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Tétd ennen tapahtunut:

1. Hardware

HDSDR S/W
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[1] SRAL:n Syysleiri, Hankasalmi, 2020
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AFEDRI SDR-Net Four Channel
SDR by Alex 4Z5LV [2]
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2. 4‘Square aﬂteﬂﬂi NW - beam NE - beam

[1] SRAL:n Syysleiri, Hankasalmi, 2020

Laajakaistainen!

Jokseenkin samat az - sateilykuviot
saadaan seka dipoleilla etta luupeilla,
erot vertikaalitasossa.

Total Field EZNEC+

Dipolit

— Ref. direction = 320° (T)
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% SDR Network Control Box x4 (v.5.21h) - 0O X

SDR Control | Commandshell | Filtertools | Network  Multi ChannelRX | Telnet | VHF/SHF | About |
RF Gain
[~ AGC feedback

AGC
~
-
r
r

Frequency Input

-

¥V Enable phase shift

__I BEAM DIRECTION
RX Channel 1 v
Ipe vl
RX mode selection NW -
Diversity Mode (quad channel) | P
SwW
Save RX mode l
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3. Beam- and null-steering

- Sateilykeilan maksimi voidaan myos kaantaa haluttuun suuntaan
- Samoin nolla-kohta — kuten notch-filter!



m S50R Metwork Control Box x4 (v.5.21h)

SDR Control | Commandshell | Filtertools | Network  Multi ChannelRX | Telnet | VHE/SHF | About |

Choose Data File | | C:/SDR/A1.bin Save Data
Choose Calibr File | | Read Calibr
Chooss Coeff File | | Read Coeff

Modle Block size  Averages
| Am j|us (1 = L laGsanax

IRI Channel 1

RX mode selection

Test delay (s)

| Diversity Mode (quad channel  ~| |1 =] Start Test |

Save BX mode

I MaxMull {Omni fCh 1/Max J

— Select Omni, Max or Null & adjust azimuth & elevation
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Tuleva signaali: 4.958 MHz az = 60°, 150°, 270°, elev = 40°

- MAX
10 «— NULL
10~ <
] ~ Elev=0°,20°,60°

102 5

« Elev = 40°
1073 -

0 50 100 150 200 250 300 350 [4] SRAL Kesileiri, Eerikkil3, 2022.
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4,

Signaalin tu

okulmien maaritys

Data file name & saving

Data file header

m SDR Metwork Control Box x4 (v.5.21h)

SDR Control | Command shell | Filter tools

Network  Multi Channel RX |

Melnet | VHF/SHF | About |

O

AGC RF Gain
[ ChomDataFitelFC:fSDRfAl.bh Save Data |] It
Choose Calibr File | | Read Calibr r
Choose Coeff File | | ReadCceﬁl i
Frequency Input lflﬂ IS‘:‘“‘“ | j‘*w"g; [~ AGC feedback |~
00000000 - Al | T i | |
RF Gain cur. channel - u I I I |
o « Amplitude CHI Amplitude CH? Amplitude CH3 Amplitude CHY
Q‘F: £ Max o5 i & n."l\l X ‘s ..i‘. " 2 = l l'f-'—
- " NULL
[ Enable phase shift £,
Bt
Channel selection
BEAM DIRECTION FINE TUNE
|Rx Channel 1 -]
RX mode selection Test delay (s)
| Sinzle Channel Mode i 4 Start Tt |
Save RXmode | [MaxuilomnifchiMax ] 7,
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Pienen (typ. 641 kB)
datatiedoston talletus (C++).

Tiedoston luku, algoritmit ja
tulostus Python-ohjelmalla.

[4] SRAL Kesaleiri, Eerikkila, 2022.
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MUSIC-
algorithm [6]

Time and std.
frequency station
RWM at Taldom,
Russia.

Direction and
distance from
QTH (Vesanto):
131.9 ° /941 km
(Google Earth)

OK!

