Advanced Data Analysns

FLEET OF EXPLORER WORKSTATIONS

Ivan Galkin and GIRO Software Team.

UMass Lowell Space Science Laboratory
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(IS = Digisonde Explorers o

SAO Explorer (|onograms)

Drift Explorer (skymaps and drlft velocmes)
GAMBIT Explorer (IRTAM and VTEC)

TID Explorer (D2D for detection of TIDs)

DUX (raw spectra/time-domain data in UMS)
Sky6 (skymap clustering) -
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lonogram data analysis:

CSAOEXPLORER

>

"0y SERTEMBERPAEFORUM SCIENCE DAY [ £~
" 2326 SEPTEMBER XV INTERNATIONAL 61RO FORUM I

%




=2 Cxplorer, ¥ 4. 1.000J3 LU TEJT (Sh2) TSI S
E

Height [km] - 1.0 730.0 2= I
Profilogram “ Ionogram Editor
,I i, 8.0 E 600.0
f E 550.0 J =
L] 50 E 500.0 3
u % 450.0
-_ H . E ’ > mn:n E =

4 4
4 00200 PRJE 1399 .05.24 00:45 01
T

'.'."‘#

S00 1))
300 .
" = " : . 20h ]
: T : : " : N | | DR 3
. Y i s e of 3 21 ]
L bgade Lol e el ] Ll W | | el ol e
111 2 e NN, AR T 70 .

[[Text] Graph Text "Graphm|
999.05.24 07:.07:22 Height: 99.17

Height [km]

Contours

0

]
1999.05.24

Print| [Polyon| Date: interval: |1 day Draw fineif < [50__| min. |

12 20

Reload True height profile | From:




UMLSPACESCIENCE LEB o s s 0 o, s O o N R e iyl s e e N e L e B e ot R SR | INTERNATICHAL

@sis SAO-X New Feature D- Iayer &

Comparlson of O- and X- polarlzatlon amphtudes to
glean the D-layer density profile o
— SAO-X to prepare the standard input file for GPSII
— ARTIST O-polarization trace available

* Trace points may need manual adjustment

— X-polarization points are searched automatically
* In the vicinity of the O-trace point
e Gradient of h’(f) computed for defocusingestimate .

e
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300kHz analysis band

A\V4

AV

O-channel anchor at 5.95 MHz
7 sources: 87,87,87,84,84,81,84 (B
(italics for not visible bins)

problem!
X-channelanchorat 5.15 MHz . P c
4 sources: 69, 75,81 51dB (will be remedied in new ARTISTS)

single-bin protection
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Pruhonice, PQO52 2014.05.09 (129) 13:15:00.000 SI_
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Use shortcut keys
— W and F10 = Run ARTIST

— X =next
— Z=previous
— C=Run NHPC

— Use tooltips
Use Data Labels
— . PGH
Navigate using keys
— Arrows
“— +,-and Esc for zoom

No need to hit “0” exactly to

move layer bounds
Use Right button
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@sstz Tips and Tricks: Chars Window &

me“\g g;;;' ;eg Scaler (DIDBase and SAO.XML) ® D ra g a n d D ro p o

View List of Records Submit in DIDB

lonogram| | i Jason Conway ¥ |/2001.03.31 (090) 00:00:05 SI_ ~¥ Current to re a rra n ge

Total records: 96 Station Number: Name: QAANAAQ Model: DGS-256 URSI code: THJ77
Showi Color|_ Title Value | Q| D |Flags| Characteristic description

v EE foF2  7.700 .' Ev F2 layer critical frequency '"" oreco e (2] _ the Order Of

% foF 2p 5.09

Predicted value of foF 2
I foF1 NoValue i v F1 layer critical frequency
Il foF1p NoValue {1 P Predicted value of foF1 :

2.90 i EV  Minimum frequency of F-layer echoes C h a rS ’

NoValue / v E layer critical frequency

1.38 i P Predicted value of foE Ionospheric

NoValue / v Minimum frequency of E-layer echoe characteristics set.

2.90 / EV  Minimum frequency of ionogram echoes

320.8 ! V. Peakheight F2-layer Drag and drop

269.5 ! EV  Minimum virtual height of F trace to change order.

