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Purpose of this course

» To get familiar with the SPEDAS scheme.

» To get you ready to use SPEDAS to analyze ERG
data.
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What will you be doing in this training?

» Learn about the data model employed by SPEDAS.

» Load/manipulate/visualize ERG satellite and other
ground data.
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Keep in mind

4

This is a "hands-on" training for SPEDAS, not the time
for e-mail check.

Communicate with lecturers, tutors, neighboring
skilled users.

The training session today does not cover everything
in the handouts due to time limitation. It is

recommended to practice the uncovered parts later by
yourself.

We will proceed slowly with entry-level SPEDAS users,

Barticularly in the beginner course. You can go faster
y yourselt.
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What's SPEDAS?
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Exploration of energization
and Radiation in Geespace

What can you do with SPEDAS?

» time-series plots —
» filtering of data wammw
» frequency analysis = BTN |
» mapping to the ground maps .
> ... ?}’WW”W“”WWMLW

M)

thg_rmag_otha—d_x_dpwrspc

06:58 UT
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Basics of SPEDAS:
tplot and tplot variable
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A few basics of IDL before entering SPEDAS...

4

Insert a comma (, ) between a command, its arguments, and keywords.
IDL> tplot , 1 , title="New plot'

A string is expressed as a text sandwiched by delimeters (') or (").
IDL> print, 'This is a text.'

An array is expressed as comma-separated elements that are bracketed.
IpL> arrl = [ 2, 3, 4, 5 ]
IDL> string_arrl = [ "textl', 'text2', 'text3' ]

Typical errors beginners often encounter:

% Attempt to call undefined procedure: '?7777'".
- command/routine name (?77?) is misspelled.

% Sy ntax error.
,' () [1is missing or mismatched in most cases.

Use Up arrow key to reuse previously typed commands. You can edit
them with Left/Right arrow, Backspace keys and execute!
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How SPEDAS works?

One of the simplest procedures would be:

Run IDL

Initialize the SPEDAS environment on IDL

Set a date/time range for which data are loaded.
Load data

(Manipulate the loaded data)

Plot the data

AL TSN A
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How SPEDAS works?

In SPEDAS command lines,

prompt> 1d1

IDL> erg_init

FRG> timespan, '2017-06-16", 3

rrRG> thm_load_gmag, site='atha pokr’
(manipulate tplot variables)

rrG> tplot, [ '"thg_mag_atha', 'thg_mag_pokr' ]
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Set a date/time range

FRG> timespan, timestr, N, option
timestr :a string expressing a particular date/time
in UTC in the format of 'yyyy-mm-dd/hh:mm:ss'

N :number of time length (Default: 1)
option :unit (/day, /hour, /min, /sec, Default: /day)

For 1 day from 2017-06-16/00:00:00 UTC
ERG> timespan, '2017-06-16"

For 10 min from 2017-06-17/01:31:41 UTC
ERG> timespan, '2017-06-17/01:31:41', 10, /min
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Tplot variable as the primary data mode

» 'thg_mag_atha' in prev. page is called tplot variable.

» "Tplot variables" bind an indexed name-string to a
data structure on IDL containing time-series data

with metadata.

SPEDAS session Memory space of IDL

w —ﬂ - : time- [ ———
\. : A data 1 _

e

“— 7 #2 'tplot var. name 2'- .
data 2 @ a
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Listing tplot data & viewing the content

Exploration of energization

gl
and Radiation in Geespace

ERG> tplot_names

ERG> print_tinfo, 'thg_mag_pokr'

ERG> tplot_names
1 thg_mag_atha

2 thg_mag_pokr
ERG>

All tplot variables
are listed with
unique index
numbers

14

ERG> print_tinfo, 'thg_mag_pokr"

*** Variable: thg_mag_pokr

** Structure <26@9eb8>, 3 tags, length=5183976, data length=5183972, refs=1:
DOUBLE Array[259198]

FLOAT Array[259198, 3]

LONG Array[3]
Data format: [thg_mag_pokr_epoch, thg_mag_pokr_compno]
ERG> ]

The actual data structure bound to tplot variable
'thg_mag_pokr' is shown.