Elevation (°)

80 -

70 ~

60 -

20 +

40 -

30

20

10 -

01.05.2023 14:02
Freq = 9996.0 kHz
Mode = 3

Azimuth = 131.0°
Elevation = 27.7°

20 100
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Angles of Arrival - Moving average

150 20 ..
01.05.2023 14:02 Freq = 9996.0 kHz — Az ave o
Mode = 3 Nave = 20 - 80 12
10 +
140 - ™~ i
= ‘]
© e
> “% .
M 130 ——— N
o Fso << ° -
'E — (] 10 20 30 40
S c
o =)
= - 40 o
£ 120 - g
5 @
g - 30 Wi
N .
< 4 Yhden sigaalin tulokulmat
a0 voidaan maarittaa
Az ave = 131.2° Az std.dev. = 0.8° 1 analyyttisesti (= nopeasti) [7]
Ele ave = 27.6°  Ele std.dev. = 0.9° Ele ave
1Uﬂ L] i I 1 L] I 1 I L] {]
20 30 40 50 60 70 80 90 100
Data point number 100 Data points = 5 s
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DWD (Deutsche Wetter Dienst) weather fax tx in Pinneberg
Direction & distance from QTH (Vesanto): 230.2° / 1399 km

Angles of Arrival - Moving average

Data point number

250 90
— A7 ave
30.04.2023 22:06 Freq = 10100.8 kHz b
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Daily digital QRM @ 3707 kHz(USB) — where is it coming from?

2.00
s04 30042023 22:45
1.75 A Freg = 3707.0 kHz
70 4 Mode = 2
1.50 A
60
1.25 -
— SD o
=
1.00 - =
. T 40 -
o
0.75 t
. 3{_‘] -
0.50 A 20
i 109 azimuth — 122.0
Elevation = 48.0°
000 N 0 T T T T T T T
0 50 100 150 200 250 300 350

Azimuth ()
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- 80
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B
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Measured directions from Vesanto:

- Azimuth =122°
- Elevation = 48°

Height of F2 layer from Moscow
ionogram (*):

hmF2 =317.3 km —
Estimated distance =

- 541 km (single hop)
- 1083 km (2 hops)

Severnyi Air Base at Ivanovo?

(*) https://www.izmiran.ru/services/moscow.shtml
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Polarisaation teoriaa ja mittauksia:

5. Maaritelmia

- Kaukokentassa EM - kentta etenee tasoaaltona
- Tasoaallossa E - ja H - kenttien vektorit kohtisuorassa
- E - vektorin suunta maaraa polarisaation:

Linear Elliptical Circular

polarization polarization polarization e A

() (¢)
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- Kiertopolarisaation katisyys maaritellaan etenemisuuntaan nédhden.
- Oikeakatisen (RCP) aallon kenttavektori pyorii myotapaivaan (IEEE).
- Voidaan synnyttaa oikeakatisella helix — antennilla. [5]

Obs! Huom! Astronomit maarittelevat katisyyden toisinpain!
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- Jos TX antenni on oikeakatinen (RCP), myds RX antennin on oltava
oikeakatinen:

O O 1) | =
s = S R
N
XMTR PG PG RCVR
g RHCP I
@—4 s >— [~
RHCPrypmenns T RHCP1, prtenna
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6. lonosfaarin vaikutus

Heijastuksessa
polarisaation suunta
kaantyy:

XMTR
PGy RHCP

Single
Reflector
Targets

R H C I::IT.!-: Anfenna

RCVR FrG . g

e.g. Flat Plate

‘ ! :] LHCP or Sphere

i LHC |::ITzat Antenna

- Tam3 tapahtuu IONOSFAARISSA, missa lineaaripolarisoitu aalto jakaantuu
kahteen karakteristiseen aaltoon: Ordinary (O) ja Extra-ordinary (X).

- Kahtaistaitto: Etenemiskertoimet, reitit ja rajataajudet ovat eri.

- Magneettikentta vaikuttaa = Meilld O ~ RCP ja X ~ LCP yl6s mennessa ja
O ~ LCP ja X ~ RCP alas tulevalle signaalille heijastuksen jalkeen.
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O-ja

- aallot nahdaan

lonogrammissa.

O: LCP

-aallon rajataajuus fxl (8.0 MHz)
on suurempi kuin

O-aallon rajataajuus foF2 (7.338 MHz)

Lowel!