269.5 I EVY  Minimum virtual height of F2 trace .

NoValue ] EV  Minimum vitual height of E trace ——————

0 / v Maximum frequency of F trace e
el ~ ——, &3
/ EV  Frequence spread between fiF2 and fxl a, M R S

Frequence spread beyond foE

Average range spread of F-layer

V

vV -

v Highest ordinary wave critical frequency of F region patch trace )TEMBER ‘PRE‘H]RUM SE'ENEE UAY G @
—— i mreswrionnc oivo rorum | 3 -2 8
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characteristics 3

Characteristics, WP937, DGS-256, SA 04,17 13:59; T =73 ] Use Fa St Cha rS
from DIDBase

for fastest

Height [km Frequency [MHz
200 Tl [km] quency | lm

Text/Graphic tab :
i Details on mouse position

dCCess
= D=
button) I

. I l T T T l. T T T T T T T T T T T T T T
MMd1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 18d
Universal Time, hr (2002.04.17 - 2002.04.18)

Height range [km] Time Interval, UT ———————
— — Print| |Pic annalnal 7l fonlnnl fereain 1 | Rl < (16.0] il s 5
0 30.0 2002][04/17|- |ooj 00|} . 42062/ 04/18|-|0ofo1]H o é" I — o
— N S
Show QD letters Reload e - o et -
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Tools and Tricks: Flgure I\/Iakmg R

Boptins — EEX . No need to use Option window ,
upD Export l Artist -
to change file format

use current scaler (human or Artist) for all scaling export operations

v| calculate statistics for e erations . e J u St p u t n ee d e d eXte n S iO n tO t h e
ASCIl text time: [yyyy.hi.od (DDDY HH:mrm:ss filename: .P NG s JPG e BMP

One record filename: [yayehitddd(DOCYHHMMS S e Be St q U a | ity fO r p U bl icat i O n S : E PS
One day filename: |yartitdddiDDD U S e a S m a I I WI n d OW S |Ze a n d E PS
format, edit in Adobe Illustrator

— Alternatively, use a small
Use printer color scheme: [v]|for printing : o WindOW Slze, PNG fo rm at, and
Sawve Picture Options : double the X and Y Scales

Width 4950| XScale 1.00 Keepratio [v| Format |PNG |«

SAO 4.2 SAD 4.3 & SAD 5.0

Height 720 YScale 1.00 Quality |v| Use fixed sizes |v

Distances for MUF calculation:
100, 200, 400, 600, 800, 1000., 1500, 3000,

= 9:«.-
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wssis T|ps and Trlcks Dlrectogram i

Good for ESF research

What can be done
better?

— Select primary axis
(currently only W-E)

— Plot sunset time
500 400 30(;!' 20‘0 100 0 100 ZlLJlJ 300 400 500 (Currently use (l -
WEST Horizontal Distance, km EAST . button) |
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@ssL H| -res VTEC and Directogram =

UML SPACE SEIENCE LAB
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. Acd hmF2 to V|suaIIy
separate bottomside
(observed) and topside
(modeled) F2 layer

~» Work on ionogram
- scaling until perfect
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@sstz Tips and Tricks: Contours 4=

-------------

(B o >

Te:
Contours, MHJ45, DP5-4D, SAOExplorer, v 3.5.2b7

- * Try virtual
' ranges

~* Enable peak
height

12h 13h 14h 15h 16h 17Th 18h 19h 20h 21h 22h 23h Oh 1h 2h 3h 4h 9h  10h 11h 12h
UT, min (2012.04.12 12 - 2012.04.13 12)
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DFT data analysis: - - . _ . Gk
DRIFTEXPLORER
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STATION WAME YYYY DATE DDD HHMMSS AXN PPS IGP

2002 Oct21 294 034911 417 50 +8G
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Dlglsonde |IIum|nates the
entire sky above the station

If the ionosphere is flat and
undisturbed, the only echoes
will come from the zero zenith
in the skymap center

Off-vertical echoes are
possible if plasma
irregularities exist of the right
scale and orientation

Doppler frequency analysis
allows determination of the
plasma deasﬁy.dmit vector
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V, = 115 * 32 w/s South

Geographic coordinates

STATION NAME YYYY DATE DDD HHMMSS AXH PPS IGP
JICAMARCA 2003 Mar25 084 021415 417 37 +86

Num of Sources

Min Freq, kHz

Max Freq, kHz

Freq Step, kHz

Min Range, Jm

Max Range, km

Avg MPA, dB

Max Amp, dB

Max SNR Amp,

Min SNR Amp,

Avg SNR Amp,

Max M5 Err, 102.0

Min MMS Err, 0.0

Avg MMS Err, 17.8

Doppler Bes, 0.0352

CIT, sec 2844

Mum of CITs 2

Polarization O-mode

Center of Sources, deg:
Zenith

Azimuth

+ Positive

Doppler, H:

© Negative

Zepith: max 40° step 10° O¥v 1.2.14 30w 5.1

209 * 7 wis

- coordinates

North

South

STATION NAME YYYY DATE DDD HHMMSS AXN PPS IGP
TICAMARCA 2003 Mar25 084 010415 417 37 +86

Hum of Sources
Min Freq,

Max Freq, kHz
Freq Step, kHz
Min Bange, km
Max Bange, km
Avg HPA, B
Max Amp, aB
Max SNR Amp, dB

Avg SNE Amp,
Max EMS Err, deg &40
Min PMS Err, deg 0.0
Avg EMS Err, deg 8.8
Doppler Res, Hz 00352
CIT, sec 28,24
Hum of CITs 2
Polarization O-mode
Center of Sources, deg:
Zenith

Azimuth

+ Positive

© Negative

Doppler, H

Zenith: max 40° step 10° DX 1244 SDv&.

I s
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= DFT raw

STATIDOH HAME YYYY DATE DDD
Boa Vista 2002 Oct21 294
S.Local time 2002 0ct20 293

HHMMSS AXH PPS IG
034411 417 50 +38
234123

03:44:11, Freq 5010.0kHz, Range 225.0km, Polarization 0, CITH 1 sub# 1 of 24
100

T
-3.125 1w

100 180
50 li | F\l
0 — T T T T 1130

-3.125 40 1 2 3125 -3.125 e 12 3125
100 180
\||r\|
0 — T T T T 1130
-3.125 40 1 2 3125 -3.125 e 12 3125
100 180
Fao |
0 T T T T T 180
-3.125 40 1 2 3125 -3.125 e 12 3125

=[0] %]
Min Freq, kHz 5010.0
Max Freq, kHz 6520.0
Freq Step, kHz 500
Min Height,lku 225
Max Height,lku 200
Doppler Res, Hz .049
CIT, sec z0.43

( Lowell
DIGISONDE

= 6 w/'s

= 105 /s RL//V/= -8 uss

10| x|

ETATION NAME  Tvyy DATE DDD HEODISS AxN PPS IG

Boa Vista 2002 Ozl 294 034411 417 50 48
Total sources 1914
Min Freg, kHz 5010
Max Freg, kHz €520
Freq Step, kHz 500
Min Bange,km 228
Max Range,dm 300
Case SNR, dB 4
line SNR, dB 4
MPA, dE 26
Max Amp, dE 78
Doppler Res, Hz 043
CIT, sec 20.48
Ho of CITs z
Polarizacion  O-mode

= 1uss
step 16°

South

Zenith: max 40° Drift Explorer w 1.1.7b20

=10l x|

2.8 Horth 607 Wiest

T
4 L] 8 10 12 14 16 18 20

T T T T T T T T T
22 2

055 G4 Ui UT, hr (20021021 - 200210 21) Geomagnetic coordinates

4-channel DFT data

DriftExplorer v 1.1 7b20
I

255

250

245

240

235

230

Virtual Range, km

225

220

Plasma Drift and SkyLITE

LDl
LoweLL
DIGISONDE

STATION NAME YYYY DATE DDD HHMMSS AXN PPS IG

GAKONA
Local Mean Time 2008 Oct25 299 124331

22:23:31, Freq 2580 0kHz,
watertall by ranges, linear scale, max = 211, antenna 1

2008 Oct25 299 222331 417

50 +8

gain 0, 8 Ranges from 220km to 255km, Polarization O, CIT# 1 sub# 1 of 2X24

North

Skymap & Vector Drift Velocity

A —
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stz Two methods for drlft velouty &

DDA GDDA

e Single plane solution is * All sources are used
fitted to all skymap sources, combinatorially to form
resulting in one bulk triplets and fit a velocity
velocity vector vector toeach triplet. Then

a probability histogram of
all solutions is built to select
most probable scﬁu%non(s)

"

S T
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IRTAM and Various GNSS products

'GAMBIT EXPLORER
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Gambit eXplorer
00000

GAMBIT Explorer Control and Display
IRTAM time of validity (TOV):
Latest ¥ | [v|GIROdata [v] Global Cijk

DISPLAY CONTROLS
v| Surface FOF2 w | |WEATHER

v/| Circles FOF2 | | |OBSERVATIONS

| Charts Export all chart data

[_] Ext. maps EVTEC_GPS

Color Scale minmax || ==}

Report: [EXPORT_DATAGRID_TXT [«

Animate 24 hours | w

P021/03/16 15:15

|| Make Animated GIF

Console Messages |

L[

v] Local Ci Get Data

Centering
e UT00
1 LT12
LT12dm

Get ext data

Generate

Modified Sin.

