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Supplementary Materials: Dynamic Image Representation in a
Spiking Neural Network Supplied by Astrocytes
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S1. Cases with numbers from database MNIST
S1.1. Number 0 from database MNIST
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Figure S1. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 0 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I;5jse, changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S2. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 0 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I,,5js., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S3. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S1 and Figure S2 with an image 0 from
handwritten database MNIST [1] fed to a spike neural network with an increase in the amplitude,
Ajoise, of the noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic
modulation (blue dots and curve) and with astrocytic modulation (red dots and curve).
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51.2. Number 1 from database MNIST
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Figure S4. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 1 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I;;5jee, changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S5. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 1 from handwritten database MNIST [1] when the amplitude, A,,;s,, of the noise
current, I,5js., changes from 0 to 6 with modulation of neuronal activity by astrocytes.


https://doi.org/10.3390/math11030561

Mathematics 2023, 11, 561. https:/ /doi.org/10.3390/math11030561

54 of S56

MSE

N
o
S

w
o
S

=
o
S

Volume, arb. units
N
[=]
o

Volume, arb. units
o o
o (=]
o o
N w

0.3

0.2

0.1

Volume, arb. units

o
o
=
15)

5 0.005

o
=3
o
S

Volume, arb. units

units

arb

Volume

Volume, arb. units
e N
o w o

v

—
o © =)

Volume, arb. units
S~

Volume, arb. units

-15.0
-17.5

|
N
o
o

=225
-25.0

RMSE

« No astrocyte modulation
s Astrocyte modulation

Figure S6. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 54 and Figure S5 with an image 1 from
handwritten database MNIST [1] fed to a spike neural network with an increase in the amplitude,
Ajoise, of the noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic
modulation (blue dots and curve) and with astrocytic modulation (red dots and curve).
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51.3. Number 2 from database MNIST
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Figure S7. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 2 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I;;5jee, changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S8. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 2 from handwritten database MNIST [1] when the amplitude, A,,;s,, of the noise
current, I,5js., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S9. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 57 and Figure S8 with an image 2 from
handwritten database MNIST [1] fed to a spike neural network with an increase in the amplitude,
Ajoise, of the noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic
modulation (blue dots and curve) and with astrocytic modulation (red dots and curve).
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51.4. Number 4 from database MNIST
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Figure S10. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 4 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I;;5jee, changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S11. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 4 from handwritten database MNIST [1] when the amplitude, A,,;s,, of the noise
current, I,5js., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S12. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S10 and Figure S11 with an image 4 from
handwritten database MNIST [1] fed to a spike neural network with an increase in the amplitude,
Ajoise, of the noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic
modulation (blue dots and curve) and with astrocytic modulation (red dots and curve).
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51.5. Number 6 from database MNIST
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Figure S13. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 6 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I;;5jee, changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S14. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 6 from handwritten database MNIST [1] when the amplitude, A,,;s,, of the noise
current, I,5js., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S15. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S13 and Figure 514 with an image 6 from
handwritten database MNIST [1] fed to a spike neural network with an increase in the amplitude,
Ajoise, of the noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic
modulation (blue dots and curve) and with astrocytic modulation (red dots and curve).
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51.6. Number 7 from database MNIST
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Figure S16. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 7 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I;;5jee, changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S17. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 7 from handwritten database MNIST [1] when the amplitude, A,,;s,, of the noise
current, I,5js., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S18. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S16 and Figure S17 with an image 7 from
handwritten database MNIST [1] fed to a spike neural network with an increase in the amplitude,
Ajoise, of the noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic
modulation (blue dots and curve) and with astrocytic modulation (red dots and curve).
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51.7. Number 8 from database MNIST
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Figure S19. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 8 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I;;5jee, changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S20. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 8 from handwritten database MNIST [1] when the amplitude, A5, of the noise
current, I,5js., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S21. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S19 and Figure 520 with an image 8 from
handwritten database MNIST [1] fed to a spike neural network with an increase in the amplitude,
Ajoise, of the noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic
modulation (blue dots and curve) and with astrocytic modulation (red dots and curve).


https://doi.org/10.3390/math11030561

Mathematics 2023, 11, 561. https:/ /doi.org/10.3390/math11030561 515 of S56

51.8. Number 9 from database MNIST

Anoise= 2.0

Anoise= 1.0

Anoise= 0.0

10 20

Anoise= 6.0

0 10 20 0 10 20

10 20

0

20

10

0
Figure S22. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 9 from handwritten database MNIST [1] when the amplitude, A,,;s., of the noise
current, I;;5jee, changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S23. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 9 from handwritten database MNIST [1] when the amplitude, A,,;s,, of the noise
current, I,5js., changes from 0 to 6 with modulation of neuronal activity by astrocytes.


