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Satelitina obezne draze — zjednoduseny

Kolenik.agv:__n‘[ VZdalenosti.

¢ Pozadavky IARU
(AMSAT) — pozemni
antena by nemela mit

elevaci pod 100.

dmax:

d

= J(R+h)-R?

Mmax

R — polomér Zemeé (6378
km)

h — Vyska drahy (altitude)

e \etsinu Casu béhem
komunikace se satelit
nachazi v nizkych
elevaci
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Casoveimoznosti satelitni komunikace
‘o) r SMERS5L6 komunikacniho casu se LEO satelity nachiazejiipod

J e AV.-
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Frequency = 3 GHz
- Man bbe magntude = 3,52 dfh
BTy Man kbe drection = 35.0 deg
Aol vath (3 0B) = 42.2 deg
Theta / Degree vs. dbB: Sde iobe kevel = -1.1dB

Farfed Drectvty Abs (Theta=50)

Frequency = 3 GHz
Man kbe magntude =  3.13 &8I
180 Man kbe drecton = 1140 deg
Angubar vakh (3 cH) = 235 deg
Phi [ Degres vs. dB Sde lbe kvel = 3448

Type Farfield

Approximation  enabled (kR == 1)

Monitor farfield {f=2.4) [1[1.0,0.0]+2[1.0,180])
Component Abs

Qutput Directivity

Frequency 2.4 GHz

Rad. effic. -0.01308 dB

Tot. effic. -0.2887 dB

Dir. 4.409 dBi
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Kde muzeme videt elektrlcky fazovatelnou

antennl radu? -
alok je mozno elektrick naklangt.

0bsahuje mec 2 komponenty

-ﬂ_ -

téhy
ymunikace (3G and vys$i) )
N k munlkace autofocus antény

;-s |Iova technika — adaptivni tempomaty

Rad‘iidk—omunikace Pardubice 2019



gem pro;ektu

od 2018 neni moc fesen. PMllsenCUE
Katedrou elektromagnet pole CVUT 2020 20237

egment
‘mikrovinné pasmo na bazi elektricky fazovatelnych

1 fad bez mechanického rotdtoru. Pro tyto Ucely

‘standardné nabizené elektronické komponenty. Zvazit

l1Za i i pro UHF pasmo.

-

C C =i\ 0I10 Yelle .. SIMI

U 9l

-

=TT I - "
- ) ‘ y-‘
= .‘

’R'earzace tohoto typu antény umozni snadnéjsi rozsireni bez
_obsluznych zakladnovych stanic po celém svété, které budou
temer bezudrzbové a riditelné z jednoho mista. Pro polarni
satelitni drahy a umisténi pozemniho segmentu v blizkych
polarnich zemeéepisnych Sirkach dochazi k vyznamnému
prodlouzeni komunikacnich oken.
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SnNI rada.vs. standardwesem

- Swsem telna ant. fada

vysoké

Nizka Vysoka
Zavisla na mech. Zavisla na rozliseni
komponentech posouvacu faze
= zamérovanl Nizka Velmi vysoka
‘Pocet sled. cild 1 >1
Naroky obsluha
a servis Velmi vysoke Nizké

NarocCneé Casti Mechanika RF a elektronika
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Zakladni principy 1.

A ——
—

P arni pole o velikosti mxn, ktere obsahuje'jednotlivé

enni elementy se smerovou charakteristikou F, ,(6,4).
apajeciho proudu kazdym ant. elementem I, ,
pl tudou — tvar hlavniho vyzarovaciho laloku

zI = naklon hlavniho vyzarovaciho laloku

Rectangular
o Zrid " ,/ surface
/

Neni zahrnuto vzajemné
ovlivihovani jednotlivych
perimeter anténnich elementt .

X

Rectangular
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. . Zakladni principy II.
PVAIRSTIEROVE charakteristiky: —

SURermnirozlozeni (napajeni)i— stejné amplittjd.y napajeni
BBemIcke rozlozeni — maximalne potlacene postranni laloky
- éebyéau oZIoZEN™= stejnomrné velke postrannt laloky
S EVI6TVoNozZIozeni — pozvolny pokles postrannich laloku
SRSTErOVanithlavniho laloku: - fazovy posunem (zpozdénim)

; ’Jenl'm Ap = 2nd;in9

—e
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~ Podobné (konkurenc¢ni) projekty 1.

