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Software Infrastructure Description

The The DownloadersDownloaders
Multiple independent parallel downloaders.

One Downloader for every station 

Problems with one station don’t effect the others

Different types of 
downloaders. Depending 
on different Station 
Infrastructures

Ftp Downloading

Http Downloading

ASP Downloading



Local Database

Local Database

Data Storage
Data exporting 
Graphical representation
Text Reports

Software Infrastructure Description



Software Infrastructure Description

For every station  there is a program named [For every station  there is a program named [station]_GLE_alert.exestation]_GLE_alert.exe
This program every minute calculates in real time the mean valueThis program every minute calculates in real time the mean value of the last  of the last  
60 minutely measurements and the value of a moving threshold tha60 minutely measurements and the value of a moving threshold that is t is 
N*SigmaN*Sigma

The threshold multiplier N has The threshold multiplier N has 
been defined for every station as been defined for every station as 
the value, for which for the past the value, for which for the past 
10 years GLE alerts, we see the 10 years GLE alerts, we see the 
maximum number of true alerts maximum number of true alerts 
with the minimum number of false.with the minimum number of false.



GLE Alert Method Description

When we produce a When we produce a StationStation GLE Alert ?GLE Alert ?

•• If the last If the last 
measurement measurement 
exceeds the moving exceeds the moving 
threshold, the threshold, the 
program writes program writes 
down a predown a pre--alert alert 
pointpoint

•• If we have 5 preIf we have 5 pre--
alert points in alert points in 
succession we succession we 
define a Station define a Station 
Alert
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•• A SupervisionA Supervision program named program named 
Check_For_alert checks every Check_For_alert checks every 
minute the status of every minute the status of every 
station.station.

•• If this program If this program 
detects at least three detects at least three 
stations in “station stations in “station 
alert mode” then alert mode” then 
produces a General produces a General 
GLE Alert SignalGLE Alert Signal

When we produceWhen we produce GeneralGeneral GLE Alert ?GLE Alert ?

GLE Alert Method Description



Network Presentation of Alert evolutionNetwork Presentation of Alert evolution
The network presentation of 
the GLE alert is created with 
a program named 
Make_Page this program 
every minute creates a web 
page that describes the status
of every station that 
participates the GLE alert 
network

Every colored bar presents a Every colored bar presents a 
prepre--alert pointalert point



Alarm NotificationAlarm Notification

e-mail notification

GSM Phone Notification

Phone Call Notification



GLE Alert Example 

15/04/01 non real time data results15/04/01 non real time data results

Kiel 13:59

Mosc 0,586111111

Nrlk 0,590972222

Apty 0,584722222

Oulu 0,581944444
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15/04/200115/04/2001
station alert station alert 

timetime countscounts first trigger first trigger 

ouluoulu 14:0314:03 58415841 13:5813:58

KielKiel 14:0414:04 95319531 13:5913:59

AptyApty 14:0714:07 17011701 14:0214:02

MoscMosc 14:0914:09 1361113611 14:0414:04

NrlskNrlsk 14:1614:16 71107110 14:1114:11

GLE Alert Precedes 
Earliest SEC proton 
alert 14min  



13/12/200613/12/2006

First Real time GLE Alert Notification in AthensFirst Real time GLE Alert Notification in Athens



13/12/2006 First Real time GLE Alert Notification in Athens13/12/2006 First Real time GLE Alert Notification in Athens
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1min update every min

13_12_2006

station 1s 2s 3s

LMNSK 2:55 2:57 2:58

THUL 03: 13 03: 13 03: 15

NAIN 03: 02 03: 03 03: 05

FSMTH 03:08 03:08 03:11

INVK 03: 15 03: 30 NO GLE

NWRK 02: 56 03: 01 03: 01

McMD 03: 05 03: 08 03: 09

Alert Time 03:05Alert Time 03:05
Onset Time 02:51Onset Time 02:51

4 station in GLE alert system that day 
Three stations in alert



Alerts Issued by SEC in 13 DecAlerts Issued by SEC in 13 Dec
Space Weather Message Code: ALTXMFSpace Weather Message Code: ALTXMF

Serial Number: 137Serial Number: 137
Issue Time: 2006 Dec 13 0225 UTCIssue Time: 2006 Dec 13 0225 UTC

ALERT: XALERT: X--Ray Flux exceeded M5Ray Flux exceeded M5
Threshold Reached: 2006 Dec 13 0224 UTCThreshold Reached: 2006 Dec 13 0224 UTC
NOAA Scale: R2 NOAA Scale: R2 -- ModerateModerate

Space Weather Message Code: ALTTP2Space Weather Message Code: ALTTP2
Serial Number: 682Serial Number: 682
Issue Time: 2006 Dec 13 0253 UTCIssue Time: 2006 Dec 13 0253 UTC

ALERT: Type II Radio EmissionALERT: Type II Radio Emission
Begin Time: 2006 Dec 13 0226 UTCBegin Time: 2006 Dec 13 0226 UTC
Estimated Velocity: 1534 km/sEstimated Velocity: 1534 km/s

Space Weather Message Code: WARPC0Space Weather Message Code: WARPC0
Serial Number: 39Serial Number: 39
Issue Time: 2006 Dec 13 0301 UTCIssue Time: 2006 Dec 13 0301 UTC

WARNING: Proton 100MeV Integral Flux above 1pfu expectedWARNING: Proton 100MeV Integral Flux above 1pfu expected
Valid From: 2006 Dec 13 0301 UTCValid From: 2006 Dec 13 0301 UTC
Valid To: 2006 Dec 13 2359 UTCValid To: 2006 Dec 13 2359 UTC
Warning Condition: OnsetWarning Condition: Onset

