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Universe on Your Desktop
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Astronomical Virtual Observatories
~ A Data Grid Environment ~ 

Canada VO

China VO

Data Service Operations in JVO have just been started 
March, 2008. 1300+ data resources are accessible.
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観測データの解析処理
• 銀河団Cl0939+47の近赤外線画像

– 生データでは何が撮像できたか分からない
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観測生データ 処理済みデータ

キャリブレーション

電気ノイズ、熱ノイズを補正し、相関をとりながら画像40枚を積分処理



SuprimeCam Data from Subaru
•SuprimeCam Data ~ 10TB. It takes 154 
days to analyse all the data.  parallel 
processing is crucial

• Detailed analysis of all the 
SuprimeCam data could lead to:

 detection of the Cosmic Strings by 
means of the gravitational  lens effect

detection of outliers

etc



SuprimeCam Field of ViewSuprimeCam Field of View

VIMOS/VLT

WFPC2/HST

160MB/shot
~ tens GB/night

Upgrade  to
Hyper SuprimeCam (2011?)

> 10 x SuprimeCam 

SuprimeCam FOV 0.2”/pix



Subaru Data ArchiveSubaru Data Archive

STARSMASTARS

Subaru Telescope 
Archive SystemMitaka Advanced 

STARS

Dedicated Line

STARS: a sub-system of the Subaru 
Telescope, not public

MASTARS: a mirror of STARS

SMOKA: public archive system

JVO: Virtual Observatory Web Portal

SMOKA

Subaru Mitaka Okayama 
Kiso Archive

18 month

JVO

SkyNode
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Cumulative Data Volume of Cumulative Data Volume of 
SuprimeCamSuprimeCam

1.5 TB/year

15 TB/year

Upgrade to 
Hyper-SuprimeCam ?
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SuprimeCam CCD

Non-uniformity

CCD gap

Bad pixel / 
Cosmic Ray



An Example of Image Data 
Processing

Raw Data Flat correction

Sky subtraction Final Image

Coadd
images
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CCD Image Calibration / Reduction 
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One day for each observation night
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Current 
situation
in 
astronomy

Manual
（Instr.A）

Manual
（Instr.A）

Manual
（Instr.B）

Manual
（Instr.B） Manual

（Instr.C）
Manual

（Instr.C）

Software for instr. A

Software for instr. B

Software for instr. C

Download 
by hand

Subaru Telescope
Data Archive

（10TB）

Subaru Data Analysis
and Virtual Observatory Subaru Telescope

Data Archive
（10TB）

Subaru Telescope
Data Archive

（10TB）
User disk spaceUser disk space

1. Request Data 2. Reduce 
raw data

3. Save the 
reduced data

4. Retrieve 
reduced data

JVO Portal Service 1313



Subaru Data Analysis GRID systemSubaru Data Analysis GRID system

DAS
Data Analysis Service

SRS
Storage Resource Service

MDS
Monitoring and 

Discovering 
Service

DSS

JVO
Portal

~30 CPU Cores

1 Gbps x 11ports

1 Gbps x 5 ports

30 TB

0. DAS server periodically report 
its status (load average…)

2. Query an available 
DAS server.

1. Data 
Request

3. Job submit

4. Search data location on SRS

5. Data Transfer FTP

6. Data Transfer FTP

48 Gbps
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Experiment (58mosaic/12CPUExperiment (58mosaic/12CPU Core)Core)

Raw Data
6872 files (120 GB)

Flat-field Data 
581 files (20 GB)

All the archived 
data（～2000 fields） can 

be analyzed in 4 days !
（３０CPU Cores）



Access to the SuprimeCAM Data

•On-Demand 
Mosaicing of images 
and calibrations
•Pre-processed 
mosaic images are 
also accessible
•~ 10 Tera bytes of 
data

Mostly used/downloaded 
from the JVO portal
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JVOアクセス統計 (2008 Nov)

JVO公式運用開始
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Computing Grid Services in VO
• Subaru data reduction pipeline system

– SuprimeCamデータを高速処理

– On-Demand データ処理機構

– …

• Backend computing system of the JVO
– 画像やスペクトルからのカタログ生成

– photo-z 計算遠方銀河の距離を推定

– 各種画像演算

– …

各地の天文台に解析プログラムが存在
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Federation Experiment 
between NAOJ-KEK

• Setup astro libraries at KEK site
• Job submission to KEK with Work 

Flow Tool(WFT) at the NAOJ Portal
• Input data are transferred from NAOJ 

and Output data are staged-out to 
NAOJ portal

• Output data was processed with vis. 
software as shown in the right picture. 

NAREGI
Servers

Astro lib
(1GB)
Data 2.7GB

NAREGI
Servers

KEKNAOJ job sub

SUBARU Telescope in Hawaii

Input Data:(2.7 GB)
10 CCD mosaic images

160MB x 17

Process: 10 Hours
flat, bias
correct distortion
astrometry
mosaicing
coadd 17 frames

Visualization

retrieve

50k+ objects identified in this frame.20



Summary
• A GRID computing system for Subaru data 

analysis
– All the archived data (8 years)

More than one year (1CPU)  One week

– Web-based operational system has been 
completed  most requested

• Successful experimental federation between 
NAOJ and KEK through the NAREGI Grid 
middleware

• More Data Contents added
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