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Outline

= \What is Madrigal?
" \What is the CEDAR database format?

" Tn what formats can I get Madrigal
data?

= How do I use Madrigal?

e Background

e The website
= Simple local data access
= Full Access

e Script data access

= Group exercises
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3

Monday, July 21, 14



Maarigal Is a distributed
database

Madrigal DB

Madrigal DB Madrigal DB

MIT
HAYSTACK
OBSERVATORY

r\ Madrigal DB
and metﬁaN

Madrigal DB

Madrigal DB

Monday, July 21, 14



Maarigal Is a distributed
database

Madrigal DB

MIT
HAYSTACK
OBSERVATORY

Monday, July 21, 14



Cedar Madrigal archive
Imports all data weekly
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The Madrigal database stores data from a wide variety
of upper atmosphere research instruments

Incoherent Scatter Radar TEC via GPS MF Radar

Number of instruments in Madrigal:
e Incoherent scatter radars: 22

e MST radars: 3

e MF radars: 16

e Meteor radars: 7

e FPI: 23

e Michelson Interferometers: 6

e [ 1dars: 4

e Photometers: 4

Monday, July 21, 14


http://www.haystack.mit.edu/images/obs/misa_antenna.jpg
http://www.haystack.mit.edu/images/obs/misa_antenna.jpg
http://images.google.com/imgres?imgurl=http://www.colorado.edu/geography/gcraft/notes/gps/gif/sv3.gif&imgrefurl=http://www.colorado.edu/geography/gcraft/notes/gps/gps.html&h=536&w=520&sz=54&hl=en&start=1&tbnid=V6ajyT5ftih_GM:&tbnh=132&tbnw=128&prev=/images%253Fq%253DGPS%252Bsatellite%2526svnum%253D10%2526hl%253Den%2526lr%253D
http://images.google.com/imgres?imgurl=http://www.colorado.edu/geography/gcraft/notes/gps/gif/sv3.gif&imgrefurl=http://www.colorado.edu/geography/gcraft/notes/gps/gps.html&h=536&w=520&sz=54&hl=en&start=1&tbnid=V6ajyT5ftih_GM:&tbnh=132&tbnw=128&prev=/images%253Fq%253DGPS%252Bsatellite%2526svnum%253D10%2526hl%253Den%2526lr%253D

Madrigal Is open-source

Mad sl (ulaiace
e PP A gal e g

Apwte  Yehao!  Cooghe Mapgs  Swen BT Y WCEN  Pepeier v Pythen Madies  Mapviach  Madviged  COBAR  Miane W Saag e »

The Open Madrigal Initiative

%
Madigd wrve

chent AL

Segpoaon and comencnts

I I S——

Linikto Subversion (source code) |- .-

Wairgs ww pagp

Monday, July 21, 14



Madrigal Is open-source

Mad sl (ulaiace
e PP A gal e g

Apwte  Yehao!  Cooghe Mapgs  Swen BT Y WCEN  Pepeier v Pythen Madies  Mapviach  Madviged  COBAR  Miane W Saag e »

The Open Madrigal Initiative

The OpenMadngal peogt « » Beveh wppon mn oo-lne datsbuse for poospace dats. The project han boen lod
M AL A ‘ll1|~!l . =

(i-:\:u
() =
8 g

Segpoaon and comencnts

Eink'to Subversion (source code)

www.openmadrigal.org -



http://www.openmadrigal.org
http://www.openmadrigal.org

" \What is the CEDAR database format?
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Well defined parameters

= Standard descriptions of all
parameters

®m Allows the existence of derivation
engine

= Madrigal allows extended descriptions

= All parameters have corresponding
error parameters

= Missing, Assumed
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Cedar file data model

One
dimensional

data

dimensional
data

Spatial parm ——
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Flexibility versus ease-of-plotting
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Flexibility versus ease-of-plotting

" Does not require consistent
parameters
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Flexibility versus ease-of-plotting

" Does not require consistent
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" Does not require consistent spatial
steps
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Flexibility versus ease-of-plotting

" Does not require consistent
parameters

" Does not require consistent spatial
steps

B Often data is uniform
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In what formats can | get
Madrigal data”
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Cedar file format: past and future

Cedar file format Hdf5

= Developed in = Scientific
1980 standard
= 16 bit integer = Float based
e Dynamic = Flexible
range arrangement
provlerss = Table data,
optional grid
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Madrigal versions

