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The meaning of Es'hall

Canis_Mi'nor o '.‘ < _. i ﬁ T h e stor y b e h | N
. DT N = s O l{Gamopus) is the name of a
Monoceros . . et ‘ [l star which becomes visible in the

night sky of the Middle East as
summer turns to autumn.
Traditionally, the sightingof Es 6 h
brings happiness as it means that
s ) SN \\/Inter IS coming and that good
e TR ol weather will soon be with us. We
R hope that the arrival of Es 60 h a |
will equally be beneficial for the
satellite community. 0

(from E s 0 h a Fdllo® @he star)
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H E Abdullah bin Hamad Al Attiyah, A17AU,
Chairman of the Administrative Control and

TI m e I I n e Transparency Authority, who is also the

. . , Chairman of the Qatar Amateur Radio
1001+ arabian ni g htse Society (QARS) during the Qatar

international amateur radio festival in
December 2012.

2012 AMSAT-DL meets QARS

| (DB20S @ International Amateur Radio Festival in Qatar)

|
2013 Esb6hatrl Sat

Qatar Satellite Company

(idea, concept, design requirements, RFI, meetings with potential

suppliers, RFP, finalisiation of requirements)

2016 Kick-Off at MELCO Japan

(Technical presentations, Requirements review, Critical Design Review,

Design Validation)

2018 November 15™ launch with SpaceX Falcon 9 |
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Changes for the Better
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Executives EsoOmaddadbaradmpmands Mitsubi shi El ectric Space Systen
Japan, to observe the vacuum chamber test of Es'hail-2. Photograph courtesy of Es'hailSat, June 2016.



Satellites for Communication and Science
Satelliten fur Kommunikation und Wissenschaft

Melco DS-2000 Platform | e MTSUBSH

Changes for the Better

Life: 15+ yrs

Maximum Launch mass: ~3,000 kg (37 5 tons
class)

Launch Vehicle Compatibility: Ariane-5, Proton
Breeze M, Atlas, Falcon 9, H-1IA

Payload Heritage: L, S, C, X, Ku and Ka frequency
bands, 72 transponders (nominal)

EPS: Electric Power Subsystem

100v regulated bus, 12kW in sunlit and eclipse in maximum,
automatic battery operation, 100-175Ah Li-lon battery

A SCS: Satellite Control Subsystem
Data handling of command/telemetry, satellite House-Keeping
(battery, heater). MIL-STD-1553B processor and 64bit MPU (or
HR5000) applied.

A SPS: Solar Power Subsystem
12-13 kW total power generation (GaAs cells).

A TC&R: Telemetry Command and Ranging
Maximum 4 command telemetry units. Standard bit rate 7.68 kbps
for TLM, 500 bps for CMD. TLM, CMD and RNG operated
simultaneously.

A BPS: Bi-Propellant Subsystem
Fuel (MMH) and Oxygen (MON-3) Bipropellant, 1 Apogee Kick
Motor + 12 Thrusters, lon engine available on request.

A AOCS: Attitude and Orbit Control Subsystem

Uses 4-skewed reaction wheel; standard highly accurate attitude
control by with 0.03deg for three axis.

o Do Do o D»
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Launch on November 15th 2018

the launch took place at 20:46 UTC from the legendary launch pad 39A, from which Apollo 11

to the moon and the maiden flights of the first Space Shuttle Columbia and the SpaceX

Falcon Heavy were launched. About half an hour after the launch, the satellite was placed by
the | aunch vehicle I nto a geostationar-2wasr a
injected into a circular semi-geostationary orbit with its own propulsion system. Later parked

at temporarily at 24° E for the In-Orbit-Testing (I0T) phase before it was shifted to its final
position of 26 degrees East over Central Africa.
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Muhannadi, AMSAT-DL President & P4-A Project
Leader: Peter Gulzow DB20S, QARS General
Secretary: Sabaan Musmar Al-Jassim A71BP,
AMSAT-DL P4-A Project Manager: Dr. Achim
Vollhardt DH2VA
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Image Landsat
Image IBCAO

Data SIO, NOAA, U.S. Navy, NGA, GEBCO

The earth as
seen by

Es'hail-2

*
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-3dB Beamwidth=174°Y ~20dB An.t en

