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Advertising, as on this car radio demon-

stration vehicle in 1932, helped to make
Motorola a familiar brand name.




Penetrates Earth's
Atmosphere?

DU VAVAVAVAVY VIR

Radiation Type Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 0.5x10 ™° 107° 10710 10712

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

10* 108 10" 10" 10" 10'® 10%°

Temperature of
objects at which
this radiation is the

most intense
wavelength emitted

| !
1K 100K 10,000 K 10,000,000 K

=272 °C -173 °C 9,727 °C ~10,000,000 °C




Ustav pristrojové techniky CSAV 1970 - 2002

(@) (b)

Magnet
Pole

- NMR Spektrometr s Fourierovou
transformaci

Impulsni buzeni, vzorkovani odezvy a FFT
1H 13C
V4

- Sirokopasmovy NMR Spektrometr s FFT
- NMR CW Spektrometr s rozmitanim pole  Sirokopdsmové vf vykonové zesilovace,

Sirokopasmovy prjimac - vysilac
- NMR CW Spektrometr s Time-Sharing s polyfazovou siti,
14, 1°9F 31p nizkoSumové zesilovace - LNA,
teplotni sondy



Spektrometr NMR se supravodivym
magnetem 4,7 T ('H - 200 MHz)

VEDECKY SEKRETAR CESKOSLOVENSKE AKADEMIE VED
AVEDECKY SEKRETAR SLOVENSKE AKADEMIE VED

UDELU]JI

CENLEL STURNE

VOSMEM ROCNIKU SOUTEZE O OCENENI PRISTROJU VYSOKE TECHNICKE URO
KTERE BYLY VYVINUTY NA PRACOVISTICH CSAV A SAV

ING. MIROSLAVU KASALOVI, CSC,,
MIROSLAVU KALISOVI, DIPL.TECH.
A ANTONINU KUROVI

ZATEPLOTNI SONDY PRO SPEKTROMETR NMR 200 MHZ SE SUPRAVODIVYM MAGN
VYVINUTE V USTAVU PRISTROJOVE TECHNIKY CSAV

Bratislava-Praha 1988
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EXPERIMENTALNI DRUZICE
AMSAT — Radio Amateur Satelite Corporation — USA -oscar1 - 1961

Univerzita v Marburgu Univerzita v Surrey
— prof. K. Meinzer - prof. M. Sweeting

OSCAR 7
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EXPERIMENTAL SATELLITE LABORATORY
DREL FEKT BUT

AMSAT Phase IlID Satellite

University Marburg 1995 - 1999

AMSAT Facility Orlando FL 1997 - 2000
ESL Brno 1994 - 2000

Design and realization of L-band receivers,
Satellite integration

ESA Centre Spatiale Guyanais
Kourou 2000
PIIID Satellite launch campaign

with Ariane V rocket

ESL DREL FEKT BUT 2000 -2005
Ground segment

Telemetry gathering and
statellite control

2400MHz
435MHz
145MHz

1269MHz

LNA PA Rotors LNA Down Cony,
RF VOX 40W Control RF VOX 220 MHz
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AMSAT Druzice P3D

Prof. Dr. Karl Meinzer, University of Marburg

* Maticovy transpondér

e Spinova a tri-osa stabilizace polohy druzice na
draze HEO

* Tri gyroskopy s magnetickymi lozisky

* Dvé barevné kamery s vysokym rozlisenim
* GPS navigacni systém (NASA)

* Arcjet — plasmovy reaktivni motor 0,1 N

* CEDEX

* LASER experiment






1269 MHz

F=1,1dB
G=16dB

F| IF Matrix

P3TC Il |
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u 51 52 ®  Lei-l Lei-2
Output/Tx
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G > 73 dB (AGC)






GPS experiment

PRELIMINARY RESULTS OF THE GPS FLIGHT
EXPERIMENT ON THE HIGH EARTH ORBIT AMSAT
OSCAR 40 SPACECRAFT

Michael C. Moreau,* Frank H. Bauer,*
J. Russell Carpenter,* Edward P. Davis,*
George W. Davis {1, and Larry A. Jackson

