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Raadioside- ja navigatsiooni seadmed
lennunduses
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Mis on avioonika?

* Avioonika (avionics) —
lennunduses moistetakse selle
termini all ohusoiduki elektron-
seadmeid, sh elektri-susteeme,
mille hulka kuuluvad ka raadio-
tehnilised ja automaatika
seadmed.

« Valjaspool lennundust - nait,
Tehnikaleksikon, 1981,-
lennunduse (sh maapealne)
lennunduse raadioelektroonika
aparatuur




/ Eesti Lennuakadeemia
A Estonian Aviation Academy

Raadiosusteemide areng lennunduses

Next generation
future mobile communications

ACARS (Aeronautical Communication Addressing and
Reporting System)
TACAS (Traffic Alert and Collision Avoidance System).
UAT (Universal Access transceiver)
VDL (VHF Data Link
JTIDS/MIDS (Joint Tactical Information Distrbution UAT
System/Multifunction Informat Distrib Syst) Mode S extended squitter

r VDL 2,3, 4

—

[ ACARS over satellite

Airport surface communications
(High speed, 802.xx)

Next generation
High speed telemetry

ACARS over VHF

JTIDS/MIDS Link 4A, Link 11, Link 16

Mobile satellite communications (AMS(R)S) in L band

Telemetry and telecontrol systems

VHF aeronautical communications AM(R)S Double-side band amplitude modulation

]
r HF aeronautical communications (was DSB-AM, now SSB-AM) >
] ’

1940 1950 1960 1970 1980 1990

Dale Stacey. Aeronautical radio communication systems and networks. WILEY, 2008
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raadiosagedusspekter

Frequency
3 Hz 30 Hz 300Hz 3kHz 30kHz 300kHz 3MHz 30MHz 300MHz 3GHz 30 GHz
BAND ELF | SLF | ULF | VIF [ LF | MF | HF | VHF [ UHF [ SHF |
100 000 km 10000 km 1000 km 100km 10km : 1km 100 m 10m im 10 cm 1cm
Wavelength
117.975-137 MHz
VHF  AMS(R)S Satcomms St comms
285-2335MHz  mobile  1544-1555 AMS
HF Mobile v 16455-16465MHz ~ 14-145GHz
COMMUNICATIONS (conventional civil) B ¥
(Military) Pl -I
N88MHz 250N
SINCGARS  HAVEQUICK
VOR/
ILS localiser lBLeSaEE:e
i ?gaaf?mwm DEEME T soms
RADIO NAVIGATION 130-535 kHz T \ and 1559-1626.5 MHz
BEEE A i~ 10 D[ﬂﬁ” 00 mLs 5-5.15 Gz
LORANC LORANA hS .
P {B2OM Beacon OME Rad At
. : 748752 MH W25 42440
Airborne
weather
Radar
535-547 GHz  racar 8.75.6,86 GHz
/ [m/and 13.25-13.4 GHz
SURVEILLANCE i O 00
SETAHS o To4.157 GH
rmal A-=10. z
1030 Radarry 24.25-24.65 GHz
and 31.8-33.4 GHz
1090 MHz 2.7-3.1 GHz
Precision approach/ASDR
radar 9-9.5 GHz

Dale Stacey. Aeronautical radio communication systems and networks. WILEY, 2008



Tallinna torni sagedus
120,600MHz

Tallinna lahenemisuksuse
sagl27,900MHz

Tartu torni sagedus
133,900MHz

Parnu lennujaama AFIS
(Airport Flight
InformationService)
sagedus135,300 MHz

Hadaolukorra sag
121,500MHz
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VHF diapasooni sidekanalite
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arvu suurendamine, ribalaiuse vahenemine

Date | Frequency Channel | Number of
Band Spacing Channels
(kHz)
1947 | 118-132 MHz 200 70
1958 | 118-132 MH=z 100 140
1959 | 118-136 MHz 100 180
1964 | 118-136 MHz 30 360
1972 | 118-136 MHz 25 720
1979 | 118-137 MHz 25 760
1995 | 118-137 MHz 8.33 2280

Aircraft communications and navigations systems,M,Tooley, D.Wyatt,2007
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sOltuvalt 0s korgusest

sy _
LENNUAMET ‘ _ AIR
Parnu mnt. 6 10148 CIVIL AVIATION ADMINISTRATION T11 =6 1999
Tollisw Estonia LENNUNDUSTEADE

Tel. +372 63] 3688 AVIATION CIRCULAR
Fax+ .777.’_5_.‘_!_7_‘6-‘”

31.12.1998.a.