35786 km.
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@ Copyright by
www.satlexn.de ’lboe

Your location:

Bochum

Latitude:
51.48° N (51° 28' 47")

Longitude:

7.22°F (7° 13' 11")
City:

Bochum

Country:
Germany

N W =5148°N/ 7.22°E

LNB tilt (Skew) Azimuth angle

Following values have been calculated for your location:

AZ = 157°
= - SEs e

-14.37° (

Azimuth angle:
156.51° (True North)

Elevation angle:

Offset angle:
20.36° 1

Distance to satellite:
38747.37 Km

Signal delay:
258.32 ms (Uplink + Downlink)

Declination angle: L o
-7.34° -
Polarmount hour angle:

159.33°

Angle setting on motor:
20.67° East

Satellite:

Badr 4/5/6 (26° E = 334° W) @ Copyright by www.satlex.de

Elevation angle

@ Copyright by
www,satlex.de

Your location:

Latitude:
25.25° N (25° 15' 0")

Longitude:

51.60° E (51° 36' 0")
City:

Doha

Country:
Qatar

N = 2525°N/ 51,60°E

LNB tilt (Skew) Azimuth angle

Following values have been calculated for your location:

X AZ = 228°"
wose EL = 49°

LNB tilt (Skew):

42.49° |\\J ‘

Offset angle: \

Azimuth angle:
228.32° (True North)

20.36°

Distance to satellite:
37145.43 Km

Signal delay: ’
247.64 ms (Uplink + Downlink) %

Declination angle:
-4.18°

Polarmount hour angle:
209.44°

Angle setting on motor:
29.44° West

Satellite:

Badr 4/5/6 (26° E = 334° W) @ Copyright by www.satlex.de

Elevation angle
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@ Copyright by
www,.satlex.de

Your location:

Rio de Janeiro

Latitude:
-22.90° N (22° 53' 59")

Longitude:
-43.23° E (43° 13' 47")

City:
Rio De Janeiro

Country:
Brazil

309‘-

N= 0P S= 180°
. S W=-2,%°N/ -43.23°E
LNB tilt (Skew) Azimuth angle

Following values have been calculated for your location:

| AZ = 82°
TR EL = 11°

LNB tilt (Skew):
65.69°

Azimuth angle:
81.60° (True North)

Offset angle:
20.36°

Distance to satellite: /
40531.41 Km s
Signal delay: .

270.21 ms (Uplink + Downlink)

Declination angle:
3.48°

Polarmount hour angle: U————_.‘r__"W
76.94° -

Angle setting on motor:
103.06° East

Satellite:

Badr 4/5/6 (26° E = 334° W) @ Copyright by www.satlex.de

Elevation angle

@ Copyright by
www,satlexn.de

Your location:

Latitude:
5.50° N (5° 30' 0")

Longitude:

100.46° E (100° 27' 35")
City:

Pinang

Country:
Malaysia

N=(° = 180°

m
<'|
092

N W =550°N /100, 46°E

LNB tilt (Skew) Azimuth angle

Following values have been calculated for your location:

| AZ = 268°
EL= 7°

LNB tilt (Skew):
84.29°

Azimuth angle:
268.47° (True North)

Offset angle:

20.36° /(____,v___»---"""”__:

Distance to satellite:
40927.52 Km

Signal delay:
272.85 ms (Uplink + Downlink)

Declination angle: R
=0.85° 4

1
Polarmount hour angle: U -
262.93° |

Angle setting on motor:
82.93° West

Satellite:

Badr 4/5/6 (26° E = 334° W) @ Copyright by www.satlex.de

Elevation angle
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250 KHz 8 MHz bandwidth
Global i e RHCP
| 2300.173 | ! 2405.5 : —
i MHz : i MHz i , ¥ = .
i | EshaillSat OUlw Juduw
o007 24003 2401.5 2402.5
MH MK Mk 54 ..- ;
1>/
Downlink AMSAT 01
10450 10500
MHz MHz
%53 _Kﬂljf 8 MHz bandwidth
Glohal : MHz : WE H
NE i 10485 : \
| | | MHz :
1048355 104888 10481 10499
e MHE MHe Mk
Xpdr U/L FREQUENCY (MHz) D/L FREQUENCY (MHz) LO BW
No Pol Begin Center End Pol Begin Center End (MHz) (MHz)
NB RHCP | 2400.05 | 2400.175 | 2400.3 V 10489.55 | 10489.675 | 10489.8 | 8089.5 0.25
WB RHCP 2401.5 2405.5 2409.5 H 10491 10495 10499 8089.5 8
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NBo Transponder