* Guidance, Navigation, and Control Center, NASA Goddard Space Flight Center, Greenbelt, MD 20771
T Emergent Space Technologies, LLC, 3034 Old Channel Rd, Laurel, MD 20724
T Orbital Sciences Technical Services Division, 7500 Greenway Center Dr., Suite 700, Greenbelt, MD 20770

25 th Annual AAS Guidance and Control Conference,
February 6-10, 2002, Breckenridge, CO 1
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f“ esa european space agenc
= agence spatiale europé

S:A

BATIMENT REMPLISSAGE E
ASSEMBLAGE SATELLITE

SPACECRAFT FILLING AN
ASSEMBLY BUILDING
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L-band i"

1,2-18 GHz X<band

L AEEAGHE
Siband .~ U0,9800.5 GHz J
2224 GHz

435MHz

1269MHz
LNA PA
RF VOX 40W

Rotors
Control

145MHz

LNA
RF VOX

2400MHz

Down Conv
220 MHz




Dish Rotors Yagi'sRotors U L V S X
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Interfaces
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P3TC A Wisp
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DDE Client _ MODEM 400 bps
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Spectrum
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Direct
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$ Internet ¢




Telemetricke a povelovaci pracoviste
UREL



£ Microsoft Excel -

Commfqcalc

Soubor  Uprawy Zobrazic WioSik Formét Mastroje Data Okno

Mapoveda
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[ P3Tc M E3 Status P3TC o]
Exit | Menu  Help Experiments Cmd AFC
N A HL THIS IS AMSAT Rudak:  off | | L1: - P3TC P S |
npu 0SCAR-40 GPS:  off | UM 2T Power P3TC
Block 2003-11-15 20:46:30 RFexp: off | HZl:  — arth sensors
o ep o Hz2 Sensitiv: 64 Volts BCR #1
Amsat Dap#t 9449 Hors b ' Pointing:  side BatMain: 285 | | yin.  24.2
CRCC : CamB:  off | —5afety Edge: neg BatAux 0.1 I-SA-1-
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Orbit no. 1394; 13.11.2003 18:52:41
Spin 3,388 rpm; Capture 1, 174 sec.



hidhd [rev/day]

=10 x|

% grafik
AO-40 ve stinu Zeme (eclipse) X value: orbit: 1486 ma: 9
#1483, #1484, #1485 MA=223-234 Y value:  23.01 Volts
‘ Ztrata 1. ¢lanku baterie
- 267 /$108 #1486 MA = 24
30 ~A
25
Vots Stin #1487 MA = 223-234
20 : e
Dominovy efekt degradace hlavni baterie
#1488 MA =39
15 :
1484 1 486 1488
Orbit number

1.26605

1.25600

1.256595

1.25590

1.25585

1.25580

1.258575

Days are numbered since January 1, 2002

27.1.2004 (Battery Crash)

17.11.2005

200

] |
400 B00

1400



PSK-31 SSB=>FM Transponder

Fid Single
Charnel =MTH
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PCSAT2? is a suitcase, opened on
orbit to expose materials % P( :SA I 2

to space

USNA Telemetry & ~
Comm System

NRL Test Items
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Uzkopasmovy druzicovy transpondér pro pomalou datovou
komunikacl — spoluprace s americkou Namoirni Akademii
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800

600

400

200

PCSATZ2 28.4MHz Doppler

Doppler shift Hz
o

-200

-400

-B00

-B00

20

Doppler rate Hz/sec
=l

PCSAT2 29.4 MHz Doppler rate

03

0z

oo

Double rate Hz/secfsec

024

-03

01t

PCSAT2 29.4MHz double Doppler rate

014

v

Doppleruy posuv v uzkopasmovém
transponderu na druzici LEO

1800 Hz

1000 Hz

-~ 200 Hz
— 1800 Hz

~ 1000 Hz

~ 200 Hz
1800 Hz

¥ 1000 Hz

— 200 Hz



EXPERIMENTAL SATELLITE LABORATORY

DREL FEKT BUT US Naval Academy & ESL - PCSAT2
iR > 2005

US Naval Academy &
ESL

- PSAT 2015

- BriSat 2015 —

GRBAIpha BDSat
ESL — Ground Segment 2021 — 2022







LH Voltage Bus
RF sine wave PN code Modulation

E S A — N AS A p rOJ o kt o L I S A 2.3+/-0.5 GHz @ 10 dBm STBL/Manchester /1 Mbaud

