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(1) VDL Mode 1: Aircraft Communication Addressing and Reporting System(ACARS)

(2) VDL Mode 2: Hlo]¥
(3) VDL Mode 3: ©lo]¥
(4) VDL Mode 4: B4 &

A g analog VHF radio A&

y A

[¥ 2.1.1.] VDL MODE

2 24 A%, analog VHF radio AF&

W, AAE dolE A%

Tt ACARS Mode 1 Mode 2 Mode 3 Mode 4
T35~ (MHz) 131.55 1187137 1187137 1187137 1187137
A -4 (KHz) 25 14 25 25 25
GFSK or
W 22 AM-MSK AM-MSK D8PSK D8PSK
D8PSK
non-persist p-persistent p-persistent
= TDMA STDMA
ent CSMA CSMA CSMA
Protocol ACARS AVLC AVLC AVLC AVLC
HolHdEE 2.4 Kbps 2.4 Kbps 31.5 Kbps 31.5 Kbps 19.2 Kbps
telH,
LIESIS 2 dlol g tlol g vl E vl &
244 (4.8Kbps)
&-&of AOC/ATC AOC/ATC AOC/ATC ATC ATC
ICAO3 =3} No No Yes Yes Yes
H] 31 A&
- 1 1 -

(4) ©ratdo]E o] F F 41 A4 (HFDL)

HFDLS &8 0|58~ ooz s 2.85~22MHzA o b ol <
AA, F2 g del; T AuaEA] e FALAA F2
SSB tA" Wz wro® 3kHz Adu Lo 24kbps7hAle] A &S Al
ok me FAFueel doly MEEol wet AFor Ag/MIsts ZREF
We oy A 2 By duyEs Psy] Wil HF SART A4 236 u
2 sk A,

(B) E= S oy FAIAA

22k Al gt b dg 719 AN A|E 9 ARE uHd o FEHow
A o9l ARE HEste wste BALACR wIe A4 1991dRE X7}
ANFE e FHY dRGNE HXE FHsta k. B= S =
o=2E AWF F§ 4Mbps, AL 4

|
4 FI2 UHF W9 nAFIs Ads ol&st fd-daA(XddA da7h=

i

1,030MHz, B9 A2 (FF7]dA4 #AZHZ2E= 1,0900MHzE AFE3t &3 ~9H

(Extended Squitter)= A5F 45 7A(ADS-B)715S A dsta ACASE 73837
A3l AAE Mode S A=l F7FAQl 75 o B 4 gtk &4 2FH=
FF7) A, 5, AEID9) #HE ARE AFss dH UE vAAE A"
ol gk AAS Mode S HolHg a9 U XS AE3FL Mode SO thE®=
Fo4<¢ 1,090MHzE T3 &€tk o] = S dHolHdaw Y FTE%

(ATN)¢] sz of&Htt o] AW = S ozt AA" AqeA

gl BaA el 9 FFW AE bt

ol B A AMSS) A2ee G379 kA zest Age] A28
e AANEG] AFNYN AgIL ol getel AH Adsk AAH A

b A% olgAe A4l BRE E AT



) HAALZFAR I H o] B Y

a
FAAL - 2FAL F dolEHAZALS FF/

N
0%
dlo
ox
oft
)
i
fz
of

s dlolel s
2 Asgon BRY FEuERA FF/AY BASHOR nisHT dvk 234
[BAAS BR ARA oFh AAH FolEA oz FFWEF Axd

+&THL T/ dud Feud Ads AL 4+ Aok CPDLCY 984

[¢}

= A0 FF/AY Sl onlate FAAY
okel F FAFdelth. Foste FFUE HWAAE wAY 2ur] 98 A
CPDLC &3 % 240](Avionics equipment)E ZtHof 39 3}i}e] CPDLC T+&+
4719l ATC dlolg] A AMu|2=E AlFet) of7]jd= 1=A4 7 (Altimeter Setting,

Y

AS), B2 A% (Transfer of Communications, TC), # Z1LAl(Initial Contact, IC)=} |
A A A (Menu Text messages, MT)7} Q1T

FE WA 71 FETIeh BAA-ZFAL P dlo]H ¥ S A(CPDLO) S
AskA G A e A FE)e AAA-ZFARE HlolH Y 2F5 A (CPDLO)S
fFrASL de FETULTHAT|HOZEYH AW Aovt FAA-ZFAE T bl
oY A FA(CPDLC)S MAIE & Atk 3717} #AA-2FAF 1F delHd g
AI(CPDLC) 845 AFsIS w, d:dawAlA “NOT CURRENT DATA
AUTHORITY” =& WAIA] “NOT AUTHORIZED NEXT DATA AUTHORITY”
£ A3 ARt AFolfE delok vk &t AFolRE #AAb A

A e 254 A" MAA, AREdEAA Bs R A 2% dHE

-13 -

ol &3te] AAA-ZFAL b Elo]H H AFA(CPDLC) HA A&

A o] 8 Al AR IAA-GTE kR T

Ao A5-E Adsta #A
(CPDLC)S o] -&3to] nAldh

RS O BEFEE

N R CEEELS
43 BAN-2FA 3
MAAE WAAE FAtE

LR R B =

tlo
e

%

E A ), BAA-EBA 2 delHgaE

~2(CPDLC) 317 4 &HA

o] g 25 A1 (CPDLC) S Ho] %

A2 EAL 7 dolHeYaE

].
=, AAA-ZFAL 7+ o] E 25 2(CPDLC)S
£3leo] SHsledof 3, A4S o] &3ty AT wE A4

ZA1(CPDLC) WIAA7F SA4ERS &7 8k= 4,

of
R
ol
Lo
N
do

gholo} g},

Faelol B B
e WAA e S AR EgE WA

Al

fud

°|

s

A(CPDLC) ©]-&x}¢]

S4o] Stk 7 #AA-EFA 2 dolHYAFA

(CPDLC) wWIAIA = 7 (urgency), 7 al(alert), 3 (response) 37FA 4<%

HEA Fogol B ARA}
A7) wA Fel e T

(CPDLC)S o] &3lo] ¢lubsh
%— = EE.O]'OS'O]: 6]":]'

lo

Z

Ll

ZFAF 2r "olE Y AFAI(CPDLC) Al~®l Fdto] 7

i

pul

BPAA-2FAL 3L HolHPaF

T Al TR H e ol gd
8-S NOTAMO 2 IA|Etefol 3t A 33l
EE!

Tl A EE BAA-ZFA 7F HolE

[¥% 2.1.2.] Urgency Attribute <uplink and downlink>

AI(CPDLC) AH] 2

Al

fud

Type

Description

procedure

Distress

1

Urgent

Normal

Low

High

Medium

Low

z|z ||z || z|c|-

No alerting required

O DO | WD
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ARINC VDL-2

VDL-Z Ground Stations

Data Radio

SCS System  — ARING ATN
VDL-2 ETE AlG Router
Radia 5C5 Rooltop

SCS Antenna at ZMA

PC oo ;.-—~

ARINCG A
"q Menu Building GG HD:II:!

- 1
—— Waorkstation
DSR Controller
Workstations Nods

EEE=Em Hubs o
MHADH N
PSN
DLAP cam [IGITAL)
(CPDLC/CMA = |
Node

[Z2¥ 2.14] CPDLC 74 =

(8) M-&H & ol el S A (UAT)

W A% dolHEAS ADSB delHIZ JE F RxA ATHYe
ADS-BSt AUZ Blole] W% 7158 AARES AANAG. UATE UHFF9¢
delel O78MHzE AHEH, Fohel dolegazs vy Adz £e99 dolg

AEEL 9 IMbps/sec AEZ wiA HEHUAe 12 w9l =z ¢
(Segment) 0.2 A E &3] thEH&o] 7H5sith M Zy e Avti
W& ¥ 2~ (TIS-B, FIS-B)oll &3 sn k= ADS-B&o= dd¥

i

N

et

o

_15_

I -

Routers Hub

S

23

NDB(Non-Directional Radio Beacon) & 248 4=#w o] 360 Aoz XA
Wakel AuE FAstn AVIESs F3 AAEH
ADF& X Antenna®l 875 Antenna®] FA|&go] FHAA o] F X

@ 545 o8&, NDB Aare] WS ADFHbso] A A o2 XA
A A=e A9 B8 F3HL/MF)
AM Signal¥} 1,020Hz2] A" (code identification)S 3 713 &
(Audio Tone)& HAlsle] &4 As e XE EAGT FE Hudd 914
AlA 2L AL £54 2% Homing HE %+ Homergl #2311, 98 NDBE F
Zoll= 200-415 kHz F3rdiolA &= 2™ Radio Rangedl olo] +&F2&
Aate AER de ARREAR o 7FA] Algo R d) HAlE VORZ thA| =i
ATt

r
[e5

A

)

W du Al

oK
il

.ﬂ

o]

¢

o
4n B o
S

& 1o

4o o
o
I
N

i3

N
ok o
ﬁ BN
hu

hu

Sense
==y
oop | | Loop 90" Phase | _| Balanced | o] DY Speaker
N [
Reterence
Loop Drive o
Motor
L
>N =
- Detector
Sveids ] s
Controt
Head
Sense
Antenna
; = |
| !
<] - T i 1 ADF
Pa Receiver
s o
vV o
Loop Antenna L

- Gonlometer- —J L'MWN
[71¥) 215] ADF U AS%E

3 FAIQHE L] WA E S Null 912 ADF W3 A Ao o]&% 1t} EIRPY

=
-
A Aol e Null P2 WEo] % o F710) $FHE 2ol o APk 7
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ol
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B
o

!
5]
1o
Y
Ao
B
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>
A
%
S
lo,
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o
_>|J_14
i
T
o
=

t}. Sense <tHIVE AWE sjE-2
v Fxol Al StHU ] o] dute] EejWEs G AAE & A o

NULL

.'
Loop _

® ,
e Nl.IlI.L

\ Loop Arterna Pattem

Tap View
Loop Arterra
Side View
+
Serce Pattem
Top View

[2¥ 2.1.6] ADF <teElvh WA E

Loop/SaseCarbinaion
Arterna Pattem

AbgFaEE 190-1,750 kHzZA 1,020 Hz & 400 HzZ ¥ A2 (AM)S}o]
Audio Tones WAFSFaL Automatic Keying Systemol] o8] =4 REirds=

_17_

(International Morse Code)® &3}¥l 282} 22 3%AE 30%0] 33 o] w53

Ao w FA% (FAA 190-535 kHz)

(@)

+V TI T2\ T3 T4 T5
| I MODULATING
o \4/ TIME  \UDIO WAVE
~¥ | (speach)

SRR o s
S VTV ey i it o a

et g

(aviation radios)
[ 2.1.7] ADF % NDB EAle|Aq AbgsE= A&

ADF9] 742 o3 2tk

Radio 4171

Receiver Control (Control Panel)

Loop Antenna (Fixed, Rotatable, Automatic)
Indicator (Azimuth Ind.)

Dynamotor

Sense Antenna

Cable

Power Source and Head set
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_

[2¥ 218] &5 W ADF W37 A7)

Recipricol bearing g \

(from the station) = \

nd
iy —k ? \ bearing
M'agr{eﬂc
NDB bearing

# To the station

[ 2.1.9.] ADFell 9] %917 24 "y

(2) 4 ®EAAAH (NDB)
NDBE 2 oz Hgs] oz 4 Jdrs 37| FIFARE AFs T
2 Homingoll °]&5 & o] gl &

2]
Ues 855 X8 A7IAYFA A= Holding Pattern®} ILSe] Markerel] A

i

- 19 -

g e -

[Z% 21.10] NDB +%d A

[ 21.3] NDB T-# (FAA)

T £ =9 +2Ag
L
Compass Locator 25W o] 3} 15NM
(Compass Locator)
MH
. ) H] &) g F 50W m] %tk 25NM
(Medium Homing)
H
. Elpet s 50-1,999W 50NM
(Homing)
HH
, , SREE 2,000W o] 4 75NM
(High Homing)

(3) A w3Fgd F4 ZEA(VOR)

VOR(Very-high-frequency Omni-directional range)< NDBY Radio range®l 4]
Fo e SOE AMSFORA WAoo E AFS BUs] ko] Add Ao
196078 ICAONA @A & FAxE FAAZAALAZ A&, NDBS &4 33

2 9% F AR o gu: Adolth EF, AAHoR U Hdso] ol g3
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G Aoln] AFg A Al A
WA 2glolth, VOR +417]%

z® 7% Az ¥de] AFHA G wA
=X
T

Ay, oz RE tgw 2

VHF BF Cumar
108111 MEz
even enshn MH:

o 112-117 94 MiE:

-,
— /\/

[729 21.11.] VOR WxH 235 A%

Xy J”', B = 50 kHz )
&
=480 Hz [ - 30 Hz f+3ﬂHr tﬂﬂI-Ir
— .,
Ichanl
HI /
£ K
— 5.5 kHx +'J's1ﬁlr.H.e

[2¥ 21.12] VOR ¥xH 235 ~dEY

-21 -

W frequency oice and
of the sebected " identification
WOR channel COMmponents

9560 Hz subcanmor
w30 Hz ref eraince
[ERITIIL

Antenna s i
Datecied f
enelope ,.[ High pass H High pass ]
P g Filter Filter
M
:imlw

Tor course
deiation
inficator

[2¥ 21.13] VOR F217]1¢9] AlE=

19149 A1z o] Wik 7] 72 7)ol ek 90mph FEe] HH7] A
o thHe]l B Al7lelE 140~155mphe] €=, 1,000mt 9] &7 240009 E
o BFoE A5 F A MR, FeV|FHE FH d 55 vEgriE dd
st o 3 FFrHAAE e o] & 1921 W= B adt59] North Plattes}
AlZFAL b -1 o] ofgke] o] FoiX Al WA AMSE AT o] o] 19251

ol
2
ot
ofd
N
lo
iu
0
rSL‘
OFO
2
X
2
o
L
O
o,
L
ol
kel
>
4
ob
X
ot
of4
N
il
ok
b
=2
X
iu
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[E 214] 3458 F44n9 7le71E 23 Ay

z3 FAAH W

A8z | Ty, b st B doby] dolH A A
A9z | 2y s 8 dod delH g A FA

A0z | ML AAAA G T BmA A

Az | @Fe7]8 Forad

A52% | EAZAT My 9 23S
A6z | AZIZHAA

A7z | AR A A A

A8z 714 #oly

A192 L7 e AGIEA

2072 | YA A 2 E

A2z | FFARATAZTAA

A2z | FAFET /S AGA FaAdn)

2

2E 1, 3) AEEFHAIADF) 14, @) AZI=F
AAILS) 4171 1d, (5) AW FEAAA(VOR) F417] 14, 6) AYFAEAIA
(DME) =417] 1dl, (7) ¥18) F ¥9 T FAH0 9d 74208 g4 5 3
 Z1Eed e oyl B 1, 8) M AAE A %A AR (ELT)
o =& 202 FAsta ok

Sooid), dobd) FAAs 9 doid doeleyga FX: FFv)ge] FAAR A
A3EA 3 117975 M -8 137 M 74418 F=35ie] dstE Abgete Fa4du o

- 23 -

(29 2114] #7190 =54 ZUHE % VOR A7dn 2 &7 &7
(&3 :https://nbaa.org/aircraft-operations/communications-navigation-surveillance-cns/data-link/controller-pilot-data-link-communicatio
ns-illustrates-nextgens-success-2/)
H A X X A& FM3FAAH] (EPIRB, Emergency Position Indication Radio

Beacon) Autelu} &3 7|7} 2t u FAAAMEE o] 83

_(?L

fee mA

[2¥ 2.1.15] EPIRB 2% <A 9 Foi-§& 714
(£4 : http://blog.naver.com/Ith3312/10127689811)
https://generalaviationnews.com/2017/07/18/garmin-debuts-all-in-one-portable-ads-b-and-siriusxm-aviation-receiver/

&4 : https://www.49ercommunications.com/bk-radio-kng-flight-helmet-adapter.html)

2xEA F ol e Aol A o] A 3t Abel t83lA #FF]e] ATC EdHAEY
2HEH $EHe &9 A3E 272 ¥37]Y Ay 1% 59 FERE 531
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dlolt ~m=Z Aol FAE7] 93 #@lolr o]},

(DME): 962 MHz ~ 1213 MHz F34 tgejA "2 7]uk 3
N5 E AFste FF7)M Aol A Tl MutE Hule] Mute] gRAha
ANHE AR Batsle] BB S dFIte] AYE FAHsE Al gl

Intorrogation signal
{ of aireraft
/ . /
/ Reply signal

of ground station

A
i)
Jl}l'
O_L4
i

[29 21.16] &% A #eltet DME Al2=€9] Ay
(&4 : https://m.blog.naver.com/PostView.nhn?blogld=rits&logNo=103379060&proxyReferer=https:%2F%2Fwww.google.com%2F)
&3 https://www.rohde-schwarz.com/kr/applications/tacan-dme-application-card_56279-393025.html#media-gallery-6)

ANFFAAALS): F&719 A FHS HAste] Aol dAg= ALz g5
2 gom ¥l AA2 A5 WIS Yy, 228014 (L00)= Fe7]l #AFA
=