Space Weather Message Code: WARPX1Space Weather Message Code: WARPX1
Serial Number: 297Serial Number: 297
Issue Time: 2006 Dec 13 0310 UTCIssue Time: 2006 Dec 13 0310 UTC

WARNING: Proton 10MeV Integral Flux above 10pfu expectedWARNING: Proton 10MeV Integral Flux above 10pfu expected
Valid From: 2006 Dec 13 0310 UTCValid From: 2006 Dec 13 0310 UTC
Valid To: 2006 Dec 13 2359 UTCValid To: 2006 Dec 13 2359 UTC
Warning Condition: OnsetWarning Condition: Onset
Predicted NOAA Scale: S2 Predicted NOAA Scale: S2 -- ModerateModerate

Space Weather Message Code: ALTPC0Space Weather Message Code: ALTPC0
Serial Number: 27Serial Number: 27
Issue Time: 2006 Dec 13 Issue Time: 2006 Dec 13 0312 UTC0312 UTC

ALERTALERT: Proton Event 100MeV Integral Flux exceeded 1pfu: Proton Event 100MeV Integral Flux exceeded 1pfu
Begin Time: 2006 Dec 13 0300 UTCBegin Time: 2006 Dec 13 0300 UTC

Space Weather Message Code: ALTPX1Space Weather Message Code: ALTPX1
Serial Number: 273Serial Number: 273
Issue Time: 2006 Dec 13 Issue Time: 2006 Dec 13 0324 UTC0324 UTC

ALERT:ALERT: Proton Event 10MeV Integral Flux exceeded 10pfuProton Event 10MeV Integral Flux exceeded 10pfu
Begin Time: 2006 Dec 13 0310 UTCBegin Time: 2006 Dec 13 0310 UTC
NOAA Scale: S1 NOAA Scale: S1 -- MinorMinor

Space Weather Message Code: SUMX01Space Weather Message Code: SUMX01
Serial Number: 63Serial Number: 63
Issue Time: 2006 Dec 13 0333 UTC Issue Time: 2006 Dec 13 0333 UTC 

SUMMARY: XSUMMARY: X--ray Event exceeded X1ray Event exceeded X1
Begin Time: 2006 Dec 13 0214 UTCBegin Time: 2006 Dec 13 0214 UTC
Maximum Time: 2006 Dec 13 0240 UTCMaximum Time: 2006 Dec 13 0240 UTC
End Time: 2006 Dec 13 0257 UTCEnd Time: 2006 Dec 13 0257 UTC
XX--ray Class: X3.4ray Class: X3.4
Optical Class: 4bOptical Class: 4b
Location: S05W23Location: S05W23
NOAA Scale: R3 NOAA Scale: R3 -- StrongStrong

Space Weather Message Code: ALTPX2Space Weather Message Code: ALTPX2
Serial Number: 45Serial Number: 45
Issue Time: 2006 Dec 13 0406 UTCIssue Time: 2006 Dec 13 0406 UTC

ALERT: Proton Event 10MeV Integral Flux exceeded 100pfuALERT: Proton Event 10MeV Integral Flux exceeded 100pfu
Begin Time: 2006 Dec 13 0345 UTCBegin Time: 2006 Dec 13 0345 UTC
NOAA Scale: S2 NOAA Scale: S2 -- ModerateModerate

Tim
e



Comparison With GOESComparison With GOES

•• GLE Alert Precedes GLE Alert Precedes 7 minutes7 minutes the earliest the earliest 
SEC Proton AlertSEC Proton Alert



GLE Alarm Evolution in Web PageGLE Alarm Evolution in Web Page

Non Real time Analysis With three StationsNon Real time Analysis With three Stations

1313//1212/200/20066 station alert timestation alert time countscounts first triggerfirst trigger

OuluOulu 02:02:5454 80058005 02:402:499

kielkiel 02:5502:55 1233912339 02:02:5050

IrkutskIrkutsk 003.043.04 1272312723 02:502:599

13/12/06
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GLE Alarm Evolution in Web PageGLE Alarm Evolution in Web Page



•• We have run the GLE alarm System For We have run the GLE alarm System For 
the last 10 GLE  the last 10 GLE  



Past Data AnalysisPast Data Analysis



The system can be improvedThe system can be improved



We need more stations with 1min We need more stations with 1min 
data updated in the network data updated in the network every every 
minuteminute

•• It is very critical to have minutely data updated It is very critical to have minutely data updated 
every minute in order to give the alarm in timeevery minute in order to give the alarm in time

•• Many stations give minutely data every 1 Hour Many stations give minutely data every 1 Hour 
or every Five Minutesor every Five Minutes

•• In order to develop and run the GLE alert In order to develop and run the GLE alert 
system we use their data every minute with time system we use their data every minute with time 
window in the past but we can not use them in window in the past but we can not use them in 
real timereal time



About the time synchronizationAbout the time synchronization

•• The GLE alert system uses the time of local server in The GLE alert system uses the time of local server in 
order to analyze the intensities of the stations every order to analyze the intensities of the stations every 
minute and is independent from the differences of time minute and is independent from the differences of time 
stamp between stations of the Network for the same stamp between stations of the Network for the same 
minute.minute.

ButBut

•• For the past data analysis we For the past data analysis we assumeassume that the data from that the data from 
different stations are well synchronizeddifferent stations are well synchronized



As a conclusion……As a conclusion……

GLE forecasting using 1min real GLE forecasting using 1min real 
time NM Data is workingtime NM Data is working

We have to work together in We have to work together in 
order to improve the real time order to improve the real time 
data collection Network and to data collection Network and to 
achieve even better resultsachieve even better results

• 1min Data and 1min network refreshing rate 

• common reference time  (Internet time synchronization is enough) 

THANK YOU