Linear Transponder for low power narrow bandwidth voice, morse and digital communication

- preferred modes: narrow band modes like SSB and CW, PSK

- 250 kHz allocated bandwidth + a little reserve

- non-inverting bent-pipe transponder

- Assumes 50 simultaneous 2-way carriers to serve 100 Users

- X-Band Downlink (SAT-TV dish)
90 cm dishes in rainy areas at EOC like Brazil or Thailand
60 cm around around coverage peak
75cm dishes at peak -2dB

- Downlink Polarisation on X-Band is Vertical !

- Uplink Polarisation on S-Band is RHCP
- Uplink transmitter 5-10W PEP (22.5 dBi antenna gain, 75cm dish)
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NNBO

Tr an 8andphad e r

Uplink [MHz]

Downlink [MHz]

available Bandwith [kHz]

Motes

10489,550 — 10489,555

do not transmit

Lower Beacaon, 400 Bit/s

BPSK or CW
2400,055 - 2400,100 10489,555 — 10489,600 | 45 CW Only

narrowband digimodes
2400,100 - 2400,120 10489,600 — 10489,620 | 20 )

(500 Hz max. BW)

digimodes (2700 Hz max.
2400120 — 2400,140 10489,620 — 10489,640 20 3W)

N

mixed modes (2700 Hz
2400,140 - 2400,190 10489,640 — 10489,690 50

max. BW)
2400,190 - 2400,295 10489,690 — 10489,795 | 105 SSB only

10489,795 - 10489,800

do not transmit

Upper Beacon, 400 Bit/s
BPSK or CW
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ANNBO Oper at |

No FM mode or any other modulation exceeding 2700 Hz bandwidth.

No transmission below the lower CW beacon:
A the Amateur Satellites Service operate exclusively on a secondary basis in the band
2400-2450 MHz. You are responsibly for you own transmissions!
No transmission above the PSK beacon: mi ght change in futur

Uplink polarisation is RHCP (right-hand circular polarization, the Feed must be LHCP!)
Downlink polarisation for the NB transponder is V (vertical linear polarisation).
You loose 3dB (half of your uplink power) with cheap WiFi-Antennas.

AMSAT recommends to keep your own signal in the same range as the CW beacon
Excessive signals might trigger LEILA warnings to remind you to reduce uplink power.

Full-Duplex operation is mandatory (you must be able to monitor your own downlink
while transmitting!) A WebSDRvi a I nternet is be OK, but é
The Upper Beacon is modulated in 400 bit/s BPSK (similar to the P3-satellites).

If you hear the transponder noise more than ~5dB above the LNB noise, everything is fine
and a larger antenna will not subjectively increase the S/N.. Theoretical 3dB (S/N+N)
improvement possible, but you need an EME style antenna to notice the difference..
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%4 SDR#v1.0.0.1667 - AIRSPY

m %O 739.663.680 »e a—

AIRSPY

Sensitivity (O Linearity () Free
Gain

Sample rate | 10 MSPS
Decimation |8
Display 1 MH=z
(| Tracking Filter

Contrast

T T T
739,250 M 739,500 M 739,750 M

O aM

wFM O DSB
= .12.2018 14:

[] shift

Filter Blackman-Haris 4
Bandwidth Order

.12.2018 14:

Step Size
Snap to Grid 10 Hz v .12.2018 14:
Lock Carrier [] Correct 1Q []
Swap |1 &Q []

.12.2018 14:33:

Both

Blackman-Hamis 4
Resolution 131072 X .12.2018 14:
Spectrum Style | Static Gradient

Time Markers Gradient

[] Mark Peaks

Smoothing

.12.2018 14:




Losses [dB]