B3 F4L fEdFn

o
B gk ol ) M b Fomet Do g —

HHEE BAEA S R

[29 2.1.17.] VHF 71719 A7 2522 (ILS)
(FA % - LA RARAFFA TG v S AR €7 A (A 371 E)(H F).pdf)
(&4 : http://blog.naver.com/PostView.nhn?blogld=happys73&logNo=220538492173)

- 25 -

ALFFAAAE (VOR): &&719] bdd&3s $ato] Aol AAste] Hedn

[Z¥ 2118] VOR % 717 #elt] AbE 343 dA g
(Z]:https://m.blog.naver.com/PostView.nhn?blogld=veganclaire&logNo=220344780572&proxyReferer=https:%2F%2Fwww.google.com%2F)
(&4 : https://blog.naver.com/PostView.nhn?blogld=rits&logNo=118932732)

G YA 28 (GNSS): AAHoZ GPSE W53 AT HAI 28 A9l 2
HAAE =4 F dE AEZE Az=" AES A8 Foln, SBAS(Satellite Based
Automatic System)t GPSolA @At E 23S 3m oW =2 BEAMNFE 24U 9

A] 3 Hﬂ’/\] 2~ © o] \:]_

[e]

- 26 -


http://blog.naver.com/PostView.nhn?blogId=happys73&logNo=220538492173
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Boeing 787 Antennas

Armcns_—ll mn_l rﬂ:s AﬁF snﬂl:om

Marker Beacon

N/TWLU Terminal wireless local area network (LAN) unit + GPS Global positioning system
C/TCAS Air traffic control/traffic collision and avoidance system  » TCS Terminal cellular system
FE Distance measuring equipment « ADF Automatic direction finder

Radio altimeter * CWLU Crew wireless LAN unit

VORALOC 3
HF(9) HF(8) |}

= ELT Emergency locator transmitter
= HF High-frequency radio
« VOR VHF omni-directional ranging

Source: Boeir|

Antenna Locations o

76 7-200ER~300ER
HF -

- SATCOM [T
ATC (L) el - VHF [}
o, \ /GPS L. R} ADF {R]/
VHF (L)
Weather radar \._ Mol ==L e

Localizer {L. ¢, R) &} :] 0o0F900a00e00 & 0 pocofue0aceoag

.. x e _'—‘_'_.—'—'_'_'_-'_'_
Glidestope {L. C. R} _—74f’ b :Iﬁ.—/
Airphone (13 ,.\ e VHE (R)
Marker beacon

TCAS s
ATC L)
ATC (R) Radio aftimeter receiver (L, C, R)
Radio aftimeter transmitter (L, C, R}
~ DME L}

Antenna Locations - Classics

GLIDE SLOPE

{
TEAS  ATC
WEATHER

VHF comM 1
RADAR e

YORSLOC

RA ADF
RADIO Ranm ALTIMETER  |LQoP=%
.a.:.‘m!ETER ALTIMETER TRANSMIT=1
RECEIVE-Z RECETVE-1

D cocoooooogoo ﬂDﬂnﬂEﬂDﬂﬂﬂﬂﬂ:a‘uﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂ ﬂ

pree— o \ AOF sacs?\';g;‘_s
DME=-1
RADIO LWP'E m
ALTIMETER W‘ “2 N pmME-2
TRANSMIT=2 210
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FTHY Aol FEF AU o)
A FHNME AT~ A68FAA FF7|o
Fl 2 (EMIARE, Airworthiness Certification)©]

717} *é?ﬂ SARE ZEjA A A

(
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[oh
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q)

FFN71=71R(ZA)
Airworthiness Standards{KAS)

Aviation Act

L $39 BT

Implementation Regulation

! +27=71E (M)
l Flight Safetr Regulationz (FSR)

L

LA 713
Noties to Public Advisery Guidance

[29 249] =W 39

i

)

A (EA: 20009 A AALH)

23| JISBES FASY JIE
Standards for Aircraft Technical Standard
Order Authorization

T ENER

Ministry of Land. Infrastructure @nd Transport
REPUBLIC OF KOREA

2EDAY DA B2019-10048

2019 128 308
IEnEwIa

[Z¥ 2410] &57 7IexsF 4<d 7€ (HFELSH)
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o17]A RTCA DO-1797} F&Eo] dom, 443 "Minimum Operational
Performance Standards for Automatic Direction Finding (ADF) Equipment®2.2
A, AE TG A G o] Tt
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Performance Standards for Airborne Weather and Ground Mapping Pulsed
Radars“eo|th. &7]e] F2 ®&AlEE dA otk % RTCA DO-346 "Minimum
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Minimum Operational
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[ 244] 72T F X7 (FEF KTSO) ¥ #3 RTCA DOXEF(E4: RRA
AT B ILA])
W s NEREE
3286~3354AMHz AT GelM Eshs Fe8 AVIAFAAALS) e
41 ] RTCA
KTSO-C34e i . . . L .
(ILS Glide Slope Receiving Equipment Operating Within the Radio Frequency DO-192
Range of 328.6-335.4Mi)
T8 FAEAT] A0 RTCA
KTSO-C35d
(Airborne Radio Marker Receiving Equipment) DO-143
108-112 MHz 45314 GoolA et 374 ILS 2ol A 4241 4] RTCA
KTSO-C36e | (Airborne ILS Localizer Receiving Equipment Operating Within the Radio DO-195
-195
Frequency Range of 108-112 MHz)
108-117.95 MHz #AF3k gojolA #Hgshs &38 VOR 20740 RTCA
KTSO-C40c (VOR Receiving Equipment Operating Within the Radio Frequency Range of DO-196
108-117.95MHz)
960-1,215 MHz FAd59t5 GqolA #Este= 785442 (DME) RTCA
KTSO-C66¢ (Distance Measuring Equipment (DME) Operating within the Radio Frequency DO-189
Range of 960~1,215 Megahertz)
FEE 27E Aaawd
KTSO-C87 B
(Airborne Low-range Radio Altimeter)
Hd e Al 4171 RTCA
KTSO-C9la
[Emergency Locator Transmitter (ELT) Equipment] DO-183
P A geoly v Alagl/EE S(ATCRBS/ Mode S) ®AlE | RTCA
KTSO-Cl11d | (Air Traffic Control Radar Beacon System/Mode Select (ATCRBS /Mode S) DO-181E
Airborne Equipment)
406 MHz H]7$12 F417] RTCA
KTS0-C126 .
(406 MHz Emergency Locator Transmitter) DO-204
1090MHz 74 FapolA &5= &4 298 4$d AFFTH5AA(ADS-B) %
WEY WEARAN2(TIS-B) 4] RTCA
KTSO-C166b | (Extended Squitter Automatic Dependent Surveillance - Broadcast(ADS-B) and DO-2608
Traffic Information Service - Broadcast(TIS-B) Equipment Operating on the b
Radio Frequency of 1090 Megahertz(MHz)
117.975-137.000 MHz A F5k5 oA 2gshe VHE 40§24 540 ) RTCA
KTSO-C169a | (VHF Radio Communications Transceiver Equipment Operating Within Radio DO-1861
Frequency Range 117.975 To 137.000 Megahertz)
15-30MHz 453t g ool AFats 153 74 Sal4d RTCA
KTSO-C170 [High Frequency(HF) Radio Communications Transceiver Equipment operating DO-163
within the Radio Frequency Range 1.5 to 30 Megahertz]
RTCA
- Creh A5 WA 4 21 (ADF))
DO-179
RTCA
- Creh Fa71d 2 Axd Hag el
DO-173
B RTCA
- Creh 3% o)F FaAxW)
DO-346
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@ Notification
ANFAAA glo] 71719 A%, =AY FCC L7AMEG R Ao w21 9l
e AL AEd AR FCColl AAsh, Alge Ayte Az=Ar B

i, g7
P71 7= T2 UEHFHE 27900 Verification oA HA|E A &2 $217]

24 ofTE FH4E A7) 9 17 otk

S

ii. Notification®] ¢1% Az}

Notification®] <15 Aab= AAHA7E Aol By 2 F4 & 7484 FCC
IDE= A4 & 34, FCC + FCC ID Z=& wadrth FCC IDZE=E ek
A= AFYAME A FEAFAY AR T3 FCC 274 g = Aol
23 ths AS Asd AHAE FCC o AEdoh 5, A= FAAE7
oA AFE Ad3E Hasta FCC 9o 277 e ASdes AEstolor ot
Notification 915 AHAE HFFshd FCCE AZE AFE HAAEA #1719 o
o AsAEe FPARE AR Aol Edadittn JAFHE Afde
FCC d5AME THstH, oAl dasivn dA4H = dfole 71718 A
o AsAPE s3I ASAPE 83 23, FCC 7l=7lFdd A3hst 45
£ FCC A E THstd, FARS 4fdes 2345 A% FCC AsHE

® Verification
Verification= FM %%, TV W% F2714 A F Ai717] S 7" Ax
1

2= FCC ID Y FCC GRANTE waws o= gith
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i. Verification®] ¢1% Hza}

® Registration

F2 AU J&EE 71714 875 FCC LAB o4 AlgS sk @i 414
A7 AlZg AFAAAL AAHA N gt AE R HUME AAgtt [d357], FAX,
MODEM © #&%m™ FCC GRANTE W+ wrolof st}

< JtAgska Stk
gdrdig FAdue JerlEe AW AFA(CFR) Title 47 Chapter 1
Subchapter D Part 87(Aviation service)olA T4 &a glvk
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[ 25.1.] 47 CFR Part 87¢] 47

Part Subpart
Subpart A - 94E A KiGeneral Information)
Subpart B - 43 W W& (Applications and Licenses)
Subpart C 8 ad W AxHOperating Requirements and
Procedures)
Subpart 1) = (Technical Requirements)
Subpart E T 19 (Frequencies)
Subpart F_ - & 7] % (Aircraft_Stations)
Subpart G - @& Z= =t (Aeronautical Advisory Stations (Unicoms))
Part 87 - ] ?fl%l!i)?ll1 H - HE & # - (Aeronautic al Multicom Stations)
&) 9] 7. Subpart [ d.} & @iar 9 &8¢ 4= (Aeronautical Enroute and
(Aviation — .\t‘r[lll.lll!]l.‘fi f.‘l.\l'd E‘w_l.tlmr}_-.l .
service) .fvula]uu'l -J, vl 8 A g (Flight Test Stations)
Subpart K - V& 'I_‘q"_’j__l Aviation Support_Stations)
Subpart L. - &% Al4 o] %= (Aeronautical Ulility Mobile Stations)
Subpart M - &HF§HAF 3 F s Aeronautical Search and Rescue Stations)
Subpart N - Y444 (Emergency Communications)
Subpart O &g <EH] = (Airport Control Tower Stations)
Subpart I? fv’ rational I"I\{‘(l Stations)
Subpart Q -‘]'-‘.'l 2525 Statons in the li.:[il::ivh mination Service)
Subpart R - e v] 3 8 (Reserved)
Subpart S - 2Hg 714k Automatic Weather Stations (AWOS/AS0S))

o

A, P AE, A, A AR 52 st gdov 0 A% /&
2o PN M FRE) 94 B FF, AL Foke, A5 S gt 7]
4 FHS TR

u AWEF A (FAA, Federal Aviation Administration) %< AL wEY 3
of A%, FAAY RE 7|, A% 4 9% o] g HF AdAR A, o
2HA, HH(FAR), &% (Order), A% (Circular), Bulletin #|/717 HAgkS
FAA= 14 CRF Part 21 o o7 #@3del #dd We< WA} o
ou Part 212> FAFH, Ads3, 2 , BRI, B T

o] AFAAE sk vk Part 23, 25, 27, 29, 33, 34, 35 ¥ 36 3 7], A,
zzAy FAd g 7|&7]E=S, Part 91, 119, 121, 125, 135 oA dF7] &

~

329
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g A A= mEa G edAFA S AL A7y Adsky] faE =
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Aol met FAA A FEAHe] FAMUFH O 95tn 9

Q¥ FEWEH] FY Al Bxo) utet FFuAA] HAS 98 FENF
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748/20120] 9l o] AL HE = oA AxS FAsHE Part 213 FF7], AHE 5 Al 3F FFIFL FALE #H IA BEF EY
9] 2915 7]5(CS : Certification Specifications)®] 1om T ttE o] dgFH S 2 No.
2942/2003°] 31t AL A gERerd] wAl 253 AW/ AMAE §F 24

-+

7| B 7% (EC No.216/2008) @A W G 7

- P g of #ipt ZE7Y

(International Civil Aviation Organization, ICAO)E 4l
(UN) 2tste] dAZ&7)Folth. A2zk AA did wo] Wz 37 o] ulghA
=

19449 FANDFF I (T A7 xopol 2718 1947d 49 490l L33

0/81778 (No.748/2012) | ] 0/817 8 (No.2042/2003) | b Sl A3 el @I dFRIY s1es Ndsta, A dTEol s
: - AAYBA/AAEY 59 o drh
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¥ ICA0  UNITING AVIATION - E

Rbout CAD | Giabsl Pronties | Fvents | informaion Resousss | Cans | Unrghvision | ICAD TV

ICAOTV

Waich Now

ENVIRONME

ECONOMIC §*PROTECTION

[71¥ 3.1.1.] ICAO E3 oA (https://www.icao.int)

TANZEE-FH A (Convention on International Civil Aviation)®] §-4-A]
(Annex) o W82 v 2ok JoF2 =7F P 2ok FFEolng F85 dast
3 9tk 93714 Annex 102 Volume 1~5& FAHo Jeov o y&e o33
t}.

s

[¥ 311] FANETE A F454 (Annex) 9 W&
Annex g

1 &-&F A W3 (Personnel Licensing),
2 3372 (Rules of the Ain),

- 901 -

ZAGFaPR 714 EMeteorological Service for International
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ANNEX 10
to the Convention on
International Civil Aviation

Aeronautical Telecommunications
(Volumes I, I, 1Il, IV and V)

Three of the most complex and essential elements of intemational civil aviation are aeronautical conumunications.
navigation and surveillance. These elements are covered by Amnex 10 to the Convention

Annex 10 is divided into five volumes;

Volume I  — Radio Navigation Aids
Volume I — Communications Procedures including those with PANS status
Volume [II — Conumumication Systems
Part 1 — Digital Data Communication Systems
Part 2 — Voice Conmumumnication Systems
Volume [V — Surveillance Radar and Collision Avoidance Systems
Volume V. — Aeronaunical Radio Frequency Spectrum Utihzation

[19 3.1.2.] Annex 109 T4
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The five volumes of this Annex contain Standards and Recommended
Practices (SARPs), Procedures for Air Navigation

Services (PANS) and guidance material on aeronautical communication,
navigation and surveillance systems.

Volume I of Annex 10 is a technical document which defines for
international aircraft operations the systems necessary

to provide radio navigation aids used by aircraft in all phases of flight.
The SARPs and guidance material of this volume

list essential parameter specifications for radio navigation aids such as the
global navigation satellite system (GNSS),

instrument landing system (ILS), microwave landing system (MLS), very
high frequency (VHF) omnidirectional radio

range (VOR), non-directional radio beacon (NDB) and distance measuring
equipment (DME). The information

contained in this volume includes aspects of power requirements,
frequency, modulation, signal characteristics and

monitoring needed to ensure that suitably equipped aircraft will be able to
receive navigation signals in all parts of the

world with the requisite degree of reliability.

collision avoidance systems (ACAS), including SARPs for SSR Mode A,
Mode C and Mode S, and the technical
characteristics of ACAS.

In Volume V of Annex 10, SARPs and guidance material on the
utilization of aeronautical frequencies are defined. The

International Telecommunication Union (ITU) has set up a framework in
which the demands for radio spectrum from

individual States are balanced with the interests of different radio service
users to produce a planned radio environment

incorporating interference-free, effective and efficient radio spectrum use.
Volume V contains information on the

assignment planning of individual aeronautical radio stations operating or
planned to operate in different frequency

bands.

II

Volumes II and III cover two general categories of voice and data
communications that serve international civil aviation.

They are the ground-ground communication between points on the ground
and the air-ground communication between

aircraft and points on the ground. The air-ground communication provides
aircraft with all necessary information to

conduct flights in safety, using both voice and data. An important element
of the ground-ground communication is the

aeronautical fixed telecommunications network (AFTN), a worldwide
network organized to meet the specific

requirements of international civil aviation. Within the AFTN category, all
significant ground points, which include

airports, air traffic control centres, meteorological offices and the like, are
joined by appropriate links designed to serve

aircraft throughout all phases of flight. Messages originated at any point
on the network are routed as a matter of routine

to all points required for the safe conduct of flight.

In Volume II of Annex 10, general, administrative and operational
procedures pertaining to aeronautical fixed and

mobile communications are presented.