8,33 kliz SAGEDUSSAMMU RAKENDAMINE

FL19S =~ memmcnssmmsnmmctecemmnmad ot 3020 0

Vastavalt  Rahvusvahelise  Tsiviillennunduse  Organisatsiooni B e R R T e LR e (L W
. N1 - » ~ o ’ N N
dokumendile (ICAO Doc) 7030 Regional Supplementary Procedures ja (2013) 0N A e B R N '\5‘(:-\7\‘ R T N
B ¥, K 2 A - 1 N ~ —
Uhinenud Lennundusvdimude (JAA) thiste lennundusnduetele (JAR-OPS) Under L T b e Mg L o N N T N S
e o ’ £ N NS TS e a T TR Te TRRe e
ning vajadusega rahuldada lennuliikluse juhtimisc noudlust tiiendavate ¢ . N T e : e T
; A o : T 2 onsideration A e e
raadiosageduste jargi ICAO Euroopa regioonis on: o e Ny A/C vyvthout 8,33kHz channel SN N T
~_ »_ Spacing capable radio equipment *_~_~_~_ >
1. dhusdidukite kiitamisel ICAQ Euroopa regioonis kérgemal P TR N e q\ p\ o B N TR TR
} T AL YRS R T G T T T T R TN N
PR W A S B R R VR MY

lennutasandist FL. 245 ja Prantsuse huruumis kdrgemal lennutasandist FL
195 kohustuslik kasutada sidepidamiseks raadioscadmeid sagedussammuga

8,33 kHz alates 1.jaanuarist 1999.a.

2 Punktis 1 mirgitud Shustidukitel peab olema pardal vahemalt
kaks 8,33 kliz sagedussammuga raadiojaama,

Lennuameti peadircktor Toomas Peterson
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Sidekanali laiuste vordlus

Raadiokanali ribalaius 25kHz
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Raadiokanali
ribalaius 8,33 kHz
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AM konesignaali ulekandeks vajalik™=
sidekanali ribalaius

Miks AM, aga mitte FM?

Besides being simple, power-efficient and
compatible with legacy equipment, AM and
SSB permit stronger stations to override
weaker or interfering stations, and don't
suffer from the capture effect found in FM.
Even if a pilot is transmitting, a control
tower can "talk over" that transmission and
other aircraft will hear a somewhat garbled
mixture of both transmissions, rather than
just one or the other.

Even if both transmissions are received
with identical signal strength, a heterodyne
will be heard where no such indication of
blockage would be evident in an FM
system.

WIKIPEDIA

po

-

e S

| 7. 300 Hz

[ )1 ApProxX.

~
T
i~
¢

 Lower sideband Upper sideband
_(LsB) (USB)
| ] L R
f. ~ 3.4 kKHz i \\ [+ 34

f.+ 300 Hz




Ulemodulatsioonist tingitu(‘]<

sidekanali lalenemine

200 {0 NN

Korvalkanali sign intermodulatsioon

Adjacent channel interference

USB

LSB
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Tuupiline VHF AM saatja-vastuvotja, 25kHz

The VHF 25-kHz Trcnsceiver fc :117’975_'_ (n X0,0ZS) - f": MHz
(typical Synthesis)
o IF Final stage
Modulator Stage upconverter
N N0 \/EIRP
oice R
et [ DR DR DA £
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shaping
Frequency selection Bushiios o
H switch —
Transmitter S & dhp
=> Py

IF Final stage

Demodulator STAGE downconverter

we <t J <2 19" A2

out
T
Signal squelch Low-noise amp
shaping AGC (noise limiting) 1 >

Receiver

20%

«

Dale Stacey. Aeronautical radio communication systems and networks. WILEY, 2008



Tuipiline dhusdiduki <<
raadiojaam

Parameter

Specification

Frequency range
Channel spacing

Operating modes

Sensitivity

Selectivity
25 kHz channels)

Selectivity
8.33 kHz channels)

Audio power output

RF output power

Frequency stability

Modulation level

Speech processing

Mean time
petween failure

118.00 MHz to 136.99167 MHz
8.33 kHz or 25 kHz

Analogue voice (ARINC 716);
Analogue data 2400 bps AM MSK
ACARS (external modem);
ARINC 750 Mode A analogue data
2400 bps AM MSK ACARS;
Mode 2 data 31.5 kbps D8PSK

