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- Our experience in low-frequency radio astronomy

- Motivation and challenges of sun and space weather
observations at low frequencies

- Modern low-frequency radio telescopes

- Real data of observations and possible ways to overcome the
challenges

- The idea of the project

- What has been already done

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges



Experience

X

11

LR
U A
. -Ax','l\y |\' l"'

Y
A

e A
o\




Experience

=
<

~
[
ks

v} f oSy
»

P
ST A

U4

i h:/‘ PPYn

M Ny




Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges




s

UTR-2 antenna array structure

55m>
Frequency range: 8 - 33 MHz r 4
N 1
Effective area: up to 150 000 sg. m. E —
2
Main beam HPBW: 0.5 sq. deg. s North | | £
arm S
2040 dipoles arranged into 3 arms and 12 >
subarrays. —
_ 48 m ) 475m |*
Antenna elements — fat dipoles of 8 m length { r Nl v e
for single linear polarization of EM waves. f: 12 [ on | 0 | s } §
- 901 m g

Interelement spacing is 7.5 m along NS axis
and 9 m along WE axis. -

UTR-2 South :

arm

Fully analog beamforming on true time-
delay lines.

Digital signal processing at radio telescope
output.
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Motivation

Solar sporadic radio emissions at low frequencies are very informative and
essential to observe all-day-round to monitor the processes on the Sun and
In the nearest surroundings up to 3 solar radii

The monitoring of interplanetary scintillations of point radio sources at low
frequencies is essential for space weather studies.
Detailed study of these emissions needs large instruments and much

observation time, which are limited...

We do our best to make our new GURT radio telescope as useful and
efficient as possible at low cost
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Problems to be solved

High brightness temperature of galactic background
emission
large sensitive radio telescopes with high spatial selectivity

Strong radio frequency interference (RFI)
large radio telescopes with high spatial selectivity
high system dynamic range to prevent saturation

much observation time at large instruments

simultaneous observations of multiple sources
(multiple digital antenna beams)
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Problem:

Solution:

Problem:

Solutions:

Problem:
Solution:

Problem:

Problems to be solved

High brightness temperature of galactic background
emission
large sensitive radio telescopes with high spatial selectivity

Strong radio frequency interference (RFI)
large radio telescopes with high spatial selectivity
high system dynamic range to prevent saturation

much observation time at large instruments
simultaneous observations of multiple sources
(multiple digital antenna beams)

Enormous data rates to process on-the-fly and / or
construction of new radio telescopes
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The best way*

Record raw digitized radio signals (waveform) from each single antenna of
large radio telescope and form as many beams as needed for all research

activities.

+ universal method
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The best way*

Record raw digitized radio signals (waveform) from each single antenna of
large radio telescope and form as many beams as needed for all research

activities.

+ universal method

* Impossible now (due to high data rates)
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The best way*

Record raw digitized radio signals (waveform) from each single antenna of
large radio telescope and form as many beams as needed for all research

activities.

+ universal method

* Impossible now (due to high data rates)

One ADC gives: 16 bit x 160 000 000 samples per second = 320 MB/s
or 1.152 TB per hour of observations

Full telescope give:
number of antennas in array x 2 linear polarizations x 1.152 TB per hour
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The Long Wavelength Array

Catching big waves with small blades

Location: New Mexico (USA)
Frequency range: 10 - 88 MHz
Telescope style: phased array
of 50 stations, each with 256
dipole antennas.

Collecting area: 1 sq. km.

www.lwa.unm.edu
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Square Kilometer Array

£ SKA Central Region B\ "\ \‘\\ g L R
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Dishes
Dense !

Aperture Arrays

Sparse
Aperture Arrays

5 km

»,....
B 28

P10 busrmuams Asmanarsy Pruoneon | .o

www.Sskatelescope.org

Location of Low frequency
aperture array stations:
Australia

Frequency range: 50 - 350 MHz
Telescope style: Phased array | =
Collecting area: 1,000,000 m?
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These radio telescopes try to do impossible:

- LOFAR LBA
most data are reduced on site during observations
uses only half of dipoles at station simultaneously
12-bit ADC which is not sufficient

- LWA1
most data are reduced on site during observations
uses all dipoles but there are only 512 dipoles built

- SKA
just a project now, has pathfinders

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges
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NenuFAR

NenuFAR - New Extension in Nancay Upgrading LOFAR

Number of antennas : 1938 = 96 core + 6 remote MA of 19 antennas each
Frequency range : 10 -85 MHz (A =3.5-30 m)

Time-Frequency resolutions : 6f=195.3125 kHz x 6t=5.12 us

Full polarization (4 Stokes)

Effective area: from ~83 000 m2 at 15 MHz to ~7 500 m2 at 85 MHz the core
from ~88 000 m2 at 15 MHz to ~8 000 m2 at 85 MHz core+remote MA

Pointing : from declination & = -23° to 6 = +90°

Field of View : ~46° (1650°2) at 15 MHz to ~8° (51°2) at 85 MHz

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges
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Giant Ukrainian Radio Telescope (GURT)

Kharkiv !