X: time array containing time labels in decimal UNIX time

Y: data array, in this case, a 2-D array of time x 3-components
V: array containing indices of the 3-components, [ 1,2, 3]
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Listing tplot data & viewing the content

Pa
% LU

Exploration of energization
«and Radiation in Geespace

ERG> tplot_names, 'thg_mag_atha', /verbose
FRG> tplot_names, 1, /v

@] @] 1. horit@rferg:2017 (idl)

ERG> tplot_names, 'thg mag atha', /verbose
1 thg_mag_atha
DQ = STRUCT = TPLOT_QUANT --(7 Tags/64 Bytes)-->
NAME = STRING = "thg_mag_atha'
DH = POINTER = <PtrHeapVar47>

*(DH) = *<PtrHeapVar47> = STRUCT = --(6 Tags/24 Bytes)-->

X = POINTER = <PtrHeapVar53>

*(X) = *<PtrHeapVar53> = DOUBLE[S18400] = [1.4975712e+09, 1.4975712e+09, 1.4975712e+09,

X_IND = LONG = 518400
Y = POINTER = <PtrHeapVar54>

*(Y) = *<PtrHeapVar54> = FLOAT[518400,3] = [14043.4, 14043.1, 14043.4, 14043.2, 14043.4,

Y_IND = LONG = 518400
v = POINTER = <PtrHeapVar55>

*(V) = *<PtrHeapVarS5> = LONG[3] = [1, 2, 3]

V_IND = LONG =3
LH = POINTER = <PtrHeapVar48>
*(LH) = *<PtrHeapVar48> = LONG =0
DL = POINTER = <PtrHeapVar49>

*(DL) = *<PtrHeapVar4%> = STRUCT = --(10 Tags/904 Bytes)-->
CDF = STRUCT = --(4 Tags/76@ Bytes)-->

FILENAME = STRING

/Users/horit/work/data/themis/thg/12/mag/atha/2017/thg_12_mag_atha_20170616_v01, cdf'

GATT = STRUCT = --(26 Tags/496 Bytes)-->

PROJECT
SOURCE_NAME
DISCIPLINE
DATA_TYPE
DESCRIPTOR
DATA_VERSION
PI_NAME
PI_AFFILIATION
TEXT
INSTRUMENT_TYPE
MISSION_GROUP
LOGICAL_SOURCE =
LOGICAL_FILE_ID STRING =
LOGICAL_SOURCE_DESCRIPTION = STRING =
netic Field at Athabasca, Canada, ©.5 sec, CARISMA network'
TIME_RESOLUTION = STRING =
RULES_OF_USE = STRING =

STRING =
STRING =
STRING[2]
STRING
STRING
STRING
STRING
STRING
STRING
STRING =

STRING

N
~

15 ==

"THEMIS'

"THG_L2>THEMIS Ground Based Observatory'
C...J

MAG'

'ATHA>Athabasca, Canada'

"

THEMIS Ground Based Observatory part of the THEMIS GBO effort’
Ground-Based Magnetometers, Riometers, Sounders'

STRING[2] = ['THEMIS', 'Ground-Based Investigations']

"thg_12_mag_atha'
thg_12_mag_atha_20170616_v01"

'Higher latitude chain (Lat 54.7, Long 246.7), Ground-based Vector Mag

'9.5s'
'Open Data for Scientific Use'
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using the data.
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ploration of energi:
and Radiation in Geespace

Plotting a tplot data by tpolot

Tplot with tplot variable names (string)
ErG> tplot, 'thg_mag_atha’
ErG> tplot, [ 'thg_mag_atha' , 'thg_mag_pokr' ]

Tplot with the index number of a tplot variable

ERG> tplot, 1

With an array of variable indices to combine multiple variable in a single plot window
ERG> tplot, [2,1]

Some wildcards can be used -
ERG> tplot, 'thg_mag_*' P |
Tplot accepts variables as £
arguments in various formats. o H
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Decorate the plot panel for each tplot variable™

options, varname, optionl='.."', optionZ2='..",
varname: tplot variable name (wildcards accepted)
option?: name of tplot variable attribute

ERG> options, 'thg_mag_atha', ytitle='ATHA geomag' , ysubtitle='[nT]'
ERG> options, 'thg_mag_?7777', labels=[ 'H-comp', 'D-comp', 'Z-comp' ]
rrG> tplot, 'thg_mag_atha'

X/ IDL O
6x10 I I I I (—_\
5310 = P
g o E
£ = E
- = 3
=
10t =
ytitle, - e
ysubtitle £ .. o o L R . 4 Heome
i N~/
E labels
—1x10*E | | ] | =
Date 18 17 18 19

2017 Jun
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Exploration of energization
and Radiation in Geespace

Separate a tplot variable with vector data

ErG> split_vec, 'thg_mag_atha'

STORE DATA(264): Creating tplot varilable: 3 thg mag atha X
STORE DATA(264): Creating tplot variable: 4 thg mag atha y
STORE DATA(264): Creating tplot varilable: 5 thg mag atha z

ERG> tplot, 'thg_mag_atha_?'