Release Madrigal Madrigal
2.6 (how) (3.0
Underlying |Cedar file Hdf5
format format
Output Ascii, Hdf5, |Ascii, Hdf5,
formats Cedar file  |netCDF4
format Cedar file
Formats ASCii Ascii, Hdf5,
with deriv netCDF4
parms
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® \What do I need to understand about
Madrigal to use it?
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Madrigal Data Model

Madrigal site Madrigal DB
(typically a facility with scientists and a Madrigal Data
installation) shared
/N among all
Instruments Madrigal
(ground-based, typically with a set location) sites
/N
Experiments

(typically of limited duration, with a single contact) T
//V\\

Experiment Files l
/IN

(represents data from one analysis of the experiment)
Data unique
Records

= to one
(measurement over one period of time) El- Madrigal site
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Madrigal Derivation Engine
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Madrigal Derivation Engine

= Derived parameters appear to be in
file

Monday, July 21, 14



Madrigal Derivation Engine

= Derived parameters appear to be in
file

" Fngine determines all parameters
that can be derived
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Madrigal Derivation Engine

= Derived parameters appear to be in
file

" Fngine determines all parameters
that can be derived

=" Fasy to add new derived parameters
using code written in C or Fortran
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Classes of derived parameters
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Classes of derived parameters

= Space, time
e Examples: Local time, shadow height
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= Space, time
e Examples: Local time, shadow height
= Geophysica
o Examples: Kp, Dst, Imf, F10.7
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Classes of derived parameters

= Space, time
e Examples: Local time, shadow height
= Geophysica
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= Magnetic
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Tsyganenko magnetic equatorial plane intercept
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Classes of derived parameters

= Space, time
e Examples: Local time, shadow height
= Geophysica
o Examples: Kp, Dst, Imf, F10.7
= Magnetic

e Examples: Bmag, Mag conjugate lat and long,
Tsyganenko magnetic equatorial plane intercept

" Models
e Examples: MSIS, IRI
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= Using Madrigal

19
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How can the Madrigal database be
accessed?

Web services API

Web *From anywhere on internet
interface *Python API

*Matlab API

*IDL API

*Other could be written
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Live demo of Madrigal web page

= Start at any Madrigal server (e.g.,
http://cedar.openmadrigal.org or
http://madrigal.naic.edu/madrigal)
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Web interface review

4+ ¥ madrigal.haystack.mit.edu

Apple Yahoo! Coogle Maps NewsY WCEBH Popular ¥ Python Modules Haystack Madrigal CEDAR

Back to Millstone Access Madrigal Data Go to a different Madrigal
homepage SIte:  Millstone 3

Simple Local Data Access Browse for Individual Madrigal

Print or download local Millstone data files, or view existing Experimen

plots. Click here for a ttorial. Use Browse for Individual
Madrigal Experiments to search all Madrigal sites at once or for
advanced features like derived parameters.

Search available experiments on either all Madrigal
databases, or just the local Millstone database. You can
choose which parameters to print, including derived
parameters, and can filter the data using any parameter.
Click here for a tutorial.

1 Madri h Plot Data from Instruments

Generate a command that runs on your local computer that can Create new plots from one or more instruments and/or
search multiple local Millstone experiments at once. The data Madrigal experiments versus time on a single web page.
can be filtered, derived parameters are allowed, and data The data comes from the local Millstone database. Click
matching your criteria will be retumned in a single ascii report. here for a torial.

Click here for a witorial.
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Web interface review
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Web interface review

9 madrigal.haystack.mit.edu

i1 Apple Yal

Back to Millstone

Madrigal Experiments to all Madrigal sites at once or for
advanced features like deriv ters.

Simpler to use, only local data, no derived parameters

Gene local computer that can
search multiple local Millstone exPes at once. The data
can be filtered, derived parameters are allo

matching your crite

Search all Madrigal sites, any parameter, more complex ~

Go 1o a different Madrigal
site:  Millstone 3

Browse for Individual Madrigs
Experiments

3 » = i oR-ett all \dadrlgal
databases, or _]USl thc local Vhllstonc database. You can
choose which parameters to print, including derived
the data using any parameter.

Plot Data from Instruments

Create new plots from one or more instruments and/or
Madrigal experiments versus time on a single web page.
The data comes from the local Millstone database. Click

5 . .
Click here fora e €NErates scripts - to be discussed
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Group exercise 1

" Break into your groups

= See tinyurl.com/2014ISR -> Madrigal
DE S

" Talk starts again in 20 minutes

23
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Remote Access to Madrigal
Data
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Remote Access to Madrigal
Data

" Built on web services
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Remote Access to Madrigal
Data

" Built on web services

= | ike the web, available from
anywhere on any platform
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" Built on web services

= | ike the web, available from
anywhere on any platform

= Read only API
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APIs written
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Remote Access to Madrigal
Data

" Built on web services

= | ike the web, available from
anywhere on any platform

= Read only API

= Complete Python, Matlab, and IDL
APIs written

= More APIs available on request or via
contribution
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Remote Access to Madrigal
Data

Simple Most complex
S ——————————

l | WaIllt to l

I just want to only download I want to
download Iots  fjtored data with Wit my own

of filestomy  {erived parameters script

L l l

globalDownload globallsprint Work with API’s
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Matlab globalDownload does it
with one command!