N\

O m H n

Buildings
UTR-2

GURT existing
subarrays

GURT planned
subarrays

1 km

Optical
1 observatory

| / 2 km

Frequency range: 8 - 80 MHz.

Up to several hundreds of subarrays.
5x5 element subarrays.

Subarray dimensions 15x15 m.
Interelement spacing 3.75 m.
Subarray elements — active dipoles.
Total area up to 2 sq. km.

2 orthogonal polarizations of incoming
waves.

Analog beamforming at subarray stage.

Digital beamforming at entire antenna
array stage.

Digital signal processing.

Low cost of dipoles and subarrays.
Easy radio telescope extension.
Construction in UTR-2 territory.
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Serge Yerin GURT Subarray: Structure and Characteristics

GURT Subarray

v =45°
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These radio telescopes search the compromise:

- LOFAR HBA
subarrays of 16 antennas

- NenuFAR
subarrays of 19 antennas

- GURT
subarrays of 25 antennas

This approach reduces the data rate times
the number of antenna in the subarray but
limits the immediate field of view

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges



Frequency, MHz

2017-07-12
09:11:15.003

Frequency, MHz

2017-07-12
09:11:14.969

2017-07-12
09:11:25.007

2017-07-12
09:11:24.974

Dynamic spectrum cl

d and normalized starting from file D120717_090932.jds channel A

Initial parameters: dt = 0.1 Sec, df = 8.057 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: D, Place: UTR-2_Volokhiv_Yar_Kharkiv_region_Ukraine, Description: Sun_2017-Chl=Notrh-Ch2=West

2017-07-12
09:11:35.011

2017-07-12 2017-07-12 2017-07-12 2017-07-12
09:11:45.015 09:11:55.020 09:12:05.024 09:12:15.028

UTC Date and time, YYYY-MM-DD HH:MM:SS.msec

2017-07-12
09:12:25.032

Intensity, dB

2017-07-12 900.0
09:12:35.036

Processed 01,08.2017 at 15:00:33

Dynamic spectrum cleaned and normalized starting from file A170712_091055.adr channel A

Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.)

Receiver: A_ADRSO1, Place: Grakove_Kharkiv_Region, Description: SUN

2017-07-12
09:11:34.978

2017-07-12 2017-07-12 2017-07-12 2017-07-12
09:11:44.982 09:11:54.986 09:12:04.991 09:12:14.995

UTC Date and time, YYYY-MM-DD HH:MM:SS.msec

2017-07-12
09:12:25.000

Intensity, dB

2017-07-12 900.0

09:12:35.004
Processed 31.07.2017 at 10:45:42

720 dipoles

UTR-2 North Arm
VS.
GURT subarray
in 8 - 33 MHz range

— X X X X X

X X X X X
25 dipoles XXX XX
X X X X X
X X X X X
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11:42:
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Dynamic spectrum cleaned and normalized starting from file A160417_104206.jds channel A
Initial parameters: dt = 0.2 Sec, df = 4.028 kHz, Processing: Averaging 6 spectra (1.201 sec.)
Receiver: A, Place: UTR-2, Kharkov, Ukraine, Description: Sun_all_telescope_ATT_8dB

I
2017-04-16 2017-04-16 2017-04-16 2017-04-16
59.977 11:45:00.029 11:47:00.080 11:49:00.132 11:51:00.183 11:53:00.235

UTC Time, HH:MM:SS.msec
vynamic spectrum cieanea ana normalizea starung mrom THE AL/U410_UD4L030.aar cnanneir A
Initial parameters: dt = 0.05 Sec, df = 9.0 kHz, Processing: Averaging 6 spectra (0.3 sec.)
Receiver: A_ADRSO1, Place: GURT Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: sun_GURT_Section_10_with_UTR-2
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2017-04-16 2017-04-16 2017-04-16 2017-04-16 2017-04-16 2017-04-16

159,983 11:45:00.036 11:47:00.090 11:49:00.144 11:51:00.198 11:52:58.250
UTC Time, HH:MM:SS.msec

Intensity, dB

Intensity, dB

North-South arm
(1440 dipoles)

in operational
frequency range

Single subarray
single linear
polarization
(25 dipoles)



