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Satelit Es'Hail 2
QATAR OSCAR-100

Kurz operatoru
Radioklub OK2KOJ pri VUT v Brné

jaro 2024



QO-100

Satelit Es'hail 2 byl vynesen 15. listopadu
2018 na raketé Falcon 9 spoleCnosti
SpacexX.

Jedna se o stacionarni komunikacni a televizni vysilaci satelit pro
Stredni vychod. Es'Hail 2 je umistén na 26° vychodni délky nad
rovnikem nad uzemim Demokratické republiky Kongo a pokryva
Evropu, Afriku a vetsSinu Asie. Vzdalenost od zemského povrchu je
35794 km. Tomu odpovida zpozdeéni signalu o cca % sekundy.

Peter DB20S (predseda AMSAT-DL) presvedcil majitele satelitu v
Kataru, aby pridali dva transpondéry pro HAM radio: * 13cm uplink
a ' 3cm downlink.


http://www.ctu.cz/
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Vyhody zvolenych frekvenci:

e UP... 2400,005 MHz az 2400,490 MHz
o Je v pasmu 2300 MHz az 2450 MHz dle vyhl. 156/2005 Sb. o
technickych a provoznich podminkach amatérské
radiokomunikacni sluzby (HAREC i NOVICE)
o D& se pouzit mnoho vyrobkl urcenych pro WiFi
o Dostupnost méfricich pristroju

e DOWN ... 10489,505 MHz az 10489,990 MHz
o Tesne pod ,satelitnim® Ku pasmem 10,7 GHz az 11,7 GHz
o Daji se pouzit offset paraboly urcené pro satelitni televizi
(pouzité od 200 Kc)
o Daji se pouzit standardni LNB (nové pod 100 K¢)


http://www.ctu.cz/

Vyhoda pro HAMy:

Neni tfeba rozmérna anténa, staci TV offset parabola @ 80 cm.
Nezavislost na pocasi

,Motivacni“ pile up na nové stanice

Nizké porizovaci naklady na zarizeni

Moznost proniknout do technologie vysSich kmitoct(

CW, SBB, FT8, DATV (Digital Amateur Television) a dalsi druhy
provozu

Kratka QSO, moznost se ,vykecavat®, zavody

Zajimaveé stanice, napf. GPOGVN v Antaktide

OK/OM krouzek

Proti:

Je to, lepsi“ prevadéc


http://www.ctu.cz/
http://www.ctu.cz/

Zasady provozu:

e Neprekracovat Uroven majaku

e FM modulace neni povolena

e Neni povolena zadna modulace s Sirkou pasma vétsi jak 2700 Hz

e Nejsou povoleny zadné digitalni FM rezimy jako C4FM, DSTAR apod.

e Nevysilat pod kmito¢tem dolniho majaku a nevysilat nad kmito¢tem horniho majaku

e Nutno dodrzovat "ochranné pasmo" kolem majak

e Uplink polarizace je RHCP (pravotociva kruhova polarizace)

e Downlink polarizace pro transpondér NB je V (vertikalni linearni polarizace).

e Nadmeérné signaly mohou vyvolat varovani LEILA, které upozorni na nutnost snizit
vykon uplinku.

e Je povinny plné duplexni provoz - béhem vysilani musite byt schopni sledovat vlastni
downlink

e Majaky jsou generovany pozemni stanici s GPSDO a prenaseji provozni nebo udrzbové
informace

e Stanice musi byt HAMmem obsluhovana a pod jeho plnou kontrolou. Bezobsluzné
automatické stanice maji povolen provoz pouze v pripadech zZivelnych katastrof



Prvni SWL pokusy — web SDR:

=2\ AMSAT-nL

ap Satelliten fiir Kommunikation, Wissenschaft und Bildung

Satellites for Communication, Science and Education

J AMSAT-UK

Qatar-OSCAR 100 Narrowband WebSDR

This WebSDR, hosted at Goonhilly Earth Station in Cornwall, enables you to listen to the Qatar-OSCAR 100 Narrow band transponder onboard the Es’hail-2
You can read more about this WebSDR & Spectrum Viewer station at wiki.batc.org.uk/Es'hail-2 Ground Station

* For more information about Qatar-OSCAR 100 see amsat-dl.org/eshail-2-amsat-phase-4-a