A

. v 14 > +3V +-5V
ravitacni viny N o *
DAT-31R5-PP+ LM7803, LM7805
V] 31,5dB0.5dB Step LM7905, LM2576
TSH4211

30 yHz — 1 Hz

il

6 AMP
5 . 10 km v 43V | pAraiReFPs *
s +5V 31,5dB 0.5 dB Step
HXG=242+ 14dB
W— LH MODULATOR DRIVER
y y
RF microstrip coupler
7 4.5V on 50 Ohms max.
16. 9. 2014 (MK)
. <% Levels in both branches To Phase Modulator
will be adjusted internally ¥
EADS _— according to asked

2s5Eriam modulation index.

: @ / I
LS31 / >(sc12)

SC3

Arm2




MOON BOUNCE






- Koeficient odrazu k = 0,065
- Prumeér Mésice d = 3500 km

- Efektivni prifez s = 6,25.101 m?
(CR ma rozlohu asi 7,9.101% m?)

P S- A
10log| — [=10l0 A=3cm
gm g[(zm)swj

t

V perigeu je utlum EME ~ 287,5 dB
V apogeu je utlum EME ~ 289,8 dB



Rozsireni spektra odrazeného signalu

- delkova (longitude)

- Sirkova (latitude)
Librace Mésice -denni  (diurnal)

- fyzicka (physical)

S00 700
[ N W ) .l.l-j_lﬁl_l,l-l_],.l.‘




ONTHLY LUNAR LIBRATION - Apr 2010 rushden
S2: 00N 0:30M
Topocentric

0O hr LT

oonCalc 6.0, <(c) Monzur Ahned

2

30
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Nejmensi ,spread” pro protéjsek v Japonsku




Doppleriv posuv

V.
g=12

Mutual = 8=39 + 3,

f=10,4 GHz DP ==+ 25 KkHz
Echo A

<

(max. ~1 km/s)

Echo B = Mutual -

Full Dopp = F,, —%and F,, +9

Const Freqg on the Moon = F;, —g and Fy, +§




Polarizace signalu

Spatial Angle

CP-CP versus LP-LP A
atnl;is Earth
T
1,6 dB pro LP-LP A Transmitted
[6] g — horizontal
Arrives "
vertical

O Moon



DIGITALNI KOMUNIKACE

Joseph H. Taylor, K1JT - NP 1993
WSJT (Weak Signal communications, by K1JT)

¥ WSIT-X v1.7.0-devel by K1IT _ ol x|
File Configurations View Mode Decode Save Help
Single-Period Decodes Average Decodes
oTc dB DT Freq Mes=age urc dB DT Freq Mez=age
2211 -13 2.3 1307 #* CQ NC1I FN32 £ ﬂ 2212 T=x 900 # NC1I OKZAQ JNEB9 d
2213 -12 2.3 1306 #* CQ NC1I FHN32 £ 2214 Tx 800 # NC1I OK2AQ JNEB9
2215 -10 2.3 1349 #* CQ NC1I FN32 £ 2216 T=x 800 # NC1I OK2AQ JNE9
2217 -12 2.3 1347 #%# CK2AQ NC1I FN32 OO0 f 2218 1Ix 800 # RO
2219 -12 4.4 1344 £ ERRR 2220 T=x 800 ¥ 73 |
2221 -12 2.8 1340 # 73 j 2222 T=x 800 ¥ 73 ;I
Log Q50 | Stop | Monitor Erase | Clear Avg | Decode Enable Tx | Halt Tx | Tune |
o T st [~
F0cm 1§ __):' 432 . UDU 000 e |Q Generate Std Msgs | Next MNow Pwr
| Tx 800 Hz = T —Rx | |’r: -
e - DX Call DX Grid o INC 1T OK2AQ N89S Tx1 -
- IRx 1814 Hz = Rx—Tx | o
50 -[ ncu || Fwsao - {nc11 ok2ag -10 « Tx2 )
- Lock Tx=R: IR t-10 33
ol T Az 6599 km e | Repar Mo I = | -
30 I Sync -1 3: -
= Lookup Add
= ) | | |RRR C Tx 4 | -
v EME delay _
10 3 73 x| Tx 5
0 i 2016 NOV 12 ISubmode B 3: I~ | Fast I _I = -
346d8 - 22:23:33 = [cqokeaqnes C 6 -
} FTol 20 = _
|| Receiving || IT65E || LastTx: 73 || Auto-Tx-Enable Armed [ TTTTTTTTTTTH 33f60 |WD:6m J