Frequency, MHz

2017-04-16 2017-04-16
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20

10

Dynamic spectrum cleaned and normalized starting from file A160417_104206.jds channel A
Initial parameters: dt = 0.2 Sec, df = 4.028 kHz, Processing: Averaging 6 spectra (1.201 sec.)
Receiver: A, Place: UTR-2, Kharkov, Ukraine, Description: Sun_all_telescope_ATT_8dB
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2017-04-16 2017-04-16 2017-04-16

J

2017-04-16

11:42:59.977 11:45:00.029 11:47:00.080 11:49:00.132 11:51:00.183 11:53:00.235

Frequency, MHz

UTC Timea. HH:MM:SS_mecec
Dynamic spectrum cl d and normalized starting from file A170416_062635.adr channel A

Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 6 spectra (0.6 sec.)
Receiver: A_ADRSO1, Place: GURT Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: sun_GURT_Section_10_with_UTR-2
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2017-04-16 2017-04-16 2017-04-16 2017-04-16 2017-04-16 2017-04-16
11:42:59.983 11:45:00.036 11:47:00.090 11:49:00.144 11:51:00.198 11:52:58.250

UTC Time, HH:MM:SS.msec

Intensity, dB

Intensity, dB

North-South arm
(1440 dipoles)

in 8 - 33 MHz
range

Single subarray
single linear
polarization
(25 dipoles)



Dynamic spectrum cleaned and normalized starting from file A160417_104206.jds channel A
Initial parameters: dt = 0.2 Sec, df = 4.028 kHz, Processing: Averaging 5 spectra (1.0 sec.)
Receiver: A, Place: UTR-2, Kharkov, Ukraine, Description: Sun_all_telescope_ATT_8dB
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2017-04-16 2017-04-16 2017-04-16 2017-04-16 2017-04-16 2017-04-16
14:11:30.007 14:13:10.050 14:14:50.093 14:16:30.136 14:18:10.179 14:19:50.222
UTC Time. HH:MM:SS._msec - t.
Dynamic spectrum cl d and normalized starting from file A170416_062635.adr channel A In Opera |Ona|
Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 5 spectra (0.5 sec.)
Receiver: A_ADRSO1, Place: GURT Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: sun_GURT_Section_10_with_UTR-2
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Single subarray

o single linear
polarization
(25 dipoles)
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2017-04-16 2017-04-16 2017-04-16 2017-04-16 2017-04-16 2017-04-16
14:11:29.973 14:13:10.018 14:14:59.063 14:16:39.108 14:18:19.153 14:19:59.197

UTC Time, HH:MM:SS.msec



Dynamic spectrum cleaned and normalized starting from file A160417_104206.jds channel A
Initial parameters: dt = 0.2 Sec, df = 4.028 kHz, Processing: Averaging 5 spectra (1.0 sec.)
Receiver: A, Place: UTR-2, Kharkov, Ukraine, Description: Sun_all_telescope_ATT_8dB
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(1440 dipoles)
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14:11:30.007 14:13:10.050 14:14:50.093 14:16:30.136 14:18:10.179 14:19:50.222
UTC Timea. HH:MM:SS_mecec .
Dynamic spectrum cl d and normalized starting from file A170416_062635.adr channel A In 8 - 33 M H Z

Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 5 spectra (0.5 sec.)
Receiver: A_ADRSO1, Place: GURT Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: sun_GURT_Section_10_with_UTR-2
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Single subarray
single linear
polarization
(25 dipoles)
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14:11:29.973 14:13:10.018 14:14:59.063 14:16:39.108 14:18:19.153 14:19:59.197

UTC Time, HH:MM:SS.msec



Conclusions from the dynamic spectra

The solar radio observations at frequencies upper 30 MHz do not need very
large antennas. The highest efficiency of large antennais essential at lower
frequencies.

That gives us a frequency criteria...
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Conclusions from the dynamic spectra

The solar radio observations at frequencies upper 30 MHz do not need very
large antennas. The highest efficiency of large antennais essential at lower
frequencies.

That gives us a frequency criteria...
Hints for the idea

Some of new large low-frequency radio telescopes consist of many
subarrays (stations, sections, tiles) which field-of-view (FoV) limits the
possibilities of simultaneous observations.

The new low-frequency radio telescopes are wideband...
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Pattern of phased array of identical antennas:
IS a product of two factors:

- single antenna pattern (FoV)
- factor of the array of antennas

E(,¢) = £.(6,¢) x E, 0, )
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Pattern of phased array of identical subarrays:
IS a product of two factors:

- single subarray pattern (FoV)
- factor of the array of subarrays

E(,¢) = £.(6,¢) x E, 0, )
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GURT subarray pattern vs. frequency
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pace 'eather and ~un 'onitor ( )
on the GURT radio telescope
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Part of GURT that is used
only for SWSM at all
frequencies
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Part of GURT that observes other /
sources and used for SWSM at
lower frequencies

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges



Scientific goals

— detection of the CME start time before it can be viewed by space-born
coronagraphs viatype Il bursts identification;

— finding the radial component of the CME velocity from the type-Il bursts
drift rates, what is essential in case of Earth-directed CMEs;

— finding the size of the CME from the analysis of the spatial properties of
type IV bursts sources;

— estimation of CME mass from type IV bursts spectral and spatial analysis;
— more precise estimation of the CME direction from interferometric

observations of type Il and type IV bursts (especially important in the cases
of Earth-directed CMESs).

