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exit(1);}
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rp.ape.ch_assign[i]=rp.runp.ch_assign[i];             // 0 means no processing

} else {
rp.ape.ch_assign[i]=i+1;  // default set;

}
}
/* アプリオリ値モニター出力 */

ApeMonit(&rp.ape);setctabl8_g();// correlation table set

tstart= time(NULL);//printf("rp size = %d %d %d¥n",sizeof(rp),sizeof(rp.ape),sizeof(rp.runp));

//printf("rp size = %d¥n",sizeof(rp.ape));

//printf("main rp.runp.idsize,irsize %d %d¥n",rp.runp.idsize,rp.runp.irsize); //debug

/*  do cross correlation  */
corr_engine(&rp);tfinish= time(NULL);
telapsed = difftime(tfinish,tstart);

printf("Time elapsed (sec) for One obs process is %f¥n",telapsed);
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History of XFHistory of XF--type Software type Software CorrelatorsCorrelators

• 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

CCC developer
* CCC : Cross Correlation in a Computer



On April 1, 2004  CRL and TAO will be reorganized as the
National Institute of Information and Communications Technology

CONTROL 
COMPUTER TELEPHONE LINESTELEPHONE LINES

COMPUTER MT

HOST COMPUTER
HP-1000 45F

RECEIVER

K-3 FORMATTER

K-3 TAPE

K-3 DECODER
(1Mbit BUFFER MEMORY)

MODEM

RECEIVER

K-3 FORMATTER

K-3 TAPE

K-3 DECODER
(1Mbit BUFFER MEMORY)

CONTROL 
COMPUTER

CONTROL 
COMPUTER

COMPUTER MT

MODEM

KASHIMA MIYAZAKI

Historical Historical ee--VLBIVLBI Experiment using Software Experiment using Software Correlator Correlator 
in JAPAN  (1986) in JAPAN  (1986) 

1200bps

It took about only 10 hours to get fringes!

KASHIMA

MIYAZAKI
1000km
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First CanadaFirst Canada--Japan WFC VLBI Japan WFC VLBI 
using Software using Software Correlator Correlator (1990)(1990)

CCC was used in the first CCC was used in the first 
CanadaCanada--JapanJapan
Wave Front Clock VLBI Wave Front Clock VLBI 
experiment in 1990experiment in 1990KASHIMAKASHIMA ALGONQUINALGONQUIN

91009100kmkm

CCC ProcessingCCC Processing

Fringe detectionFringe detection

on the ARO 46m Dish

90 3 8

CCC worked!
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History of XFHistory of XF--type Software type Software CorrelatorsCorrelators
(continued)(continued)

• 2000's : K5 Software Correlator (Kashima)
– 8Mbits (8MHz 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+) 100Mbps

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

developed by Kimura-san

developed by
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Requirements for a Software Requirements for a Software 
Correlator Correlator for Geodetic Usefor Geodetic Use

• 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
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K5K5－－Mark5 FringesMark5 Fringes
Oct. 15, 2002

Kashima - Westford

X band S band

4C39.25

On April 1, 2004  CRL and TAO will be reorganized as the
National Institute of Information and Communications Technology

Mixed Raw Data ProcessingMixed Raw Data Processing

Current

Mark5 data K5 data

FMT Conv
Mark5 => K5

Software
Correlator

Future

Mark5 data K5 data

Software
Correlator
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Operation Mode of Internet VLBI (Operation Mode of Internet VLBI (ee--VLBIVLBI))
Offline VLBI (ftpOffline VLBI (ftp--VLBI)VLBI)

RealReal--time VLBItime VLBIQuasi realQuasi real--time VLBItime VLBI
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Development Plan of Software Development Plan of Software 
CorrelatorsCorrelators

２００２ ２００３ ２００４ ２００５ ２００６

Current medium-term (5-year) program period

unified

core

network-distributed system

K5
(Geodetic)

core

astronomical applications

network-distributed system

K5/VSI
(Gigabit
System)

VLBI@home
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Benchmark TestBenchmark Test VLBI@homeVLBI@home
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Examples of Benchmark Test ResultsExamples of Benchmark Test Results
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Benchmark Test ResultsBenchmark Test Results

Border for real-time
processing for 1ch data

8MHz-1bit-4ch sampling
32-lag 1sec integration

On April 1, 2004  CRL and TAO will be reorganized as the
National Institute of Information and Communications Technology

Intel RoadmapIntel Roadmap

after http://pc.watch.impress.co.jp/docs/
article/intel/20030820/desktop.pdf
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ProcessingProcessing

00 01 0502 03 04

time

X data

Y data

Correlation
processing

00 01 0502 03 04

00

00
×

01

01
×

02

02
×

03

03
×

04

04
×

05

05
×

06 07 1108 09 10

06 07 1108 09 10

06

06
×

07

07
×

08

08
×

09

09
×

10

10
×

11

11
×

X data

Y data

Network

On April 1, 2004  CRL and TAO will be reorganized as the
National Institute of Information and Communications Technology

VLBI@homeVLBI@home

Server

Correlation Processing
at home PC

huge VLBI datahuge VLBI data
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VLBI@homeVLBI@home
@office@office

Server

huge VLBI datahuge VLBI data

Idle PCs
contribute data
correlation

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

Takeuchi-san

I'm developing
….

How about 
VLBI@home
at your office!

It's VLBI@home
@office

Oh!
Great!
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SummarySummary
•• Software Software Correlator Correlator for geodetic use can process for geodetic use can process 

10 Mbps data in real10 Mbps data in real--time at present time.time at present time.
　　Note: Ultra HighNote: Ultra High--Speed Software Speed Software CorrelatorCorrelator

developed by Kimura for K5/VSI has a processing developed by Kimura for K5/VSI has a processing 
speed  faster ten or more times  (100Msps data in speed  faster ten or more times  (100Msps data in 
realreal--time)time)

Near Future PlansNear Future Plans
•• Network distributed processingNetwork distributed processing　　

　　(VLBI@home)(VLBI@home)

•• RealReal--time Internet VLBItime Internet VLBI