* The QO-100 wideband spectrum monitor can be found here eshail.batc.org.uk/
« Dish Pointing Calculator & Map: eshail.batc.org.uk/peint/

* QO-100 Narrowband Bandplan 8 Operating Guidelines

» GPS Frequency Reference Status: PLL: Locked, GPS: Locked

View: @waterfallOblind  Allow keyboard: Waterfall: HTML5 Sound: Click to start sound!| Narrowband listeners: 95

;
!
£
£

10489798.50 |kHz [ labels Filter: 2.70 IcHz S| |5 Waterfall zoom
——= — - + ++ . _ *
squelch [J autonotch - B >< <>
Gl || )| Ut q -80.7 dB; peak -72.3 dB;
Memories: Speed: | slow v
recall | erase | store |(new) Audio recording Volume: o mute  Size: large  ~
start )
View: | waterfall v

Signal strength plot: | none v
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Prvni RX pokusy:

QO100: 10 489 MHz

9-14V : Vertical
16-20V : Horizontal

LNB PLL
LO = 9 750 MHz

PLL LNB pracuje s krystalem 25MHz a nasobi kmitocet 390x

LO = 25 MHz x 390 = 9750 MHz

Frekvence stredniho majaku na QO-100 je 10489,75 Mhz

IF = 10489,75 MHz — 9750 MHz = 739,75 MHz (do SDR donglu)
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Prodejny  Akce g Q Napiste, co chcete hleda

TV, foto, Telefon Chytré Notebooky  Herni Velké Malé Péce Elaktiomobilita
audio video Y produkty alTTechnika zéna  spotfebice  spotiebice o télo a zdravi

# > 1V foto audio,video » Videotechnika > Satelitnitechnika > Satelitnikonvertory > Konvertor Tesla TL-100 Single LNB Eerny/zluty

SINGLE Konvertor Tesla TL-100 Single LNB
I N B [ ] e Cerny/Zluty
. * Aok r4.5(2)

satelitni konvertor, vestavény 4G/LTE filtr, vystup 1x F konektor,
UV odolné provedeni, kontrolky pro zjednodu3eni instalace

Vice informaci>

99 K¢

IHNED K ODESLANI &
muZete mit jiz 09.10.

VioZit do koSiku "\
l l e sl PFidat do porovnani % Poslat odkaz
Napiste, co chcete hledat... l
om kO i TESIA

KATEGORIE | VWROBCI A Hlavni strana > Anténni a satelitni pfijem > Paraboly, LNB a motory > LNB Singl

e LNB konvertor Flix single uni 0,1 dB
* Dekodovaci moduly a

ka Novorocni vyprodej
Yy Vyrobce: Golden Media

+ Antény

Kéd: KOSIUNILC
- Paraboly, LNB a motory Dostupnost: & skladem
» Paraboly do 80cm B&2na prodejni cena s DPH: 994 @

» Paraboly nad 80cm VaZe cena s DPH: 79 K&

» LNB Monobloky - Vase cena bez DPH: 65 K&

Zaruka: 24 Mésice

Objednat: 1 &8 ™ Do koziku

* LNB Singl

LNB Twin

LNB Quad

LNB Quattro
» LNB Octo
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LNB Bullseye s TCXO:




Stabilzace kmitocCtu LNB:

e LNB s Xtalem — mizerna az nedostatecna stabilita
e LNB s TCXO (napr. Bullseye) — relativné pouzitelné
e Modifikovat LNB pro zdroj externiho kmitoctu 25MHz
alternativné 25,78MHz nebo 24MHz (planovan test)
o OCXO — dobré az velmi dobré
o GPSDO - vynikajici, ale komplikované a drahé
e Nechat vSechny dily dostatecné dlouho teplotné stabilizovat
e Zavésit SDR SW na kmitocet (stredového) majaku (podporuje SW
SDR Console) A
e Kombinace predeslého PP

GPSDO Leo Bodnar (UK)


http://www.ctu.cz/
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SDR dongle zalozené na cCipu
Realtek RTL2832U:

Modry/cerny v plastu
osazen Xtalem = méneé stabilni

Zeleny v Al pouzdru
TCXO = pouzitelné stabilni
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ADALM-PLUTO:

e Pro TX i RX (neni treba TRX)
e Moznost externiho oscilatoru nebo GPSDO misto TCXO
e Kupovat revizi ,D



http://www.ctu.cz/
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Dutinovy (cavity) filtr 739 MHz:
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OFF-SET
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Es'hail-2 (QO-100)
Dish Pointing
Click on the map or drag the marker

to your station location.