-10,00

-9,00

SAMSAT-0L
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QO-100 Transponder Tradeoff
emw\/i em\dr s\rp Vrp+Vdr
Transponder not linear
noise limitation
1001 current ( )
operating point
-2,00
:\-»{:\
N
-3,0:8 b S
\
A N
Ky ‘%"
L\
\
W
\;\
\
H:'l‘
\
l‘k
\
ﬁh
\
4
\zl
|
-10,00
-8,00 -7,00 -6,00 -3,00

200  -1,00 0,00

1,00
Transponder Gain [dB]

2,00 3,00 4,00 5,00

6,00

7,00 8,00 ALY 10,00

DJ4ZC, DB20S, 2019-04-01
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Es gibt im drei unvermeidliche Verlustquellen:

1.) Da die PEP-Leistung des Transponders fest gegeben ist, ist damit auch der héchstmaogliche Pegel im Empfang gegeben.
Die verfugbare Dynamik ergibt sich daraus, wie hoch der Rauschpegel ist. Wenn nur Bodenrauschen vorhanden ist, ist sie am
hochsten; durch das Uplink-Rauschen wird der Rauschpegel im Rx am Boden erhdht und damit die Dynamik reduziert. Das

S urve Vdrl

2.) Bei gentigend grof3er Verstarkung im Transponder wird immer mehr Leistung als Rauschen abgestrahlt. Diese Leistung
steht den Benutzern nicht mehr zur Verfiigung. Dieser Verlust ist mit bezeichnet.

Die Downlinkverluste 1.) und 2.) zusammen ergeben die rote [NNEIECIRNIS:

3.) Die geringste Uplink-Leistung fir einen gegebenen Rauschabstand wird ben6tigt, wenn nur das Uplink-Rauschen am
Boden hdorbar ist. Durch das hinzukommende Downlink-Rauschen erhéht sich die erforderliche Uplink-Leistung. Das ist in der
grinen [SIIEIM dargestellt. Rechts der gestrichelten roten vertikalen Linie wird das Rauschen im Transponder begrenzt.
Dadurch werden schwache Signale gegentiber dem Rauschen unterdriickt und daher kommt das scharfe Abknicken der
grinen Linie im nichtlinearen Bereich.

Im Prinzip sind Fehler in der Verstarkung des Transponders zu kleineren Verstarkungen hin weniger schadlich, weil sie durch
etwas mehr Uplink-Leistung ausgeglichen werden konnen. Fir die Downlink-Verluste ist das nicht oder nur teilweise moglich
(wenn man aul3erhalb des offiziellen Passbands arbeitet).

Wie man der Abbildung entnehmen kann, durften wir sehr nahe am Optimum sein. Wenn man davon ausgeht, dass QRP-
Stationen gleichzeitig eine kleinere Sende- und Empfangsantenne haben, verschieben sich die rote und die grtine Line
entgegengesetzt auf der Abszisse. D.h. die Lage des Optimums fiir die Verstarkung des Transponders &ndert sich dadurch
nicht.

73s Karl, DJ4zC
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Rolf, DK2ZF: First QSO with A71A via QO-100 (OP: Sabaan A71BP and Peter DB20YS)

ANachdem wir gleich zu BWHFamrSpiégelsindssthenzuen
viel. So wurde in den ersten Tagen viel dartiber gesprochen wie man die Uberschussige

~

HF wegbekommt . . . nf

AMe i ne EPRWHFan eirery 60er Spiegel fir SSB voll ausreichend. Fir CW
reichen 1W HF f¢r ein 579 Signal . i
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ANWBO Transponder

Linear Transponder for Digital Amateur Television (DATV) and other highspeed data transmissions.
First DATV transponder in space!!

- 8 MHz bandwidth
- one or two DVB-S2 carrier in HD quality or more channels with SD or lower quality

- assumes S-Band Uplink peak EIRP of 53 dBW (100W PEP into 2.4m dish)
- X-Band Downlink (SAT-TV dish):

90 cm dishes in rainy areas at EOC like Brazil or Thailand
60 cm around around coverage peak

75cm dishes at peak -2dB T e et RE 100GH= AT L0dE

RLY : —45. O0dEm . B 1.-:--:-Hzn: 5T 15=
SdE -~ . I E Tr—HA

- Uplink Polarisation on S-Band is RHCP ; [ i :