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges
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GURT digital radio astronomy receiver ADR

Parameters ADR - GURT
Frequency band (MHz) 80
Number of freq. channels 16 384 (tunable)
S . Frequency resolution (kHz) 4,8
SR e eooansnaaaas — Time resolution (ms) 2
x ADC resolution (bits) 16
Dynamic range (dB) 90
Input channels 2
On-line real-time possibilities
Fast Fourier transform Yes
Wave-form Yes
Auto- and complex cross-spectra Yes
Sum-Subtraction mode Yes
Signals normalization yes
Signals delay yes

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges



Conclusion

The good data at low-frequencies (8-30 MHz) can be obtained only with
big antennas, but it does not have to be a separate antenna.

The SWSM project does not require development and construction of
new special antennas or using of low-grade antennas of common
applications. At the same time the space weather monitoring will not
affect the radio astronomical observations of other sources which
means low cost of the project implementation.

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges
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Phased array antenna
IS an array of antenna elements where antenna
pattern scanning is realized with insertion of
variable phase delays between the currents

feeding elements of the array

Scan Angle &

Equiphase Front

Antenna
Elements

) O . |
Phase Shifters/

Time Delay Devices

P

RoeeTss -

Spacing
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Serge Yerin GURT Subarray: Structure and Characteristics

GURT Subarray Structure
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Kharkiv @

URAN-1" 42 km

153 km

URAN-2 UTR-2
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URAN decameter interferometer network

URAN-2 (Poltava) 16 x 32 = 512 crossed dipoles

AXAKXAXAXAKXKXAXAXAAXKXAXAAXALXXAXAAXXAXAAXAXAXAXKXX KX X
HAXAKXAXAXAXAKXAXXAKXKXAAXAAXXXAXAXAXXAAXAXKXAXAXAXAXKXKXX
KAARXAAXXAXAXAXKXKXKXAXAKXAX KK AKX AAXAXAXAXAKXHKXKXXKXKXX
KXAAKXAAAAXKXKXAKXAKXAAXKXAAXAAKXAAXXAXAAXKXAXAXXXX
XAXXKXAXXX HKAXAAAAXAXKXKXKAKXAAXAXAKXKXAXAXAXAXAXAXKXXK
XAKXKAKXAXXKXX XAXAAXKXAAXKXAXKXAKXKXAAXXKXKXAKXAXAXKX
XAXAXAXXXX KUXAXAAXAXKXALXAKXXKXAXXAXAXAXXX AKX
XAXAXKXKXAKAAXKXAXAXKXXAAXAXAXAXAAXALXAXAXAAAXXXAXXXX
KAAAAAAAAXAXAXAKXAXAKAAAAXAXAAXAKXAKXAAXAAXAXAXAXAKXKXX
XAAXAAXAAAXAXAAKXAXAAXAXAXKXAXAAKXAAXAXAXAXXAKXAXXX
XAAXKXAXAXAAXAXAXKXKXAXAAXKXAXAXAXAXXAAXAXXKXKX XXX XX

X X
X X
XX

HKAAAAXAXAAXKXAAKXKXAXAAXKXAXAXKXAXAXAXAXAXXAXXAKXKXX
XXX AXAKAXAXAXAXAXXAXALXAXAXAXAXAXAXAXAXAXAXAXKXKXAKXX
XXX AAXAKXAXAAXAAXAXAX XXX XX AXXAAXAXAXAXAXKXAXX
XAXAAXAKAKXXAXAKXXXAXALAAXXXAKXXXAXAXAXAXAXAKXXKXKX
XEXXXKXXXXXXXXXXXXXXHKXXX XXX XXX XX

URAN-1 (Zmiiv) 24 x 4 = 96 crossed dipoles

KAAXKXAKXXAXAXAXAXKXAXAXAXAXKXKXXXAXKXKX X X
KAAAAKAAXAAAXAKXKXKXXAXAAKXAAXKXXAKXKX £ w
XUYXKXXXKXXXKXXXXXXKXAXXAXXXXXX |
KAAXAKXAAAXAXKXKXAAKXAXAXAKXXKXAXAKXX X X- N