1

Volume III of Annex 10 contains SARPs and guidance material for
various air-ground and ground-ground voice and

data communication systems, including aeronautical telecommunication
network (ATN), aeronautical mobile-satellite

service (AMSS), secondary surveillance radar (SSR) Mode S air-ground
data link, very high frequency (VHF) air

ground digital link (VDL), aeronautical fixed telecommunication network
(AFTN), aircraft addressing system, high

frequency data link (HFDL), aeronautical mobile service, selective calling
system (SELCAL), aeronautical speech

circuits and emergency locator transmitter (ELT).

v

Volume IV of Annex 10 contains SARPs and guidance material for
secondary surveillance radar (SSR) and airborne
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RTCA(Radio Technical Commission for Aeronautics)
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Standards & Guidance Materials

RTCA produces minimum performance standards and guidance materials that are requested
by the FAA and become a partial basis of FAA regulations for aviation systems and equipage.
They are produced by committees of volunteers representing the interested and relevant

stakeholders. Since 1935, RTCA has had a long and successful track record of producing high
quality standards, including the following:

» Operational Services and Environment Definition (OSED)
Documenting the environment in which systems and equipment will operate
+ Operational, Safety & Performance Requirements (SPR)

Safety Assessments and Ops Performance Assessments (Communication,
Mavigation, Surveillance)

+ Interoperability Requirements (IRR)

Assuring all components of the Air Traffic Architecture {airborne and ground-based
components; pilots and controllers; domestic and international) are all able to work
together seamlessly to provide safe and efficient air travel and services

» Minimum Aviation System Performance Standards (MASPS)

Assuring end-to-end, systems will perform their intended functions within a defined
airspace

» Minimum Operational Performance Standards (MOPS)

Assuring equipment will perform its intended functions

[Z9 314] RTCA Fde|AelA &5 dHE
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MOPS provide standards for specific equipment(s) useful to designers, manufacturers, installers tt. FCC

am.i users of the equipment. The word "equipment” gseq in MOPS in?ludes all componer}ts and SRS A 9 A1) o] NerEe AW F AR (CFR:  Code of Federal
units necessary for the system to properly perform its intended function(s). MOPS provide the
information needed to understand the rationale for equipment characteristics and requirements Regulations)?]  Title 47 (Telecommunication)®] Chapter 1 (FEDERAL
stated, describe typical equipment applications and operational goals, and establish the basis for
required performance under the standard. Definitions and assumptions essential to proper COMMUNICATIONS COMMISSION)Q’] Subchapter D (SAFETY AND SPECIAL

understanding are provided as well as installed equipment tests and operational performance
characteristics for equipment installations.

Compliance with RTCA MOPS is recommended as one means of assuring the equipment will
perform its intended function(s) satisfactorily under all conditions normally encountered in
routine aeronautical operations. MOPS may be implemented by one or more regulatory
documents and/or advisory documents and may be implemented in part or in total. o L g/ e oot cornell i st/ 7/t 8 “ac

RADIO SERVICES)®] Part 87 (Aviation service)ol A A 3dta At}
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Gl Chapter I. FEDERAL COMMUNICATIONS COMMISSION - Subchapter D. SAFETY AND SPECIAL RADIO SERVICES
NUMBERED DOCUMENTS o > Part 87. AVIATION SERVICES
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Specification for ILS

Specification for precision approach radar system

Specification for VHF omnidirectional radio range (VOR)

Specification for non-directional radio beacon (NDB)

Specification for UHF distance measuring equipment (DME)

Specification for en-route VHF marker beacons (75 MHz)

Requirements for the Global Navigation Satellite System (GNSS)

System characteristics of airborne ADF receiving systems

2 FAGFRAAAL L] 7 A
(Specifications for non-directional radio beacon, NDB)
- Annex W&-2 x| 3xF(Standards)$t # 3AF(Recommended practise) 2 43

ol gt}

=
AxE e Aol

- 100 -



344 Radio frequencies

34.4.1 The radio frequencies assigned to NDBs@selected from those available in that portion of the spectrum
between 190 kHz and 1 750 kHz.

3442 The frequency tolerance applicable to NDBs shall be 0.01 per cent except that, for NDBs of antenna power
above 200 W using frequencies of 1 606.5 kHz and above, the loleranc.l]ﬂs per cent.

3443 Recommendation.— Where two locators are used as supplements to an ILS, the frequency separation between
the carriers of the two should be not less than 15 kHz to ensure correct operation of the radio compass, and preferably not
more than 25 kHz in order to permit a quick tuning shift in cases where an aircraft has only one radio compass.

3444 Where locators associated with ILS facilities serving opposite ends of a single runway are assigned a common
frequency, provisionade to ensure that the facility not in operational use cannot radiate.

[Z237 323] F5AM(Amex) el 2E3 AAE &

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

CHAPTER 2. NDB/ADF SYSTEM

20. NDB/ADF SYSTEM DESCRIPTION. The NDB/ADF System is a short distance air
navigation system. The ground component provides properly equipped aircrafc
with bearing and identification referenced to the selected ground component.
The system provides navigation signals to all civil and military aviation Eor
the safe and efficient conduct of aircraft operations, exercise af air ctraffic
control, and use of airspace, The NDB is an International Civil Aviation
Organization standard navigation aid. The NDB/ADF System nas been allocated
radio spectrum in the aeronautical radionavigation service. Tne primary
purpose of the NDB/ADF System is for navigation. Wnile other services may be
provided by the system, they are less important than the navigation infor-
mation. Tne identification signal is an integral part of the navigation signal
since, without the identification, the navigation information cannot be
validated.

[-1¥ 3.2.4] NDB/ADF A% (FAA)
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* LF (Low Frequency), MF (Middle Frequency): X% Long Wave(%3}) <}
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MF(190kHz ~ 535kHz) =3t W& 52 ARS-gh
* NM (Nautical Mile): 3] vldolgtar 39, INM = 1.852 km <.

o 372 <% (Rated coverage)
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38  (Reserved)

3.9  System characteristics of airhorne ADF receiving systems

381 Accuracy of bearing indication

38.1.1  The bearing given by the ADF system shall not he in error by more than plus or minus 5 degrees with a radio
signal fram any direction having a field strength of 70 microvolts per metre or more radiated from an LFMF NDB or locator
operating within the tolerances permitted by this Annex and In the presence also of an unwanted signal from a direction
90 degrees from the wanted signal and

231106 372

Chapter 3 Annex 10 — Aeronautical Communications

) on the same frequency and 15 dB weaker: or
b plus or minus 2 kHz away and 4 dB weaker; or
) plus or miris 6 kFz or more away and 55 dB stranger

Note— The abave bearing error is exclusive of aircraft magnetic compass error.

310 (Reserved)

[Z27 332] ICAO HARIZF s o] F54 109] ADF 9 7+

3g AxFJlA 9= locator =& Aubuy/
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%u“}tH(LF/MF) FAFEAANLINDB) ZFE A 70uV/m ©]4] field Z=E
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1. RTCAS] DO-179¢] F& ul&

DO-179% Minimum Operational Performance Standards for Automatic
Direction Finding (ADF) Equipment®] ¢FA2#, RTCA/DO-137(1968d 114 <

¢)¥ RTCA/DO-142 (1970 1498Y <<DE diAstA . DO-1799 HAHH &
1982¢ 5€ 139 &<l€ Zeolth (2020 9¢ 179 @A)

DO-179 - Hectronic

Your Price

Document Title

Descrption
Postulates operaiional g

Document Number
Format
Commitice

bsue Date

Quantity.

[29 3.3.4.] DO-179¢ A A3
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[3 33.1.] DO-179¢] W& (Table of Contents)

Chapter Sub-Chapter

1.1 | Introduction

1.2 | System Overview

1.3 | Operational Applications
1.0 Purpose and Scope 1.4 | Operational Goals

1.5 | Assumption

1.6 | Test Procedure

1.7 | Definition of Terms

Automatic Direction 2.1 | Overview Requirements

Finding Equipment 2.2 | Equipment Performance - Standard Condictions
2.0 Performance 23 | Faqui Pert " Envi | Condicti
Equipments and . 4qu%pment erformance <nvironmental Condiction
Test Procedures 2.4 | Equipemnt Test Procedure

. 3.1 | Test Conditions
3.0 Installed Equipment 3.2 | Equipement Installation

Performance -
3.3 | Minimum Installed Equpment Performance
40 Operational 4.1 | Required Operational Characteristics
’ Characteristics 4.2 | Test Procedure for Operatonal Characteristics

DO-1799] B34& 4w, 143} 24wo] AstEdat w7k gon, ofefst 2
o] Aelss

1 1%

o 1.1 Introduction

- ADF(automatic direction finding) equipment: W]=2] NDB 27 <toll A 25}
= AL AAR d} (€L 2 3Ho|nE EUROCAES 13 oksh

o 1.2 System Overview

- ADF+= NDB 2139 =32 Waks gx]slal A52 o7 XAt}

- W3S magnetic bearing FE #FF7]el W= i<l w9 ZH(relative

bearing) 2.2 3} A Z ol Al EA| g},

- MCW X CW dES BEUEE7] ko] Abgdrh

- NDB7} ILS(intrument landing system)2] 42 A}& A], compass locatorz}il

e

- 1960 d ol NDBE VOR/DME/TACANS] FH 93 3
2 AAEAoHY, VOR To] AFstA %= 715 (A7

o=z g 2 AL

ABeE olFE F7

C: )
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3 S7te b e

- NDB S35 AAZE 47 249, sdute 288 v5a T34 Awst

7, ADFe] AE=E £ol7uh, NDBS 7HgF3k4 190~535 kHzel =17, 1,020
i

Hzel ¥ A|(identification, 214]) A& Fu5E 35 Woko|t)

o 1.3 Operational Applicaitons
- SAAF (6535-1605 kHz)& Ao o= st A& AT s,

o 1.4 Operational Goals

- d¥x: ADFe 2& A2 RE BEE 37| flste] deler) Eolofgiry,

- Spurious, cross modulation, intermodulation: I+ & HMafs}x] grolof k.
Wz AEgw: QHHY wiAH e W3 (icing condition)‘/‘r 1719 detune

(in-flight =& Wahell= W2t J &= (bearing accuracy)i= {+# % foF Tt}

o 1.5 Assumptions

- #H & field 4=: 50 uV/m (W]=}) (beacon 44171 ¥ 70uV/me 1/v/2)

- receiver: signal-plus-noise to noise ratio (S+N)/N= 3dB & acceptabledlt ko]

o},

- measurement method: 6 dB (S+N)/Ne] ©] A &3t}

- webA A]22" performance: 70uV/m (6dB signal-plus—nise to noise ratio)

- 10 dB desired/undesired signal ratio (3@ to detector): 3% W97} olg] 2A

=3

- NDB/ADFE 714} flags & 73FA ¢Fow FFAL:= identification® needles
RUE L dasfol sk (F Ul 14 Alme] Fal B ol et gl A
S vkl HAGA WETE s AS AFEAel flE A

- ADF: NDB #/d=r¢] A7} st sl Al &7 2ol

- 78 8o A9
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Automatic Direction Finder Function - An operational mode in
which navigation information is presented ou a beariag display
that is automatically controlled to indicate the directiofi’ of
arrival of radio waves. In addition, the identification of the
NDB ground station is audible to the pilot,

CW Receiver Function - An operational mode in which the output
is an audio signal derived from the on and off keying of the
ground stetion, Simultaneous beariug information to indicate
the direction of arrival of the radio waves may be presented
on a bearing display.

MCW Receiver Function - An operational mode in which received
amplitude modulated or equivalent signals provide an audio
output signal.

Quadrantal Error - Angular error of a measured bearing caused
by disturbances due to the characteristics of the airframe.

Rated Audio Output Power - The manufacturer's maximum specified
audio output power that is obtained with a standard input
sigral with a field stremgth of 1000 microvolts per meker.

Signal-Plus—Noise to Noise Ratio (CW) ~ This ratio shall be
determined with the receiver beat frequency oscillator "ON,"
and with the carrier "ON" and "OFF," for “SIGNAL + NOISE" and
"NOISE," respectively.

Signal-Plus-Noise to Noise Ratio (MCW) - This ratio shall be
determined with the carrier "ON" and the modulation "ON" and
"OFF", for "SIGWAL + NOISE" and "NOISE," respectively.

Standard Input Signal - Unless otherwise specified, the RF
signal shall be modulated 30% at 400 Hz.

[Z1¥] 3.35.] RTCA MOPs DO-179¢] &o]4 =
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(0]

(@)

2.1 General Requirements
2.2 Equipment performance - standard condition
equipment®] #F: Category A, B
Category A: 34 2 AF3a| (European-Mediterranean Area(EUM)) ¥ Hd#
v AFE-A 9 (190~850 kHz, 1615~1799 kHz)
Category B: W= 2 5 Fv] AFEAY (190~535 kHz, 1,615~1,799 kHz)

= F8 E& 5 (resolution): 34 A A 7] (indicator)= 1,000 HzK.t} =LA
%e TAR A Al(indicate) 8l oF g-r},
A A=t interoperability: 4171% W 347) 0.01% " 2ol Us A=t
719} & &3l oFghet.
A7 E(sensitivity) (MCW): 3¢ 98 A& #¥e 70 uV/mE x4 ot
1t} (F=Y 843 E 6dB9 signal-plus—noise to noise ratios 7}3)
FAFE(CW): ¥ ZE RFIEAE g8 70 uV/mEs 23 et
9] ZH(bearing) A &% 850kHz ol stell A= 3wHTE 24| a1, 850KHz Z¥HA|

gotorattt (JHANE AAZEZ7E 70uV/m~0.2 V/m ol A

2g&d) (FHx 25 % 400~1,000Hz9] 80%7HA Wz Alsdx #&H)
=

ofy

Botesie o] Be &4 F AW Wk Peb dudsagiel 5097k W

£YAFY Wale 3dBE ZaehA erolel@rh 200%7H4 W W, el 10%

g %A ghotorgttt

g A FL% A3 A4 &4 FHolA BX%E 2R goferdtt (Y
HA5E 400Hzol A 85% WEE 1,000uV/m)

AGC 57: RF f4##e] 100uV/melA 02V/m= F7H8d, $4%%2 8 dB

I ZrebH ¢kxEl 1, 2dB vwte g2 ZASHH <kE

=
FA 7] A8 % (selectivity, MCW receiver function):

=117 -

kHz Above and Below the
Selected Frequency

Signal Level in dB Above
That at the Selected Frequency

1] [¢]

l.0 0

1.5 6.0
2.0 12.0
3.0 27.0
4.0 42.0
5.0 57.0
6.0 72.0
7.0 greater than 80.0

[ 336] T35 XA W Aa

FA17] AHZ(ADF function): 22 90% #eo g mgste B A7) e
o] FIg zol7F i HA AAE 23T Ao, B A= =4S =
#3}H e o

Frequency Difference Minimum Field Stremgth Ratio

*+1 kHz =10 dB
¥1.5 kHz - & dB
+2 kHz 2 4B
*3 Wiz 17 d8
4 kHz 32 48
5 uHz 47

6 kHz B
+7 kHz great an 70 dB

(29 337] 35 2l wi 5deis A 4

Spurious response: 50 kHz~150MHz (A €]: tunded F3}42] 10kHz ©]% % 9]
ah)ol A 80 dB(FZF 34 190~850 kHz), 60 dB(850 kHz ©] )

Cross modulation: E& 23] o HZ(aura) EHM3= 44 54 =9 2
g9l 90%E Z¥atA] Holof gt}

(desired RF A1&: 100uV/m ~ 0.2 uV/m)

(B2 RFAZE: F34 550kHz~150MHz2 74 100uV/m~1V/m, F3 50~
550kHz¥ 74§~ 100uV/m~0.2V/m)

Intermodulation : signal 12} 29] 82 A4 7} (audio) &8 H=#H< 90% °]

sofof g,
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Inter-modulation®} cross-modulation®] =}olE= WZFE7F dojib= ATl A2
e} FFEh Inter-modulation- %Eﬂ date Az Fasde oA o
3t .5 ek A

=
2 ety v cross-modulationa AFA| A

Fookd, A% ARgE Fosdel Soishd washt

X
rl

Interferer ﬂﬁdgled &
Thermal . oise ross-
N;Eg,'._ ' modulation

@y g, "~ Tx Noise g8
in Rx Band

" Reciprocal
Mixing Noise

[z 3.3.8.] cross-modulation

3" order 2" arder 2" order
intermodulation intermodulation intermodulation

.,'o‘
==/ Frequen

fundamental

5 g Eu

* harmonics  harmonics | %

S
IR T
‘ | ‘
cy (Hz)
frequencies

[2¥ 3.3.9.] inter-modulation

.,

v

%
v
=
*
=

Magnitude (dB)

[ 21520y

u

=

- Direction Finder Operation with beat frequency oscillator: ¥ EF 3} 2 4l g o]
Ej7} AR E = AS, RFA 39 ™ol 70uV/mollA 0.2V/m7+ W
g7} glojorgttyt,

- 119 -

SIGNAL

FREQUENCY RANCE

SIGHAL LEVEL

MODULAT ION

50 to 550 kHz, exeluding
the fraquency band from

10 kHz above to 10 kHz
below the frequency to
which the receiver is cuned.

