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Fig 6. The Minimum pre-preprocessing method

Median Visualization: This function takes the median for each date with 234

observations. It suffers from the same problem like the Mean Visualization with the 235

exact same dates that have less measurements, as seen in Fig. 7. The spike seen are 236

caused and can be directly traced back to the number of readings we have on that day. 237

In all other cases we have 52 to 53 readings for a full overpass whereas whenever the 238

time series has a visible spike the cause is the small number of readings because the 239

satellite had an incomplete pass. That is what we define as “artificial anomalies”. 240
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Fig 7. The Median pre-processing method

User Defined Mean: As it is understood from 7 and 5 , some satellite passes 241

will only provide a few readings due an incomplete overpass. The user selected mean 242

gives the user the ability to select how many data points they want to aggregate per 243

each day and evaluate the time series for artificial anomalies visually. It is a form of 244

global mean that applies to every Grid. However, if this mean is higher than the 245

available measurements within a Grid’s date then this smaller number, that represents 246

the smallest amount of readings available in this date, is selected instead of the user 247

selected mean. The time series can be seen in Fig. 8. The default value is 5. 248

PLOS 8/20



Median visualization of SWARM A 
VFM data

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

03
-F

eb
-2

01
5

B 
(n

T)

×104

3.9

4

4.1
Grid 1

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

B 
(n

T)

×104

3.8

4

4.2
Grid 2

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

03
-F

eb
-2

01
5

B 
(n

T)

×104

3.9

4

4.1
Grid 3

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

03
-F

eb
-2

01
5

B 
(n

T)

×104

3.7

3.8

3.9
Grid 4

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

B 
(n

T)

×104

3.75

3.8

3.85
Grid 5

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

03
-F

eb
-2

01
5

B 
(n

T)

×104

3.7

3.8

3.9
Grid 6

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

03
-F

eb
-2

01
5

B 
(n

T)

×104

3.66

3.68

3.7
Grid 7

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

B 
(n

T)

×104

3.6

3.7

3.8
Grid 8

Dates

01
-A

pr
-2

01
4

29
-A

pr
-2

01
4

27
-M

ay
-2

01
4

24
-J

un
-2

01
4

22
-J

ul
-2

01
4

19
-A

ug
-2

01
4

16
-S

ep
-2

01
4

14
-O

ct
-2

01
4

11
-N

ov
-2

01
4

09
-D

ec
-2

01
4

06
-J

an
-2

01
5

03
-F

eb
-2

01
5

B 
(n

T)

×104

3.6

3.7

3.8
Grid 9

Minimum

Fig 6. The Minimum pre-preprocessing method

Median Visualization: This function takes the median for each date with 234

observations. It suffers from the same problem like the Mean Visualization with the 235

exact same dates that have less measurements, as seen in Fig. 7. The spike seen are 236

caused and can be directly traced back to the number of readings we have on that day. 237

In all other cases we have 52 to 53 readings for a full overpass whereas whenever the 238

time series has a visible spike the cause is the small number of readings because the 239

satellite had an incomplete pass. That is what we define as “artificial anomalies”. 240
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Fig 7. The Median pre-processing method

User Defined Mean: As it is understood from 7 and 5 , some satellite passes 241

will only provide a few readings due an incomplete overpass. The user selected mean 242

gives the user the ability to select how many data points they want to aggregate per 243

each day and evaluate the time series for artificial anomalies visually. It is a form of 244

global mean that applies to every Grid. However, if this mean is higher than the 245

available measurements within a Grid’s date then this smaller number, that represents 246

the smallest amount of readings available in this date, is selected instead of the user 247

selected mean. The time series can be seen in Fig. 8. The default value is 5. 248
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Mean visualization of SWARM A 
VFM data
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Fig 8. The user defined pre-processing method

HeatMap: The notion of average is different when the user selects the heatmap 249

function. The heat map function only uses one value per each date and that is the 250

mean. The user selects the value of the second mean meaning how many dates will the 251

algorithm aggregate. The usefulness of the heat map is based on the mean number the 252

user sets. Fig. 9 shows how the heatmap represents different EM intensity levels in each 253

grid and how it helps visually detect intensity variations in the investigated region. Due 254

to the limitations imposed by the orbital paths of the satellites there are many dates 255

within the grids that have no data. A small aggregation value will have many empty 256

valued cells. Selecting a larger mean value will have less empty cells and will give a 257

better overall picture of the difference between dates. The heatmap function helps the 258

user understand the EM variations per aggregation basis. 259

Fig 9. The Heatmap created with the default value of 5 days overlayed with the region
under investigation

Not all methods provide an accurate time series representation. Before we apply an 260

AD method to the time series sequence we must verify that the selected representational 261
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Planetary Kp-index



Red: CE; black: Fuzzy; blue: D-SAX; green: 
SAX for Swarm A



Red: CE; black: Fuzzy; blue: D-SAX; green: 
SAX for Swarm B



Red: CE; black: Fuzzy; blue: D-SAX; 
green: SAX for Swarm C



An architecture of neural networks

2( , ) exp[ || || ]i if x c x cb= - -

Sum of input and weights is 
propagated to the “neurons” in the 
hidden layer where an activation 
function f is then executed below







Difference between training and testing



summary
Ø Considerable amount of electromagnetic variations observed by 

satellites might be due to external perturbations, rather than 
linking with the effects of potential earthquakes

Ø The geomagnetic indices: Kp, ap, etc. should be considered to 
distinguish whether detected anomalies are associated with the 
seismo-ionospheric anomalies rather than solar activities

Ø What impact of International Geomagnetic Reference Field 
(IGRF) is in seismic anomaly detection, differences calculated 
between the measured magnetic field value and the predicted 
one from the IGRF model will be used

Ø Quality of geomagnetic time series data generated would be 
extremely important factor for determining seismic anomalies



Summary (cont’d) 
Ø The creation of an accurate model (deep learning) of 

anomaly detection for Swarm satellite data could be 
transferred for analyzing CSES data

Ø Comparative studies across three data sources is on the 
way



Thanks for your attention

Questions?