* >

173 m

113 m

URAN-3 (Lviv) 8 x 32 = 256 crossed dipoles

XAAXXAKXAXXAXAAXXAXAAXAXXAXAXXAXAXAXXAXXKX XXX
KAAXAXAXAKXKXAKXAAXKXAXKXAXAAXKXAXAXAXAXAXAXX XXX X
XAXAAKXKXAAAXKXKXAAXAAAXKXAXAKXAAAKXKXAXKXX
HKAKXAAXAAKXKXAKAAXAXKXAXXXKXAXKXX
XAXAXAXAKXKXKXXX KAXAKXAKXKX
HXHXAXKXXXX HXHXKXAXXX
HXAXXAXXXXXX XXAXAXKXXX

233 m

XX XXX XXX
XXXXXXXX

X
X
X
XX
KAKXXKX X
XXKXXXX X X X X
XXAXXXX XX X X
XAXAXXXX X X X X

A

URAN-4 (Odesa) 4 x 32 = 128 crossed dipoles

KAAXAKAXKXAXAKXKXAAKXKXAXAXAXAAXKXAAKXAAXAXKXKX XX X,

KAAXAAKXAKXAXAXAAXKXAAAKXKXAAXAAXKXAXAAAAXAKXAKXAXKXKXKXX
HAAXAAAAXAAXAAKXAAAAXXAAKXAXAAXAXAAXAXAAXAXAKXAKXAXXXKXX
HAXAKXAAAXAAXAKXAKXAAXAXKXKXAAXAXAAAXKXAXAXAXAXXAXAXAXKXX

* >

233 m

E

HKAAXAAXKXXXAAXXXXAAAXAXAXAXAXAXAXXAXXKXX KX X

!

53m

23m

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges



Effective Area, m’

GURT subarray effective area for beam scanning
In two principal planes of the array
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Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges



GURT system equivalent flux density (SEFD)
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Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges



Dynamic spectrum cl d and normalized starting from file A170712_091055.adr channel A

Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: A_ADRSO1, Place: Grakove_Kharkiv_Region, Description: SUN

12

X X X X X
X X X X X
g 25 dipoles XXX X X
X X X X X
X X X X X

Frequency, MHz
Intensity, dB

GURT subarray

2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 900.0
09:11:14.969 09:11:24.974 09:11:34.978 09:11:44.982 09:11:54.986 09:12:04.991 09:12:14.995 09:12:25.000 09:12:35.004
UTC Date and time, YYYY-MM-DD HH:MM:SS.msec Processed 27.07.2017 at 15:21:14 VS
.
Dynamic spectrum cl d and normalized starting from file B170712_082511.adr channel A
Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.) -
Receiver: B_ADRS02, Place: GURT_Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: Sun_GURT_Ch1-Single_dipole_Ch2-Section_09_blue_pol I po e
12
10
& 1 dipole X
z
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2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12
09:11:15.033 09:11:25.037 09:11:35.041 09:11:45.046 09:11:55.050 09:12:05.055 09:12:15.059 09:12:25.063 09:12:35.067 <

UTC Date and time, YYYY-MM-DD HH:MM:SS.msec Processed 27.07.2017 at 14:54:07



Frequency, MHz

2017-07-12
09:11:14.969

2017-07-12
09:11:24.974

Dynamic spectrum cleaned and normalized starting from file A170712_091055.adr channel A
Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: A_ADRSO1, Place: Grakove_Kharkiv_Region, Description: SUN

2017-07-12
09:11:34.978

2017-07-12 2017-07-12 2017-07-12 2017-07-12
09:11:44.982 09:11:54.986 09:12:04.991 09:12:14.995

UTC Date and time, YYYY-MM-DD HH:MM:SS.msec

2017-07-12
09:12:25.000

Intensity, dB

2017-07-12 900.0
09:12:35.004

Processed 31,07.2017 at 10:45:42

Dynamic spectrum cleaned and normalized starting from file B170712_082511.adr channel A

Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.)

Receiver: B_ADRS02, Place: GURT_Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: Sun_GURT_Ch1l-Single_dipole_Ch2-Section_09_blue_pol

Frequency, MHz

2017-07-12
09:11:15.033

2017-07-12
09:11:25.037

2017-07-12
09:11:35.041

2017-07-12 2017-07-12 2017-07-12 2017-07-12
09:11:45.046 09:11:55.050 09:12:05.055 09:12:15.059

UTC Date and time, YYYY-MM-DD HH:MM:SS.msec

2017-07-12
09:12:25.063

Intensity, dB

09:12:35.067
Processed 31.07.2017 at 12:32:05

25 dipoles

XXX XX
XXX XX
XXXXX
XX XXX
XX XXX

GURT subarray

VS.