X/ IDL O

1.43x10*E
1.42x10*E

9

eoma

— 1.41x10*E
— E

g

(=

split vec takes a tplotvariable | =

1.39x10*E

with vector or array data to e

create new tplot variables E A ;
c —5005—‘”\&%} M \\\/Ez D—comp

FRTL TERTTIET oW ARYECRT ORI

ATH

|
+
o
=]

I

ATHA geormnag
[nT]

containing each component of -sf
the vector/array data. (o

5.56x10* & -
5.55x10*E- =
5.54x10* WW Z—comp
5.53x10% & :
5.52x10*E- .

1 L 1 L L L

5.51x10% . . . . .
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ATHA geomag
[nT]
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2017 Jun
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Exploration of energization
«and Radiation in Geespace

Change the time range of a plot

Select a time period by mouse-clicks on the plot window
ERG> tlimit

Specify a time period explicitly
ERG> tlimit, '2017-06-16/00:00' , '2017-06-17/00:00'

Back to the last plot period .
FrG> tlimit, /last S

1.43x10* g
1.42x10*E
1.41x10*E

2 H—comp

Restore the original plot period

that was set by timespan
ERG> tlimit, /full

ATHA geomag
[nT]

1.40x10%

1.39x10% E

138x10%E L . . .
e e e

A

o

(=)

w
!

557x{QE T T T T T T T

5.56%10*E -
5.56x10*E-

5.54x10*E £ Z-comp
5.53%10*E E
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5.51x10* S S S S S S SRS
Dano
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[nT]
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» NG

Exploration of energizal
and Radiation in Geespace

Change the vertical scale of a plot

ylim, varname, ymin, ymax, logflag
varname : variable name(s)

ymin/ymax : lower/upper limit along vertical axis
set both to 0 (zero) for plotting with auto-scale

logflag: set 0 (zero) for plotting on a linear scale, or 1 for a log scale

ERG> ylim, 'thg_mag_atha_x', 13950,14050, 0
ERG> tplot

1.41010°F

g‘ 1.405%10* 2

Zoomed in a more limited UE 1400010
%q F

= oF
T 1.395x10F

range in the vertical scale.

—400

= H—comp

T'pS: 557X10%E ~ T
. . o 5.56x10%E
Putting O for both ymin and ymax 2 Cenor
sets the y range to auto-scale. S f [P
ERG> ylim, 'thg mag atha x', 0, 0 | % ssuacb
- - - 5.51x10% :
0Qoo

hhrmm 0Qo0 0800 1600
2017 Jun 16 Jun 17
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Dump to png, postscript, and Ascii files

To a png file or postscript file

ERG>

CWD (25) :

ERG>
ERG>

ERG>
ERG>
ERG>

cwd

tplot,
makepng,

popen,
tplot
pclose

"atha_plot'

"atha_plot'

/Redo the last plot

, 2 atha_plot.ps

;Display the current directory
Directory changed to:

"thg_mag_atha_7?'

/YYYY/XXXX

;=2 atha_plot.png

Pa
» L1NU

Exploration of energization
«and Radiation in Geespace
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Dump the data content of a tplot variable to a Ascii-file

ERG> tplot_asciti,

21

"thg_mag_atha’

;-->thg_mag_atha.txt, thg_mag_atha_v.txt

oval:Pictures horit$ cat thg_mag_atha.txt
2017-06-16/00:00:00.
2017-06-16/00:00:00.
2017-06-16/00:00:01.
2017-06-16/00:00:01.
2017-06-16/00:00:02.
2017-06-16/00:00:02.

2017-06-16/00:00:03.
2017-06-16/00:00:03.
2017-06-16/00:00:04 .
2017-06-16/00:00:04.
2017-06-16/00:00:05.
2017-06-16/00:00:05.
2017-06-16/00:00:06.
2017-06-16/00:00:06.

