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What is Madrigal?



What is Madrigal? 
 

Distributed, open-source, standards-based local databases that share 
metadata and have VO-features built in 

 ●AMISR 

http://madrigal.haystack.mit.edu/madrigal 



MIT Haystack Educational 
outreach materials 

http://www.haystack.mit.edu/edu/index.html 
Lesson  plans:  
http://www.haystack.mit.edu/edu/pcr/resources/lessonplans.html 
 

Details of museum exhibit: Solar Storms to Radio Waves 
http://www.haystack.mit.edu/edu/poa/museum/index.html 

Space  Weather  Podcasts:  
http://www.haystack.mit.edu/swfx  

Notes  from  AMISR  summer  school:  
http://www.haystack.mit.edu/cgi-­
bin/asg_science/science.cgi/Summer_School  



The Madrigal database stores data from a wide variety 
of upper atmosphere research instruments in the Cedar 

database format. 
Incoherent Scatter Radar TEC via GPS MF Radar 

Cedar database format Loading programs can be 
written in Python, C, or Tcl 

Other instrument types in Madrigal:  Meteor radar, Digisonde, Fabry-Perot, 
Geophysical indices 



Wide Area Distribution of 'Raw' Information 

Distributed networks of 
sensors yield global 
physics unattainable 
with single-point 
measurements 
 
 

[Coster et al, 2003] 

Example :  
Global GPS-derived  
ionospheric mapping  
during geomagnetic  
disturbances 



How can the Madrigal database be 
accessed? 

User 

Web 
interface 

Web services API 
From anywhere on internet 
Python API 
Matlab API 
Allows for easy VO access 

 AstroGrid has links 

Database standard  Cedar file format 
 - allows easy import into Cedar 
Real-time and historical data 



Madrigal Data Model 

Madrigal site 
(typically a facility with scientists and a Madrigal installation) 

 
Instruments 

(ground-based, typically with a set location) 
 

Exper iments 
(typically of limited duration, with a single contact) 

 
Exper iment F iles 

(represents data from one analysis of the experiment) 
 

Records 
(measurement over one period of time) 

 
 
 

Data shared 
among all 
Madrigal sites 

Data unique 
to one 
Madrigal site 



Cedar/Madrigal Database 

All  parameters  in  file  defined  
http://cedarweb.hao.ucar.edu/documents/para
meters_list.txt  

Ranges  of  parameters  for  each  instrument  
Data  stored  in  one  or  two  16  bit  ints  
Additional  increment  parameters  

Error  parameters  always  available  
File  format  defined  in  
http://cedarweb.hao.ucar.edu/cgi-­
bin/cedar_file_access.pl?filename=documents
/cedar_fmt.pdf  

  
  



Madrigal Derivation Engine 

Derived  parameters  appear  to  be  in  
file  
Engine  determines  all  parameters  
that  can  be  derived  
Easy  to  add  new  derived  parameters  
using  code  written  in  C  or  Fortran  



Classes of derived parameters 

Space,  time  
Examples:  Local  time,  shadow  height  

Geophysical  
Examples:  Kp,  Dst,  Imf,  F10.7  

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

Models  
Examples:  MSIS,  IRI  



http://madrigal.haystack.mit.edu/madrigal/ 

































Live demo of Madrigal web page 

Start  at  any  Madrigal  server  (e.g.,  
http://www.haystack.mit.edu/madrigal)  



Remote Access to Madrigal 
Data 

Built  on  web  services  
Like  the  web,  available  from  
anywhere  on  any  platform  
Complete  Matlab  and  Python  API  
written  
More  APIs  available  on  request  or  via  
contribution  



Madrigal Web Services 

Simple  delimited  output  via  CGI  
scripts  
Not  based  on  SOAP  or  XmlRpc  since  
no  support  in  languages  such  as  
Matlab  
CGI  arguments  and  output  fully  
documented  at  
http://www.haystack.edu/madrigal/r
emoteAPIs.html  



Simple Python example 
# create the main object to get all needed info from 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].id) 
      for thisfile in fileList:  
          print thisfile 
 



Python Remote API 

Can  run  on  any  platform  with  python  
(PC,  Unix,  Mac,  etc)  
Fully  documented  with  examples  
See  
http://madrigal.haystack.edu/madrig
al/remotePythonAPI.html  for  
documentation,  more  examples,  and  
source  



Live Python API demo 

See  /home/brideout/examples/  
demoMadrigalWebServices.py  
  
To  run  the  python  demo:  
  
/opt/madrigal/bin/python  
/opt/madrigal/bin/demo/demoMadrigalWe
bServices.py  
  
  



Matlab Remote API 

Methods  
getInstrumentsWeb  
getExperimentsWeb  
getExperimentFilesWeb  
getParametersWeb  
isprintWeb  
madCalculatorWeb  

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';;  
  
%  returns  a  three  dimensional  array  of  double  with  the  dimensions:  
%  
%      [Number  of  rows,  number  of  parameters  requested,  number  of  records]  
%  
%    If  error  or  no  data  returned,  will  return  error  explanation  string  instead.  
data  =  isprintWeb(eiscat_cgi_url,  filename,  parms,  filterStr);;  
  

Matlab    
Madrigal  
API  call  



Simple Matlab example, 
continued 

See  
http://madrigal.haystack.edu/madrig
al/remoteMatlabAPI.html  for  
complete  documentation  and  more  
examples  
  



Live Matlab API demo 

See  /home/brideout/examples/  
demoMadrigalWebServices.m  
  
To  run  the  Matlab  demo:  
  
1.  cd  /opt/madrigal/bin/demo  
2.  Start  matlab  
3.  From  the  command  window,  run  
"demoMadrigalWebServices".    
  
  



Extending/contributing to 
Madrigal 

Madrigal  is  completely  open  source  
See  www.openmadrigal.org  for  CVS  
All  new  code  is  C/Python,  with  some  
Tcl.    Derivation  methods  sometimes  
in  Fortran.  



DEMOS 

DEMO  GPS  TEC  MAPS  
http://madrigal.haystack.mit.edu/cgi-bin/madrigal/simpleChooseInstrument.py 

DEMO  CONVERSION  TO  GEOMAGNETIC  
COORDINATES  

http://madrigal.haystack.mit.edu/cgi-bin/madrigal/madInvent.cgi 

DEMO  DST  FILTER  (WITH  EXPLANATION)  
DEMO  MATLAB  PROGRAMS  TO  LOOK  AT  
GPS  TEC  
  