Ready (loaded TLE: 2024.33)

Ground Station Location

e Latitude: 49.2242°

¢ Longitude: 16.6436°

¢ Locator: JNSSHF

¢ Use my device location

Pointing
e Azimuth: 168.0° (162.6°
magnetic)
e Elevation: 32.8°
o LNB Skew: -7.8°

e Current Sun-Earth-Satellite
Angle: 77°

Radioklub OK2KOJ pti VUT v Brné: Kurz operatord

Smerovani paraboly:
ﬁ‘:::t:ﬁ;ﬁ oge Viibili Circlel_o

B

o)

© Vratislav

https://eshail.batc.org.uk/point/
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X" Nautical Almanac LIKE IT?

Azimut podle slunce IR

Latitude:
l 13.4 |min

1)
m

Longnude

Year ( 2024 ) ( Rise/Setinfo |
Day: a (3 )Month: February 4
Time (UTC):
hours: minute secon
"Earth And Sun in = ds:
The Celestial Sphere Choose object: Sun 4 OUselT
Azimut: 168.00° Height: 23.41°
GHA Aries: 321.78° RA: 316.63"
GHA: Hill6F SHA: 435372
LHA: 348.51° Dec: -16.58°

Semi Diam: 16.228" Horiz Para: 0.149'

Magnetic Variation at reference year 2020:
5.85°W,

E I eva ce O d I e annual change: 13.0'
Present Magnetic Variation: 4.99°W

DeltaT = 71.936

stupnice na parabole ‘= T e
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Napajeni LNB (Bias-Tee):

Pro ,V“ polarizaci napajet 12V
(9V az 14V)

Y za b3 b | {
aapcty =gl '
’JJ\ ‘\‘LE] . 300 ,,qui m”“r’ :

N
GLE (b
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ZADIG

USB driver pro RTL2832U:

Zadig e - — ,  —

[ [ [

Device Options Help

wem? o/ WINUSE

| Benchmark Device v | [ Edit
Driver  WinUSB (v6. 1.7600.16385) * WinUSE (v6.1.7600.16385) % More Information

WinUSE (libusb-1.0}
USBID 04D3  FAZE libusb-win32

Reinstall WCID Driver |

libusbk;
WinlISB (Microsaoft)

4 devices found.

Zadig v2.0.0.149

https://zadig.akeo.ie/
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Hledame signal v okoli kmitoctu 739,75 MHz
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Vysilani — , klasicky” setup:

Up-konvertor
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Vysilani — SDR setup:
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VVewvys

Nejdostupnejsi Up-konvertor od
DX patrol (110 €):

DXPATROI. wff

= 'F."*- """ 7 ax.,
<®’ v, 1
Ant; 00-100 - a], 5: i b
= ™ * o
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Nejdostupnéjsi koncovy stupen:
W iFi booster EDUP EP-AB003

CED3LIET 2. 4cnz"
BROADBAND | ol
ANMPLIFIERS oS8 N
‘ N2
Gty Ve o R
o 23

Readlné méreni:

http://www.ra3apw.ru/qo-100/go-100-stc7031_appn2/




EDUP EP-AB0OO3

Realné parametry:

e Max. vykon v linearnim rezimu P1db =2,5W

e Max. vstupni uroven pro linearni rezim = +20 dBm

e Max. vystupni vykon (nelinearni rezim)=3,5 W

e Ziskjeasi 14 dB

e Uroven druhé harmonické je -59 dBm (vystup 2,5 W)

e Uroven tfeti harmonické je -70 dBm (vystup 2,5 W)

e Maximalni teplota uvnitr skfiné (po 10 minutach provozu) je
+43°C (vystup 2,5 W)


http://www.ctu.cz/

EDUP EP-AB0OO3

Mozné Upravy:

e \Vymenit vystupni reverzni SMA za ,,normalni“ SMA

e Trvalé prepnuti do TX (blokace VOX)

e Kompletni vyrazeni RX cesty (premosténi vstupniho i vystupniho
signalového prepinace)

e Uprava v napdjeni

e Doplnit ventilator


http://www.ctu.cz/
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Yagi anténa pro prvni pokusy:

S11VSWR S11Return Loss (dB)
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Helical (Helix) anténa pro
pokrocilé pokusy:

1 5 M\‘ | /-«.k\

1.0 ¢
000000
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www.nolle.engineering
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Easy CW setup:
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A\ & 4 y 4

Merici pristroje pro stavbu up-
konvertoru a antény:

e Meéric RF urovné — zcela nezbytny

e Utlumové ¢&lanky — zcela nezbytné

e Signalni generator — vhodny (lze pouzit i v up-konvertoru jako LO)
e NanoVNA (provedeni do 3 GHz) — pouze pra ladéni antény

e Spektralni analyzator (nebo SDR dongle + SW)



http://www.ctu.cz/
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Blokové schema

0OCXO
0OSC5A2B02
10MHz
up-konvertoru:
]
I [ ]
Low-pass
filter 10MHz
ADF4351 . - Microstrip p lifi
Amplifier Mixer Band-pass e 10m cable PA -
out 1965 HMC213MS& P SBB5089 + Helix
| sPF51897  |— flter 2.4GH H.155 EDUP EP-
MHz +10 dB out 7dBm iiter 2,4GHz S7P2026 - ABOO3 antenna
~3dBm (-7dB) ~26dB
ATtiny85 Attennuator
- 20dB
TRX
(TX out

33dB =2W)
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OCXO 10MHz, type
OSC5A2B02

Low-pass filter (2x
Ferrite toroid)

ADF4351 board
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o] ADF4351_muj_setup | Arduino IDE 2.2.1
Soubor Upravit Sketch MNastroje  MNapovéda

EEl-—-- s Arduino

ADF4351 muj_setup.ino

[:T]
61 long int ré, ri, r2, r3, rd4, r5;
62 ([ ]
63 void writePLL{uint32_t PLLword) { °®
64 for (byte i=32; i»8; i--) {
b5 (PLLword & ex2080ee60? PORTE |= @beeeelee@ : PORTE &= 8blll11e111);
66 PORTE |= Bheae1a86a;
67 PORTE &= Bb11181111;
68 PLLword <<= 1;
60 } u Analog Devices ADF435x Software - x
70 PORTE |= 8besess1oe; B S G
71 PORTE &< 8b11111811: Select Device and Connection  Main Cortrole - Registers  Sweep and Hop  Other Functions  Features
72 } ' RF Settings out veo Register 2 Register 4
. S II,;‘;‘ oy | LowNase/Spur Mode: LoP: VO Powerdonn:
24 void Setup () { Channel spacing: II 200 Hz E Muxout: |3state output  ~ | PD Polantv: MTLD: | Disabled w
75 del 258 Output divider: 2 Double buff: _Disé)led ~ Powerdown: _Disd:led ~ Aux Output Select: __D\nded ~
S Bvcnd e ——— P vt 280 <] P30 O 0 D
77 PORTE = axeaj R counter: 1&' Ref Doubler: [] Ref/2: [ LDF: e | Counterresct: e ¥ :..:;)lﬂput:l:f:

= K] . utput Enable: ~
78 // 10 MHz ... 1965 MHz PFDFequency: | 10| Mhz Feasters .
o o _ oxcasens N Band Select Clock Mode: ABP: RF Output Power:

rg = bx 3 i ¥ ) N~ ) Band Select Clock
88 rl - Bx8608811; Feedhack sgnal 390 WH: “hers Conecoen, Bt e Dt o I
* Clock Divider Value: 150}3 os Divider: =z
81 r2 = Bx4E42; INT F'T]Ac PFD (MHz) Div  RFout (MHz) CLK Div Mode: | Clock Divider OF Freq kHz) [125.000 |
82 r3 = Bx4B3; ([ 383 |+ w[ w0 s 2]- 1965 —
83 P4 = Bx95003C; wop -2 s
84 rs = 8x580085; .
N ! Phase adjust: m Phase Value 1 EI
85 writePLL(r5);
86 wr'l.tePLL(r'-!l}; —
87 writePLL(r3); lox  C48000/[0x  8008011| 0x 4E42 | 0x 4B3 0x  95003C|[0x 580005
a8 writePLL(r2); Ll
ag l-'ﬂ"itEPLL(F"l}; | Write RO | | White R1 | | Wirite R2 | | Wiite R3 | | Write R4 | | Write RS |
ag writePLL(r@); . -
ication started. ~
a1 } F Device in use: ADF4351 ANALOG
[+ 3] Software version: 4.5.0 EVICES
. v