550 kHz to 150 MHz

100 microvolts per meter
to 0.2 volt per meter

100 microvolts per meter
to 0.4 volt per meter

RONE

50 ro 550 kHz, excluding
the frequency band from

10 kHz above to 10 kHz below
the frequency to which the
receiver is tumed,

550 kHz to 150 MH=

100 microvolts per meter
to 0.2 volt per meter

100 microvolts per meter
to 0.4 volt per meter

0% ac
400 Hz

30% ac
400 He

[2¥ 3.3.10.] intermodulation signal
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A 44 AE s dd Sl 7le]E uuE A

2 AiMe FEdFE FAdve Verisd vled FAdv 7lE il
ICAO Annex 10 HE3= RCTA MOPs #37ke] di %8 28t 71&7&2
HA oA A3A] A12018-9% (2018, 7. 2. AF/NA) S VIEe 2 Sk

7t A2z A oY )

FEolA dolre F& HE Fo de FT7I HA% AEE Fofetr] A
2 T I H (ASR)- 2 A3 Al €] B (SSR)- & & 2] 9] o] B (ASDE)- 4 &
A o)t (PAR)- &3 Z7FA gl o] 1 (ARSR)- 8l - 7F Al el o] Bl (ORSR) B o] - Ut &3

A Aol (1Al dlo] ) S ASR (Airport Surveillance Radar), 22F7HA]golH &
SSR (Secondary Surveillance Radar)e]gti H-&

WA ASRAxHelA Faoz Hsta g 719 71Ae] dAdE 2ok
AL o] &= AJREAfel’Sl, Hlolr o] ‘B[ zteel] s 1 a1 A E Ab=Es)
L EE O oldd FEE A H(ARSR)ONA AFEH= dlolHE FI ulE
A &S Fotstar AR oA B FAA R A&l Aol thao
227k #l o] B (SSR)AN A &g 7]o AAeHdE $EFX(ATC Transponder)ol
ARATHI030 MHAE vl 225 $5a5H100MH)E ol 3 %afo]
i Farle AWrIE, Algax, A, W udls 5 e 283 b
olE & doluith Aol A ol tiF HES HItE ol E 2xkAdeld gt

ot ey Feag el soldel wel 2HMdE o v FevE FAll

=

=

a4
rE

K}

¢

f

i

el = gl 5 T4 SSR AAF Al ARl YEA 8l A7}
ol 1997d A N1HEE 7] TH(ICAO)E= 7150l 43td MEZL “SSR RES"S #
=3 A

"SSR EES"INAE AEARE dF ALdget pEA e
oh “SSR RES*] dis) Sui7leS #HE Fevl= B2
HEE do-g9 &S dad TR Addsii yrur] i He 337
7 Sl 2AstdEE ol E B @AW A 5 A "k Ay
= F a2

% 1xkel] s @38t ASRY 24k a3}
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9tk 1% ASRE oA mio

Aoz ANzt el
=6 1AHASR) ohelbs obain
Te} ASR, SSRF wE mE

(1% 3411 &

Al "oy (o e
ZAl ol 5 4 (SSR))(Z A https://m.blog.naver.com/)1

1 12k A g o] Bl (ASR) ] aL, $1%o] 23}

[3E 3411 22 Al 9 77 tirlE (Aol AR sk= 22k A gl el d)

==}
Ay

= 7E7F
A3k 23l El ol
7172 @ehel 71EA

})E :rLM 3F 74
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7h BE A/ ARSA eAbe
250 m ool x, WA oAb
0.15 &= ol

U BE SolA A A 2xF= 100

<GMST 2007>

6.2 For a monopulse radar

In range : 0.03 NM rms

In azimuth : 0.07 degrees rms or 0.14

degrees 2 o for random errors.

13At 50 NM range the 0.14 degree error
results in a position error of 0.12 NM.
At 100 NM range : 0.24NM,

At 200 NM : 0. 48 NM

At 250 NM : 0.60 NM

PSS BE 29 4% A |

[ 34.2] 22 A elE ] 7l&7]E dHE (e

of
N
o
o
£y
[l

_,d
\>~
e
nj

S "3 Beha

E4 4L gs 4 39 2
Ll g

7h REACAA AEAE
whx 450 3] olstd 7

3.1.1.8.1 Interrogation repetition
frequency. The maximum interrogation
repetition frequency shall be 450
interrogations per second

U REA/CS 92 AEAS T2
50 5

3.1.2.11.1.1.1 The interrogation
repetition rate for the Mode A/C/S

3.1.1.6.3 Special position identification pulse
(SPI). In addition to the information pulses

7h AREASE FAlEE SHASE provided, a special position identification
AsHoZ FA% - & A pulse shall be transmitted but only as a
ook S 9 x] A HEH 2 (SPD = result of manual (pilot) selection. When
FEoz HAT = S A transmitted, it shall be spaced at an

interval of 4.35 microseconds following the
last framing pulse of Mode A replies only

% b 2 o)
7;\ ARFE W 2 | elskel all-call, used for acquisition, shall be
less than 250 per second.

o RESA Y &Frd g 3.1.2.11.1.2.1 Interrogations requiring a
AFANFTE 400 psm]vHe] reply. Mode S interrogations requiring
AR FAlsA s A |, a reply shall not be transmitted to a
SHs FAaF % & A$+= | single aircraft at intervals shorter than
A 9] gkt 400 microseconds.

3.1.1.7.12.1 Identification. The reply to a
Mode A interrogation shall consist of the
two framing pulses specified in

3.1.1.6.1 together with the information
pulses (Mode A code) specified in 3.1.1.6.2.

. $EEE FAsE
Frammg"*/\ ARPA 9
SR AEHA(SPDE ¥ X 39
EABHE B4 g A

7. Qrelvhel A WALEHE Ak
e EE DI

3.1.1.3 POLARIZATION

Polarization of the interrogation, control
and reply transmissions shall be
predominantly vertical.

Note.— The Mode A code designation is

o R A = S9o 337 a sequence of four digits in accordance
AR AT S with 3.1.1.6.6.
SEA T = HE 30 EASE 3.1.1.7.12.1.1 The Mode A code shall be
Hagre] 2 mE A manually selected from the 4 096 codes
available.

3.1.1.1.1 The carrier frequency of the
interrogation and control transmissions
shall be 1 030 MHz.

3.1.2.1.1 Interrogation carrier frequency.
The carrier frequency of all
interrogations (uplink transmissions)
from

ground facilities with Mode S
capabilities shall be 1 030...

3.1.1.7.12.2 Pressure-altitude transmission.
The reply to Mode C interrogation shall

. P& C, F= . .

]’ﬂ o Ev QA s U consist of the two framing pulses
i L = gl ope . - o age
o1 ﬁibd By 30 FA S specified in 3.1.1.6.1 above. When digitized
o vl i 2an I h . . . . .
Ao zate] W 2 pressure-altitude information is available,

the information pulses specified in
3.1.1.6.2 shall also be transmitted.

7}, BE A/C 202 M o] 3}

3.1.1.1.2 The frequency tolerance shall
be plus or minus 0.2 MHz.

3.1.1.3 POLARIZATION

Polarization of the interrogation,
control and reply transmissions shall
be predominantly vertical.

. = S +0.01 Mg o]3t

(3.1.2.1.1) plus or minus 0.01 MHz,
except during the phase reversal, while
maintaining the spectrum requirements
of 3.1.2.1.2

3.1.1.7.13 Transmission of the special
position identification (SPI) pulse. When

9. Aw7]e] BE Se WE

Figure 3-2

—Lj }\ ot 4_51 . required, this pulse shall be transmitted with
1o °ﬂ7 A w2 7“ Mode A replies, as specified in 31163, for
s A a period of between 15 and 30 seconds.

AL SH7Ie BE SO gk 3.1.2.10.4.1 Radiation pattern. The

- 123 -
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radiation pattern of Mode S antennas
when installed on an aircraft shall be
nominally equivalent to that of a
quarter-wave monopole on a ground plane.

available at the antenna end of the
transmission line of the transponder of at
least 185 dB and not more than 27 dB
above 1 W shall be permitted.

1090 Mt

3.1.1.2 REPLY CARRIER FREQUENCY
(AIR-TO-GROUND)

3.1.1.2.1 The carrier frequency of the
reply transmission shall be 1 090 MHz.

3 Mg

3.1.1.2.2 The frequency tolerance shall
be plus or minus 3 MHz.

izl

2 of

ddadz 9 W, 1
<37 v 1,200 3
olgtoll A HFH# 185

dBW ©]7d 27 dBW o]3td

A

3.1.1.7.11.1 The peak pulse power
available at the antenna end of the
transmission line of the transponder
shall be at least 21 dB and not more
than 27 dB above 1 W, except that for
transponder installations used solely
below 4 500 m (15 000 ft), or below a
lesser altitude established by the
appropriate authority or by regional air
navigation agreement, a peak pulse
power available at the antenna end of
the transmission line of the responder
of at least 185 dB and not more than
27 dB above 1 W shall be permitted.

AFENT H2 P19
AFrgAaddge -77
dBm ©]’¢oll A -69 dBm
olatel Weloln, A
ModeE W74 e ujo
HEZo ] B o] ijd A

3.1.1.75.1 The minimum triggering
level of the transponder shall be such
that replies are generated to at least
90 per

cent of the interrogation signals when:
a) the two pulses P1 and P3
constituting an interrogation are of
equal amplitude and P2 is not detected;
and

b) the amplitude of these signals is
nominally 71 dB below 1 mW, with
limits between 69 dB and 77 dB below
1 mW.

A/C/S FAZA

e

M|

* kil

1 M

31221 Reply -carrier frequency. The
carrier frequency of all replies (downlink
transmissions) from transponders with
Mode S capabilities shall be 1090 plus
o mirws 1 MHz

o
H

3.1.1.7.11.1 The peak pulse power available
at the antenna end of the transmission
line of the transponder shall be at least 21
dB and not more than 27 dB above 1 W,
except that for transponder installations
used solely below 4 500 m (15 000 ft), or
below a lesser altitude established by the
appropriate authority or by regional air
navigation agreement, a peak pulse power

D & 90 %7+ 2
AFENF 9

o,
0

Ha
o>

7HA el gl AL (2) 3

3) Sw&ol 10 %elstt =

3.1.210.1 Transponder sensitivity and
dynamic range. Transponder sensitivity
shall be defined in terms of a given
interrogation signal input level and a
given percentage of corresponding
replies. Only correct replies containing
the required bit pattern for the
interrogation received shall be counted.
Given an interrogation that requires a
reply according to 3.1.24, the minimum
triggering level, MTL, shall be defined as
the minimum input power level for 90 per
cent reply—to-interrogation ratio. The
MTL shall be -74 dBm 3 dB for Mode
S interrogations (interrogations using P6),
and as defined in 3.1.1.7.5.1 b) for Mode
A and C, and inter-mode interrogations.
The reply-to-interrogation ratio of a
Mode S transponder shall be:

a) at least 99 per cent for signal input
levels between 3 dB above MTL and -
21 dBm; and

b) no more than 10 per cent at signal input
levels below -81 dBm.
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[3 3.4.3] 22+ AAlHelH 9] 7w 7]E dvE L T R W T
(2= S 34 ~FE(Extended Squitter)) — -
& | 23D
@ 2= S g% ~FH (Extended S ; =
Squitter)®] 71€4 212 vh& Z+ 1 = o
ig} z_:}]:]_ THFRE SNLOTVEDY wRMID 6P B33 SREE D80
1. dad =4 thEA1 g2 o] HALEA S HE 39
7h = S 84 ~FEHE B= S Detailed technical provisions for Mode E;E S %%71 %2}%?’4 ﬂ}j%%#ﬁ
tolHYPAE o] &8 A S extended squitter receivers can be found . $A8A ] ?’"?ﬂf?ifgal‘: A3
within RTCA DO-260B/EUROCAE ED-1024, 39 2= S SwH~ Juish g2 A
= § | “Minimum Operational Performance Standards 3. FAgA Y =4
L}A*I“;‘S_‘BS uii? ]fﬂ ? ;]L ¢ Zdﬂt for 1 090 MHz Extended Squitter Automatic V. A EF e 1000 £3 Wk o)UY
S— A * A= ~
> = | Dependent Surveillance - Broadcast (ADS-B) 2
” and Traffic Information Services - broadcast v A @A (MTL) S vt
(TIS B).” 2= A .
5.2.35.1 Precision time reference. Receiving e SAEEREm PR ] Table 5-3. Reception performance for
systems intended to generate ADS-B :ﬂ : q airborne receiving systems
and/or TIS-B reports based on the o~ e =
E}. GNSSQ]' %7]% I‘?CSDUOI’I Ofu surface DOSIthl’ld/meb:IS"ingeE, " - [ -rﬁ;ﬁlﬁrmzum
S Al Al 2 = Aas 2 airborne position messages, and/or TIS- e —
d78 4174 A (UTC) e 2 messages shall use GNSS UTC measured
time for the purpose of generating the
report time applicability for the following
cases of received messages: )
312891 . ABZR(AYSAHAIA)
a) 6.2 messages per second averaged Ad =4 A¥](DME: Distance Measuring Equipment)= &3] 91 &3 7o <

. doly AAFEA= 1 2 oy over 60 seconds for nominal aircraft
. LT . az =

9 operations with no emergency and no &ato] AgE FobslA A7 AAE s 44 4 gk DME F35& &
ACAS RA acthle, while nF)t exc.eedlng T4 VOR ¥ ILS 34 A8 Al F3k4 1,025~1,150MHzE F5A18H X4
11 messages being transmitted in any
1-second interval; Al A= S0usec ¥l 34 UHF 960 ~1215 MHzZ 37| S@std &F7]9
nh RuARE YXAE AHES 3.1.2.32.1.4 PI: Parity/interrogator identifier. 2 o _ - N -
’ S bl oK KX A& = A o] X E) =
=5 x98 A This 24-bit (33-56) or (89-112) downlink FAZIE Askel GuAihs ”"M 71BlE AAsteteh. DMES] Al wA A=
field shall have parity overlaid on the 399.99:=€]Z m}d (NM)o]t}h. ofi 74 9o DME ¢re|UE 283 o] B o
vl F2AA= 24 B E, dlo]EHE 418 | interrogator’s identity code according to = R - . -
= A & = < P 0z &
A dole 2RDF)S 17 31.2.3.3.2 and shall appear in the Mode E <QtelY(Blade antenna)® A T4 &W(underside)dl] AX o] HE
TE 188 A8 A S all-call reply, DF = 11 and in the Al B gAY

extended squitter, DF = 17 or DF = 18.

A Table 5-1. ADS-B Class A equipment
U AR 89 Uy S characteristics
A
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g olUz st FAAEASE
aste] FAd wud w9
AEE wethshe w2 Wz
150 S =937 948 A
A AFEAIT O A2E A WAL F 50 us
5 9 2= ERE: = A3 .
;ﬁ ‘j\{‘%é“ 7]1 _7'\__'“ ;E %ﬁq) L%— %g Not Found in ICAO/MOPs
3 r 2
of. QteHlVE 1 F e digt A5
3 =3} SR =R S DS
$d IRERT A | Not Found in ICAO/MOPs
o] x4 A
AL AAZIE e e A Not Found in ICAO/MOPs
((Z4) http://www.ace.or.kr) 2. FAAA ] =7
@ Aol dAs= DMES 71&7]&S
oS 7t 5o A
(¥ 344] AR=AANAY 7]&7% gu % 1. 38x1 Not Found in ICAO/MOPs
2. FFA ] =1 Not Found in ICAO/MOPs
A13Z (A SH A1) <ICAO Annex 10 Volume I>
FgF7ld  AXsE AYSAAA
(DT\/[%)l‘i—] @_%7]]95 Xé 1\3’2?1 Ov‘%]—"ol— <RTCA DO-189> 35.4.151 The peak EIRP .should
Aol A o ze] AwE A not be less than that required to
1. »5z4 ensure a peak pulse power density
7h AES 9aF Aul(o]s] “AEAND" of approximately minus 83 BW/m2
g githe Hzgolojo a1 at the maximum specified service
EA42 ¥R 49 & A range and level.
. X];iﬁ] ’%ﬂfl ?{%%EQ_MEO(ZF} 3. T =1 Not Found in ICAO/MOPs
ﬁ]ﬂ%aDa%ﬂ kel NG il 4, srepe] =7 Not Found in ICAO/MOPs
=4 Yo u | %z A <RTCA DO-189>
4TACAN’2} gt o 2 g = ] = 7
s 34;1 ﬁ jq.(;o] 3 A 4%;{ 57 22172 The gain of a vertical matched
_E,} lﬂ‘};a)}ﬁb ;g °;3" 7HR Tk sdwo] thak obgL} | resonant quarter wave half-dipole
2 S o] = o] 59 X 75 | antenna on a large conductive ground
2.2 DME/N Peformance st o 4 (B o] . . . .
291 At disances from the R o plane is 5 dB relative to an isotropic
t}. 7FAAE 7F 3704 km o]WoA] 1 | transponder from 0 nmi to that antenna. -
Aglel 3 %2k 09 kme E 3 3} | for which the equipment is 22172 'The dlfferen‘ct? betwgen
yeo] 2 g oolue 2 (A desioned. the total error of the the maximum and minimum field
DME X:= TACANe] 9% 3§ |~ gned, o 22 gk 4] (F ) o] = 3} | strength in the horizontal plane
o= yegathr =AHse 4= 9l | airbone equipment shall not =W 3k ;}5/\0(])509] P ;‘]_,__ﬂ hall not d 6 dB when th
= A exceed, on a 95 % probability A3k 54 - 4 a3 o] L‘H— o] 740) shall mot - exced when the
basis. 017 nmi. or £0.25% of the R = /) | antenna is mounted at the center
distarymes. ’ ’ of a 1.2 meter (4 ft) diameter (or
g, A AFTSAA +250 KerbAe] 3 : : T larger) flat circular ground plane.
gerfel]  ¥3E  pEmox = . 3 FEAPLES
= b Not Found in ICAO/MOPs =A™ s | o 77t A :
Y }o) A s
gaFadis 0 o oy B ELJW o 14 Jf}aﬁe o e Not Found in ICAO/MOPs
= = 7} 3 L oA
ohAbalmel WAREAS SR ot Found in ICAO/MOPs e
A 2.2.17.1 Polarization
. ARANFO wARE E2H(AES A vle] HAvkH T4 The antenna shall be predominanlty
%14+ ZA4sa AE dHE Not F in ICA P i i
%:};{g}% E(?%Jé uﬁ}_ iéo;_EHSO ot Found in ICAG/MOPs vertically polarized.
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22173 The voltage standing T A8E 5 2 ol AR
wave ratio produced on the 1 %?]f —aEE T EVERET Sz ghe Abo) g},
t t1 el i b th . ?:_E Lg‘_l:l_;\(_-—"é‘ W 0—57]% 5 © _ . .
antenna ;arlllsmlstSlon 11;62.137 e A Asat 4= 9= Aolojof 3 A M.628 : ’I-‘echmcal
antenna shall not exceed o1 over 5. B a2 3 [ oluld 2 characteristics for search and
the entire DME frequency band ™. 6. FaFHolE 5 Kz oY A rescue radar transpondersol|
5. ZAAR L AolgA e =7 Not Found in ICAO/MOPs 7. Fuogdo FAE e 2deE A | BHEE Wge EAskA
& wAsE Asdol FHE AL | gm0 goq
oof & A uut stelYEFAH 1| T oo
W olate]l $243 = A9l gk

o A4 (VHE s dol s 7S o] &8k FA414dn])
VHF si’dolsdFue & ol&shs FAdn = dubat3] 55 41859 VHF ¢