Layers

v] Color Surface

IRTAM v0.3A : UML

Altitude 48,375 km

Oﬂ Globe

https://giro. uml edu/GAI\/IBIT

| Global Assimilative Model of Bottomside lonosphere Timeline

LDl
LoweLL
DIGISONDE
INTERRATIONAL

= O X

2021.03.16 15:15:00 UT

23-26 SEPTEMBER xvI nTernaTionaL siro rorom 1 O 2 920
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@ssi= GAMBIT Explorer access to GNSS /5

Madrlgal 13383 PP 2020. 09 27 12: 15 00 UT

..............................

Map: Delta VTEC, %

75 38 0 38 75

S “Jju_}" PREAIRUN S ENCE DAY [
= msﬂm BER XVI INTERNATIONAL 61RO FoRUM I
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Quiet-time reference: 2020.09




Anomaly maps by IGS and GIRO 4
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St. Patrick storm

~ March 17, 2015 23:15

& Gambit eXplDrer
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Traveling lonospheric: Disturbances

TIDEXPLORER

e o
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TID Explorer

with full-day display capability

UML SPACE SCIENCE LAB

TID Explarer

Radiz Links:

<or and Option IDs:
opten D: 20+ Diapiay

Fraquency Polarization:

933 MrUeS = 4500 iz, ORDINARY =

Radio Link: MHJ45 -> KI939, 4900 kHz, ORDINARY,
Query From: 2018-10-03 18:00:00 To: 2018-10-04 18:00:00

3605
‘.- 3404 g

° 60 .y 3204
& . 00
- 50 . 280 2
g %0 5
g “ o e - 358 =
[=8 30 . a8 80 000 3
é @ ® %t o ga0 999 © #%,5° 00000 85008 Stuod gyn, ¢ o %0130 =
20 . oot o 160 5

a .. 126
=0 o o 100 E

0 | | * 80

1900 1930 2000 2030 2100 2130 2200 2230 2300 2330 0000
Universal Time, hours

1,050
1,000
950
900
850
800

750 W
700 : > i

650

500, 05000 oo o e copr® "0 B
1900 1930 2000 2030 2100 2130 2200 2230 2300
Universal Time, hours

Group Path, km

) aroD GROD Qoo aoo? DD O

https://backends.giro.uml.edu/tidx

Zenith, deg Doppler, Hz

Azimuth, deg

1 e ERgn olots @

1900 1930 2000 2030 2100 2130 2200 2230 2300 2330 0000

Universal Time, hours

1900 1930 2000 2030 2100 2130 2200 2230 2300 2330 00D
Universal Time, hours

1900 1930 2000 2030 2100 2130 2200 2230 2300 2330 000D
Universal Time, hours

. e .
.-_.f o iy ..b -l.".._..,'-. -".- ®
T

iy
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4= D2D Signal tracking
T room for improvement

Dourbes to Roquetes D2D April 21, 2017
347

1F2H 346

345

344

343

342

341

340

Azimuth Angle, deg

N
T
=
Qo
[~
[V}
=
=3
[
L
[V
Pt
2
[=%
a
[=]
(=]

338
337

o signal 2 R & ‘ '.? /*\. :9 °
s track \A “uf’vh {\w*u/.“.‘/ \(’\ . ﬂ‘/ ®o
0 TID<5% e ° e
© TID=5-10% i
@ TID=10-15%
® TID>15%

N
L

4

? 1F1H

Group Path, km
Zenith Angle, deg

Fow,
-] ,o‘b.~

Universal Time, hr

23-26 SEPTEMBER XVI INTERNATIONAL GIRO FORUM I '\




= OtherTID Detectlon scnpts &

« Textual output for robotlc downloads

— TID Detector output

* https://lgdc.uml.edu/rix/tid-
detector?time=2022.04.28T10&window_min=1200

— TID Find Tracks

* https://lgdc.uml.edu/rix/find-
tracks?time=2020.04. 28&W|ndow sec=100000&rx=EB040&tx=DB049