GURT dipole
in 8 - 33 MHz range

1 dipole

- . 2 : A
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Frequency, MHz

2017-07-12
09:11:14.969

80

70

60

50

40

Frequency, MHz

30

20 ¢

10

2017-07-12
09:11:15.033

2017-07-12
09:11:24.974

2017-07-12
09:11:25.037

Dynamic spectrum cl d and normalized starting from file A170712_091055.adr channel A

Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: A_ADRSO1, Place: Grakove_Kharkiv_Region, Description: SUN

2017-07-12
09:11:34.978

2017-07-12 2017-07-12 2017-07-12 2017-07-12
09:11:44.982 09:11:54.986 09:12:04.991 09:12:14.995

UTC Date and time, YYYY-MM-DD HH:MM:S5S.msec

2017-07-12
09:12:25.000

Intensity, dB

2017-07-12 900.0
09:12:35.004

Processed 27.07.2017 at 15:21:14

Dynamic spectrum cleaned and normalized starting from file B170712_082511.adr channel A
Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: B_ADRS02, Place: GURT_Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: Sun_GURT_Ch1-Single_dipole_Ch2-Section_09_blue_pol

2017-07-12
09:11:35.041

2017-07-12 2017-07-12 2017-07-12 2017-07-12
09:11:45.046 09:11:55.050 09:12:05.055 09:12:15.059

UTC Date and time, YYYY-MM-DD HH:MM:SS.msec

2017-07-12
09:12:25.063

Intensity, dB

2017-07-12
09:12:35.067

Processed 27.07.2017 at 14:50:45

25 dipoles

XXX XX
XXX XX
XXXXX
XX XXX
XX XXX

GURT subarray

VS.

GURT dipole
in 0 - 80 MHz range

1 dipole

X



Drifting pairs solar radio emission observed on July 12, 2017

GURT subarray of 25 active dipoles

Dynamic spectrum cleaned and normalized starting from file A170712_091055.adr channel A
Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: A_ADRSO1, Place: Grakove_Kharkiv_Region, Description: SUN

Frequency, MHz
Intensity, dB

0 '
2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 900.0
09:11:14.969 09:11:24.974 09:11:34.978 09:11:44.982 09:11:54.986 09:12:04.991 09:12:14.995 09:12:25.000 09:12:35.004
UTC Date and time, YYYY-MM-DD HH:MM:SS.msec Processed 27,07.2017 at 15:21:14
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Drifting pairs solar radio emission observed on July 12, 2017

GURT subarray of 25 active dipoles

Dynamic spectrum cleaned and normalized starting from file A170712_091055.adr channel A
Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: A_ADRSO1, Place: Grakove_Kharkiv_Region, Description: SUN
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2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 900.0
09:11:14.969 09:11:24.974 09:11:34.978 09:11:44.982 09:11:54.986 09:12:04.991 09:12:14.995 09:12:25.000 09:12:35.004
UTC Date and time, YYYY-MM-DD HH:MM:5S.msec Processed 27,07.2017 at 15:21:14
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Drifting pairs solar radio emission observed on July 12, 2017

UTR-2 North arm (720 passive dipoles)

Dynamic spectrum cleaned and normalized starting from file D120717 090932.jds channel A
Initial parameters: dt = 0.1 Sec, df = 8.057 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: D, Place: UTR-2_Volokhiv_Yar_Kharkiv_region_Ukraine, Description: Sun_2017-Chl=Notrh-Ch2=West

- 10
z
m
£ T
Z ° 2
c w
: :
g £
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4
2
0
2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 900.0
09:11:15.003 09:11:25.007 09:11:35.011 09:11:45.015 09:11:55.020 09:12:05.024 09:12:15.028 09:12:25.032 09:12:35.036
UTC Date and time, YYYY-MM-DD HH:MM:SS.msec Processed 01,08,2017 at 15:00:33
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Dynamic spectrum cl d and normalized starting from file P120717_090123.jds channel A
Initial parameters: dt = 0.1 Sec, df = 4.028 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: P, Place: UTR-2, Kharkov, Ukraine, Description: URAN-2 DSPZ
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14
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15
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10
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2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 900.0
09:11:14.980 09:11:24.985 09:11:34.989 09:11:44.994 09:11:54.998 09:12:05.002 09:12:15.007 09:12:25.011 09:12:35.015
UTC Date and time, YYYY-MM-DD HH:MM:SS.msec Processed 18.09.2017 at 13:30:24

Dynamic spectrum cl d and normalized starting from file D120717_090932.jds channel A

Initial parameters: dt = 0.1 Sec, df = 8.057 kHz, Processing: Averaging 1 spectra (0.1 sec.)
Receiver: D, Place: UTR-2_Volokhiv_Yar_Kharkiv_region_Ukraine, Description: Sun_2017-Chl=Notrh-Ch2=West

Frequency, MHz

2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 2017-07-12 900.0
09:11:15.003 09:11:25.007 09:11:35.011 09:11:45.015 09:11:55.020 09:12:05.024 09:12:15.028 09:12:25.032 09:12:35.036

UTC Date and time, YYYY-MM-DD HH:MM:SS.msec Processed 01.08.2017 at 15:00:33

Intensity, dB

512 dipoles
(16 x 32)
Rectangular
configuration

URAN-2 Full telescope
VS.