(i

foF2 7.338 900

foFl 2.31 E

foFlp N/A B

foE 1.73 3

foEp 1.85 800 :

£x1 8.00 3

foEs 1.80 ]

fmin 1.30 700

MUF(D)  24.55 ;

M(D) 3.35 ]

D N/A 600

hF 182.8

h'F2 232.0

h'E 114.0

h'Es 123.8

hmF2 257.1

hm¥Fl 156.6

huE 108.8

yF2 £8.1

yF1 26.5

vE 18.7

BO £9.5

Bl 2.13

C=level 11

Auto: 3

Artiscs 1

500200 80 -
1

D 100

MUF 8.0 8.1 8.4 6.1

Station YYYY DAY DDD HHMMSS Pl FFS S AXN PPS IGA PS
Dourbes 2014 Jan29 029 075500 RSF 005 2 712 100 05+ @5

Virtual height [km] —>

Second refiection

Ordinary wave

Extraordinary wave

Frequency [MHz] — M

2 3 4 S5 6 7 8 9 10

| IEERC N | ) 1 1] 1 Ll 1 1 I | 1

]
1" 12 13

200 400 €00 ©00 1000 1500 3000 [ka)

S.

DBOAS_T0L40ZC07S500.RST / SE0£xS51Th 25 kHe 2.5 km / DPS-4D DBO4S 049 / S0.1 0 9.6 £

6 11.2 14.9 24.5 [MHz]
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"Happy hour”

S A== 18:30 UTC 300, 200 P 60 5 ; :Eﬂraﬂrdirlaﬁr {Flt} |
T IR 1 1 11 : ; : ,
s I : ol = 2501 /I 2R LG L, R A R S I
200{ ‘ 200 E / >
o A £ 200 £ 200 2 "\ N
= [ BN £ 150 R = 1504 M B anl ,
9 100 [ R D 1001 (/ N = 100{ {/ 3
1 AR N N T\ A "+ AN VU WO DO W ) 0. W Dz'f Iyl 0 5
0 20 40 e0 B0 100 120 G 20 40 &0 80 100 120 0 20 40 80 80 100 120 i
Distance (km) — Distance (km) — Distance (km) —
1
FIGURE 8. After 16:38 UTC (sunset), the  FIGURE9. At 20:30 UTC, the electron FIGURE 10. At 21:30 UTC, the ionization o)
ionization decreases. At 19:30 UTC, density of the ionosphere has decreased  of the ionosphere has decreased so =
waves already penetrate much further  so much that the ordinary wave is no much that none of the characteristic ES
into the ionosphere and the reflection  longerreflected, butthe extraordinary  wavyes are reflected. i
height increases. wave is still supported and the = :
downward wave has dircular polarization. = Saturday, 8 March 2014
el H . _1{} I i '] 1 i | 1 i !
TR Sng Ry ok 10:00 19:5 10:30 19:45 20:00 20:15 20:30 02:45 21:00
Time (UTC) —

Simulointi PropLab 3:lla

FIGURE 26. The signal strength of the ordinary (red) and extraordinary waves
(green) and their ratio (blue), measured during the evening Happy Hour of
Saturday, 8 March 2014.

Mittaus

Witvliet & al, Measuring the Isolation of the Circularly Polarized Characteristic Waves in NVIS Propagation,
IEEE Antennas and Propagation Magazine - June 2015
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7.  Ympyrapolarisaatioantennit

Kaksi A/2 dipolia kohtisuorassa, syotetdaan
90° vaihe-erolla = TURNSTILE antenni.

half-wavelength dipoles

90 degree
phase shifter

T

90 degrees

37m

| Linear v

TURNSTI(LE DIPOLE 3.7 MHz

one dipole shown)

OH78V 2017

2x 1:1 common
modie balun

Insulator

.1\/(‘1\/"'/

Hook /.~ TN Hook

17.5m 10m 18m Spiderbeam fiberglass
mast shortened to 15m

17.5m
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Turnstile — antennin suuntakuviot:

™
\‘\\ e -
-
Circular Po +
RH Circular Pa 0B EZNEC Pro/2+ RH Circular P EZNEC Pro/2
* LH Circular Pol * LH Circular Pol
o | B
R
SN e
e R 'i

Azimuth Plot
Elewvation Angle
Outer Ring

30 Max Gain
Slice Max Gain
Front/Side
Beamwidth
Sidelobe Gain
Front/'Sidelobe

50.0 deg.
1.38 dBic

1.38 dBic
0.24 dBic @ Az Angle = 20.0 deqg.