B— RX'7.25=7.75 GHz
fika hlay. laloku: 5° (-3dB)

Y
-
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Podobné rencni) projekty II. -

e lUniversity of Kobe (prof N buyuk| Kaya)f ——
EEXT=Danc antena

....
,,,,,

ontrol system without Mechanical Drives
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Principy vychylovani a tvarovani antenniho laloku.

"y

. r\n:_u pgoye — kazdy antenni element ma vlastm fazovy ...
PESOUVAc a atenuator.

Digitalni — kazdy antenni element ma svUj RF front end a
dUJr_JLr Dracovanl

Sybridni= Kazdy anténni element ma sv(j vlastni fazovy
,)oJr Vac a atenuator, ale urcita skupina ma své digitalni

Zpracovani.
S Digital S
o Baseband iaa RF Chain
Processing

S Digital S
BB RF
Baseband RF Chain
Processing

Digital
Baseband
Processing
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Tvarovani anténniho laloku - spinanim 1.

gva matice - pasivni struktura NxN pro fizeni
Srovani. Struktura pro. analogové “smé&rovani anténniho
U, ktera pouzitim vhodné obvodové topologie se
€ - nich & pevnych fazovych posunll a RF
“umoznuje analogové smerovani anténniho laloku
)Cl prepinactl.

dou tohoto provedeni je jeho jednoduchost a absenci
nebo krokovych fazovych posouvact, avsak to

7

90° coupler

& beam ports

————— — ——— —— — — - ——— — ]
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P Butierova matice - funkce

Antenna-8(A8)

Antenna-7(A7)

Antenna-6(A6)

Antenna-5(A5
8 |nput Phaseshifter enna-5(A5)

= Antenna-4(Ad)
(87.5°

-ZL:: Pc‘rt:4 E D _*"
N

Antenna-3(A3)

Antenna-2(A2)

Antenna-1(A1)
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Tvarovéni anténniho Ialoku - spinénim II.

y a vykazuji konstantm
ni. Pricneé pak ma]| rizné délky a tedy i zpozdeéni.

enweber pole - se sklada z kruhového usporadani
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Tvarovani anténniho laloku - spinanim III.

"®1 Rotimanoya cocka - ,Paralel plate™ planarni struktura pro
rovani antenniho laloku, vykazujici velkou
_L‘---r’ asmovost. Nektere porty jsou zakonceny vinovou
nci (Dummy pa né slouzi k napajeni jednotlivych
(Array ports) a vyberem jednoho z napajeciho portu
M ports) dochazi k diskrétnimu vychylovani hlavniho
niho laloku

]

.——~

Beam ports Array ports

| 'a
]
=
Y
=
L]
[83)
-
E
<
=11
c
‘3
3
3
o]
(44

Array elements .
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Principy algoritm{i smérovani anténniho laloku

adaptivni algoritml je zamérovat a tvarovat an JDJ

ak, aby bon dosazeno maximalni- amplltudy nebo
74-~. pomeru na portu antény. To je docileno
(fazove posuny, amplitudy apod. -
parametry) antenni rady tak, aby bylo dosazeno
In| stredni kvadratické odchylky (mean squared
‘mezi vystupnim signalem anténni rady a referencni
of “ ovym signalem.

Pouzivané Aagoritmy:

- LMS (Least mean squares)

- DMI (Direct sample covariance
matrix inversion)

«o) - RLS (Recursive least squares)

@—l— - CMA (Constant modulus algorithm)
(1)

O

Radiokomunikace Pardubice 2019
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Anten

Konceptnasitelektricky fazovatelné antényal.

na array panel 1

PATCH antenna

SVC

/

LNA

3

(>

SW
z Panel 1 RX/TX
Panel2 ] jo]\k RF TRX
Panel 3 >
<«—>»—0
Panel 4
<«—>»—0

EL16
<«

CPU
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L Koncept'nasitelektricky fazovatelne anteny.I1.

& patche s 8 dBi max. ziskem a £30°-anténnim lalokem
10" elementarni anténni pole 4x4 dosahuje 20 dBi max. zisk
iv | arni pole

me.. T

Circular
antenna
patch

Circular o000 Elementary
antenna _____..--""I.fantenna array
patch

Elementary
antenna array

Elementary
antenna array
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Simulace’élementarniho kruhového patche
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‘Simulace'elementarniho kruhového patche I1.