AolpAre 4 0 TEAFE Aok FFo)Fe] Bl gt Ta

SRR Zol 44
SR R=a-iga= ’
Ty s Bkt

A FA|A(ILS, Instrument Landing System)S &g J2 2 IH HF=§
TARETE ALAERN AAVE B AR d37te] 25 JMEdEE A

B OAEE S8 FAAdel 3 we 7RI ANGEe] Aol na

o AYPstx FFst= Farldd dal Az 7o ded e (s 44
HE AT F1 AF5HA7A Age deFo2ZA FFUIE HHeA EFERE
=gk
(29 343] 4 3 +x
Locuskeer %
[3 345] VHF #idolsdFde Fa4dn 71&7E dHlE anienna Gicle path
e ;g‘nﬂ )
A4z (VHE  #dol e d oS o] &3 e '
AN TR E A o g 4
7]%7]%J %E 19] }_?_]'E]—EH ;H/\O]—O] Inner marker
THTE FaF ddelA #4 8 T Midcse martar
28 dAste FEU|Fe Fald Okt i
ALgEE FaAAu Y] TS o
Z 59 2o
e } ) = Q ]—\:ﬂ_]_ _J_"\f‘ -2—' —_ 1 A
1 (65,—]1‘%@15 6Hd}§QLZE€]T,§E]—A]_’:g; - Not Found in ICAO/MOPs [Z9 3441 ANFAFAAE A A" 74
S AR Ea mze) sl - RECOMMENDATION ITU-R
2. F2AetHUE @AY= Ante] waby | M.1478-3 Protection criteria for ] )
;];iﬂa]' ?y%’u}?—;ﬁg% _]E%‘/}kjj?gjﬂ S—}Eﬂ]ﬂg Cospas-Sarsat search and rescue AZIZFAALA S EF2 FAdY AANAFERE Agsts B4 ATAA
Kigel A 549L 9w | - - N 5 s
B g o A ° ° " | instruments in the band 406-406.1 (Localizer), &5 @7 AnE AFds 3zt AFA4(Glide Path), YA HuE
3 FAdSE 308 Ee Fagae | MHz oA fAREel EAsA, ) )
L leert o e = AFstE mtAH E(Maker Beacon) &2 FAEHO glon mE F3I 9 FF 7
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https://en.wikipedia.org

(a) (b) (c)
[2% 345] ANFAFAL T4 ((a): 2AFA, (b): F&ol= 32, (o) wAHE)

H 346] AZIHFAALS] 77| dHR

TARE VEVE

= 7l& 7E
(ICAO Annex 10 Volume I)
A6 (A7 FHFEAA) FF719 <A 3 | The instrument landing system (ILS)
H5S 9o AA e AAsE A71F | conforming to the Standards contained
> <}

SAAALS)Y 7elEe vUs 4 & in Chapter 3, 3.1;

pag=

1. 27l A 3.1.3 VHF localizer and asociated
monitor

7F rEHYE 2% 69 25 A 3.1.3.3 Coverage
Note.— Guidance material on localizer
coverage is given in Attachment C,

%4 2.1.10 and Figures C-7A, C-7B, C-8A

and C-8B.
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A

AeE 333 km,
183 km= & F 9t}

4. (O 22049
o FARE Bk

5. (P A ®E Be
Hog2A FFR9
Ho R HE 600 m
v AEAdEY

4 300 me] &

9724 g
290 43

SHEIL} AL

F o= EolE ke %
P

49 mE
ColAd A7HA 9]
B7HA 2] Ae)

Centre of localizer
antenna system

When topographical features dictate or operational requirements
and alternative navigation facilities permit, the following coverage

may be provided:

Centre of localizer
antenna system

334 km-P
— — — (BN —— == —"~

Nota.— if coverage as prescribed in Chapter 3, 3.1.3.3.1 is required
oulside the plus or minus 35-degree sector, this is provided fo 18.5 km
(10 NM), as indicated by the broken arc above.

Figures C-7A

1350 m (4 500 ) HAT or lower X
depending an operatanal need 500 m (2000 &) HAT or

Raised lower
coverage boundary

Centre of
locaiizer antenna

300 m (1000 1)
above highest obstacie.
whichaver is the higher

>

Figures C-7B

- 134 -




= 7% A%

TART 7E7T

(ICAO Annex 10 Volume I)

. B00m
100%™ @ooon

(See Note)
/ ' ). 4

D = Distances and azimuths specified in 3.1.33.1

Note— The point P is either 600 m (2 000 fi) above the elevation of the
threshald, or 300 m (1 000 fi) above the elevation of the highest point within the
intermediate and final approach areas, whichever is the higher.

Figures C-8A

3.1.3.3.1 The localizer shall provide
signals sufficient to allow satisfactory
operation of a  typical aircraft
installation within the localizer and
glide path coverage sectors. The
localizer coverage sector shall extend
from the centre of the localizer antenna
system to distances of:

46.3 km (25 NM) within plus or minus
10 degrees from the front course line;

315 km (17 NM) between 10 degrees
and 35 degrees from the front course
line;

185 km (10 NM) outside of plus or
minus 35 degrees from the front course
line if coverage is provided; except that,
where topographical features dictate or
operational requirements permit, the limits
may be reduced down to 33.3 km (18 NM)
within the plus or minus 10-degree sector
and 185 km (10 NM) within the remainder
of the coverage when alternative
navigational means provide satisfactory
coverage within the intermediate approach
area. The localizer signals shall be
receivable at the distances specified at and
above a height of 600 m (2 000 ft) above
the elevation of the threshold, or 300 m (1

= 7% AE

TAEE 71E7E

(ICAO Annex 10 Volume 1)

000 ft) above the elevation of the highest
point within the intermediate and final
approach areas, whichever is the higher,
except that, where needed to protect ILS
performance and if operational requirements
permit, the lower limit of coverage at
angles beyond 15 degrees from the front
course line shall be raised linearly from its
height at 15 degrees to as high as 1 350 m
(4 500 ft) above the elevation of the
threshold at 35 degrees from the front
course line. Such signals shall be receivable,
to the distances specified, up to a surface
extending outward from the localizer
antenna and inclined at 7 degrees above the
horizontal.

Note.— Where intervening obstacles
penetrate the lower surface, it is
intended that guidance need not be
provided at less than line-of-sight
heights.

3.1.3.3.2 In all parts of the coverage
volume specified in 3.1.3.3.1, other than
as specified in 3.1.3.3.2.1, 3.1.3.3.2.2 and
3.1.3.3.2.3, the field strength shall be
not less than 40 microvolts per metre
(minus 114 dBW/m2).

Note.— This minimum field strength is
required to permit satisfactory
operational usage of ILS localizer
facilities.

3.1.3.3.2.1 For Facility Performance
Category 1 localizers, the minimum
field strength on the ILS glide path
and within the localizer course sector
from a distance of 185 km (10 NM) to
a height of 60 m (200 ft) above the
horizontal plane containing

the threshold shall be not less than 90
microvolts per metre (minus 107
dBW/m2).

3.1.3.3.22 For Facility Performance
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TART 7E7T TART 7VE7T

= 7l Ve ER R
(ICAO Annex 10 Volume I) (ICAO Annex 10 Volume 1)
Category II localizers, the minimum A A% RS Wt AU X A28 | modulation. The percentage modulation
field strength on the ILS glide path Q1S Hitdsle] Mo g 7+F3lal A7 | depth of the larger signal minus the
and within the localizer course sector Ao AdAs=ZE A F$ T AA | percentage modulation depth of the
shall be not less than 100 microvolts o e DDM<e| 3ol 7Fe3dt ¥WE 79| | smaller signal, divided by 100.
per metre (minus 106 dBW/m2) at a kool A
fiistanc.e of 185 km (10 NM) = 3.1.3.4 Course structure
increasing to not less Fhan 200 (8% 7 31341 TFor Facility Performance
microvolts  per 'metre (minus 100 . Category 1 localizers, bends in the
dBW/m2) at a.helght of 15 m (5.04ft) GlezATHE H) course line shall not have amplitudes
above the horizontal plane containing which exceed the following:
the threshold. O e — SRR o
3.1.3.3.23 For Facility Performance B
Category III localizers, the minimum | ) Anplitude (DDM)
field strength on the ILS glide path I"%"S“ﬁm‘w'| 4 R bty
and within the localizer course sector s ) B Outer limit of coverage fo
shall be not less than 100 microvolts | 4 s LS Polnt “A” 0031
per metre (minus 106 dBW/m2) at a - T T LR i ILS Point *A"fo 0031 al 1LS Palit A"
distance of 185 km (10 NM), Qe ILS Paint "B* decreasing at & linear rate to
increasing to not less than 200 “'7';”‘4 SE— 0.015 8 1LS Polnt “B"
microvolts per metre (minus 100 nsriedl— 4¥sn ¥ o R R
dBW/m2) at 6 m (20 ft) above the 1LS Poiit " oS
horizontal plane containing the F1 . ZAERJASE Fdsiste] Hdow
threshold. From this point to a further b o ILS V(@ TR SAA
point 4 m (12 ft) above the runway I g o "o wHe FHYE 31342 TFor Facility Performance
centre line, and 300 m (1 000 ft) from o sl HoemAM ILS Zo|=dx9 Categories II and III localizers, bends
the threshold in the direction of the AARES A8 A& T 18 | in the course line shall not have
localizer, and thereafter at a height of 2rhe xFd RN, Fa g amplitudes which exceed the following:
4 m (12 ft) along the length of the ILS 71=d3e Ag7F 105 m oY sapiude (DY)
runway in the direction of the A Zone (35% prabibility)
localizer, the field strength shall be not F2. ILS Q%O]ETH i% jgﬁﬂé}fq 2 Outer it of covergetn
less than 100 microvolts per metre Ao e o g Ay e ILS Polnt “A” 003l
(minus 106 dBW/m2). R AAAE VIER 15 % ol 1L Point A" to 0021 at LS Polnt "A”
Note.— The field strengths given in Al ILS Point “B” decreasing at a linear sate (o
3.1.3322 and 3.1.3.3.2.3 are necessary 0:00% ALILS Pelet "8
to provide the signal-to—noise ratio 3. (A)E g2 gdd 23 1LS Polnt *B" 1o the
required for improved integrity. Hol| A Fa] FFzo] "o &3] LS feference dalum 0003
1}, el (=l A DDM | Course line - The locus of points o] AYRFl 74 km A= A FAG ||, for Category I only:
(Difference in Depth of Modulation): €3 | nearest to the runway centre line in Toz ILS Sgfol=ux9} nygoz g » '
FA A 2709 WMFEAE WEEe] 2 | any horizontal plane at which the DDM t}. E:; ;ﬁ;f;f['{ffdm”u H
a2 gl A& 1000= i A | is zero.
& wan ois gthal gel 0 G B 472 es Ty pyu || e sy
Aol AAe o] &FERe] HAo] 7} | DDM — Difference in  depth of AA el EF TdeelA FFre X = 0010 al 115 Polnl “E
Argkel 1.05 kme A=Y A AT
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o2 ILS Zdfol=vjrel wydo R gt}

F5. (O AASY ILS Sefol=g29
AN AgM fFEe] wuno
30m Be FRwde] wgow @l

Note 1.— The amplitudes referred to in
3.1.3.4.1 and 3.1.3.4.2 are the DDMs due
to bends as realized on the mean
course line, when correctly adjusted.

Note 2.— Guidance material relevant to
the localizer course structure is given in
214, 2.1.6 and 2.1.7 of Attachment C.

3.1.3.6 Course alignment accuracy

3.1.3.6.1 The mean course line shal be
adjusted and maintained within limits
equivalent to the following
displacements from the runway centre
line at the ILS reference datum:

a) for Facility Performance Category I
localizers: plus or minus 10.5 m (35 ft),
or the linear equivalent of 0.015 DDM,
whichever is less;

b) for Facility Performance Category I
localizers: plus or minus 7.5 m (25 ft);
c) for Facility Performance Category II
localizers: plus or minus 3 m (10 ft).
3.1.3.6.2 Recommendation.— For Facility
Performance Category II localizers, the
mean course line should be adjusted and
maintained within limits equivalent to
plus or minus 4.5m (15 ft) displacement
from runway centre line at the ILS
reference datum.

Note 1.— It is intended that Facility
Performance  Categories I and 1I
installations be adjusted and maintained
so that the limits specified in 3.1.3.6.1
and 3.1.36.2 are reached on very rare
occasions. It is further intended that
design and operation of the total ILS
ground system be of sufficient integrity
to accomplish this aim.

Note 2.- It is intended that new Category

I installations are to met the requirements
of 3.1.36.2.

Note 3.- Guidance material on measurement
of localizer course alignment is given in
2.1.3 of Attachment C.

o fFEEeddA AAE(RIY] F
HHo A 7]EHoRHE 3uekA g9
A9lek 7o) W DDMel #el w3
Wik wg @@ ojs 2rhR 4w
A== ZEH et A
o W& DDM®| el WsEdte] nE
@i} olat ZThe i 8% #& A

22:2)] (DDM=0)

o B s zee s

(fdE) L5718 _/!a“‘ri-ﬂ B B 49
¢ wred
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3.1.3.7 Displacement sensitivity

DDM > 0.155

(i coverage provided) ® DDM 20.155

| mems (.90°)
 sysmm

DDM 20,155
(# coverage provided)

¥ DDM=0.155

A — Course seclor < 6 degrees

B — Displacement sensitivity = 0.00145 DDM/metre (0.00044 DDMffoot)
at the ILS reference datum

C — DDM increases linearly from 2ero 1o value of 0.180, and then
20180

Figure9  Difference in  depth  of
modulation and displacement sensitivity
31371 The nominal displacement
sensitivity within the half course sector
shall be the equivalent of 0.00145
DDM/m (0.00044 DDM/ft) at the ILS
reference datum except that for Category I
localizers, where the specified nominal
displacement  sensitivity cannot be met,
the displacement sensitivity shall be
adjusted as near as possible to that value.
For Facility Performance Category I
localizers on runway codes 1 and 2, the
nominal displacement sensitivity shall be
achieved at the ILS Point “B”. The
maximum course sector angle shall not
exceed six degrees.

Note.— Runway codes 1 and 2 are
defined in Annex 14.

3.1.372 The lateral displacement
sensitivity  shall be adjusted and
maintained within the limits of plus or
minus!
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a) 17 percent of the nominal value for
Facility Performance Categories I and
1L

b) 10 percent of the nominal value for
Facility Performance Category III
3.1.3.7.3 Recommendation.— For Facility
Performance Category I — ILS,
displacement  sensitivity  should be
adjusted and maintained within the
limits of plus or minus 10 per cent
where practicable.