0.04 dB
?

0.24 dBic @ Az Angle = 200.0 deg.

0.0dB

Cursor Az
Gain
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7.1 MHz

0.0 deg.

0.23 dBic

0.0 dBmax
-1.15 dBmax30

Elevation Plot
Azimuth Angle
Cuter Ring

30 Max Gain
Slice Max Gain
Beamwidth
Sidelobe Gain
Front/Sidelobe

0.0 deg.
1.38 dBic

1.38 dBic

1.38 dBic @ Elev Angle = 50.0 deg.
95.0 deg,; -3dB @ 42.5, 137.5 deg.
< -100 dBic

=100 dB

Cursor Elev
Gain

7.1 MHz

60.0 deg.

0.23 dBic
-1.15 dBmax
-1.15 dBmax30
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Pieni (d < A/10) luuppi, vain RX

- Laajakaistainen: Sateilykuvio ei riipu taajuudesta. .
- Impedanssi kyllakin.

EZNEC Pro/2+

* Vertical Pol
—_ EZNEC Pro/2+
* Vertical Pol
Huom! Obs!
X-polarisaati
oe t . | k [
sateilykuvio.
7.1 MHz
7.1 MHz
Azimuth Plot Cursor Az 0.0 deg.
Elevation Angle  60.0 deg. Gain -5.41 dBi Elevation Plot Cursor Elev  60.0 deg.
Outer Ring -5.18 dBi 0.0 dBmax Azimuth Angle 0.0 deg. Gain -5.41 dBi
-0.23 dBmax30 Outer Ring -5.18 dBi -0.23 dBmax
3D Max Gain -5.1& dBi -0.23 dBmax30
Slice Max Gain  -5.41 dBi @ Az Angle = 0.0 deg. 30 Max Gain -5.18 dBi
Front/Side 94.58dB Slice Max Gain  -5.18 dBi @ Elev Angle = 90.0 deg.
Beamwidth 89.8 deg.; -3dB @ 315.1, 44.9 deqg. Beamwidth 1446 deg.; -3dB @ 17.7, 162.3 deg.
Sidelobe Gain  -5.41 dBi @ Az Angle = 180.0 deg. Sidelobe Gain < -100 dBi
Front/Sidelobe 0.0 dB Front/Sidelobe = 100 dB
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Kaksi ristikkaista luuppia, syotetaan

90° vaihe-erolla = CP antenni.

Azimuth Plot
Elevation Angle
Cuter Ring

30 Max Gain
Slice Max Gain
Front/Side
Beamwidth
Sidelobe Gain
Front/Sidelobe

* LH Circular Pol

60.0 deg.
-5.18 dBic

-5.18 dBic

-5.72 dBic @ Az Angle = 335.0 deg.
0.01 dB

?

-5.72 dBic @ Az Angle = 156.0 deg.
0.0 dB

Cursor Az
Gain

EZNEC Pro/2+

7.1 MHz

0.0 deg.

-5.72 dBic

0.0 dBmax
-0.55 dBmax3D
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RH Circular Po

* LH Circular Pol

EZNEC Pro/2+

Elewvation Plot
Azimuth Angle
Cuter Ring

30 Max Gain
Slice Max Gain
Beamwidth
Sidelobe Gain
Front/Sidelobe

0.0 deg.
-5.18 dBic

-5.18 dBic

-5.17 dBic @ Elev Angle = 90.0 deg.
121.2 deg.; -3dB @ 29.4, 150.6 deg.
< -100 dBic

=100 dB

7.1 MHz
Cursor Elev  §0.0 deg.
Gain -5.72 dBic
-0.55 dBmax

-0.55 dBmax30
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8. Ympyrapolarisaatio antenniryhmalla

CP onnistuu myaos ristidipoleilla,
ristiluupeilla ja myo6s
4 ristiluupin ryhmalla.