Farfield Directivity Abs (Phi=90)

farfield (f=2.4) [1]

Phi=90 30 30 phi=270

120 Frequency = 2.4 GHz
Main lobe magnitude = 7.54 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 76.1 deg.

Theta / Degree vs. dBi Side lobe level = -16.7 dB

150

Farfield Drecovty Abs (Theta=90)

— fatfed (F=2.4) (1]

Frequency = 2.4 GHz
Man bbe magntude = -2.13 dBi
Man bbe drecvon = 52.0 deg
Angulsr wdth (3 dB) = B1.0 deg
Phi / Degree vs. dBi Sde lobe evel « 0.5d8

10 Maongs (W] 45 14ee) = 0 0B Mas
Praguancy 4 ] N

S-Parameters [Magntude n dB]

e Radiokomunikace Pardubice 2019



Real'lzamm_entarmho kruhoveho patche
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ap] = ; e ]

93 SN s SN i Farfield Directivity Abs (Phi=90)

Hig | Se s SN U T H 0 farfield (f=2.4) [Simulatio...

+ Sooha_. | NERER Phi=90 30 =FT=, 30  Phi=270

T Hay e T ), 60

iy % i) iy

an HE ~~;::\tj 490

un g N ST j

i 9@

T 7120 Frequency = 2.4 GHz

Main lobe magnitude = 20.5 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 15.7 deg.

_‘ Theta [/ Degree vs. dBi Side lobe level = -12.8 dB
-
- e
s Farfield Directivity Abs (Phi=0)
14.1 0 farfield (f=2.4) [Simulatio...
10.3
6.41 Phi= 0 30 - =~ 30 phi=180
2.57 A5 |
AL A A e ] s
Mo £ R\ 60
¢ =8:.-52
N 2.2 )
=158 !
=385 490
X i
Type Farfield : N 1
Approximation enahled (kR == 1) —
Monitor farfield (f=2.4) [Simulation_1] Fre.quenw 23 GHz
Component  Abs Main lobe magnitude = 20.5 dB
E:gg:"enw gzeém’z"" = T Main lobe direction = 0.0 deg.
Rad. effic. -4.937 dB Angular width (3 dB) = 15.8 deg.
Tot. effic. -4.939dB . : —
5 e dn Theta / Degree vs. dBi Side lobe level = -12.8 dB
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Analyzafantenniho pole 4x4 — chybny navrh

DI ol S P
RN

Trpe Famield
Approamation  anabiad (kR »» 1) y
Monitor farfield (=2 4) 1)
Component aps
Output Dirucindty
Fraguenty 240GHz = X
Rad affic 1 568 dB
Tot emc -7 500 ¢B
Dir 4554 dBl
—

Btransverzalni ant. radé 4x4 s uniformnim

TdEL

Type Famedd (Anrsy)

Apprommation  enabled (kR == 1)

Monitor farfela (=2.45 1]

Comgponent Abs

Output Directivity

Fraquency 24 GHz z
Rad. offic 7568 2

Tot effic
Dir

-71.580 ¢8
10.76 4Bl

Farfield Directivity Abs (Phi=90)

farfield (f=2.4) [1]

0
Phi= 90 30 ’ 30 Phi=270
T \\._
60 f - ‘r‘ 60
g0 [T g
| /z:_25““‘\ :J_‘[‘:l ,D

120 Frequency = 2.4 GHz
Main lobe magnitude =  4.16 dBi

Main lobe direction = 45.0 deg.

Angular width (3 dB) = 58.0 deg.

-7.1dB

150 150

180

Theta / Degree vs. dBi Side lobe level =

napajenim:

Farfield (Array) Directivity Abs (Phi=90)

farfield (f=2.4) [1]

0

Phi= 90 Phi=270

30 30

120 Frequency = 2.4 GHz
Main lobe magnitude =

> 10.1 dBi
150

Main lobe direction = 60.0 deg.
Angular width (3 dB) = 20.3 deg.
Theta / Degree vs. dBi Side lobe level = -4.1 dB

Radiokomunikace Pardubice 2019



Analyzaianténniho pole 4x4 — napajeni 1.