2 uV for 6 dB (S+N)/N

6 dB max. attenuation at =16 kHz
60 dB min. attenuation at +34 kHz

6 dB max. attenuation at + 5.5 kHz

Adjustable from less than 50 uW to
50 m into 600 Q + 20%

25 W min. DSB AM operation
18 W min. D8PSK operation

+0.005%

0.25 V RMS input at 1 kHz will
modulate the transmitter at least 90%

Greater than 20 dB of compression

Greater than 40,000 hours

Eesti Lennuakadeemia
Estonian Aviation Academy



/ Eesti Lennuakadeemia
A Estonian Aviation Academy

ICOM A-110Transceiver

25 kHz channel spacing, an extra
version - 8.33 kHz channel spacing

Limited number of keys for simple
manipulation, but providing advanced
multi-functions

A total of 20 memory channels are
available

36 W of powerful output

Excellent durability to cope with even
the toughest workplace

Memory channel only operation
possible via PC programming

Hand microphone supplied
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The following HF bands are allocated to the
aeronautical service:

2850 to 3155 kHz
3400 to 3500 kHz
4650 to 4750 kHz
5480 to 5730 kHz
6525 to 6765 kHz
8815 to 9040 kHz
10,005 to 10,100 kHz
11,175 to 11,400 kHz
13,200 to 13,360 kHz
15,010 to 15,100 kHz
17,900 to 18,030 kHz
21,870 to 22,000 kHz
23,200 to 23,350 kHz.
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Raadiolainete levi lennundussides
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Dale Stacey. Aeronautical radio communication systems and networks. WILEY, 2008
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HF com SSB
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Lennunduses kasutatavad peatelefonid

*The TA-90AS is a passive
headset and a lightweight
designed for the general aviation.
It has an attenuation up to 45 dB
and a microphon attenuation rate
of 8:1. The special microphone
technique filters background noise
for super clear voice transmission
and the noise cancelling The gel
filled ear pads improves the
attenuation and the comfort of
wearing. Technical data:
Connectors: PJ -055, PJ-068
Headphones:300 Ohm Controls:
Stereo/Mono switch on the cable
Volume control: Separately for
right and left side Attenuation:
Passive up to 45 dB Weight: Only
13.9 oz Microphone: Transducer
principle, electret mic, noise-
compensated




Lennujuhi peatelefon

The Plantronics MS200-1 commercial
aviation headset combines a unique
lightweight design and advanced
technology to deliver the ultimate in
comfort and reliability. The noise-
canceling microphone enables clear,
uninterrupted communications between
air and ground. Its compact, under-the-
ear design ensures a secure,
comfortable fit for extended wear, yet is
convenient to carry and stow.

MS200-1 Features:

Clear voice transmission between
commercial pilots and air traffic control.

Hear and be heard with superior audio
quality and noise-canceling microphone.

Comfortable enough to wear all days.

Ultra lightweight, in-ear design.

Single ear piece facilitates pilot/co-pilot
communications.

Conveniently portable and easily stowed
due to compact design.




EMU aktuaalsus lennunduses

‘Uheaegselt td6tavate raadiosaatjate ja teiste
Kiirgurite arv lennuvaljal ja lennukis on
kasvanud.

*Energiavarustatuse suur kasv, raadioelekitr.
seadmete kasutusala jarsk suurenemine
(mobiilside, med-tehnika, olmeseadmed jms).
OS kui liikuvate objektide elektromagnetilise
olukorra komplitseeritus.
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Test Antenna
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MOOTMISED BOMBARDIER LEARJET
60 PARDAL

: 113 6666667 MH= 25_10 dEpU REBW: 100 kH=
Flef 59 dBEpU UBLI: 100 H=Z

Centar: 185 MHz T mER Span: 40 Mz

SET MARKER
(LIS MARKER MODE

[ : 120.0666667 MH= 22.52 dBpU REW: 100 kH=
Ref: 59 dBuU N e UBW: 100 Hz
Att: 0 dB ;
54

ET R

Ao

39

345

o9 : _ : _
19

14 i limmatass ANt A O et cirammprsen st Lapimaa, K. Olmeelektrooniliste seadmete
A 2 5"3’;,.;;','.‘“.;22 e elektromagnetilise thildatavuse probleemid
lennuvahendi pardal: uurimistd6/ Juhendaja

J.Umborg.ELA, 2011.

DELTA MARKER MODE DEMOD
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ADS-B (Automatic Dependent Surveilﬁﬁce—
Broadcast).

A — Automatic — Susteem on taisautomaatne,
ei vaja uldjuhul sekkumist.