File Edit Debug Parallel Desktop Window Help
4 3 “ & ¥ =) @ Current Folder: /Users/brideout/Documents/workspace/OpenMadrigalSVN/madroot/source/madmatlab
Shortcuts 2] Howto Add 2] What's New
A H W
i) New to MATLAB? Watch this Video, see Demos, or read Cetting Started.
>> globalDownload( 'http://madrigal.haystack.mit.edu/madrigal/’', ...
'/tmp/download’', ...
‘Jane Doe', ...
'janddoefégmail.com’', ...
'IGG', ...
"hdf5', ...
datenum( ' 1-Jan-2003 00:00:00'), ...
datenum( '31-Dec-2003 23:59:59"), ...

8000);
J/x Downloading file /opt/madrigal/experiments/2003/gps/20mar03/gps030320g.002

4 Start

:
z
é
v

eNew release as of May 3, 2014
eUses wget 1f available, unreliable matlab urlread 1f not

eFull documentation: http://madrigal.haystack.mit.edu/
madrigal/rr matlab.html#globalDownload
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Python version

>> globalDownload.py --url= http://madrigal.iggcas.ac.cn/madrigal/ \
--outputDir=/tmp --user_fullname="Jane Doe" \
--user_email=janedoe @gmail.com --user_affiliation=1GG \
--format=hdf5 --startDate=01/01/2003 \

--endDate=-01/30/2003 --inst=8000

= No need to understand python

= Tnstall from http://madrigal.haystack.edu/
madrigal/madDownload.html|

" Formats: ‘hdf5’, ‘ascii’ - ‘hdf5’ faster

= Full documentation: http://
madrigal.haystack.mit.edu/madrigal/
madpyDoc/remotePythonAPI/madrigalWeb/
globalDownload.py.html
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More advanced globallsprint
scripts

Madrigal DB

. 5

TEC data: instrument id = 8000 http://madrigal.iggcas.ac.cn/madrigal/

Show me only data
where TEC > 100TECu
when Kp > 7 1n 2003
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The web interface will generate
the script for you

Access Madrigal Data Go to a different Madrigal site:

Millstone =

Back to Millstone homepage

Simple Local Data Access Browse for Individual Madrigal Experiments

Print or download local Millstone data files, or view existing plots. Click here fora Scarch available experiments on cither all Madrigal databases, or just the local

twtorial. Use Browse for Individual Madrigal Experiments to search all Madrigal sites at Millstone database. You can choose which parameters to print, including

once or for advanced features like derived parameters, derived parameters, and can filter the data using any parameter. Click here for
a tutorial.

Global Madrigal Search Plot Data from Instruments

i preyour local computer that can search multiple local Create new plots from one or more instruments and/or Madrigal experiments
\hllstonc cxpcnmcms at once. The data can be filtered, derived parameters are allowed, versus time on a single web page. The data comes from the Jocal Millstone
and data matching your criteria will be retumed in a single ascii report. Click here fora database. Click here for a tutorial.

wiorial.

Demo for example above

29
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Matlab globallsprint example

File Edit Debug Parallel Desktop Window Help
: o R s O ¥ Current Folder: /Users/brideout/Documents /workspace/OpenMadrigalSVN/madroot/source/madmatiab
Shortcuts 2 Mowto Add 2] What's New
Mo
1) New to MATLAB? Watch this Video, see Demos, or read Cetting Stanted

>> globallIsprint('http://madrigal.haystack.mit.edu/madrigal’, ...