-~ Uniiformmnf

Farfield Drectivity Abs (Phi=90)

150\“—180 - ”/.x-so

Theta / Degree vs. dBi
N/ -

Canys ev 15 dB

—— —
== = e«

Farfield Drectivity Abs (Phi=90)

Theta / Degres vs. dbi

7120 Frequency = 2.4 GHz

farfield (f=2.4) [Semuiabio

Phi=270

,-/ 120 Frequency = 2.4 GHz

Man obe magntude = 20,5 dB
Man obe drecton = 0.0 deg.
Angular width (3 dB) = 15.7 deg.
Side bbe kevel = -12.8 dB

farfield (f=2

4) [Smulatic..

Main bbe magntude =  20.3 dBi
Man bbe drecton = 0.0 deg.
Angular width (3 dB) = 16.2 deq.
Sde lobe level = -14.5 dB

Binomicke

Farfield Directivity Abs (Phi=90)

Phi=90 30 - =, 30 Phi=270
60 /7 X TN 60
90f: 190
120 # 120 Frequency = 2.4 GHz

150 “emsedest® 45
180

Theta / Degree vs. dBi

Taylor

Farfiekd Drectivity Abs (Phi=90)

Theta / Degree vs. dBi

120 Frequency = 2.4 GHz

farfield (f=2.4) [Simulatio...

Main lobe magnitude =  19.1 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 18.5 deg.
Side lobe level = -17.5 dB

farfield (F=2.4) [Smulatic..

Main bbe magntude =  20.2 dBi
Man kbe drecton = 0.0 deg.
Angular wadth (3 dB) = 16.7 deq.
Side kbe evel = -16.4 dB
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JRifermni

[

Binemicke,

Canysayies

jgylor

Fatond
ahion  ensbled (3 »» 1) 3
Trfedd (=2 4) [Ermion_1) e Fatod
Absz Approw ol onshied R »» 1)
D¥ecynty ritor farfield $=2 &) [Smuiation_ 1
24 Gz ] N Comgonen Abz
4997
4339q8
20524088

Tyge Fatod e Fatod

Approaimaton  ensbied BR »» 1) Appeow an  ensbied HR »» 1)

Nonsor Tarfield $=2 4} [Smuiation_ 11 ritor farfield $=2 &) [Smuiation_12
Comgonert  Abs = Abz

Ougput Directraty
Froguancy 24 G2
DE 2035484




Analyza anténniho pole 4x4 — vychylovani hl. laloku I.

_—

K Uniienmninapajeni — 15° a 30°

Farfield (Amray) Drectivity Abs (Phi=90) Farfield (Aray) Drectivity Abs (Phi=90)

— farfield (f=2.4) [1] farfield (f=2.4) [1]

Phi=90 30 AT 30 Ph=270

K 4; ; y)/go
~ P p

: /,/120 Frequency = 2.4 GHz 77 120 Frequency = 2.4 GHz
150 ez : ,/; 50 Man bbe magntude =  19.8 dB| 3 =" 50 Man bbe magntude =  18.1 dBI
180 Man bbe drection = 14.0 deg. 180 Man bbe drecton = 29.0 deg.
Angular wadth (3 dB) = 16.4 deg. Angular vadth (3 dB) = 1B.0 deg.
Theta / Degree vs, dBs Sile lobe level = -8.4 dB Theta / Degree vs. dB Sule lobe level = -2.5dB
rJ ;: . k 7 7 = 4 o o
SRBINOMICKE napajeni — 15° a 30

e

— | Farfield (Array) Drectivky Abs (Phi=90)

— 0 farfield (7=2.4) (1) farfield (7=2.4) [1)

Phi= 90 30# AL =, 0 Ph=270

SN
v “»

e ..r;170 Er
R equency = 2.4 GHz

/120 Frequency = 2.4 GHz

l;;*{_g__” ) _*/g) Man bbbe magntude «  18.6 dBi i e g Man lobe magntude = 17 dBi
180 Man lobe drection = 14.0 deg. 180 Man lobe drection = 28,0 deg.
Angular vadth (3 dB) = 19.3 deg. Angular wadth (3 dB) =  21.0 deg.
Theta / Degree vs. dB) Sde bbe level = -8.0 dB Theta / Degree vs. dB) Sude bbe level = -2.5d8
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. Analyza anténniho pole 4x4 — vychylovani hl. laloku.II.