UTR-2 North Arm
in 8 - 33 MHz range

720 dipoles
(6 x 120)
Almost linear
array




Digital radio astronomy receivers DSPZ and ADR
for UTR-2 and GURT radio telescopes

Serge Yerin Solar emission and space weather monitoring system at meter and decameter wave ranges
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i 0 +] 12 13 +4 +5 +6 7 +8
B0; 0° +7° +14° | £21.3° | £29° | £37.4° | £46.,7° | £58.2° | £76.1°
Komrx 00000 00001 | 00010 | 00111 | 0O100 | O1101 | 01010 | OLOOL | 01000
VIIpaBIIe It | 10011 | 10110 | 10101 | 11100 | 11111 | 11110 | 11001 | 11000
AL .M 0 0,3 0,6 0,9 1.2 1.5 1.8 2.1 2.4
90- 90 ¢, rpaa.
Loy =0,3 Tmin =1518 He & g0 1857 - L, Lo O
-$wr . . e . o o o hd .
30+ . . . -
Bcero HanpaBneHun chasmpoBaHusa B * ° . SNy . *
0- 180 D D O B —0
obnacTtu peanbHbIX yrnos: 213 . . o o 4N e . . .
225 : C . 315
270

67



Cekuusa pagmnoteneckona I'YPT




AHTEHHble pelleTKU

[lpocTenlas aHTeHHasa pelueTka U3 AByX 9JIeMEHTOB




®dnyKTyaumoHHaa YyBCTBUTENbLHOCTb

®dnyKkTyauMoHHaa YyBCTBUTENIbHOCTb

PnykTyaumMoHHasa 4yBCTBUTESIbHOCTb — MUHMMAaNbHbIW CUTHanN,
KOTOPbIN MOXHO pPa3fnmMinTb Ha poHe WyMoB (Ans AaHHOro
paguoTeneckona).

SNR - ky- T,

ASmin —
A VAS - At

Tsys_ lwymMmoBasd TemMnepartypa CUCTeMbl, Ha HU3KUX HYHaCTOTaX MOXeT

ObITb NPpUpaBHEeHa K APKOCTHOM TeMmnepaTtype ¢poHa NanakTuku

Yem AS_. MeHblle, TeM ny4we paguoteneckon!!!



®dnyKTyaumoHHaa YyBCTBUTENbLHOCTb

®dnyKkTyauMoHHaa YyBCTBUTENIbHOCTb

SNR - k- T,

- I z = SEFD




®dnyKTyaumoHHaa YyBCTBUTENbLHOCTb

System equivalent flux density (SEFD)

SEFD — noToK nsny4yeHus, Nnpu KOTOPOM OTHOLLUEHUEe CUrHan/wym Ha
BbiXo4e CUCTeMbl PpaBHO eANHULE.

kg - T
npu SNR =1

SEFD = AS_. - VAf - At =

Aesy

SEFD onpenensieTcl TONbKO XapaKTepucTukamm
paguoTeneckona U He 3aBUCUT OT NapaMeTpoB HabnoaeHun!

Yem SEFD wmeHbwe, Tem nyywe paguoreneckon!!!



XapaKTepI/ICTVIKVI dHaNioroBoro TpakKkrta curHasmnoB

OdunHaMmu4yeckun guanasoH

OuHaMmuyeckum pguanasoH — norapudm OTHOLUEHUA MaKCUMarlbHOro YpPOBHSA
BXOAHOro CUrHamna npuM KOTOPOM YCTPOMCTBO paboTaeT B NMHEMHOM pexume K
YyBCTBUTENIbHOCTU CUCTEMbI (YPOBHIO LLYMOB).

OuHamunyeckun pauanasoH - Juana3oH amniaumyd exo0HO20 cu2Hana npu
Komopom ycmpolicmeo pabomaem e JIUHEeUHOM pexume.

YCTPOMCTBO MOXHO CYMTaTb JIMHEMHbIM ANA AAHHOrO YPOBHSI CUrHana, ecnu
CNeKTp curHana He oborawaeTrcd HOBbLIMU FapMOHUMKAMM MpPU NPOXOXKAEHUU
YCTPOMCTBA M CUTHaN XOpPOLUO pasfnM4uM Ha ¢poHe Lyma.