'MIN,DTEC,GDLAT,HOUR, TEC,SEC, DAY, YEAR, GLON,MONTH,KP"',

‘'example.txt’,

'Bill Rideout’,

'brideout@haystack.mit.edu’,

'MIT',

datenum('01-Jan-2003 00:00:00"),

datenum( '31-Dec-2003 23:59:59"),

8000,

‘filter=tec,7, filter=kp,7, ',

(1,

o r

)
Working on /opt/madrigal/experiments/2003/gps/20mar03/gps030320g.002
Working on /opt/madrigal/experiments/2003/gps/19aug03/gps030819g.002
Working on /opt/madrigal/experiments/2003/gps/18mar03/gps030318g.002
Working on /opt/madrigal/experiments/2003/gps/04nov03/gps031104g.003
Jx

4 Start  Busy

eUses wget 1f available, unreliable matlab urlread 1f not
eFull documentation: http://madrigal.haystack.mit.edu/
madrigal/rr matlab.html#globallsprint
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Python example

>> globallsprint.py --url=http://madrigal.haystack.mit.edu/madrigal \
--parms=year,month,day,hour,min,sec,gdlat,glon,tec,dtec,kp \
--output=/tmp/gps.txt --user_fullname="Jane Doe" \
--user_email=janedoe @gmail.com --user_affiliation=1GG --inst=8000 \
--startDate=01/01/2003 --endDate=12/31/2003 \

--filter=kp,7, --filter=tec,100,

= You pick the output parameters

= Tnstall from http://madrigal.haystack.edu/
madrigal/madDownload.html|

= Only ascii output - all to one file

= Full documentation: http://
madrigal.haystack.mit.edu/madrigal/
madpyDoc/remotePythonAPI/madrigalWeb/
globallsprint.py.html
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Most complex - write your own

Matlab script
= Methods

o getInstrumentsWeb

o getExperimentsWeb

o getExperimentFilesWeb
o getParametersWeb

o isprintWeb

e madDownloadFile

e madCalculatorWeb

e globallsprint

= Methods match Madrigal model



Simple Matlab example

filename = '/usr/local/madroot/experiments
/2003/tro/05jun03/NCAR_2003-06-05_tau2pl_60_uhf.bin";

eiscat_cgi_url = 'http://www.eiscat.se/madrigal/cgi-bin/';
% download the following parameters from the above file: ut, gdalt, ti
parms = 'ut,gdalt,ti';

filterStr = 'filter=gdalt,200,600 filter=ti,0,5000";
Matlab

Madrigal

(0]
API call
% [Number of rows, number of parameters requested, humber of records]

% returns a three dimensional array of double with the dimensions:

%
\ % If error or no data returned, will return error explanation string instead.
data = isprintWeb(eiscat_cgi_url, filename, parms, filterStr);
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= Matlab API Links

e Reference: http://madrigal.haystack.mit.edu/
madrigal/rr_matlab.html

e Tutorial: http://madrigal.haystack.mit.edu/
madrigal/rt_matlab.html
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Live Matlab APl demo

= See demoMadrigalWebServices.m at
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Example python script

# create the main object to get all needed info from
Madrigal

madrigalUrl = "http://www.haystack.mit.edu/madrigal"”
testData = madrigalWeb.madrigalWeb.MadrigalData(madrigalUrl)

# get all MLH experiments in 1998
expList = testData.getExperiments(30, 1998,1,1,0,0,0,1998,
12,31,23,59,59)
for exp in expList:
# print out all experiments
print exp

# print list of all files in first experiment
fileList = testData.getExperimentFiles(expList[0].1d)
for thisfile in fileList:
print thisfile
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Python Remote API

= Can run on any platform with python
(PC, Unix, Mac, etc)

= Fully documented with examples
" | inks

e Reference: http://madrigal.haystack.mit.edu/madrigal/
madpyDoc/remotePythonAPI/index.html

e Tutorial: http://madrigal.haystack.mit.edu/madrigal/
rt_python.html
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IDL Remote API

= Methods
e madGetAllInstruments
e madGetExperiments
e madGetExperimentFiles
e madGetExperimentFileParameters
e madSimplePrint
e madPrint
e madDownloadFile
e madCalculator
e madGlobalPrint

= Methods again match Madrigal model

38
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Madrigal Web Services
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Madrigal Web Services

= Simple delimited output via CGI
scripts
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Madrigal Web Services

= Simple delimited output via CGI
scripts

= Not based on SOAP or XmIRpc since

no support in languages such as
Matlab
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Madrigal Web Services

= Simple delimited output via CGI
scripts
= Not based on SOAP or XmIRpc since

no support in languages such as
Matlab

= CGI arguments and output fully
documented at http://
www.haystack.edu/madrigal/
remoteAPIs.html]
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Extending/contributing to
Madrigal

= Madrigal is completely open source
= See www.openmadrigal.org for CVS

= All new code is Python or C.
Imported derivation methods
sometimes in Fortran.

= [ appreciate all contributions
e Suggestions and ideas
e Finding bugs
e Code
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Group exercise 2

" Break into your groups

m See tinyurl.com/2014ISR -> Madrigal
Exercise 2
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