Note 1.— The figures given in 3.1.3.7.1,
3.1.3.7.2 and 3.1.3.7.3 are based upon a
nominal sector width of 210 m (700 ft)
at the appropriate point, i.e. ILS Point
“B” on runway codes 1 and 2, and the
ILS reference datum on other runways.
Note 2.— Guidance material on the
alignment and displacement sensitivity of
localizers using two radio frequency
carriers is given in 2.7 of Attachment C.
Note 3.— Guidance material on
measurement of localizer displacement
sensitivity is  given in 29 of
Attachment C.

3.1.3.74 The increase of DDM shall be
substantially linear with respect to
angular displacement from the front
course line (where DDM is zero) up to
an angle on either side of the front
course line where the DDM is 0.180.
From that angle to plus or minus 10
degrees, the DDM shall not be less
than 0.180. From plus or minus 10
degrees to plus or minus 35 degrees,
the DDM shall not be less than 0.155.
Where coverage is required outside of
the plus or minus 35 degrees sector,
the DDM in the area of the coverage,
except in the back course sector, shall
not be less than 0.155.

Note 1.— The linearity of change of
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DDM with respect to angular
displacement is particularly important
in the neighbourhood of the course
line.

Note 2.— The above DDM in the
10-35 degree sector is to be considered
a minimum requirement for the use of
ILS as a landing aid. Wherever
practicable, a higher DDM, e.g. 0.180,
is advantageous to assist high speed
aircraft to  execute large  angle
intercepts at operationally desirable
distances provided that limits on
modulation percentage given in
3.1.3.5.3.6 are met.

Note 3.— Wherever practicable, the
localizer capture level of automatic
flight control systems is to be set at
or below 0.175 DDM in order to
prevent false localizer captures.

3.1.3.9.4 The identification signal shall
be transmitted by dots and dashes at a
speed corresponding to approximately
seven words per minute, and shall be
repeated at approximately equal
intervals, not less than six times per
minute, at all times during which the
localizer is available for operational
use. When the transmissions of the
localizer are not available for
operational use, as, for example, after
removal of navigation components, or
during maintenance or test
transmissions, the identification signal
shall be suppressed. The dots shall
have a duration of 0.1 second to 0.160
second. The dash duration shall be
typically three times the duration of a
dot. The interval between dots and/or
dashes shall be equal to that of one
dot plus or minus 10 per cent. The
interval between letters shall not be
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less than the duration of three dots.
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3.1.3.1 General

3.1.31.1 The radiation from the
localizer antenna system shall produce
a composite field pattern which is
amplitude modulated by a 90 Hz and a
150 Hz tone. The radiation field pattern
shall produce a course sector with one
tone predominating on one side of the
course and with the other tone
predominating on the opposite side.
3.1.3.1.2 When an observer faces the
localizer from the approach end of a
runway, the depth of modulation of the
radio frequency carrier due to the 150
Hz tone shall predominate on the
observer’'s right hand and that due to
the 90 Hz tone shall predominate on
the observer’s left hand.

3.1.3.1.3 All horizontal angles employed
in specifying the localizer field patterns
shall originate from the centre of the
localizer antenna system which
provides the signals used in the front
course sector.

3.1.3.2 Radio frequency

3.1.3.2.1 The localizer shall operate in
the band 108 MHz to 111.975 MHz.
Where a single radio frequency carrier
is used, the frequency tolerance shall
not exceed plus or minus 0.005 percent.
Where two radio frequency carriers are
used, the frequency tolerance shall not
exceed 0.002 percent and the nominal
band occupied by the carriers shall be
symmetrical about the assigned
frequency. With all tolerances applied,
the frequency separation between the
carriers shall not be less than 5 kHz
nor more than 14 kHz.

3.1.322 The emission from the
localizer shall be horizontally polarized.
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The vertically polarized component of
the radiation on the course line shall
not exceed that which corresponds to a
DDM error of 0.016 when an aircraft is
positioned on the course line and is in
a roll attitude of 20 degrees from the
horizontal.

3.1.3.22.1 For Facility Performance
Category 1II localizers, the vertically
polarized component of the radiation on
the course line shall not exceed that
which corresponds to a DDM error of
0.008 when an aircraft is positioned on
the course line and is in a roll attitude
of 20 degrees from the horizontal.
3.1.3.222 For Facility Performance
Category III localizers, the vertically
polarized component of the radiation
within a sector bounded by 0.02 DDM
either side of the course line shall not
exceed that which corresponds to a
DDM error of 0.005 when an aircraft is
in a roll attitude of 20 degrees from
the horizontal.

3.1.3.23 For Facility Performance
Category 1T localizers, signals
emanating from the transmitter shall
contain no components which result in
an apparent course line fluctuation of
more than 0.005 DDM peak to peak in
the frequency band 0.01 Hz to 10 Hz.
3.1.3.5 Carrier modulation

3.1351 The nominal depth of
modulation of the radio frequency
carrier due to each of the 90 Hz and
150 Hz tones shall be 20 per cent
along the course line.

3.1.3.5.2 The depth of modulation of the
radio frequency carrier due to each of
the 90 Hz and 150 Hz tones shall be
within the limits of 18 and 22 percent.
3.1.35.3 The following tolerances shall
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be applied to the frequencies of the
modulating tones:

a) the modulating tones shall be 90 Hz
and 150 Hz within plus or minus 2.5
percent;

b) the modulating tones shall be 90 Hz
and 150 Hz within plus or minus 1.5 per
cent for Facility Performance Category
II installations;

c) the modulating tones shall be 90 Hz
and 150 Hz within plus or minus 1 per
cent for Facility Performance Category
IIT installations;

d) the total harmonic content of the 90 Hz
tone shall not exceed 10 per cent;
additionally, for Facility  Performance
Category IIT localizers, the second harmonic
of the 9 Hz tone shall not exceed 5
percent;

e) the total harmonic content of the
150 Hz tone shall not exceed 10 per
cent.

3.1.35.3.1 Recommendation. — For
Facility Performance Category I — ILS,
the modulating tones should be 90 Hz
and 150 Hz within plus or minus 1.5
per cent where practicable.

3.1.35.3.2 For Facility Performance
Category II localizers, the depth of
amplitude modulation of the radio
frequency carrier at the power
supply frequency or its harmonics,
or by other unwanted components,
shall not exceed 0.5 percent.
Harmonics of the supply, or other
unwanted noise components that
may intermodulate with the 90 Hz and
150 Hz navigation tones or their
harmonics to produce fluctuations in
the course line, shall not exceed 0.05
percent modulation depth of the radio
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frequency carrier.

3.1.3.5.3.3 The modulation tones shall
be phase-locked so that within the half
course sector, the demodulated 90 Hz
and 150 Hz wave forms pas through
zero in the same direction within:

a) for Facility Performance Categories I
and I localizers: 20 degrees; and

b) for Facility Performance Category

II localizers: 10 degrees, of phase relative
to the 150 Hz component, every half
cycle of the combined 90 Hz and 150 Hz
wave form.

3.1.39.2 The identification signal shall be
produced by Class A2A modulation of
the radio frequency carrier or carriers
using a modulation tone of 1020 Hz
within plus or minus 50 Hz. The depth
of modulation shall be between the limits
of 5 and 15 percent except that, where a
radiotelephone communication channel is
provided, the depth of modulation shall
be adjusted so that the ratio of peak
modulation depth due to radiotelephone
communications to that due to the
identification signal  modulation  is
approximately 9:1 (see 3.1.3.8.3.2). The
emissions carrying the identification
signal shall be horizontally polarized.
Where two carriers are modulated with
identification signals, the relative phase
of the modulations shall be such as to
avoid the occurrence of nulls within the
coverage of the localizer.

o

3.1.3.3.3 Recommendation.— Above 7
degres, the signals should be reduced
to as low a value as practicable.

Note 1.— The requirements in 3.1.3.3.1,
313321, 313322 and 313323 are
based on the assumption that the aircraft
is heading directly toward the facility.
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3.1.3.11 Monitoring

3.1.3.11.2 The conditions requiring
initiation of monitor action shall be the
following:

a) for Facility Performance Category I
localizers, a shift of the mean course
line from the runway centre line
equivalent to more than 10.5 m (35 ft),
or the linear equivalent to 0.015 DDM,
whichever is les, at the ILS reference
datum;

b) for Facility Performance Category I
localizers, a shift of the mean course
line from the runway centre line
equivalent to more than 7.5 m (25 ft)
at the ILS reference datum;

¢) for Facility Performance Category II
localizers, a shift of the mean course
line from the runway centre line
equivalent to more than 6 m (20 ft) at
the ILS reference datum;

d) in the case of localizers in which
the basic functions are provided by the
use of a single-frequency system, a
reduction of power output to a level such
that any of the requirements of 3.1.3.3,
3.1.3.4 or 3.1.35 are no longer satisfied, or
to a level that is less than 50 per cent of
the normal level (whichever occurs first);
f) change of displacement sensitivity to a
value differing by more than 17 percent
from the nominal value for the localizer
facility.
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radiation field pattern in the front
course sector and the other providing a
radiation field pattern outside that
sector, the ratio of the two carrier
signal strengths in space within the
front course sector to the coverage
limits specified at 3.1.3.3.1 shall not be
les than 10 dB.

Note.— Guidance material on localizers
achieving coverage with two radio
frequency cariers is given in the Note
to 3.1.3.1.2 and in 2.7 of Attachment C.
3.1.3.3.5 Recommendation.— For Facility
Performance Category II localizers, the
ratio of the two carrier signal strengths
in space within the front course sector
should not be less than 16 dB.

3.1.5 UHF glide path equipment and
associated monitor

1 4% 102 olujel A5}
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3.1.3.11.3.1 The total period referred to
under 3.1.3.11.3 shall not exceed under
any circumstances:

10 seconds for Category I localizers;

5 seconds for Category II localizers;

2 seconds for Category III localizers.
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3.1.3.3.4 When coverage is achieved by
a localizer using two radio frequency
carriers, one carrier providing a
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3.1.3.5 Carrier modulation

3.1.35.34 With two-frequency localizer
systems, 3.1.35.3.3 shall apply to each
carrier. In addition, the 90 Hz modulating
tone of one carrier shall be phase-locked
to the 90 Hz modulating tone of the
other carrier so that the demodulated
wave forms pas through zero in the
same direction within:

a) for Categories I and I localizers: 20
degrees; and

b) for Category II localizers: 10
degrees, of phase relative to 90 Hz.
Similarly, the 150 Hz tones of the two
carriers shall be phase-locked so that the
demodulated wave forms pass through
zero in the same direction within:

1) for Categories I and I localizers: 20
degrees; and

2) for Category II localizers: 10
degrees, of phase relative to 150 Hz.
3.1.3.5.3.5 Alternative two-frequency
localizer systems that employ audio
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phasing different from the normal in-phase
conditions described in 3.1.3534 shall be
permitted. In this alternative system, the
9 Hz to 90 Hz phasing and the 150 Hz
to 150 Hz phasing shall be adjusted to
their nominal values to within limits
equivalent to those stated in 3.1.35.3.4.
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3.1.3.3.3 Recommendation.— Above 7

(D)Fzto] 7= o]Fe] W r e 3o
BEAl= 7 ogE A degrees, the signals should be reduced
to as low a value as practicable.
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e) in the case of localizers in which
the basic functions are provided by the
use of a two—frequency system, a
reduction of power output for either
carrier to les than 80 percent of normal,
except that a greater reduction to between
80 percent and 50 percent of normal may be
permitted, provided the localizer continues to
met the requirements of 3.1.3.3, 31.34 and
3.1.35;
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system shall provide adequate immunity
to interference from two-signal,
third-order  intermodulation  products
caused by VHF FM broadcast signals
having levels in accordance with the
following:

2N, +N,+72<0
for  VHF FM sound broadcasting

signals in the range 1077 - 108.0
MHz and

2N, +N, +3(24—201og(%) <0

for VHF FM sound broadcasting
signals below 107.7 MHz, where the
frequencies of the two VHF FM sound
broadcasting signals produce, within
the receiver, a two-signal, third-order
intermodulation product on the desired
ILS localizer frequency.

N1 and N2 are the levels (dBm) of the
two VHF FM sound broadcasting
signals at the ILS localizer receiver
input. Neither level shall exceed the
desensitization criteria set forth in
3.1.4.2. Af = 1081 - fl, where fl is
the frequency of NI, the VHF FM
sound broadcasting signal closer to
108.1 MHz.
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3.1.4 Interference immunity performance
for ILS localizer receiving systems
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3.14.1 The ILS localizer receiving
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3.14.2 The ILS localizer receiving
system shall not be desensitized in the
presence of VHF FM broadcast signals
having levels in accordance with the
following table:

Maximum level of unwanted

Frequency sigial at receiver input

(MHz) (dBm)

B8-102 +13

104 +10

106 +5

107.9 -10

Note 1.— The relationship is linear

between adjacent points designated by
the above frequencies.
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Note 2.— Guidance material on
immunity criteria to be used for the
performance quoted in 3.1.4.1 and
3.14.2 is contained in Attachment C,
2.2.2.
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3.1.5 UHF glide path equipment
and associated monitor
3.1.5.3 Coverage
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o 10 such lower angle, down 10
0.30 0, a5 required 1o safequard the
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(b) Elevation cover

R = Pointatwhich the downward-extended straight portion
of the ILS glide path intersects the runway centre line.

6 = (ILS) glide path angle

Figure 10. Glide path coverage
3.1.5.3.1 The glide path equipment shall
provide signals sufficient to allow
satisfactory operation of a typical
aircraft installation in sectors of 8
degrees in azimuth on each side of the
centre line of the ILS glide path, to a
distance of at least 185 km (10 NM)
up to 1.75 © and down to 045 ©
above the horizontal or to such lower
angle, down to 0.30 ©, as required to
safeguard the promulgated glide path
intercept procedure.

3.1532 In order to provide the
coverage for glide path performance
specified in 3.1.5.3.1, the minimum field
strength within this coverage sector
shall be 400 microvolts per metre
(minus 95 dBW/m2). For Facility
Performance Category I glide

paths, this field strength shall be
provided down to a height of 30 m (100
ft) above the horizontal plane containing
the threshold. For Facility Performance
Categories II and III glide paths, this
field strength shall be provided down to
a height of 15m (50 ft) above the
horizontal plane containing the
threshold.
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3.1.5.4 ILS glide path structure

3.1.5.4.1 For Facilty Performance
Category I — ILS glide paths, bends in
the glide path shal not have amplitudes
which exceed the following to ILS
Point “C”

20ne Amplitude
(DDM)

{ g v ¢
probability
Outer limit of coverage 003

3.1.5.4.2 For Facilty Performance
Categories I and II — ILS glide
paths, bends in the glide path shall
not have amplitudes which exceed
the following:

zone Amplitude (DDM)

(95% probability )
Outer himit of coverage 0.035
to ILS Point “A"
ILS Point “A" to 0.035 at ILS
Point “A"
ILS Point “B” decreasing at
a linear rate

to 0023 at

ILS Point “B”
ILS Point “B” to the 0.023
ILS reference datum

Note 1.— The amplitudes referred to in
3.1.5.4.1 and 3.1.5.4.2 are the DDMs due
to bends as realized on the mean ILS
glide path correctly adjusted.
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3.1.5.6 Displacement sensitivity

3.1.5.6.1 For  Facilty  Performance
Category 1 —ILS glide paths, the
nominal angular displacement
sensitivity shall correspond to a DDM
of 0.0875 at angular displacements
above and below the glide path betwen
0.07 © and 0.14 ©.

Note.—The above is not intended to
preclude glide path systems which
inherently have asymmetrical upper and
lower sectors.

3.1.56.2 Recommendation.—For  Facility
Performance Category I —ILS glide paths,
the nominal angular displacement
sensitivity should correspond to a DDM
of 00875 at an angular displacement
below the glide path of 0.12 © with a
tolerance of plus or minus 0.02 ©. The
upper and lower sectors should be as
symmetrical as practicable within the
limits specified in 3.1.5.6.1.

3.156.3 For Facility Performance
Category I —ILS glide paths, the
angular displacement sensitivity shall
be as symmetrical as practicable. The
nominal angular displacement sensitivity
shall correspond to a DDM of 0.0875 at
an angular displacement of:

a) 0.12 © below path with a tolerance
of plus or minus 0.02 6;

b) 0.12 © above path with a tolerance
of plus 0.02 © and minus 0.05 ©
3.156.4 For  Facilty Performance
Category II —ILS glide paths, the
nominal angular displacement sensitivity
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shall correspond to a DDM of 0.0875 at
angular displacements above and below
the glide path of 012 © with a
tolerance of plus or minus 0.02 ©.
31565 The DDM below the ILS glide path
shall increase smoothly for decreasing angle
until a value of 0.2 DDM is reached. This
value shall be achieved at an angle not
les than 0.30 © above the horizontal.
However, if it is achieved at an angle
above 045 ©, the DDM value shal not
be les than 0.2 at least down to 0.45 ©
or to such lower angle, down to 0.30 6,
as required to safeguard the promulgated
glide path intercept procedure.
Note.—The limits of glide path
equipment adjustment are pictorially
represented in  Figure C-11  of
Attachment C.