000
500
000
500
000
500
000
500
000
500
000
500
000
500

SPEDAS trainin g e e

1

RPRPRRPRRPRRRERRR

.4043403e+04
1.4043136e+04
.4043402e+04
.4043237e+04
.40434006e+04
.4043156e+04
.4043414e+04
.4043179%e+04
.4043520e+04
.4043157e+04
.4043453e+04
.4043178e+04
.4043913e+04
.4043140e+04
.4043912e+04

-4.9043201e+02
-4.9049600e+02
-4.9044000e+02
-4.9054401e+02
-4.9041101e+02
-4.9058200e+02
-4.9044299%e+02
-4.9059399%e+02
-4.9045300e+02
-4.,9053601e+02
-4.9048700e+02
-4.9056900e+02
-4.9058099%e+02
-4.9050400e+02
-4.9054999%e+02

I
1600 0000
Jun 17

.5446332e+04
.5446160e+04
.5446324e+04
.5446152e+04
.5446402e+04
.5446164e+04
.5446363e+04
.5446164e+04
.5446367e+04
.5446152e+04
.5446316e+04
.5446137e+04
.5446355e+04
.5446137e+04
.5446410e+04

L0 I RO 0 RV R IO I RO B B, R, (R0 R, R |



SPEDAS manual viewed by web browsers

} Open o0e® < > i) @ file:/ [/ YOUR_SPEDAS_DIR/idl_spd_doc.html

SPEDAS SW Help for spdsw_r23801_2017-08-15
/YOUR_SPEDAS_DIR/idl/_spd_doc.ntMI 1., e was crste by the 101 vy soutine s sees. neses.
Wlth your Web browser to Vlew Last modified: Tue Aug 15 18:15:37 2017.
the automatically generated 3,A.B,.C,.D.E.,F,G.H,I,] ., K.L L M.N,O,P,Q.R,8,T,U.¥V, W .X.Y.Z.[._,
documents for SPEDAS Directories Searched:
rOUtI nes. extemnal/CDAWIib

extermnal/CDAWIib/jh
external/CDAWIib/twins
externallDL._GEOPACK
external1DL. GEOPACK /cxamples
extermnal DL, GEOPACK/ ]
external1DL. GEOPACK/t4s
external1DL._GEOPACK/189
extemnalIDL._GEOPACK/1%6
extenallDL._ GEOPACK trace
extemalIDL_ICY
external/developersioutliers_and_convolution
external/developers/solarwingd
external/mise
external/spdfodas
external/spdfedas/spd_cdawlib
external/spdfsse

general/CDF

general/cotrans
general/cotrans/aacgm
general/cotrans/lmn_transform
general/cotrans/special
generallcotrans/special/enp
general/cotrans/special/fac
general/cotrans/special/minvar
general/cotrans/special/rxy
general/cotrans/special/sse
generallexamples
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Basics of SPEDAS:
Various filtering routines for tplot data
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Subtract the mean level - tsub_average -

tsub_average, 'varname'
varname: tplot variable names or index numbers

rrRG> del_data, '"*'

ERG> timespan, '2017-06-16" Remove all tplot variables and reload the data
LRG> thm_load_gmag, site='atha'

ERG> tsub_average, 'thg_mag_atha'

rrG> tplot, ['thg_mag_atha', 'thg_mag_atha-d' ]

=200

SE0E

hhrmm 0000 0800 1600 0000
2017 Jun 16 Jun 17
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boxcar-average data — avg_data -

avg_data, 'varname', timebin
varname: tplot variable names or index numbers

timebin : atime window in sec with which the boxcar-averaging is applied to the data

ERG> avg_data, 'thg_mag_atha-d', 1000.

STORE DATA (264) : Creating tplot variable: 3 thg mag atha-d avg

ErRG> tplot, 'thg_mag_atha-d*'

The data boxcar-
averaged with a time
bin of 1000 second

As a result, the number of data points | £ °¢
is reduced to every 1000 s. -o0f

)

— deﬂf;\gcﬂéi\;/

1 1 L L 1 13
N
N

/ Wz
I g
e
73

v
IV e L e

3 H

hhrmm 0000
2017 Jun 16

0800 1600

0000
Jun 17
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Exploration of energization
and Radiation in Geespace

Smoothing data — tsmooth_in_time -

tsmooth_in_time, 'varname', timebin
varname . tplot variable name(s)
timebin :time window in second for running average

ERG> tsmooth_in_time, 'thg_mag_atha-d', 1000.
FRG> tplot_names

m2mtﬁa:mag_atha—d

m4mtﬁa:mag_atha—d_smoothed
ErG> tplot, [ 2 , 4 ] oo

The data is running-averaged with a
time window of 1000 second. We can
use this as a rough low-pass filter.