https://doi.org/10.3390/math11030561

Mathematics 2023, 11, 561. https:/ /doi.org/10.3390/math11030561

516 of 556

MSE

Volume, arb. units
N
o
o

units
o
o
o
B

- 0.003

arb

- 0.002

Volume
o
[=]
o
2

0.3

0.2

0.1

Volume, arb. units

£ 0.0100

c
> 0.0075

arb

> 0.0050

0.0025

Volume

0.0000

Volume, arb. units

RMSE

N
o

—
w

=
o

v

Volume, arb. units

=
o

©

o

Volume, arb. units

o
w

o
N

o
e

Volume, arb. units

o
=)

|
—
o
o

-17.5
-20.0
=225

-25.0

« No astrocyte modulation
s Astrocyte modulation

Figure S24. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S22 and Figure 523 with an image 9 from
handwritten database MNIST [1] fed to a spike neural network with an increase in the amplitude,
Ajoise, of the noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic
modulation (blue dots and curve) and with astrocytic modulation (red dots and curve).
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S2. Cases with category from database Fashion-MNIST
52.1. Category 0 from database Fashion-MNIST
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Figure S25. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 0 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S26. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 0 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S27. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 525 and Figure S26 with an image
category 0 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).
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52.2. Category 1 from database Fashion-MNIST
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Figure S28. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 1 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S29. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 1 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S30. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 528 and Figure S29 with an image
category 1 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).
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52.3. Category 2 from database Fashion-MNIST
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Figure S31. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 2 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S32. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 2 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.


https://doi.org/10.3390/math11030561

Mathematics 2023, 11, 561. https:/ /doi.org/10.3390/math11030561 522 of S56

MSE RMSE
2 600 s 85 ¥
= £
> >
; ; 20
2 400 2
© ©
€ €
5 200 5
2 S 10
2 L12
£ 0.003 c
> > 10
<] ]
© 0.002 T 8
[ [
£ € 6
5 0.001 =4
(<] o
> S 4
206 o5
c =
205 S04
o o
2 2
© 04 © 03
[ (]
E 03 E 02
S So1
£ 0.004 il
& 0.003 5
& T —24
- 0.002 o
g g
5 0.001 E -2
S S 2 2
0 1 2 3 4 5 6
Anor‘se

« No astrocyte modulation
s Astrocyte modulation

Figure S33. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S31 and Figure S32 with an image
category 2 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).
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52.4. Category 3 from database Fashion-MNIST
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Figure S34. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 3 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S35. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 3 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S36. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S34 and Figure S35 with an image
category 3 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).
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52.5. Category 4 from database Fashion-MNIST
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Figure S37. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 4 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S38. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 4 from database Fashion-MNIST [2] when the amplitude, A,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S39. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S37 and Figure S38 with an image
category 4 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).
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52.6. Category 5 from database Fashion-MNIST
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Figure S40. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 5 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S41. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 5 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S42. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 5S40 and Figure S41 with an image
category 5 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).


https://doi.org/10.3390/math11030561

Mathematics 2023, 11, 561. https:/ /doi.org/10.3390/math11030561 529 of S56

52.7. Category 6 from database Fashion-MNIST
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Figure S43. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 6 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S44. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 6 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.


https://doi.org/10.3390/math11030561

Mathematics 2023, 11, 561. https:/ /doi.org/10.3390/math11030561 530 of S56

MSE RMSE
2 2
c 'E 20.0
g 400 g
o 8175
T 300 ]
g 200 QEJ 15.0
= S 125
g 100 g
2 0.012 2 A
= =
S 0.010 =] )
el el
&5 0.008 5 o
9 0.006 9
: £ -
= 0.004 =
Q o —
S S
%)
£0.25
c
=]
£
s 020
g
5015
(<]
>
i} 2
‘Z 0.0008 =
b S22
& 0.0007 S
© ©
. 0.0006 .-
o o 24
g 0.0005 g
S e
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Anaise Anoise

« No astrocyte modulation
s Astrocyte modulation

Figure S45. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 543 and Figure S44 with an image
category 6 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and
curve).
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52.8. Category 7 from database Fashion-MNIST
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Figure S46. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 7 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S47. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 7 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S48. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 546 and Figure S47 with an image
category 7 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).
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52.9. Category 8 from database Fashion-MNIST
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Figure S49. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 8 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S50. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 8 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S51. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 549 and Figure S50 with an image
category 8 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).
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52.10. Category 9 from database Fashion-MNIST
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Figure S52. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 9 from database Fashion-MNIST [2] when the amplitude, A,y;s,, of the
noise current, I,;,js., changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S53. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image category 9 from database Fashion-MNIST [2] when the amplitude, A,,y;s, of the
noise current, I,y;s., changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S54. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure 549 and Figure S50 with an image
category 9 from database Fashion-MNIST [2] fed to a spike neural network with an increase in the
amplitude, A,,y;s, of the noise signal from 0 to 6 supplied to the neurons of the neural network
without astrocytic modulation (blue dots and curve) and with astrocytic modulation (red dots and

curve).
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S3. Cases with numbers from database SVHN
53.1. Number 0 from database SVHN
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Figure S55. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 0 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S56. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 0 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.