BNeEBYERVAL5dB napajeni — 15° a 30°

Farfield (Array) Drectivity Abs (Phi=90) Farfield (Array) Drectivity Abs (Phi=90)

— farfield (f=2.4) [1] = farfield (f=2.4) [1]

Phi= 90 }9{ T \30 Phi=270 i 30 Phi=270

AL J T e
& 120 Frequency = 2.4 GHz 74 120 Frequency = 2.4 GHz

il 150 Man bbe magntude =  19.8 dBi o .__'_,.._;.'-";SO Man bbe magntude = 16 dBi
180 Man bbe drection = 14.0 deg. 180 Man lobe drection = 26.0 deg.
Angular width (3 dB) = 17.0 deq. Angular width (3 dB) = 19.3 deg,
Theta [/ Degree vs. dB Side lobe kevel = 8.3 dB Theta / Degree vs. dB Side kbe level = -0.7 dB

-

fyl_or napajeni — 15° a 30°

Farfield (Array) Dredivity Abs (Phi=90)

Farfield (Array) Drectivity Abs (Phi=90)

— farfiekt (F=2.4) [1] — farfield (f=2.4) [1]

=30 Ph=270

™,

Y 4 120 Frequency = 2.4 GHz
T Man kbe magntude = 19.6 dBi

"7 120 Frequency = 2.4 GHz

1 150 R _.‘_h_pf‘iso Man bbe magntude =  15.9 dBi
180 Man kbe drection = 14,0 deg. 180 Man bbe drection =  26.0 deg.
Angular vadth (3 dB) = 17.4 deg. Angular wadth (3 dB) =  21.0 deq.
Theta / Degree vs. dBi Sde obe level = 8.3 dB Theta / Degree vs. dB Side lobe level = 0.9 dB
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Analyza ¢
o Myenylen

10 pole 4x4 — vychylovani hli
laviniho Jaloku 15°°

i .

e

Urliferasiall
Binemicke

SEWYSEV 15dB

Telylels

—

MaximalrT o 1B hiavii alok

aloku III.
i —

Potlaceni post.

[dB] [°] aloké [dB]

_1918 o ' _1 5,4
= 17,0 8,3

19,6 17,4 8,3

) Vyr‘ ylen| hlavniho laloku 30°

- —
y S .
- <,

Maximalni zisk

3 dB hlavni lalok

Potlaceni post.

: : [dB] [°] lalok{ [dB]
= ;..U‘ﬁifermnl' =
Binomické 17,0
CebyZev 15dB 16,0 19,3
Taylor 0,9
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-

H‘
PIEN _posouvac faze — m|n|maln| krok 1.4°

Vybrane elektronicke kO‘mPOnentyJ.b
> Perdidy T 20 |

rae /\-‘J“L..f 0Z5an 1 =222 GHZ (S o'on. 1 ovv' mod
-5 GHz (L’lzkopésmovy mod).
rJr).Lr diseriova ridici sbernice, nastavitelna adresa
2 Pafeel _e PE43705
: 5'@ — krokovy atenuator s 0.25 dB minimalnim krokem

..fﬂ_:BT'rekvencnl rozsah 0.05 — 8 GHz

= “Paralelnii a sériova fidici sbernice, nastavitelna adresa
e Skyworks RFX2401C

- ISM 2.4 GHz pasmo front end se dvémi RF prepinaci
- PA: 22dBm vystupnim vykonem, 25 dB zisk

- LNA: NF 2.5dB, 12 dB Zisk Radiokomunikace Pardubice 2019



\ejblizsi'cileiprojektu:
MREdlizace a test elementarm anteny. a Jegl mlk¢ovlnge

PEVOEEY: _
PESImtlace kompletnihormaleho antenniho pole 6

VEIROSUFXA.
WEeizece kompletniho jednoduchého anténniho pole
0 \/gjj,ge bt 4x4

SERE: Zace ridiciho software tohoto anténniho pole
—‘_) suhodobe cile projektu:

-,

"P

=5 aVrh a realizace vetsiho anténniho pole (s velikosti
8x8 Ize dosahnout az 26 dBi)

e Realizace kompletni antény plné nahrazujici
konvencni reseni

 Uvazovat o pouziti podobneho konceptu pro VHF a
UHF péasma. Radiokomunikace Pardubice 2019
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UJI Moc za pozornost

mpokornv@kae ZCU.CZ
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