Note that the number of data points £
iS Conserved, hhmmiz)c'[)DOE)OI T ‘DE‘DOI — I’\B‘OG‘ — ‘D<;DO

2017 Jun 16 Jun 17
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Exploration of energization
«and Radiation in Geespace

High-pass filter in time - thigh_pass_filter -

thigh_pass_filter, 'varname', timebin
varname : tplot variable name(s)
timebin : time window in second for running average

ErG> thigh_pass_filter, 'thg_mag_atha-d', 1000.
ErRG> tplot_names

X/ IDLO

m2mtﬁa:mag_atha—d

WSWtHa:mag_atha—d_hpfilt
ErG> tplot, [ 2 , 5 ]

Time variations with periods shorter

than 1000 sec are shown. \ wooé

Actually this command just subtracts i
the low-pass-filtered values derived P
with tsmooth_in_time from the B S
original data, not uses any digital 237 1o o - sim 17
filtering process such as FFT.
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Basics of SPEDAS:
Frequency analysis of tplot data
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Exploration of energization
and Radiation in Geespace

Dynamics spectra - tdpwrspc-

tdpwrspc, 'varname'
varname : tplot variable name(s)

ErRG> tdpwrspc, 'thg_mag_atha-d'
ERG> tplot_names

WSWtEa:mag_atha—d_hpfilt

X/ IDL O

m9mtEg:mag_atha—d_x_dpwrspc
ErG> tplot, [ 5, 9 ]

FFT with the hanning window
is applied to derive dynamic
frequency spectra of the data.

T (/e

thg_rmag_notha—d_x_dpwrspc

0.001

hhmm 0000 0800 1600
2017 Jun 16
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Exploration of enel

and Radiation in Geespace

» L ik

Wavelet analysis - wav_data -

wav_data, 'varname'
varname . tplot variable name(s)

rrc> split_vec, 'thg_mag_atha-d' wav_data accepts data with less than 32768
5 & samples. The number of data points is

ARG @VELEEee, ERgTeg aEne gl T reduced as done with avg_data in this case.

ERG> wav_data, 'thg_mag_atha-d_x_avg'
STORE DATA(264): Creating tplot variable: 13 thg mag atha-d x avg wv pow
ErG> tplot, 'thg_mag_atha-d_x_avg*'

X/ IDLO

ERG> zlim, 13, 100, 1000000, 1 T
ERG> tplot, 'thg mag atha-d x avg*' =

Wavelet analysis is applied to
derive dynamic spectra of the data.

zlimis similar to "ylim"
command, but set the lower/upper  |.s::2
limit of the color scale for a |
spectrum-type plot.

hhmm 0000
2037 Jun 16
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Other information sources for SPEDAS

» SPEDAS wiki
http://spedas.org/wiki/index.php?title=Main_Page
User's guide, Plug-in developer's guide, tips and tricks, The list of available crib sheets,

» Change log of the source repository for the bleeding edge of SPEDAS
http://spedas.org/changelog/

» Crib sheets for TPLOT in Your_SPEDAS_dir/idl/general/examples/

crib_tplot.pro -- basic tplot intro

crib_tplot_annotation.pro -- How to control annotations in tplot (labels, text,
etc...)

crib_tplot_export_print.pro -- How to export tplot data and tplot plots
crib_tplot_layout.pro -- How to control tplot plot layouts
crib_tplot_range.pro -- How to control the range and scaling of tplot plots
crib_tplot_ticks.pro -- How to control tplot plot ticks. (location, size, etc...)
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Sample cases of ERG data analysis
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Data analysis: -
3-day plot of XEP data and geomag. indices

ERG> timespan, '2017-06-16', 3, /day

b
ERG> erg_LlLoad_hep, datatype='omniflux'
ERG>omni_hro_Lload, /res5min

ERG>tplot, [ 'OMNI_HRO_Smin_SYM_H' , "OMNI_HRO_5min_AL_INDEX'
'erg_hep_ TZ_FEDO_*" ]