Y-dipoli tai
B-luuppi

+ 90°

> A
X-dipoli tai
A-luuppi
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= A

DG

| @

| Y—

= +90° —> LHCP
—90° — RHCP
| A
B
| == A
{]G
+90° N
| A

| = |wm
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*LH Circular Pol

Azimuth Plot
Elevation Angle
Outer Ring

30 Max Gain
Slice Max Gain
Front/Back
Beamwidth
Sidelobe Gain
Front/Sidelobe

LCP neljan ristiluupin ryhmalla

EZNEC Prof2+ RH Circular Po

* LH Circular Pol

6§0.0 deqg.
-2.44 dBic

-2.44 dBic

-3.31 dBic @ Az Angle = 311.0 deg.

0.03 dB

?

< -100 dBic
=100 dB

EZNEC Pro/2+

7.1 MHz
Elevation Plot
Cursor Az 0.0 deg. Azimuth Angle 0.0 deg.
Gain -3.33 dBic Outer Ring -2.44 dBic
-0.02 dBmax
-0.88 dBmax30 30 Max Gain -2.44 dBic

Slice Max Gain -2 44 dBic @ Elev Angle = 89.0 deg.
Beamwidth 105.1 deg.; -3dB @ 37.4, 1425 deqg.

Sidelobe Gain < -100 dBic
Front/Sidelobe = 100dB
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Cursor Elev
Gain

7.1 MHz

50.0 deg.
-3.33 dBic
-0.29 dBmax
-0.89 dBmax30
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Antenniryhmalla toteutettu CP — antenni:

- Sama ymparisateileva sateilykuvio kuin yhdella risti-luuppi parilla.
- Hiukan parempi Xpol, hiukan enemman vahvistusta.
- RCP / LCP voidaan toteuttaa erilaisilla yhdistelmillda — redundanssi

mahdollistaa antennien epaideaalisuuksien vaikutuksen minimoinnin.

A + 90"
.
: 4 +90°
ABAB
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4AB
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9.

Joka polarisaation vastaanotin

Mielivaltainen taysin polarisoitu tasoaalto voidaan esitaa:

- Kahden lineaaripolarisoidun (E, ja E,) aallon summana, tai

- Kahden ympyrapolarisoidun (E; ja E;) summana.

Matemaattisesti:

E=(E,—jE)/ V2 E,= V2 (E +Ey) /2
{EL=(EX+jEY)/ V2 = {EY=—jx/2 (E,—Ep) /2

Eli: Kun vastaanotetaan ympyrapolarisoidut signaalit,
vastaavat lineaaripolarisoidut signaalit voidaan laskea.



Joka polarisaatio
on mahdollinen!

lee] Rep] [ x | Ly |

N\

n vastaanotin

110
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Joka polarisaation vastaanotin

¥ SDR Metwork Control Box x4 (v.5.21h)

Multi Channel RX | Telmet | VHE/SHF | About |

AGC RF Gain
EHE

N

Save Data

Read Calibr

SDR Control | Command shell | Filtertools | Network
Choose Data File | |
Choose Calibr File | |
Choose Coeff File | |
Mode FFTlength  Averages
Frequency Input
00000000 [FHEEEL RN LN
N L
* " OMNI  Adzimuth  Elevation
A  MAX S
C b
" NULL
IV Enable phase shifi
Channel selection
BEAM f POLARISATION FIME TUME
IRI Channel 1 ;I I I j
RX mode selection Test delay (s} NW
- " < ME
| Diversity Mode (quad channel)  ~| 1 =
Save BRX mode | I Maxﬂﬂullf[?r%ﬂw[_;r\
RHCP

-
-
Read Coeff -
-
-

(|

R
| R

| AR CHULL

()
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104

1,03 n

RMS Signal Power
5

10! 5

10°

ORDINARY WAVE STRONGEST (’Paiva - polarisaatio’)

Moving average of polarised power level LCP RCP
21.06.2023 20:30 Freq = 9996.0 kHz Mode = 3 Nave = 10 — LHCP JO -
—— RHCP 7o
—— X-Pol 12 4 4
—— Ypol
6 - 4
10 - 8
5 =
— — = ————— 8 - 6 -
4 -4
6 - 2 4
3 1 4
4
4 1
24
2 - 1-
Average power:
LHCP = 0.0 dB RHCP = -16.2 dB X-Pol =-3.0dB Y-Pol = -2.8 dB 01 0+ 0 - 0 -
0 20 40 60 80 100 0 50 0 50 50 50
Data point number
RWM Taldom 9.996 MHz
33
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RMS Signal Power

106

105

10% 3

103 4

102 -

10!