D — Dependent — s6ltub sat nav susteemist —
suur tapsus.

S — Surveillance — seireinfo: OS asukoht,
Kiirus ja muud andmed.

B — Broadcast — signaali levitatakse pidevalt
tooraadiuses olevatele OS-le ja
maapealsetele jaamadele.




ADS-B vv tegevusraadiuse maaramine

Map Center: Estonia o Map Center: Estonia

Mootetulemused EMU torni katuselt

Mootetulemused ELA katuselt Tahtveres Tihtveres (50m)

Vélja. T. ADS-B ja multilateraalsed seirestisteemid: uurimist6d/ Juhendaja J.Umborg, konsultant V.
Leps. ELA ,2011.



/ Eesti Lennuakadeemia
A Estonian Aviation Academy

Intermodulatsiooni haired

14)  fa=tm-fignf.

ks f;, - infermodulatsiocom komponent (Hz), ‘ Sagedus [Hz]

fi. > — infermoduleerivate signaalide sagedused (Hz).

) .- Joonis 1.5. Signaalide | ja f, mtermodulatsioom komponendid (Poole 2003: 176
m,n — onkas tiisarvud véinull (0,1, 2. 3.4, 5. ). fiaf ® )

Komponentide jarjekord on antud summaga {(m + n), kand nende hulgast peamised on
jargmised (Poole 2003: 175-176):

Teist jirkn komponendid: f, + .. f — f, -

Kolmandat jarko komponendid: 2f, + f;. 2. £, .

Vitendat jarku komponendid: 3f; + 2. 3fz + 2f .

IM hiirete mootmise meetod: European standard ETSI EN 300676.

TSornenkaja Alla. RINGHAALINGU MOJU HINDAMINE LENNUK — MAA
RAADIOSIDELE. Loputdo, Juhendaja Kalev Mértens. 2012, Eesti Lennuakadeemia.
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alased loputood

Jana Subitidze. Tudengisatelliidi
vibratsioonikindluse testimine ja
arendamine. Juhendaja V. Allik, 2013

Kadi Kivistik. Tudengisatelliidi
maajaama eelselektromoodul. Juhendaja
V. Allik 2012

Mihkel Kukk. Etalonsageduse
raadiomajakas. Juh. V. Allik, 2010

Tarmo Greenbaum. Sagedusetalon
aatomkella ja GPS-i baasil. Juhendaja
V. Allik, 2010

Jaak Mottus. Satelliitside
antennisusteemi parameetrite
maéaramine. Juh. J.Umborg, 2009
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Koost66s ELI OU-ga 6petatakse
UAV —de konstrueerimist

Robootika praktikum
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Taiendusoppe koolitus
raadioside- ning navigatsioonistusteemide kaitajatele

Koollitusest osalema oodatakse neid, kelle t56 on seotud traadita side seadmet
SIHTGRUPP = kakula ise ja hooldu Koolitusprogramm kohendatakse lahtuvalt

iteedile ning viiakse 18bi
sUst 3 sl m3Stmisi. Koolitus t saegse modteriistapargl
KOOLITUSE C aru ga side- ja navigatsioonisiisteemide laboris
SISuU

ev 156 laboris, millele eeineb lihike loengutsiikkel,
keﬂddh,r\‘:,af Usika, elektri- ja raadiotehnika alaseid teadmisi ning demonst-
reeritakse p(akh\.sr ekspe § nete ja ndhtuste kas on rShuasetus

kaasaegseid pohilisi rdadw(_mo(nenmlu
KOOLITUSE arvutiga u=}\Jp‘fadr*
TULEMUS (antennid, fiidrid, vastuvdtja, saatja jms ) p& hmaram,etrwm On luadhkud tha
aktuaal ks muutunud elektromagnetilise Ghil e lidest - suurenenu
malei‘trmmka ) u urendanud

a slisteemid
ET

KOOLITUSE ¢
TEEMAD  Elektromagnetiline {ihildatavus — kuidas hinnata ja parandada raadioside
valiteeti haireallikate olema korral. Raadiokanali liteedi hindamine signaali
jimsuse bilans \Lmk bud et 'akula

PRAKHLBEDQ?&.“®“

kasutami

TOOD Antﬂnm
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TANAN TAHELEPANU EEST
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ERAU esimene president Arnold Isotamm Tallinna Politehnikumi
raadioside- ja levi eriala lopetajatega,1962 a;

2013 a ERAU liikmetest on pildil Toomas Aarma