— TID Track Info -
* https://Igdc.uml.edu/rix/track-info?tid=2000. ... == = l

A T < _g——
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Digisonde UMS Explorer

oux s
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esst= Raw D2D data viewer &

UML SPACE SCIENCE LAB

Dourtses o Roguetes D20 2017.04.21 1748 UT Dourbes to Roguetes D2D 2007.04.21 1748 UT

— Waterfall : ~ Skymap

DUX

E
el
—
m
a
o
3
5]
-
o

MNorth-South Angle, deg

East-West Angle, deg
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VLK

Skymap Clusterization Explorer

SKY-CX

g0 SEPTEMBER 71t UM SCIENCE DAY | {7
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DIGISONDE
-------------

,'-:w‘:- \ V4 i Bulk Processing  Help : \ S k 6 .
A AN - . ¥ F
Adm — . D

L SL\ TxStation PQO52 -> RxStati easure 2 . VR y o

> RxStation | jrps5 + | Measurement

2017.10.01 10:12:35.000 sch2 pr2 - first prev next

. .Conn'e'cts to D2D
database

* Calculates AoA and
runs clustering

 C(Cluster information

Juliusruh 2017.10.01 10:12:35

Skymap Calculator

Maximum zenith, deg: . Maximum clusters to show: = 4

Amplitude Threshold, dB: 21. V| Use negative dB for MPA

Calculated Azimuth - delta, deg:
Expected Zenith, deg delta, deg:

/| Fit Error threshold, deg: V| Doppler Line threshold, Hz:
Cluster #1 (11 pt Cancel

Cluster #2 (8 pts)
Cluster #3 (1 pts) @605<5> km, 24 dB

’

o

ZSEPTEMBER PREZFORUM SCIENCE DAY 2 @25‘
SM—MBER XVI INTERNATIONAL GIRO FORUM I G F




s 128- chlp code, 20 sec D2D runs G

xxxxxxxxx
nnnnnnnnnnnnn

Radiolink: Pruhonice to Juliusruh

Juliusruh 2018.10.01 15:07:35

‘ « Future work: 128-chip complementary Codes |
* Pros:

SNRp =50 dB |8 + Easy 50 dB of SNR on 500 km links

_SNR1EL = 51dB

« 20 sec running time
« Cons: ~
. Pufse CompreSS|on Ieakage
espeC|aIIy on longer-links
~Additional SW work is needed
8 Older DPS4D needs Tx card update

auth -- Marth

ot Tk Pl PN ShENCE DAYIGF 2
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Dalu
AL C}

GraciaS panke Euxoplotiec

O

O

—

THANK YOU &
O Koszonom

>

23-26 SEPTEMBER



	Slide 1: Advanced Data Analysis FLEET OF EXPLORER WORKSTATIONS
	Slide 2: Digisonde Explorers
	Slide 3: SAO Explorer
	Slide 4
	Slide 5: SAO-X New Feature: D-layer
	Slide 6: SAO-X New Feature: D-region
	Slide 7: Tips and Tricks: Ionogram Mode
	Slide 8: Tips and Tricks: Chars Window
	Slide 9: Tips and Tricks: Time Series
	Slide 10: Tools and Tricks: Figure Making
	Slide 11: Tips and Tricks: Directogram
	Slide 12: Hi-res VTEC and Directogram
	Slide 13: Tips and Tricks: Profilogram
	Slide 14: Tips and Tricks: Contours
	Slide 15: DRIFT Explorer
	Slide 16: Doppler Skymapping of Ionosphere
	Slide 17: Sausages in the Sky
	Slide 18: Plasma Drift and SkyLITE
	Slide 19: Two methods for drift velocity
	Slide 20: GAMBIT Explorer
	Slide 21: https://giro.uml.edu/GAMBIT
	Slide 22: GAMBIT Explorer: access to GNSS
	Slide 23: Anomaly maps by IGS and GIRO
	Slide 24: TID EXPLORER
	Slide 25: TID Explorer with full-day display capability
	Slide 26: D2D Signal tracking  room for improvement
	Slide 27: Other TID Detection scripts
	Slide 28: DUX
	Slide 29: Raw D2D data viewer
	Slide 30: SKY-CX
	Slide 31: Sky6
	Slide 32: 128-chip code, 20 sec D2D runs
	Slide 33