H

X/ IDLO

=

L i (LT BTl 17
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Onboard instrument data:
Coordinate transformation of MGF data

Coordinate transformation (SGA, SGl, DSI, J2000)

From J2000 to the geophysical coordinates > using “cotrans”

ERG> timespan, '2017-03-28' & erg_load_orb & erg_load_mgf

ERG>erg_cotrans, 'erg_mgf_l12_mag_8sec_dsi', 'mgf_j2000',
in_coord="dsi', out_coord="'7j2000"

Coordinate transformation (SM<-->J2000)
ERG> spd_cotrans, 'mgf_j2000', 'mgf_gsm', in_coord='j2000', out_coord="gsm'
ERG> tplot, ['mgf_gsm', 'erg_orb_l12_pos_blocal']

|X| IDL O

7
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Data analysis:
Frequency analysis of MGF data

Exploration of energization
and Radiation in Geospace

Please prepare a tplot variable "mgf sm" containing the magnetic field
vectors in SM coordinates for March 28 (hint: See the prev. page!)

ERG> timespan, '2017-03-28', 1, /day

RG> tdpwrspc, 'mgf_sm’
RG> wav_data, 'mgf_sm_z’

ERG> tplot, "'mgf_sm_z*'

T 5
]
|10t =

{10z =

rngf_sm_z_dpwrspe

Use tlimit to zoomin a
period between perigee
points!

1040

35 SPEDAS training session, ERG particle data WS @Tohoku Univ.  Sep. 20, 2018



Onboard instrument data:
Level-2 particle omni-flux data

Exploration of energization
and Radiation in Geospace

;5 Set the time span

timespan, '2017-04-19" b - l IW} F 1
;; Load data B mooﬂ L_ l u‘ E 12“‘%
erg_load_xep, datatype='omniflux' o, TEET TR TETET T mf?
erg_load_hep, datatype='omniflux' ey [ 3y = A he
erg_load_mepe, datatype="'omniflux’ 2E75= L ] E:%
erg_load_lepe, datatype='omniflux' i : : :l &
erg_load_mepi_nml, datatype='"omniflux’ e E | et
erg_load_lepi_nml, datatype='omniflux' BEsss wo;,._‘h\‘i_-t_ﬂ]‘ .‘Mlml
tplot_names ; : : TR0
- e N e
o 7o B 1 I pos o
tplot,[ 'erg_xep_12_FEDO_SSD', $ Sip S : .] lt 100k
"erg_hep_12_FEDO_H', 'erg_hep_12_FEDO_L', $ 0 | Mk 82
'erg_mepe_12_omniflux_FEDO', $ s

'erg_lepe_12_omniflux_FEDO', $
"erg_mepi_l12_omniflux_FPDO', $
'erg_lepi_12_omniflux_FPDO' ]

g - 1002— h I{! | ‘El-m:%’
020 E I 10 5
5}§§3 . Iﬁ ‘ ".'Ih 0lf10*d

o b= 1| 1w 3 £

w L | 10

Y 10F ] #in 4 S

: _ ____ S| Rt

F k T #

2 10.00 { '! lme%T
o F U 4 \ 3

QS8ET 100p .Mi " iy | A [froe ]
o} E bt R i 3

TRy @
g~ C |
&= oaof ! Iw‘%
= 2 X
001k 4 . i 107~
hhmm 000 0800 1600 0000
2017 Apr 19 Apr 20

36 SPEDAS training session, ERG particle data WS @Tohoku Univ.  Sep. 20, 2018



Change the time range of a plot: #imit

Select a time period by mouse-clicks on the plot window
ERG> tlimit

Specify a time period explicitly
ERG> tlimit, '2017-04-19/00:00' , '2017-04-19/08:00'

Back to the last plot period - ‘ —
ErG> tlimit, /last ! y "] -EH
1000 EE G | e - e R — % oA

1000

FEDO_SSD

Lv2 ERG XEP
Ener
[ke\?]y Energy [kev]

Restore the original plot period

that was set by timespan s ‘M i
. . gﬂﬁ\i 100 g b‘ Ik h _‘ -
ERG> tlimit, /full = - \

100 =

_arT%YfZ—Z1ris}—Ke\ﬂ?Lstr—sLA(gvf—str—s— kev]