BepxHASA rpaHuLa — BO3HUKAOT rapMOHUKMU HuXHAA rpaHuua — WyMbl CUCTEMbI
n3-3a HeJIMHEeMHOCTU
f\ ﬂ W “

= Peak \ \
clipping \/
Input i Qutput \/
- Amplifier [

CucHan

wym
That frequency
” is amplified, but s cucHan / wym = 2
. clipping changes distortion
Single frequency the waveform 3f 5f |

| input and introduces

I 7f
. 1
Frequency spectrum harmonics. Frequency spectrum

of input. of output.

cuzHan / wym = 0,3




LLlymoBble curHansbl

Cmechb LLyMOB Ha Bxoge NpueMHuKa

LLlymoBOM curHamn ucTtovyHmka P

signal
PoHOBOE LWYyMOBOE P
nsnydyeHue ManakTukm bg

LLlyMbl aHTEHHbI P Nant
LLlymbl 3emnu (M/unn atmocdepbl) PNgn d

[> LLlyMmbl npUeMHO-yCUNUTENbLHOro Tpakra P
l Namp

P noise
lMpuemMHukK A

{ \
P;, = kl(Psignal T Pbg) + kZPNant + k3PN9nd E k4PNamp

n



LLlymoBble curHansbl

CooTtHouweHue curHan / wym (C/LU)
Signal-to-noise ratio (SNR)

P

signal

P

SNR =

noise

P maBHasa 3agavya NPUEeMHOU CUCTEMbI
Ngnd ob6ecne4ynTb MakCMManbHO BO3MOXHOeE

[> cooTtHoweHue C/LLl Ha Bxoae npueMHUKa

(makoe Xe Kak u Ha exode camol rnpueMHou

cucmemMbl) MpPU 3TOM o06ecnevYnuTb YPOBHMU
CUrHamna npuemMrsnembie Ansa npuemMHuMKa

P

signal

lMpuemMHuk SNR sky —

Pbg



Serge Yerin Radio Astronomy and RFI in Ukraine

GURT spectrum
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RFI and galactlc background of GURT subarray phased to zenlth direction
(December 11 2014 at 13 43 Local tlme)
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Serge Yerin Radio Astronomy and RFI in Ukraine

GURT spectrum
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You should analyze events in various time scales
6,5 hours / picture scale

Dynamic spectrum cleaned and normalized starting from file A170418_051552.adr channel B
Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 227 spectra (22.71 sec.)

Receiver: A_ADRSO1, Place: GURT _Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: Sun_GURT_Section_10

R SR s X - pg\s.myﬂa:‘m‘"§ ?!
] __.._.»J mg&gggﬁ Jul ks el ﬂ..qmm*’-!gse
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R e e Y T

2017-04-18
05:15:52.066

2017-04-18 2017-04-18 2017-04-18 2017-04-18
06:31:32.029 07:47:15.064 09:02:58.097 10:18:40.134

UTC Time, HH:MM:SS.msec
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2017-04-18
11:34:21.166
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Intensity, dB




Frequency, MHz

2017-04-18
09:27:59.970

You should analyze events in various time scales
22 minutes / picture scale

Dynamic spectrum cleaned and normalized starting from file A170418_051552.adr channel B
Initial parameters: dt = 0.05 Sec, df = 9.0 kHz, Processing: Averaging 14 spectra (0.7 sec.)
Receiver: A_ADRSO1, Place: GURT_Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: Sun_GURT_Section_10

2017-04-18 2017-04-18 017-04-18 2017-04-18 2017-04-18
09:32:39.095 09:37:20.223 09:42:00.349 09:46:40.474 09:51:20.600

UTC Time, HH:M S.msec

[ [ i

Intensity, dB



Frequency, MHz

2017-04-18
09:42:00.049

You should analyze events in various time scales
4 minutes / picture scale

Dynamic spectrum cleaned and normalized starting from file A170418_051552.adr channel A
Initial parameters: dt = 0.1 Sec, df = 9.0 kHz, Processing: Averaging 2 spectra (0.2 sec.)
Receiver: A_ADRSO1, Place: GURT_Volokhiv_Yar_Kharkiv_Region_Ukraine, Description: Sun_GURT _Section_10

2017-04-18 2017-04-18 2017-04-18 2017°Qk-18 2017-04-18
09:42:40.067 09:43:20.085 09:44:00.103 09:44:4%Q121 09:45:20.139

UTC Time, HH:MM:SS.msec

Intensity, dB



Digital radio astronomy receivers DSPZ and ADR
for UTR-2 and GURT radio telescopes
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