EXTRA-ORDINARY WAVE STRONGEST (’Yo-polarisaatio’)

Moving average of polarised power level

28.06.2023 23:34 Freq = 9996.0 kHz Mode=3 Nave =10

Average power:
LHCP =-13.4 dB

RHCP =0.0dB X-Pol=-47dB YPol=-15dB

LHCP
RHCP
X-Pol
*Pol

0 20 40 60 B8O
Data point number

RWM Taldom 9.996 MHz
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10. Polarisaatioparametrit

POLARISAATIOELLIPSI

Yleisessa tapauksessa polarisaatio on
ELLIPTINEN

(Etenevan aallon E-vektorin karki piirtaa ellipsin)

Kaksi parametria maarittaa
POLARISAATIOELLIPSIN:

- Akselisuhde (A/B = cot &), ja
- Ellipsin kallistuskulma (7)

tai:

X- ja y-suuntaisten kenttien:
- Amplitudien suhde (tan ¥ =E,/E,), ja
- Vaihe-ero (0)
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Polarization
ellipse
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POINCAREN PALLO

Aallon (ja antennin!) polarisaatiotila M(&, 7) voidaan esittaa

pallokoordinaatistossa:

Polarization state

M (&,7) or P(v,0)

2¢

Latitude
represents
axial ratio

Equator
represents
linear

polarizations

Lower hemmisphere
right-hand sense

H

LHC I Podes represeat
e circular polanzations
=
T
o Upper hemisphere

g

i

RHC
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lefi-hand sense

=

” T 45 Linear

Longitude represents
i1l angle
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POLARISATION MISMATCH LOSS

Jos tulevan aallon ja rx antennin polarisaatiot eivat ole samat:

Vaimennus: L =cos?(6/2)

Alignment angle Polarization mismatch (dB)

0 ()

LS (L3001

=30 1.249

L45 3.010

Ll 6.020

/3 | 1.740

+00) o
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POLARISAATIOPARAMETRIEN MITTAAMINEN

- Riittaa, etta on kaksi ORTOGONAALISTA rx antennia, jos niiden
signaalien vaihe-ero voidaan mitata.

- Esim. H-ja V- dipolit tai LCP- ja RCP- antennit.

- Monet signaalit ovat satunnaisia, kohinaisia ja (erityisesti
radioastronomiassa) vain osittain polarisoituneita.

- Naiden mittauksiin on parasta keskiarvoistaa (integroida) ja
korreloida vastaanotetut signaalit.

- Maaritellaan STOKESIN PARAMETRIT:



STOKESIN PARAMETRIT voidaan mitata:

Tehomittauksilla Tai: Tehomittauksilla
X ja Y —kentista LCP ja RCP — kentista
H- ja V- antenneilla: CP —antenneilla:
| = <|Ey|2>+<|E,|2> (| = <|Ep|2> + < |E|?>
Q =<|Ey|2>—<|E/|2> Q = 2Re{ ExE *}
U = 2Re{EE/*} U=-=2Im{EE*}
LV = 2Im{ E E,*} LV =< |E|2> = < |Eg|2>

Lisaksi tarvitaan kenttakomponenttien valisen korrelaation
reaali- ja imaginaariarvot.



Polarisaatioparametrit lasketaan Python ohjelmalla

Average of 100 samples (n. 5 s)

21.06.2023 20:33 (‘Paiva - polarisaatio’)
Frequency (kHz) = 9996.0

|=3.439 Q/I=-0.620 U/I=0.474 V/I1=0.600 LCP
Degree of polarisation = 0.984

Degree of linear polarisation = 0.780

Degree of circular polarisation = 0.600

Polarisation ellipse:

Axial ratio =3.00 eps=18.4°

Tilt angle =71.3°

Ey/Ex=2.12 Phase shift =51.0°
Elcp/Ercp = 1.50 Phase shift = 142.6°
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Normalised Stokes parameters