3
gty -ar e o

[1/ke;—;r:§#2m£}:2:5r

mm 0000 0200 0400 Q600 0800
17 Apr
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Onboard instrument data:
Add MGF data with /add keyword

Load MGF data and add it to the pre-existing particle plot

ERG>erg_load_mgf, uname=uname, pass=pass
ERG> tplot, 'erg_mgf_l12_mag_8sec_sm' , /add

ES

z
mag
Bsec
sm
(]
=
m
N

XX X XX
[ R )
(3

P

mu-m W -

1000

o
X

N

=

10%
1d

str s—keV]

ERG XEP
FEDO_SSD
Energy [kev] |,

10‘1

Lv2
Ener.
[ke

HEP—H

100

1000

WoLMHJ"' | S

Lv2

ey

(&ﬁ *".W OB .l. HW‘ ‘." e LV

omniflux  omniflux

HEP-L

H
=7,
H
H
i
[
H

. Y
mrm 0000 Q200 0400 Q0800 080D §
=
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Orbit data:
Set time range and load ERG orbit data

Exploration of energization
«and Radiation in Geospace

Setup the time range ('YYYY-MM-DD/hh:mm:ss’)

ERG> timespan, '2017-03-28/00:00:00° ,3,/day
ERG> erg_load_orb
ERG> tplot_names

(*) Using the IGRF model

tplot_names

erg_orb_12_pos_iono_south
erg_orb_12_pos_blocal
erg_orb_12_pos_blocal_mag
erg_orb_12_pos_beq
erg_orb_l12_pos_beq_mag
erg_orb_12_pos_Lm
erg_orb_12_vel_gse
erg_orb_12_vel_gsm
erg_orb_12_vel_sm
erg_orb_12_spn_num
erg_orb_12_man_prep_flag
erg_orb_12_man_on_flag
erg_orb_12_eclipse_flag

100 km altitude in the northern/southern hemisphere

ergloroiizinostgse pos_gse/gsm/sm s/c position [Re] in GSE, GSM, SM coordinates

2 erg_orb_12_pos_gsm pos_rmlatmlt Radial distance [Re], magnetic latitude [deg], local time [hr]
3 erg_orb_12_pos_sm of s/c position

4 erg_orb_12_pos_rmlatmlt - .

5 erg_orb_12_pos_eq pos_eq s/c position mapped to the magnetic equator

S erg_orb_12_pos_iono_north pos_iono_north/south Geographic latitude and longitude [deg] of s/c footprints at
8

(o]

pos_blocal / blocal_mag model B-field vector (blocal) and B-field strength
(blocal_mag) [nT] at s/c position

10

=
=

pos_beq / beq_mag model B-field vector (beq) and B-field strength (beq_mag)
[nT] at s/c position mapped to the magnetic equator

=
N

=
w

pos_Lm Mcllwain's L-parameter of s/c position for pitch angles of
90, 60, and 30 deg

=
0

=
(=2}

vel_gse/gsm/sm s/c orbital velocity [km/s] in GSE, GSM, and SM

=
~

5
(e3EP 11QIO Z-[2A87T DYT Sueaw ,z[ q4o 813,)

man_prep/man_on/eclipse flag for maneuver preparation (man_prep), maneuver
flag_ - on/off (man _on), and solar eclipse (eclipse)

=
O
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I I Jawd.

Definitive orbit as a time series plot: tp/ot,
Lolotxy

Plot orbit time series data

ERG> tplot, 'erg_orb_l12_pos_gsm'

Plot orbit data in the X-Y plane.

ERG> tplotxy, 'erg_orb_l12_pos_gsm'

7

40 SPEDAS training session, ERG particle data WS @Tohoku Univ.

Sep. 20, 2018



Separate a tplot variable with vector data:
SpIit vec

ERG> split_vec, 'erg_orb_l2_pos_rmlatmlt’
STORE_DATA(264): Creating tplot variable:
STORE_DATA(264): Creating tplot variable:
STORE_DATA(264): Creating tplot variable:

rrG> tplot, 'erg_orb_12_pos_rmlatmlt_7'

split_vec takes a tplot variable

with vector or array data to qgﬁmmwm a
create new tplot variables ot | ]

containing each component of T
the vector/array data. NV

Date
2222222

41 SPEDAS training session, ERG particle data WS @Tohoku Univ.  Sep. 20, 2018



Orbit data:
Insert orbit values below a time-series plot

ERG> set_erg_var_Ldbel Using subroutine to add labels
ERG> tplot ;just type "tplot" to replot the previous panels (Lm,MLT,MLAT) with time

