium 4 219460 Windows 1109 4156 SN HAPC
13 Pentium II 0742 Windows 1.250 4228 R
14 Pentium M-M 5562 Win=P 1151 4366 H.O. /—FPC
i3 AMD Cpteron—-240 1400 Windows 1188 4563 b K.
16 Pentium II 100227 Win2000 1.242 4857 TE. SONY WAID PCW-RX0K
17 Pentium I 934.99 Win2000 1432 4947 TK B EEFEA S
18 Celeran 170386 WinZ2000 1312 4968 TE. FaRASHIEPC
19 Pentium II 95,77 Windows 1592 =] H.E.
20 Pentium 4 149515 WinxP 1516 5703 K Compaq Evo D300/SF
2 Pentium M-M 44 61 Win=P 1642 5708 GSISE. S —FPCOSAID)
22 Celeran 85151 Windows 1722 6139 RI RIB=FC
23 Pentium II 70159 Windows 1802 6159 H.T.
24 Pentium 4 1600 Windows 1641 6344 b K. MKBEEPC
25 Pentium II 625641 WinZ000 15902 G509 GEI ML
26 Pentium II 55118 Windows 2140 7187 H.O.
27 | AMD Athlon Mod=l 4 12023 Wit fole 2020 TEI0 YK [YK.BXEPC{Compaq Prezariol
28 Celeran 500,02 WiinQe 252 a4 GEI ML Cynabookiss
28 Fower PG Gd 800 tac 332 593 FI F.IEL H{Pawer Bock. Gd)
30 Celeran 50114 WinGe 2690 10050 J M. JHEEPC
Ell Celeran 30092 WiinQe 352 101 K. Toshiba DynaBook 55 3380W
32 Power PG G4 400 flac 4738 132 RI1 Power Mac G4
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Benchmark Test Results

25
i A
20
? - 8MHz-1bit-4ch sampling
k) . I 32-lag 1sec integration * Pentium 4
é - ® Pentium Il
E” i A AMD
= I X
10 | < X Celeron
- X X PowerPC G4
I A
L |
T - X '
= >
S - A A & --- <= Border _for real-time
i A * processing for 1ch data
0
0 1000 2000 3000

Clock Frequency
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Intel Roadmap
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Celeron Intel Desktop CPU Roadmap
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Time-segmented Distributed Correlation
Processing
— time

Xdata [00]01]02]03[04]05]06]07[08]09]10]11]
Ydata [00]01 020 0304 05] 0607 08 09 [ 10 [ 11 ]

RN

L L (=11 L L (=11

Correlation =L =T =T =T =T =

processing ’"“m l““m ’"“m l"“m ’"“m

o L L L L o

X data [ 00 [06 ][ 01 [ 07 |[[02087][ 03 [09 ][04 [10][05][11]
x x x x x x x x x x x x
Ydata [00]o06][01]07][02]08][03]09][04]10][05]11]
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VLBI@home

< huge VLBl data

Correlation Processing
at home PC
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VLBlI@home _ 4 =@,
@office g,
< hugeVLBldata > P

time-segmented (e.g.1sec step) data

Takeuchi-san

Idle PCs
contribute data
correlation

At

How about
VLBI@home
at your office!
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Summary

« Software Correlator for geodetic use can process
10 Mbps data in real-time at present time.

Note: Ultra High-Speed Software Correlator
developed by Kimura for K5/VSI has a processing
speed faster ten or more times (100Msps data in
real-time)

Near Future Plans
e Network distributed processing

e
(VLBI@home) = |
 Real-time Internet VLBI B2 B
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