Moving average of Stokes parameters

3
L3 21.06.2023 20:33 Freq = 9996.0 kHz Mode = 3 MNave = 10 Qi 10
— un
— VA
1.0 1
0.5 o
B
I @
=
0.0 - 10! 2
—u.ﬁ " \_/ -
e - 100
=1.0 4
<|==3439 <=Qfl>=-0.620 <=Ufl>=0474 <\Vi==0.600 —_—
-=1.5 T T T T 15_1
0 20 40 60 80 100

Data point number

OH7EAG / Paijat-Hami, SRAL Kesaleiri Vierumaki 12 - 16.7.2023

41



Average of 100 samples (n. 5 s)

21.06.2023 00:00 (Yo — polarisaatio’)

Frequency (kHz) = 9996.0

|=61.776 Q/I =-0.362 U/l =0.113 V/I = -0.925 RCP
Degree of polarisation = 1.000

Degree of linear polarisation = 0.379

Degree of circular polarisation = 0.925

Polarisation ellipse:

Axial ratio=1.49 eps=-33.8°

Tilt angle = 81.4°

Ey/Ex = 1.46 Phase shift =-83.1°
Elcp/Ercp = 0.60 Phase shift = 162.7°
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RMS Signal Power

103

102 4

10! 4

100 4

107t

’

DWD -'Paiva - polarisaatio

Moving average of polarised power level

21.06.2023 10:37 Ffreq = 10100.8 kHz Mode =3 Nave= 10

Average power:
LHCP = 0.0 dB

RHCP =-10.1dB X-Pol =-3.1dB Y-Pol =-2.2 dB

0

ZIO 40 Eb 80 100
Data point number

Frequency (kHz) = 10100.8

I =0.800 Q/I=0.106 U/l =-0.139 V/I =0.751 LCP
Degree of polarisation =0.771

Degree of linear polarisation = 0.175

Degree of circular polarisation = 0.751

Polarisation ellipse:
Axial ratio=2.21 eps=24.3°
Tilt angle = 63.8°

Ey/Ex = 1.53 Phase shift =55.1°
Elcp/Ercp = 1.83 Phase shift = 127.5°
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RMS Signal Power

DWD -Y6 - polarisaatio’

Moving average of polarised power level

104
30.06.2023 00:05 Freq = 10100.8 kHz Mode = 3 Nave = 10 = LHCP
—— RHCP
—— ¥-Pol
—— ¥-Pol
107 -
10! -
10° -
Average power:
X LHCP = -9.7 dB RHCP =0.0dB X-Pol=-1.3dB YPol=-4.3dB
10~ T . - T
0 20 40 60 80 100

Data point number
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=2.294 Q/1=0.393 U/I =0.304 V/I = -0.836 RCP
Degree of polarisation = 0.972

Degree of linear polarisation = 0.497

Degree of circular polarisation = 0.836

Polarisation ellipse:
Axial ratio=1.85 eps=-28.4°
Tilt angle = 18.8°

Ey/Ex = 0.63 Phase shift = -68.1°
Elcp/Ercp = 0.65 Phase shift =37.7°

LCP RCP X Y
3.5
50 10 - 6 -
4 4
2.5 1 8- 57
2.0
6 .
1.5
4
1.0 4
2 .
0.5 -
001 0-
0 50 0 50
100
0.75
0.50
0.25 1
0.00
—0.25 4
—0.50 4
—0.75 4
=1.00

-1.00 -0.75 -0.50 -0.25

0.00

OH7EAG / Paijat-Hami, SRAL Kesaleiri Vierumaki 12 - 16.7.2023

0.25

44



11. CONCLUSION

O

Phase-steered antenna array of 4 identical antennas (each consisting of
two crossed loops and a vertical dipole), connected to a phase-coherent
4-channel HF-receiver (Afedri), has been studied experimentally.

Attractive properties have already been demonstrated earlier:

e Switched-beam (4-square) operation, as well as continuous (manual) beam- and
null-steering.

 Determination of the angles of arrival (both azimuth and elevation) of the incoming
HF-signal.

Novel feature is the capability of receiving circular-polarised signals, and
a receiver/antenna for all polarisations has been demonstrated.

Determination of the polarisation state or Stokes parameters for the
incoming signal has been demonstrated.
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