Welcome to the Madrigal Database

o Tutorial " at Haystack Observatory

e Accegs Data
¢ Run Models
¢ Documentation

¢ Open Madrigal

® Space Science
Resources
¢ Real-time Data

Sources

Try the new Simple Madrigal Data Access link on the Access Data page.

Madrigal is an upper atmospheric science database used by groups throughout the world. Madrigal 15 a
robust, World Wide Web based system capable of managing and serving archrval and real-time data, in a
variety of formats, from a wide range of upper atmospheric science mstruments. The basic data format 1s the
same as that used by the National Science Foundation supported Coupling, Energetics and Dynamics of
Atmogpheric Regions (CEDAR) program, which mamtams a CEDAR Databage at the National Center for
Atmogpheric Research (NCAR). Data fileg are easily exchanged between the two sites, but Madrigal has a
significantly different emphasis. Data at each Madrigal site 1s locally controlled and can be updated at any
time, but shared metadata between Madrigal sites allow searching of all Madrigal siteg at once.

Data can be accessed from the Madrigal sites at Mallstone Hill, USA, Arecibo, Puerto Rico, EISCAT,
Norway, SRI International, USA, Cornell Umiversity, USA, Jicamarca, Peru, The Institute of Solar-Terrestrial
Physics, Russia, and Wuhan Ionospheric Observatory, the Chinese Academy of Sciences. and directly, using
APIs which are available for several popular programming languages. A CVS arcluve of all Madrigal
sottware and documentation 1g available from the Open Madrigal Web site. The latest version of Madrigal
may also be downloaded from there.

http://madrigal.haystack.mit.edu/madrigal/
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Access Madrigal Data

a single re

Plot Data from Instruments




Simple Madrigal data access - select an instrument...

Click on the instrument you want to get data or plots from:

=elect an instrument

Jicamarca |= Radar

Arecibo IS Radar - Linefeed

MU 1= Radar

Millztone Hill 1= Radar

Millztone Hill UHF Lenith Antenna
=t =antin 15 Radar

st. Santin Mangay Receiver
Chatanika 15 Radar

[=TP IrkLtsk Radar

Tutorial on Return to Return to How is the simple

this page SLRRARUAIS b U el cata access different?
page page

Flaase send any commenis or suggestions fo the Upen Madrigal Users Maifing List.




Simple Madrigal data access - select dates...

selected Instrument: Millsione Hill IS Radar

Click on one or more dates you want data or plots from:

(Windows users: Hold down Cantrald key to select more than one date)

2006-06-19 i‘
2006-05-16
2006-05-01
2006-05-31
2006-05-16
2006-05-02
2006-04-25
2006-04-12
2006-04-05
2006-04-05 |

Plot clata \

Tutorial on Return to Return to How is the simple

this page sz i Lt L e cdata access different?
page page

Flease send any commenis ar suggestions to the Upen Madrigal Users Mailing List.




Simple Madrigal data access - select parameter and y axis for plotting...

Selected Instrument: Selected dates:

o Milistone Hill IS Radar e 2005-09-10

Create a new plot... or, view existing plots
and descriptions:

Choose parameter to plot: | Log10(uncorrected electron density) LJ

, " . 2005-09-10
L B E-RLE Pl JE o INSCAL Analysis

. Il LR notes for
] mlh 1142298092
Electron density

Final step - choose summary plots

plot parameters, then hit Electron temperature

Select y ﬂ\'il button below. .. ;zr?gigef ;:l:‘:e

summary plots
Ton vel ocity summ ary
plots

Tutorial on this Return to Access Data Return to Madrigal home How s the simple data access




Electron density summary plots for
Millstone Hill Radar

Sep. 10, 2005

Electron temp er ature summin ary Ton temp er ature sumin ary Ton velocity sumin ary
5

Rapid LTCS Experiment

UrEfnents
Wi sa antenna - Arimuth=0 th), Elevat on=d 1t 0 km
rements
1on altitudes
TErsus ime us
Wlisa antenna - Arimuth=




Zenith - Nel - over 200 km altitude

Altitude (km)

12 16 20
Time since midnight UT (Hours)

Zenith - Nel - E and F1 region

Altitude (km)
-
H
(@)

12 16 20
Time since midnight UT (Hours)




Access Madrigal Data

a single re

Plot Data from Instruments




Madrigal Experiment Selector

Select date range

s

0B 4D ay, Month, T

Tear

Sort Order Date Order

* Date Earliest

first

" Instument Latest

First

att Day, Month,

Tutorial onthis

tage

Select list format

Exzpenment ID

Madrigal Site

ctart Date

=tart Titne

End Date

End Time

Instrument
- Instrument Mnemonic
fear Instrument Matne

Ezperiment Name

Options

Show

File Selection .
Eaeietie Experiments at

Date Format

w Latest A1l Madn gal

w History
Site

This MMadrngal




Madrigal Experiment Listing

F.eturn to MMadrigal

2 Mills 09/10/Z005 0000
Total Electron Content

0 Mills 0941172005 0000
Total Electron Content

Tutonial onthis

page

End Date

09/10,/ 2005

09/11 /2005

| I:l I:l

S e I:l I:l

R

Feturn to access data

page

Inst Experiment

gps

gps

Mor ld-wide

Mor ld-wide




World-wide GPS Receiver Network

World-wide Vertical Total Electron Content

Eeturn to Madm gal Tutorial on this

homepage page

Start Time: 09/10/2005 00:00:00 End Tine: 09/10/2005 23:

CEDAR Format Datasets:

Download file - Deownload gps050210g.001 1n selected format

Additonal mformation:
o TEC MMaps
Notes

Add to these notes




ISPrint Database Browser

Experiment: World-wide Vertical Total Electron Content

Eeturn to experitnent list Eeturn to Madngal homepage |[& tutorial on how to use this page | Eeturn to access data page

sat Sep 10000:00:00 2005 - Sat Sep 10 22:55:00 2005 Werld-wade GPS Eecaver Network

Available Filter's - Using default or manually entered selections

Set data filters manually, or ... ..use a saved filter and parameter selection:

Data will be listed only if it falls within the range of the filter

For azimuth and elevation, two separate ranges can now be used Public

Explanation of Filters Tirectaries:
Fublic

Start date: R R 2005 filters: | coherertt |
Start time: o IT M- IT o ’T
End date: ITL IW—LI lm
End time: o IE W IE o ’T
Omfional free-form filters using any parameier wmemonic on this
Page

| jfoster:jfoster

You are not
loggedin.




Available Parameters (Comprehensive)

o Description of parameters
o  IEPrint(Shott form)

(parametars with reguiar typeface are derived)

Tine Related Parameter

-

EHHMMES EHRL

DATYHO DT21
JDA TGO WD

SEC
UTH

Geographic Coordinate

n r

GDLAT GLON SDWHT

Geophysical Index

DST I

Interplanetary MMagnetic Field

n r

BXGEM EYGEE

" swo

S WDEN

. Radar Basic Parameter



Eeturn to experiment list |Eeturn to Madrigal homepage |4 tutorial on how to use this page |[Eeturn to access data page

Sat Sep 10 00:00:00 2005 - Sat Sep 10 23:55:00 2005 - World-wide GP3 Eeceiver Network

Available Filters

Set data filters manually, or ... ..use a saved filter and parameter selection:

s Data will be listed only if it falls within the range of the filter
o For amimuth and elevation, two separate ranges can now be used Public
s Explanation of Filters Dire ctories:

| jfoster:jfoster j

Stat date. ERE (o~ a5 Fﬁ::;ic coherert! =
Start time: ol o v ol
End date: EC K E
End time: e ik of o igrories:

Filters: |

Private |

Ontional free-form filters using any parameter miemonic on this
page

Mnemonic {or Mnem1 +,- */ ;nem=)
(example: gdalt or gdalt - sdwht)
Leave spaces between mnemonics and
operator

Lower limit  |[TTpper limit
{leave blank |(leave blank

if none) if none)

Tzer: aje

| odlat | 400 | 440

| glon | 1500 | 2000




GDLAT

(paramelers with regular bhpaface are derived)

Tine Related Parameter

pHIMSS ||

BHM
DA YO DUT21
JDA YO MD

SEC SLT
UTH YEAR

Geographic Coordinate

GLON " epwHT A

Geophysical Index

" peT A

Interplanetary Magnetic Field

" pyGau " BYGsE
- —

SWDEN " gwo

I 5. Radar Basic Parameter

L 5. Radar Operation Parameter




Live demo of Madrigal web page

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



Remote Access to Madrigal
Data

s Built on web services

s Like the web, available from
anywhere on any platform

s Complete Matlab and Python API
written

= More APIs available on request or via
contribution



Madrigal Web Services

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

no support in languages such as
Matlab

s CGI arguments and output fully
documented at
http://www.haystack.edu/madrigal/r
emoteAPIs.html



Matlab Remote API

s Methods

o getInstrumentsWeb

o getExperimentsWeb

o getExperimentFilesWeb
e getParametersWeb

o isprintWeb

e madCalculatorWeb

s Methods match Madrigal model



Matlab
Madrigal
API call

N

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, nhumber 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);



Simple Matlab example,
continued

s See
http://madrigal.haystack.edu/madrig

al/remoteMatlabAPI.html for
complete documentation and more

examples



http://madrigal.haystack.edu/madrigal/remoteMatlabAPI.html
http://madrigal.haystack.edu/madrigal/remoteMatlabAPI.html

Live Matlab APl demo

s 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

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

s All new code is C/Python, with some
Tcl. Derivation methods sometimes
In Fortran.



http://www.openmadrigal.org/

DEMOS

= DEMO GPS TEC MAPS

http://madrigal.haystack.mit.edu/cgi-bin/madrigal/simpleChooselnstrument.py

= DEMO CONVERSION TO GEOMAGNETIC
COORDINATES

http://madrigal.haystack.mit.edu/cgi-bin/madrigal/madlnvent.cqgi

s DEMO DST FILTER (WITH EXPLANATION)

= DEMO MATLAB PROGRAMS TO LOOK AT
GPS TEC