- Downlink Polarisation on X-Band is Horizontal !  L..J....l.....l_ : ....... S ISR A

N . S { S B LN

- DVB-S2 nAbeacono from Qat ar ffr’* : ! ‘11 leo
-\-—'l-#qlh'“"‘-\-""‘"“"‘-"""""“" . ; I "‘"‘mﬂw
CFz1.28200GH= . Sparn:S0. 0MH=

- RF Bandwidth = 1.33 x Symbol-Rate = 1.33 x 2.5 MSymbols/sec = 3.33 MHz signal
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Es 0 h a Gilogddtation in the Shelter

(developed and constructed by AMSAT-DL team)

B
"‘“)""""’”"’r'""““*"w"“&’*Wr‘w"nlw“;wl‘w
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WWWw.qars.org.qa

AMATEUR 1
RADIO!
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- 3m antenna for 2.4 GHz Uplink with VE4MA septum feed
- 2.5m antenna for 10 GHz Downlink
- 20m dish available for emergency operations J
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Inauguration Day, 2019-02-14
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AMSAT Ground Segment

Located at the Es'hailSat Satellite Control Center (SCC) near Doha in 'shelter' close to main
Es'Hail 2 SCC uplink/downlink antennas

- unattended operations, but remote access to tweak LEILA-2 parameters.
- 2.4 Meter dedicated Uplink antenna for AMSAT on S-Band

- In-Orbit-Verification and Monitoring of the AMSAT transponder with FFT passband (NB+WB)
displays for quick assessment of situation.

- LEILA-2 (LEIstungs Limit Anzeige) analyses passband of NB transponder and send Marker
tones on all stations which use too much uplink power.

- LEILA-2 generates pseudobeacon(s) and add them to the uplink signal (400 Bit/s PSK
Telemetry with FEC).

- Hamradio shack equipped with SSB equipment for Voice and with DVB-S2 equipment for
DATYV transmissions directly from Doha.

- Backup station for LEILA will be located at QARS HQ and in Bochum at AMSAT-DL HQ
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Pseudobeacon

* A beacon signal to enable users a signal reference (frequency
and level) to orient themself A SDR Console

* A beacon generated on ground, not inside spacecraft

* Same flight-proven Phase 3 format, 400 bit/s BPSK telemetry
with FEC

* Pseudobeacons at both ends of the Passband
(transmissions outside are not permitted)
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LEILA

LEILA is an german acronym for "LEIstungs Limit Anzeige",
which means: Power Limit Indicator.

The original concept of an hybrid analog/digital LEILA on AO-40
was developed by Dr. Karl Meinzer DJ4ZC and Dr. Matjaz Vidmar
S53MV. It was the first time that such a system was used as part of
an transponder with uncoordinated multiple access.

LEILA-2 on P4-Ais ground-based !

- Siren marker (sufficient if operators work full duplex)
- Notch filter not possible because of delay
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LEILA-2 £ redpitaua

A Analyzing the NB transponder passband (FFT) and generating individual siren markers.

A Encoding (FEC) and generation of pseudobeacons at upper and lower passband limit,

A Up-/downconversion boards developed by AMSAT-DL/UK (G6LVB, DH2VA).

A LEILA software by Mario DL5SMLO

A installed at E s 6 h a$CC,QARS backup and in Bochum at AMSAT-DL (currently active).

L NN . ..
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DATV transponder (WB)

\

s

HD Video + Audio QSO
(maybe even Full Duplex)

Data Broadcast

DATYV Beacon
»Promo Video*

HW: DG8FAC (SR-Systems), DGOVE
SW: DG5NGI, DG2NDK, Matthias Kleffel

Bastian Euler and more (maintech)

Bochum
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Advantech

Wireless

What is DVB-S2 ?

= New DVB standard for digitial satellite communications
= Meant to replace DVB-S & DVB-DSNG

=  Much better spectral efficiency

—Up to 30% bandwidth saving
—-Up to 2.5 dB margin gain

e New features such as

—Variable and Adaptive Coding and Modulation
—Generic Mode (no transport stream overhead)
—Support of multiple streams on a single carrier

e So close to the Shannon limit that it could be
the last DVB-S standard!
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DATV - Groundstation