https://doi.org/10.3390/math11030561

Mathematics 2023, 11, 561. https:/ /doi.org/10.3390/math11030561 538 of S56

MSE RMSE

o
5
o

o
'S
o

o
>
o

o
w
[

Volume, arb. units

0.0025

ts

; 0.0020

; 0.0015

0.0010

Volume, arb. un

s No astrocyte modulation
s Astrocyte modulation

Figure S57. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S55 and Figure S56 with an image 0 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.2. Number 1 from database SVHN
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Figure S58. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 1 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S59. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 1 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S60. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S58 and Figure S59 with an image 1 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.3. Number 2 from database SVHN
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Figure S61. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 2 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.

Anoise= 0.0 Anoise= 1.0 Anoise= 2.0

10
15
20

25

o

10
Anoise= 3.0

10 20
Anoise= 5.0

0 10 20

Anoise= 4.0 Anoise= 6.0

0 10 20 0 10 20 0 10 20 0 10 20

Figure S62. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 2 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S63. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S61 and Figure S62 with an image 2 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.4. Number 3 from database SVHN
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Figure S64. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 3 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S65. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 3 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.


https://doi.org/10.3390/math11030561

Mathematics 2023, 11, 561. https:/ /doi.org/10.3390/math11030561 544 of S56

2 2
c 800 215
=} =)
£ 8 25.0
5 600 CI
g £ .
5 400 5200
S L1715
2 2 s
£ =
S 0.004 3
2 2
@ 0.003 © 4
) )
€ 0.002 g2
= 2 . o =
] ° . Oy ~ go
0 1 2 3 4 5 6
Anoise
SSIM
(9] (9]
= . o o | o =
= s o . o« ° €020
o 0 =
e— 0.5 0 L] ‘E 0.15
© ©
; 5 0.10
V04 [
£ £
3 3 0.05
Lo3 S
£ 0.006 2 -25
c & ° ° c
= © L) . S
. 0 o o .
£ 0.004 ? ¢ (R~
© - © —27
) D O 9]
£ =5 ° . £ -28
3 0.002 s S ° . 2 5
o e o - o —
> >
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Anor’se Anoise

s No astrocyte modulation
s Astrocyte modulation

Figure S66. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S64 and Figure S65 with an image 3 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.5. Number 4 from database SVHN
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Figure S67. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 4 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S68. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 4 from database SVHN [3] when the amplitude, A,,y;s, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S69. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S67 and Figure S68 with an image 4 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.6. Number 5 from database SVHN
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Figure S70. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 5 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S71. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 5 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S72. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S70 and Figure S71 with an image 5 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.7. Number 6 from database SVHN
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Figure S73. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 6 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S74. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 6 from database SVHN [3] when the amplitude, A,,y;s, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S75. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S73 and Figure 574 with an image 6 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.8. Number 7 from database SVHN

Anoise= 2.0

Anoise= 1.0

Anoise= 0.0

20

25

10 20

10 20

Anoise= 4.0 Anoise= 6.0

0 10 20 0 10 20

10 20

0

20

10

0
Figure S76. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 7 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S77. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 7 from database SVHN [3] when the amplitude, A,,y;s, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S78. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S76 and Figure ?? with an image 7 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.9. Number 8 from database SVHN
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Figure S79. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 8 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S80. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 8 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S81. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S79 and Figure S80 with an image 8 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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53.10. Number 9 from database SVHN
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Figure S82. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 9 from database SVHN [3] when the amplitude, A,,y;s,, of the noise current, I,,,js.,
changes from 0 to 6 without modulation of neuronal activity by astrocytes.
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Figure S83. Changes in the spatial sweep of the spike neural network during the representation of
the supplied image 9 from database SVHN [3] when the amplitude, A,,y;s, of the noise current, I;;,jse,
changes from 0 to 6 with modulation of neuronal activity by astrocytes.
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Figure S84. The case of using a quality metrices (MSE, RMSE, UQI, PSNR, SSIM, SCC, VIFP, PSNRB)
for comparing raster diagrams of neural activity from Figure S82 and Figure S83 with an image 9 from
database SVHN [3] fed to a spike neural network with an increase in the amplitude, A,,;s., of the
noise signal from 0 to 6 supplied to the neurons of the neural network without astrocytic modulation
(blue dots and curve) and with astrocytic modulation (red dots and curve).
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