SNR az -28 dB (Bn = 2500 Hz) citlivost vuci CW je asi o 10 az 14 dB vétsi



Zakladni parametry modu Q65

T/R Symbol Tone Occupied |Transmission| SNR | Max AP
Period Length Spacing Bandwidth Duration SNR
(s) (s) (Hz) (Hz) (s) (dB) (dB)
15 0.150 6.667 433 12.8 -22.2 -23.7
30 0.300 3.333 217 255 -24 8 -26.6
60 0.600 1.667 108 51.0 -27.8 -30.4
120 1.333 0.750 49 113.3 -30.8 -32.5
300 3.456 0.289 19 2938 -33.8 -37.4
Rozestupy tonu a Sirka spektra modu Q65
T/R B C D E
Period Spacing Width Spacing Width Spacing Width Spacing Width
(s) (Hz) (Hz) (Hz) (Hz)
15 13.33 867 26.67 1733
30 6.67 433 13.33 867 26.67 1733
60 3.33 217 6.67 433 13.33 867 26.67 1733
120 1.50 98 3.00 195 6.00 390 12.00 780
300 0.58 38 1.16 75 231 150 4.63 301

FSK 65 tonu
LDPC

Q-ary

FEC

A priory information

Averaging
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krl 6,369 GHz .056 B 26.614 dBt
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SN/CS 13. 8. 2023 SFU =150 Vlastni ECHO N =12

@ WSIT-X - Echo Graph -
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Frequency

Freq Mcde,i
5wee|:1J

................ _ Start Freg
T | 568256088 MHz
SRS

I Stop Freq!
| 2500esden ciz

|
Center Freq
-------- B 152005960 Gz

Freq Span
2ABE0ERIE GH

53dBm| SSPA 0 dBm
1 m aircom plus 200 W glgl": GPSDO ~
PAS W O ‘ O
8V Analog
pTT | Devices | uss PC
PSU SEQ SDR Console
Adalm WSJT-X
: [ PLUTO
50 O | W
H— 12V
AMP .
L LNA BPF UsB
0,36 dB 20 dB 5VPSU -
47 dB E




Spolupracovnici

Ing. Tomas Urbanec, Ph.D.
Ing. Ales Povalac, Ph.D.

Moji doktorandi

Doc. Ing. Jifi Sebesta, Ph.D, Ing. Jan Sebesta, Ing. Michal Zamazal, Ph.D.,
Ing. Petr Kutin, Ph.D., Ing. Jifi Spac¢ek, Ph.D., Ing. Peter Vagner, Ph.D.,
Ing. Ondrej Baran, Ph.D., Ing. Filip Zaplata, Ph.D

Moji studenti

Ing. Pavel Sevéik, Ing. Josef Svoboda, Ing. Ondrej Bus, Ing. Filip Klapil
a dlouha rada dalsich...

Cena rektora VUT — 2004
Cena SIEMENS spolu s doktorandy — 2004
Cena ministra skolstvi za vyzkum - 2007
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