93 void 1ODP(} { No device connected

94 1
gt
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Attiny85

Amplifier SPF5189Z
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Double Balanced Mixer
HMC213MSS8

Attenuator 20dB
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Microstrip Band-pass
filter 2,4GHz

Preamplifier SBB5089 +
SZP2026




dB

I
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W iFi booster EDUP EP-
ABO0OO3

Homemade Helix
antenna
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Hotovy
konvertor

OCXO OSC5A2B02 Oven Current

Duivod, proc je pouzito méridlo




N

BESo

QOO00000 IHE:
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Modifikace LNB Tesla:

> m‘ Prodejny  Akce v Q Napiste, co chcete hledat...

TV, foto, Telefon Chytré Notebooky  Herni Velké Malé Péce
audio video Y produkty alT Technika zéna  spotfebie spotiebice o télo a zdravi

Elektromobilita

# > TV foro, audio, video » Videotechnika > Satelitnitechnika > Satelitni konvertory > Konvertor Tesla TL-100 Single LNB Eerny/zluty

Konvertor Tesla TL-100 Single LNB
cerny/Zluty

SINGLE
TL-100
 174.5(2)

satelitni konvertor, vestavény 4G/LTE filtr, vystup 1x F konektor,
UV odolné provedeni, kontrolky pro zjednodu3eni instalace

Vice informaci»

99 K¢

IHNED K ODESLANI @
muzete mit jiZ 09.10.

VioZit do koSiku "tz
sl PFidat do porovnani % Poslat odkaz

TESILIA
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Modifikovany LN
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Zdroj kmitoctu 25MHz:

(g 501
OSC5A2B02 _
sV 5V SV by EUVIN

B e
. T
U N Y1 b ?.4 ¢ »w,

|
40“”4 l 172 3 3 '

L
10w k_/ J.

pﬁm LM, 100 I\ .Zyi\“z.'{\w o L
O———>10 [N
R T\

il

'“-

Ajm 1220 _\_451) o



50 25 1lis 2823 14:18:47

12,281 dBm

so 25 lis

line min &
12,626298 M
&9, dBm
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Jednodussi varianta bez jitteru:

SN oex0 A5V

OSCSALBP).
F ? . DXTRL 25hM,

l
o S e

Jg | 100

| 6 — 0 == 25 M\,
A0t | L o= \ fw

SEMRN,

TAGY




Part Price EUR Cena K¢
OCXO 10MHz, type OSC5A2B0?2 1,61 40
Low-pass filter (2x Ferrite toroid) 0,47 12
ADF4351 board 16,35 404
Attiny85 1,7 42
Amplifier SPF51897 3,14 78
Double Balanced Mixer HMC213MS8 2,72 67
Attenuator 20dB 5,14 127
Microstrip Band-pass filter 2,4GHz 2,28 56
Preamplifier SBB5089 + SZP2026 10,49 259
WiFi booster EDUP EP-ABOO3 34,6 855
Other material 11 272
Helix antenna 3 74
Cable H-155 5,5 136
Satellite dish (second hand) 12 296
Total price 110 2717
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Aktualni Tx a Rx
arianta setupu:
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Planovany test — GPS na 24MHz:

Homemade GPSDO OK2YB

GPS NEO-8

ai; 74AC14
14
74AC86 !Hezk Us s
GPSDﬁ;Dma it ~1]ocxo |3 V2 1
— 10MHz L~
10 Mtz
R2 G >
25 d:
c2 10p
1CEp |
74HC390 74HC390
Ia [7 ||s |9 || [','
| ] s A ouss P2ad] use |4
1045t +10 100 b5z 10 1 M +10 1004
472 _J;s J;'z

Idea ... 24MHz z GPS primo do LNB/ADF4351



Planované zlepseni — QRO PA:

BLCBG22LS-450AY
RPLEDN

PH. m 1746
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Planované zlepseni — vétsi
parabola:
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Kam dél ? - TV (Digital Amateur Television)
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Dekuji za pozornost

Petr Holyszewski, OK2YB