Figure C-11. Glide path-difference in
depth of modulation

3.15.66 For Facility Performance
Category I —ILS glide paths, the
angular displacement sensitivity shall
be adjusted and maintained within plus
or minus 25 per cent of the nominal
value selected.

3.156.7 For Facility Performance
Category I —ILS glide paths, the
angular displacement sensitivity shall
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be adjusted and maintained within plus
or minus 20 per cent of the nominal
value selected.

3.156.8 For Facility Performance
Category II — ILS glide paths, the
angular displacement sensitivity shall
be adjusted and maintained within plus
or minus 15 per cent of the nominal
value selected.
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3.1.5.1 General

3.15.1.1 The radiation from the UHF
glide path antenna system shall produce
a composite field pattern which is
amplitude modulated by a 90 Hz and a
150 Hz tone. The pattern shall be
arranged to provide a straight line
descent path in the vertical plane
containing the centre line of the runway,
with the 150 Hz tone predominating
below the path and the 90 Hz tone
predominating above the path to at least
an angle equal to 1.75 ©.

3.1.5.2 Radio frequency

31551 The nominal depth of
modulation of the radio frequency carrier
due to each of the 90 Hz and 150 Hz
tones shall be 40 percent along the ILS
glide path. The depth of modulation shal
not deviate outside the limits of 37.5 per
cent to 42.5 percent.

3.1.5.5.2 The folowing tolerances shall
be aplied to the frequencies of the
modulating tones:

a) the modulating tones shal be 90 Hz
and 150 Hz within 25 per cent for
Facility Performance Category I —ILS;
b) the modulating tones shal be 90 Hz
and 150 Hz within 1.5 per cent for
Facilty Performance Category I —ILS;

¢) the modulating tones shal be 90 Hz
and 150 Hz within 1 per cent for
Facilty Performance Category II —ILS;

d) the total harmonic content of the 90
Hz tone shall not exceed 10 percent:
additionally, for Facility Performance
Category II equipment, the second
harmonic of the 90 Hz tone shall not
exceed 5 per cent;

e) the total harmonic content of the 150
Hz tone shall not exceed 10 percent.
3.1.5.5.2.1 Recommendation. —For
Facility Performance Category I —ILS,
the modulating tones should be 90 Hz
and 150 Hz within plus or minus 1.5
per cent where practicable.

315522 For  Facility  Performance
Category II glide path equipment, the
depth of amplitude modulation of the radio
frequency carier at the power supply
frequency or harmonics, or at other noise
frequencies, shall not exceed 1 percent.
31553 The modulation shall be
phase-locked so that within the ILS half
glide path sector, the demodulated 90 Hz
and 150 Hz wave forms pass through
zero in the same direction within:

a) for Facility Performance Categories 1
and I —ILS glide paths: 20 degrees;

b) for Facility Performance Category

II —ILS glide paths: 10 degrees, of phase
relative to the 150 Hz component, every half
cycle of the combined 90 Hz and 150 Hz
wave form.

Note 1.—The definition of  phase
relationship in this maner is not intended to
imply a requirement for measurement of
phase within the ILS half glide path sector.
Note 2.—Guidance material relating to
such measures is given at Figure C-6
of Attachment C.

3.1.5.7 Monitoring

3.1.5.7.1 The automatic monitor system
shall provide a warning to the
designated control points and cause
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radiation to cease within the periods
specified in 3.1.57.3.1 if any of the
following conditions persist:

a) shift of the mean ILS glide path
angle equivalent to more than minus
0.075 © to plus 0.10 6 from ©;

b) in the case of ILS glide paths in
which the basic functions are provided
by the wuse of a single-frequency
system, a reduction of power output to
less than 50 percent of normal,
provided the glide path continues to
meet the requirements of 3.15.3, 3154
and 3.155;

c) in the case of ILS glide paths in
which the basic functions are provided
by the use of two-frequency systems,
a reduction of power output for either
carrier to less than 80 per cent of
normal, except that a greater reduction
to between 80 per cent and 50 per cent
of normal may be permitted, provided
the glide path continues to meet the
requirements of 3.1.53, 3.1.54 and
3.1.5.5

d) for Facility Performance Category I
— ILS glide paths, a change of the
angle between the glide path and the
line below the glide path (150 Hz
predominating) at which a DDM of
0.0875 is realized by more than the
greater of:

1) plus or minus 0.0375 ©; or

ii) an angle equivalent to a change of
displacement sensitivity to a value
differing by 25 per cent from the
nominal value;

e) for Facility Performance Categories
II and IIT — ILS glide paths, a change
of displacement sensitivity to a value
differing by more than 25 percent from
the nominal value;
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f) lowering of the line beneath the ILS
glide path at which a DDM of 0.0875
is realized to less than 0.7475 © from
horizontal;

g) a reduction of DDM to less than
0.175 within the specified coverage
below the glide path sector.

Note 1.— The value of 07475 © from
horizontal is intended to ensure adequate
obstacle clearance. This value was derived
from other parameters of the glide path and
monitor specification. Since the measuring
accuracy to four significant figures is not
intended, the value of 0.75 © may be used
as a monitor limit for this purpose.
Guidance on obstacle clearance criteria is
given in the Procedures for Air Navigation
Services - Aircraft Operations
(PANS-OPS) (Doc 8163).

Note 2.— Subparagraph f) and g) are
not intended to establish a requirement
for a separate monitor to protect
against deviation of the lower limits of
the half-sector below 0.7475 © from
horizontal.

Note 3.— At glide path facilities where
the selected nominal angular displacement
sensitivity corresponds to an angle below
the ILS glide path which is close to or
at the maximum limits specified in
3.1.5.6, it may be necessary to adjust the
monitor operating limits to protect
against sector deviations below 0.7475 ©
from horizontal.

Note 4.— Guidance material relating to
the condition described in g) appears in
Attachment C, 2.4.12.
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3.1.5.7.3.1 The total period referred to
under 3.1.5.7.3 shall not exceed under
any circumstances:

6 seconds for Category I — ILS glide
paths;
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2 seconds for Categories II and III —
ILS glide paths.
3. wholA HZ 3.1.7.3 Coverage
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3.1.7.3.1 The marker beacon system
shall be adjusted to provide coverage
over the following distances, measured
on the ILS glide path and localizer
course line:

a) inner marker (where installed): 150
m plus or minus 50 m (500 ft plus or
minus 160 ft);

b) middle marker: 300 m plus or minus
100 m (1 000 ft plus or minus 325 ft);
c) outer marker: 600 m plus or minus
200 m (2 000 ft plus or minus 650 ft).
3.1.7.3.2 The field strength at the limits
of coverage specified in 3.1.7.3.1 shall
be 1.5 millivolts per metre (minus 82
dBW/m2). In addition, the field
strength within the coverage area shall
rise to at least 3.0 millivolts per metre
(minus 76 dBW/m?2).

Note 1.— In the design of the ground
antenna, it is advisable to ensure that
an adequate rate of change of field
strength is provided at the edges of
coverage. It is also advisable to ensure
that aircraft within the localizer course
sector will receive visual indication.
Note 2.— Satisfactory operation of a
typical airborne marker installation will
be obtained if the sensitivity is so
adjusted that visual indication will be
obtained when the field strength is 1.5
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3.1.7.4 Modulation

3.1.7.4.1 The modulation frequencies
shall be as follows:

a) inner marker (when installed): 3 000 Hz;
b) middle marker: 1300 Hz;

c) outer marker: 400 Hz.

The frequency tolerance of the above
frequencies shal be plus or minus 2.5
percent, and the total harmonic content
of each of the frequencies shall not
exceed 15 percent.

3.1.7.4.2 The depth of modulation of the
markers shall be 95 percent plus or
minus 4 percent.

3.1.7.5 Identification

3.1.75.1 The carrier energy shall not
be interrupted. The audio frequency
modulation shall be keyed as follows:
a) inner marker (when installed): 6
dots per second continuously;

b) middle marker: a continuous series
of alternate dots and dashes, the
dashes keyed at the rate of 2 dashes
per second, and the dots at the rate of
6 dots per second;

c) outer marker: 2 dashes per second
continuously. These keying rates shall
be maintained to within plus or minus
15 percent.

millivolts  per metre (minus &2
dBW/m2).

. Faldule] =4 3.1.7.2 Radio frequency
3.1.7.2.1 The marker beacons shall

operate at 75 MHz with a frequency
tolerance of plus or minus 0.005 per

- 4 = a cent and shall utilize horizontal
| #ol ZelolA | 400 13 88 A= polarization
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3.1.7.7 Monitoring

3.1.7.71 Suitable equipment shall provide
signals for the operation of an automatic
monitor. The monitor shall transmit a
warning to a control point if either of the
following conditions arise:

a) failure of the modulation or keying;

b) reduction of power output to less than
50 percent of normal.

31772 Recommendation.— For each
marker  beacon, suitable = monitoring
equipment should be provided which will
indicate at the appropriate location a
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decrease of the modulation depth below

50 percent.
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1. 35z 3.3.1 General

7F 7198 s 2 spEL Al EE 9o | 3313 The reference and  variable

&3lo] 418 4 & A phase modulations shall be in phase

along the reference magnetic meridian
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to the error in the bearing information
conveyed by the horizontally polarized
radiation from the VOR for all
elevation angles between 0 and 40
degrees, measured from the centre of
the VOR antenna system, shall be
within plus or minus 2 degrees.
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3.3.65 The identification signal shall
employ the International Morse Code
and consist of two or three letters. It
shall be sent at a speed corresponding
to approximately 7 words per minute.
The signal shall be repeated at least
once every 30 seconds and the
modulation tone shall be 1 020 Hz
within plus or minus 50 Hz.

(b)
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3.3 Specification for VHF
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3.3.5 Modulations of navigation signals
3.3.5.1 The radio frequency carrier as
observed at any point in space shall

be amplitude modulated by two signals
as follows:

a) a subcarrier of 9 960 Hz of constant
amplitude, frequency modulated at 30
Hz:

1) for the conventional VOR, the 30

Hz component of this FM subcarrier is
fixed without respect to azimuth and is
termed the "reference phase” and shall
have a deviation ratio of 16 plus or
minus 1 (.e. 15 to 17);

2) for the Doppler VOR, the phase of
the 30 Hz component varies with
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azimuth and is termed the "variable
phase” and shall have a deviation ratio
of 16 plus or minus 1 (.e. 15 to 17)
when observed at any angle of
elevation up to 5 degrees, with a
minimum deviation ratio of 1 when
observed at any angle of elevation
above 5 degrees and up to 40 degrees;
b) a 30 Hz amplitude modulation
component:

1) for the conventional VOR, this
component results from a rotating field
pattern, the phase of which varies with
azimuth, and is termed the "variable
phase”;

2)  for the Doppler VOR, this
component, of constant phase with
relation to azimuth and constant
amplitude, is radiated omni-directionally
and is termed the “reference phase”.

3.35.2 The nominal depth of
modulation of the radio frequency
carrier due to the 30 Hz signal or the
subcarrier of 9960 Hz shall be within
the limits of 28 per cent and 32
percent.

3.355 The subcarrier —modulation
mid-frequency shall be 9,960 Hz within
plus or minus 1 percent.

3.356

a) For the conventional VOR, the
percentage of amplitude modulation of
the 9,960 Hz subcarrier shall not
exceed 5 percent.

b) For the Doppler VOR, the
percentage of amplitude modulation of
the 9960 Hz subcarrier shall not
exceed 40 percent when measured at a
point at least 30 m (1 00 ft) from the
VOR.

3.357 Where 50 kHz VOR chanel
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spacing is implemented, the sideband
level of the harmonics of the 9,960 Hz
component in the radiated signal shall
not exceed the following levels referred
to the level of the 9,960 Hz sideband:

Subcarrier Level

9 960 Hz 0 dB
reference

Znd harmonic 30 dB
Ard harmonic -o) dB
ith harmonic and abowve G0 dD

3.3.6 Voice and identification

3.36.5 The identification signal shall
employ the International Morse Code
and consist of two or three letters. It
shall be sent at a sped corresponding
to approximately 7 words per minute.
The signal shall be repeated at least
once every 30 seconds and the
modulation tone shal be 1,020Hz within
plus or minus 50Hz.

3.3.6.6 The depth to which the radio
frequency carrier is modulated by the
code identification signal shall be close
to, but not in exceeds of 10 per cent
except that, where a communication
chanel is not provided, it shall be
permissible to increase the modulation
by the code identification signal to a
value not exceeding 20 percent.

33661 Recommendation. — If the VOR
provides a simultaneous communication
chanel ground-to-air, the modulation depth of
the code identification signal should be
5 plus or minus 1 per cent in order to
provide a satisfactory voice quality.
3.3.3.1 The emission from the VOR
shall be horizontally polarized. The
vertically polarized component of the
radiation shall be as small as possible.
3361 If the VOR provides a
simultaneous communication chanel
ground-to—air, it shall be on the same
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radio frequency carrier as used for the
navigational function. The radiation on
this chanel shall be horizontally
polarized.
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3.3.7.1 Suitable equipment located in
the radiation field shall provide signals
for the operation of an automatic
monitor. The monitor shall transmit a
warning to a control point, and either
remove the identification and navigation
components from the carrier or cause
radiation to cease if any one or a
combination of the following deviations
from established conditions arises:

a) a change in excess of 1 degree at
the monitor site of the bearing
information transmitted by the VOR;

U A2EtE(2)e] 7 Wiz

e CICES s
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And 15% ol Askd
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=

b) a reduction of 15 percent in the modulation
components of the radio frequency signals
voltage level at the monitor of either the
subcarrier, or 30 Hz amplitude modulation
signals, or both.

(2) 1070 olske] 34 W e
FM &3
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for VHF FM sound broadcasting
signals below 107.7 MHz, where the
frequencies of the two VHF FM sound
broadcasting signals produce, within
the receiver, a two-signal, third-order
intermodulation product on the desired
VOR frequency.

N1 and N2 are the levels (dBm) of the
two VHF FM sound broadcasting
signals at the VOR receiver input.
Neither  level shall exceed the
desensitization criteria set forth in
3.3.8.2.

Af = 1081 -fl, where fl is the
frequency of N1, the VHF FM sound
broadcasting signal closer to 108.1
MHz.

[l
L e 2

to 4

3.3.7.2 Failure of the monitor itself
shall transmit a warning to a control
point and either:

a) remove the identification and navigation
components from the carrier; or

b) cause radiation to cease.

3.3.8 Interference immunity performance
for VOR receiving systems

7b AR FEREAAL(VOR)E

ggol wel dwe 2 VHF i
Asol met oprEE 34 AsWEE
B oA 5 250 dajel theol

AASE ATE A
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3.3.8.1 The VOR receiving system shall
provide adequate immunity to
interference from two signal,
third-order intermodulation  products
caused by VHF FM broadcast signals
having levels in accordance with the
following:

o

ol He

VHF FM %

-0o
Aé Aé'o’e

| /‘] A (VORM

N

Foh4(F)

(Miz)

88~102

104

106

107.9

3.3.8.2 The VOR receiving system shall
not be desensitized in the presence of
VHF FM broadcast signals having
levels in accordance with the following
table:

Maximum leve! af
Frequency unwanted signal at
(MHZ recefver inpot
(dBm)
88-102 +15
104 +10
106 +5
1078 -10

(1) 107.7~108.0M Fd}=the] VHF FM

S40E s o
ZN1 + N2 + 72 < 0

2N1 + N2 + 72 < 0

for VHF FM sound broadcasting
signals in the range 107.7 - 108.0
MHz
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1. AA 719 =4 2.2.1.2 size of display

7F BAE FaW-2 sld ¥A™Eel 3l | for conventional directly-viewed display
oA 1 ddF7]e YHAE V|Fo R Flo] | systems, the maximum trace length
71Hkgkol A Sem o] Ao & Blar, 7]4MF | shall be at least two inches for the
ol e #HA$ 40%=9 Wl Z7Zb | “dead-ahead” indication, and at least

38cm o] Y A one and one-half inches for indications
at the +40 and - 40 from dead-ahead.
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St 3 de AAL2 g ®A™el 9lo] | the apparent spot size shall  be
A a2 &dFr)e YAZHEE 714%E | sufficiently  small  to  permit  the
ge] 7MAE| 7kA] ZAele] 1/50 ©]3FY | dead-ahead trace to be resolved into at

S ol

least 50 equal increments.

ot HAE WeE s 71719 BZAZ= | 2.2.1.3 indicator range scale

AAAE x93} A =AMLY | at least one range scale shall display a
250% 7k AL A maximum range of between 100% and
250% of that for which the system is
g HdAZ "l dojA e 2 o)X, | designed to be used.

a8l AR e dojAE 1 ol
712] Marker (EA]9o] 9ojx = 33 | 2.2.1.4 range markers

719l QAE FHoz 3Fto] H7]|H O =R | any range scale capable of displaying

2
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the maximum range for which the
system is designed shall be provided
with at least two range markers and
all other range scales shall be provided
with at least one range marker
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2.2.2.9 indicated distance error

the error in indicated distance
measured at the pulse edge shall not
exceed 10% of the actual target
distance, or one nm, whichever is
greater.

2.2.2.8 bearing accuracy

with zero pitch-and-roll signals applied
to the scanner, the indicator sweep line
shall indicate the angular position of the
antenna beam center to within +5° .