A . )

Explomﬁcld'oim, ization

and Radiation in Geospace
fac oron 1o

ERG>split_vec, 'erg_orb_l2_pos_rmlatmlt’'
ERG>options, 'erg_orb_l12_pos_rmlatmlt_x', ytitle='R'
ERG>options, 'erg_orb_l2_pos_rmlatmlt_y', ytitle="MLAT' An example to add
ERG>options, 'erg_orb_l2_pos_rmlatmlt_z', ytitle="MLT' new labels

ERG> tplot_options, var_label=['erg_orb_l2_pos_rmlatmlt_z',
'erg_orb_12_pos_rmlatmlt_y', "erg_orb_l2_pos_rmlatmlt_x"]

ERG> tplot

(R,MLAT,MLT)

(Lm, MLAT, MLT) (R, MLT, MLAT)
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Appendix 1:
Access the data structure in a tplot variable and
Create a new tplot variable (get_data, store_data)
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Pa
» LINU

Exploration of energization
and Radiation in Geespace

Access the data structure in a tplot variable —#

- get_data -

ERG>get_data, 'thg_mag_atha', data=data, dlimits=dlimits, lim=l1im
data: the data structure is stored

dlimits: most of metadata are stored
1im; some plot properties are stored

ERG> help, data.x , data.y

ERG> help, data
** Structure <272b308>, 3 tags, length=3456016,

ERG> help, dlimits
** Structure <382fa@8>, 10 tags, length=904, data length=890, refs=8:

CDF STRUCT -> <Anonymous> Array[1]
DOUBLE Array[172800] SPEC BYTE )
FLOAT Array[172800, 3] IESEORS ?EE Ar‘r'gy[3]
LONG Array[3] CONSTANT FLOAT 0.00000
LABELS STRING Array[3]
n n LABFLAG INT 1
get_data" extracts the data N
structure of a tplot variable and VTITLE STRING ~"atha’

DATA_ATT STRUCT -> <Anonymous> Array[1]

saves in a structure "data" of IDL . _ o
session in the above case, so that The information on the original CDF

users can access them by referring ~ data file (CDF) and metadata, and
to as "data.x" or "data.y", for various plot properties are extracted
example. into a structure "dlimits".

44 SPEDAS training session, ERG particle data WS @Tohoku Univ.  Sep. 20, 2018



Create a new tplot variable
- store_data -

ERG> store_data, 'varname' , data = { x:timearr, y:datarr }

varname: hame of a newly created tplot variable
timearr: 1-D array containing time values in SPEDAS time of time-series data

u:nu

Exploration of energization
dR diation G ospa

datarr: 1-D or 2-D array containing the data values of time-series data. The size of 1st
dimension should be identical to that of timearr.

» SPEDAS time is the UNIX time in double-precision floating-point values. UNIX time
is the elapsed second since 00:00 UTC on January 1, 1970.

» Usually we use time_double() function to calculate a SPEDAS time value from a
time string such as '2017-06-16/12:30:00",

> ?PEDAS time values can easily be converted to time strings with time_string()
unction.

ERG> timestr="2017-06-16/12:30:00"
ERG> spedastime = time_double( timestr ) [N

ERG> print, spedastime http://spedas.org/wiki/index.php?title=Time_handling
1.4976162e+09 for more details of the time handling in SPEDAS.

ERG> print, time_string( spedastime )
2017-06-16/12:30:00
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Appendix 2.
Various options for SPEDAS use
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Options for SPEDAS use

» Using SPEDAS source code

All SPEDAS IDL source code including both the command-line tools
and graphical user interface (GUI) tools.

To use it, you need to have IDL installed with a proper license.
The latest plug-ins can be used by installing by yourself.
Users can develop, edit, and run their own scripts.

» Using SPEDAS save file
binary files working with the IDL virtual machine (IDL-VM) environment
IDL-VM can be downloaded for free from Exelis/Harris Geospatial.
No command-line tools: only GUI is available.

only plug-ins implemented to the save file are available for use. Some
latest plug-ins may not be included yet.

» Using SPEDAS executable files

A package bundling IDL-VM and the SPEDAS save file, basically
equivalent to the above.

» We use the source code version in this training session.
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