T HAEE 10 EE WHE

ool E 23t olatd

2.2.2.5 pulse duration

pulse duration the duration of the
transmitted pulse shall not exceed 2.5%
of the time base range in use or 20 us
ec, whichever is greater.

2.2.2.12 receiver selectivity

the receiver bandwidth between the
points where the receiver response is 3
dB down shall not be less than 0.7/T
MHz, where T is the pulse duration in
JLSec.

2.2.2.11 frequency control

the difference in frequency between
that of the transmitted signal and the
radio frequency to which the receiver
local oscillator is tuned shall be
maintained within limits which produce
a receiver output within 3 dB of
maximum output when the equipment
is operating with the antenna for
which it is designed.

2.2.2.6 sensitivity time control (STC)
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characteristics

when functioning in the
weather(precipitation) mode, the sensitivity
of the receiver shall increase automatically
at a rate proportional, within 3dB, to
the second power of time during the
period from 37 pusec following the
trailing edge of each transmitted pulse
to a time representing at least
one-tenth of the maximum distance
displayed of 5 nm, whichever is greater
for weather targets.
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2.2.2.2 beam tilting

means shall be provided for adjustment
of the beam tilt. the extent of this
adjustment shall be such that the axis
of the beam may be set to positions
from at least 10° below to at least 10

above a plane perpendicular to the
axis of rotation of the antenna

2.2.2.3 antenna stabilization
stabilization of the antenna is not
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- persecond. AnEA ) 71E7Ee e 2
s} 2
1 Areg AdaEAs o
G379 F&d F T4 21 A Qe
} . ccuracy of pilot’s display, Table 1
AL A9 (BE 718 ATIALEA) L EC e o ey
Al
“AdaurA’el gde Ao gRge e uxEs AAs7] 9ske] X abo] A o ;f%ﬂ M nee e oA Commy 1 | €O 2
- e - - == olumn
Aglo] WALS o] Rl FEI|Ae] FAMF A2 Wi}, Gk 2E A Altitude | Sink rate - )
Coaal o] sl e ~ - Precisi
A EAE v T FF7ldA AaE WAMradiation)dte] A EHO 2 HEH (Ft) (Ft/Sec) | Pilot's Ere'“mn
- . quipmen
ol A=A 1E)E FAHIE FA. vP7Y T2 Eel A= S GHYA A an o3 display * output
4 G AnE WAE D ARUAA wALEte] HEol e e] £eAzte] o o=
+ Tl ;4' o;]'O]'J— ] | A }0}01 ] } 1744 2] 12kl 9] &5 7] o 310100 0t 20 | = 57t | = 3 Ft
3 A 1=E FAS T4 HEE AS9E YAEE o4 MEREMY 1 NEEA m
e to
=A% Bas MAetE 24y 1EACE . AdE ALEg, FAE 1uEg 150 m ojg | Al S oy | 01025 £5% | £3%
ol
olm Fu 1,600~1,660MHz HE= 4,200~4,400MHz7F 2291t} Gom =7 | fﬁﬂl 93 7% 50 0t
ES = o
750 m °]s} ol altitude for
which the | 0 to 25 + 7% + 5%
equipment
is designed
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2.4 Time constant

When the equipment is  abruptly
subjected to an altitude change of not more
than 10% of the indicated altitude or 20 ft,
whichever is smaller, the transfer function
time constant of the precision equipment
output shall not exceed 0.1 second. Further,
for transients of 20 ft or less at lose lock
and at altitudes above 200 ft if the system
does lose lock it shall reacquire the signal
in less than one second.

2.5 Rate data

The equipment need not provide a rate
data output as a condition of compliance
with this minimum performance standard.
However, those altimeters which do have
rate outputs shall comply with the following
requirements regarding range and accuracy
for at least 95% of all observations for
heights from the terrain th the antenna in
the range from :

Altitude | Range Accuracy
(Ft) (Ft/Sec) (Ft/Sec)
310100 | 0 — 15 i(MJrO.l(r))
sec
100 t
SO PSP i(2.0ft+0.01h+0'1(1‘))
200 sec
Where :

h = altitude in feet
(r) = absolute value of rate (Feet/Sec)

o o
o o=

b o &

2.6 Failure warning system

Warning conditions

A failure warning system shall be
incorporated in the equipment to indicate to
pilot, and to any system which may be
utilizing the altimeter data, the existence of
the following conditions :
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(1) Loss of power

(2) Loss of signal or altitude sensing
capability when within the manufacturer’s
stated operating altitude range.

Warning indications characteristics

An indication plainly discernible under all
normal flight conditions shall be provided. If
a flag is used, it shall be as large as
practicable commensurate with the display.
2.1 Accuracy of pilot’s display (b)

bl Further, the equipment shall continue to
function and provide altitude information
which exhibits no errors in excess of +20%
. of the indicated altitude for 95% all
observations at bank angles from 20° to 30°

oF. A202($14 A 228
“919 A 228l (o] 3 “GNSS"eh eh)o
7] skl AR sht ool GAMA - BN EFA] - AnY FAY AN

& Fgohs A AAY 9N 2L AL 2Y As9e e
J

Ac
%
rlo
ot
02(:11
=2
i)
ko
o
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olr
tlo
R
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ol

GNSS(Global Navigation Satellite System: ] &H A~

AR Au A Aago R Yol BAE A9E o835t

A= MATAI 59

AAl, oIy A, el Al

AU FHAHEE ATt olE e GNSS 7[EA1 F9 Mg AR
]

it
FAN TS DA Yo
o]

= Astel g A A7E AT 5 JwS 8
ATge) AgAANA A ot N, FW, ABYRE AFT F ARS
s, o2 g MAE A4 AFT FHoE fAtL, BA 928 F4
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b) Global Navigation Satellite System
(GLONASS) that provides the Channel
of Standard Accuracy (CSA)
navigation signal as defined in 3.7.3.2;
c) aircraft-based augmentation system
(ABAS) as defined in 3.7.3.3;

d) satellite-based augmentation system
(SBAS) as defined in 3.7.3.4;

e) ground-based augmentation system
(GBAS) as defined in 3.7.3.5;

f) ground-based regional augmentation
system (GRAS) as defined in 3.7.35;
and

g) aircraft GNSS receiver as defined in
3.7.3.6.

TART VE7T

(ICAO Annex 10 Volume I)

202 (914 A 25
(GNSS)9l 7=

the global navigation satellite system
(GNSS) conforming to the Standards
contained in Chapter 3, 3.7,

(1) SPSE A3 3]
(2) CSAE #Alg3t= GLONASS

(3) ABAS
(4) SBAS
(5) GBAS

(6) F&7] GNSS F417]

. GNSS TAHLAEY
GNSS o]&a 4
o Aejd FTE He &

=0 A o} A,

[

_,d
o
o 15 1]

Yl
il

3.7.2 General

3.7.2.1 Functions

37211 The GNSS shall provide
position and time data to the aircraft.
Note.— These data are derived from
pseudo-range measurements between
an aircraft equipped with a GNSS
receiver and various signal sources on
satellites or on the ground.

3.7.2.2 GNSS elements

3.7.2.2.1 The GNSS navigation service
shall be provided wusing various
combinations of the following elements
installed on the ground, on satellites
and/or on board the aircraft:

a) Global Positioning System (GPS)
that provides the Standard Positioning
Service (SPS) as defined in 3.7.3.1;

2. GNSS 74849 Aezxdd

7} ABAS®| 4%
M3t o9 ©& GNSS

A%E ABAS 7]5¥ ABAS

3 AHgE A Agsle

sk AdeE FB7) Arge
o RelE A AT LTE

=N Ak @t

3.7.3.3  Aircraft-based  augmentation
system (ABAS)

3.7.3.3.1 Performance. The ABAS
function combined with one or more of
the other GNSS elements and both a
fault free GNSS receiver and fault-free
aircraft system used for the ABAS
function shall meet the requirements
for accuracy, integrity, continuity and
availability as stated in 3.7.2.4.
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1}, SBASY A%
(1) s oo & G
AgE SBASS A3d 9l
12 Aog F3t

A 2

2 M

(3) &2z Ha 9% dY

LD ANA 120 ol
3 7. SBAS Aol <3k %

dgEe Ax 220 A 2

4) 7k SBAS 9149 $4415
dlol 9= 5% o4 %7tel 3

2 U“l r‘p

3.734  Satellite-based augmentation
system (SBAS)

3.7.3.4.1 Performance. SBAS combined
with one or more of the other GNSS
elements and a fault-free receiver shall
meet the requirements for system
accuracy, integrity, continuity and
availability for the intended operation
as stated in 3.7.2.4.

37344 RF characteristics

37344.1 Carrier frequency. The carrier
frequency shall be 1,575.42 MHz.
373442 Signal spectrum. At least 95
per cent of the broadcast power shall be
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Axl <teElvel] didk $41 o] -161
W~-153dBW ®H97F 2 F UEH: F

# Ase £ A

s

6 FA Aze 43 9Fgasd A

6) $AE+= A5 500 symbols/se] &
g A]x] 9} 10230 EC] oAt AP/ SFIE
(Pseudo Random Noise)E& ZEEZ-294]
(Modulo-2 addition) ol 1.203 Mchips/s

o] $x& BPSK ®xd A

contained within a +12 MHz band centred
on the L1 frequency. The bandwidth of
the signal transmitted by an SBAS
satellite shall be at least 2.2 MHz.
37.34.4.3 Signal power level. Each SBAS
satellite shall broadcast navigation signals
with sufficient power such that, at all
unobstructed locations near the ground
from which the satellite is observed at an
elevation angle of 5 degrees or higher, the
level of the received RF signal at the
output of a 3 dBi linearly polarized
antenna is within the range of -161 dBW
to -153 dBW for all antenna orientations
orthogonal to the direction of propagation.
3.7.3.44.4 Polarization. The broadcast
signal shall be right-hand circularly
polarized.

3.7.3.4.45 Modulation. The transmitted
sequence shall be the Modulo—2 addition
of the navigation message at a rate of
500 symbols per second and the 1 023
bit pseudo-random noise code. It shall
then be BPSK-modulated onto the
carrier at a rate of 1.023 megachips per
second.

= A% AE
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division multiple access (TDMA)
technique shall be used with a fixed
frame structure. The data broadcast shall
be assigned one to eight slots.

3.7.35.4.3 Modulation. GBAS data shall be
transmitted as 3-bit symbols, modulating
the data broadcast carrier by DSPSK, at a
rate of 10,500 symbols per second.

t}. GBAS9 A%

—~
—

) 3y o] el thE GNSS A ]}
¥ GBASS A% e GNSSF417
Ay 120 Aow T 42 e &
T Age A

o
Jis

|

(2) £ Fa¢ HYE= 108~117.975M
olojok &, 7bg & Ad-2 108.025M,
7H = Ade 117.950M = SHeaste] of
st g 7kAe 25K 4 A

(3) GBAS dHlolEH & 10,500 symbols/s<]
=% DRPSK WXA|#A 3HE AE=z
Al &

373532 GBAS positioning service. The
GBAS positioning service area shall be
that area where the data broadcast can be
received and the positioning service meets
the requirements of 3724 and supports the
corresponding approved operations.

373541 Carrier frequency. The data
broadcast radio frequencies used shall be
selected from the radio frequencies in the
band 108 to 117975 MHz. The lowest
assignable frequency shall be 108.025
MHz and the highest assignable frequency
shall be 117950 MHz. The separation
between assignable frequencies (channel
spacing) shall be 25 kHz.

373542 Access technique. A time

=177 -

A AAGE 2
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EEE T

s

o =
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(7}) GBAS/HE F¥¥s 2s2 $4ly
ojoF dla, GBAS/He AHawAdy
(ERP)& GBAS S99 WA 215w
/m (99dBW/m)e] A HAAZES}
0.350V/m(-35dBW/m")¢] H) AAZE=ES
2t o g HuyE AEE AFsoof
s, AAREE %789 W 2E(burst)
o BsA A9 7bEet HuFgo=
ZAHofof & A

(1) GBAS/EE= ©Efds As=z FAly
ofof tal, Bl AT} AE7F 49 o §
HHsle] A2 UhEge 2318 FF4
Aok stal, AaWAAE(ERP)S GBAS
TEHS Hel A 136//m(-103dBW/m’) 2]
HAax AAZES 0221V/m (-39dBW/m’)
o A AAREE Ze FHHN ANE
& AFstool s, AAGEE T3¢}
H2E(burst)o] 234 slZ29 7175t
Hu o2 FAHojof & . A}
FAHEILY] 9 HAE FANNGET
ZoF B&EA 10914 A Ha A
Aol dAagd A delA A gGe}
FAARG7}F FREYES T A

3.7.35.4.41 GBAS/H

3.735.44.1.1 A horizontally polarized
signal shall be broadcast.

37354412 The effective radiated
power (ERP) shall provide for a
horizontally polarized signal with a
minimum  field strength of 215
microvolts per metre (-99 dBW/m2)
and a maximum field strength of 0.350
volts per metre (-35 dBW/m2) within
the GBAS coverage volume. The field
strength shall be measured as an
average over the period of the
synchronization and ambiguity
resolution field of the burst. The RF
phase offset between the HPOL and
any VPOL components shall be such
that the minimum signal power defined
in Appendix B, 3.6.8.2.2.3 is achieved
for  HPOL wusers throughout the
coverage volume.

3.7.354.42 GBAS/E

37354421 Recommendation.— An
elliptically polarized signal should be
broadcast whenever practical.
37354422 When an elliptically
polarized signal is broadcast, the
horizontally polarized component shall
meet the requirements in 3.7.35.4.4.1.2,
and the effective radiated power (ERP)
shall provide for a vertically polarized
signal with a minimum field strength of
136 microvolts per metre (-103
dBW/m2) and a maximum field
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=4
strength of 0.221 volts per metre (-39 7)o Wate] dAFACl TIAREZ 24 A7F = AR AT R AEOF A
dBW/m2) within the GBAS coverage . )
volume. The field strength shall be 3 Aul g g

measured as an average over the — N
period of the synchronization and w
ambiguity resolution field of the burst. - -
The RF phase offset between the
HPOL and VPOL components, shall be

such that the minimum signal power ] VHF Datalink
defined in Appendix B, 3.6.8223 is A Radio ::)’:i';‘:;r
achieved for HPOL and VPOL users £ \

throughout the coverage volume. T T
3.7.35.45 Power transmitted in

Digital
ATIS

adjacent channels. The amount of Voice
power during transmission under all
operating conditions when measured
over a 25 kHz bandwidth centred on
the 1ith adjacent channel shall not
exceed the values shown in Table
3.7.35-1 (located at the end of section
3.7).

[29 3.4.10] ATIS A= oAl %=

(5) 25Kl F3F A= ol el A | 373545 Power transmitted in adjacent

dol gigt $Ad=2e EE 139014 74 | channels. The amount of power during
3 eSS 2#elA] ofy T A transmission  under all  operating [ 3.411] FFZRATATAEe 7=7]F UHE
conditions when measured over a 25
kHz bandwidth centered on the ith a7 erHE 38 9ste] ¥ 71Ak
adjacent channel shall not exceed the AR 58 2AFoz AT FIARAS
values shown in Table 3.7.35-1 ASAAATIS)Y] 71€715S bS8 72 &
(located at the end of section 3.7). 9}
1. bz
(6) 2=3rglo] AL & giede] whAlS ¥ | 3.7.35.4.6 Unwanted emissions. Unwanted Annex 10, Vol. 3, I-1-2
stals B8 WAE W 14004 FA S @ | emissions,  including  spurious  and Automatic terminal information service
WS Hgslojop dta, VDB(VHF Data | out-of-band emissions, shall be compliant (ATIS).
Broadcast) %3 2% Ei= B4 4135 | with the levels shown in Table 3.7.35-2 e - = The automatic provision of current,
(discrete signal)olAe] A 2L -53dB | (located at the end of section 3.7). The 7k %;]%Zl%x‘ﬁf Xﬂfo_ /\]/5—1%0 H]_OL] EE routine inform:tion to arriving
melstd 3 total power in any VDB harmonic or F‘eﬂo}t‘a T3 ]j]ﬁfrﬁ ‘iféﬁ; anddeparting aircraft throughout 24
discrete signal shall not be greater than Helse VHE & _L?’MJ 718 Ft] hours or a specified portion thereof.
_ o] Hojok gty . . A .
53 dBm. Data link-automatic terminal information
service (D-ATIS). The provision of
ATIS via data link.
Voice-automatic terminal information
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service (Voice-ATIS). The provision
of ATIS by means of continuous and
repetitive voice broadcasts.

O AR el AR E P skelok
sk, Aol WA (AR )
oul A= DA 5 glolef sk
Folrtae P wi Azow

A sholob gt

Not Found in ICAO/MOPs

9. Gh2ry AE ned & Uk
7% BAE A Fol= ¥ 1w
AAE A sholof gl

J}ﬂl

Not Found in ICAO/MOPs

2. ATIS®] VHF 34 %44 44w
A9xe] 77 FS FEoh

Not Found in ICAO/MOPs
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