oA xwm gAY WYL B shtol
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Commumcatlon) A 2E0] AT LEgk] o] ey FAE
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Al Ao ARSSE 4= Q= ?ﬁ #E3 7|=E4 [EEE 802.11,
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o7y FEAEA (WAIC: Wireless Avionics Intra—
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A 7]%’: 5 otutolth, 3y ARY 7] opd R I WHAlof|A]
e Ao mof afiuhe] Mgkt vEe], 4l AEEAl 7]
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| AfolHE2] X A8 (CPS; Cyber Physical Systems)”?] &
o 7| FASAl /\]i‘%“% Atatr] AlRFsESITH], oA
© F5719) Qb AAEA] ok AR o] A AlA Y|

EYaE ZEohks Aol 1 ?%% [ FAEAL Al
OPRAITE A4 HA 0] thoks) o1 E '
N e %%ﬂLH % 13} wsto] AlAE 2
of Bt B 22 5

Budget) ++4 5-9] d7-=0] XJ‘%JQI’- ATHT].

r
O

27 G FAIE A Peislo] 7] 217k oh]e} 3
ZBIAE el g29jo] Eu L ek, R 24

EA 2T QA AH] A4 (ASVI Aerospace
Vehicle Systems Institute)S 405 NASA, FAA,
Boeing, Lockheed Martin, Airbusg2] thofst )=t} 659
AE 79 gl g3 A}“x]Oﬂ/\{ Zrojslal 9t} ESE ofQ
A& Atae SAA7 1SR ITU) AR 7|
(ICAO)9} Felsto] 7t z & i‘E% = A| ok Afest] §)

i

—‘N

1 CPse

HIEfO2 £[Xo| K0 A2 MAlSHY X1 2a)& AA

AARIS opnfeit), =7te] Stiet e1Zeel WS, X@o* 9|§, =Y
59 Ciet Zojol MEE 4 U= 7I=0itt

oL T —o="T

CHUE RSB B3] B2 Mg et of Tes
O



FHl | 37U RS A7 ST L 2802 S8

137U fM HEHT 7s 2%
EX/ER MIL-STD—1553B ARINC 429 AFDX
Data Rate Mbps 100Kbps Mbops
Duplex Hali—Duplex Simplex Ful-Duplex
Topology Bus Bus Star
Medium Shared Dedicated Shared
Bandwidth 45,455 words/sec 2,778 words/sec 148809 frames/sec
Latency Variable Fixed Bounded
Number of Terminals 31 20 1024
Media Access Cenlralized None None
Maximum Frame Length 20 bits 32 bits 1518 bytes
Encoding Manchester || B—Phase Bipolar Return to Zero PAM 5X5

o] & #Ajo] Bt Fa FALE M.2197, M.2319, M.2283
oeH9l 10][ 1], A M.21972 g27|Y] FAEA A A8 Q)
gk ARE Aol At YRE AFACHI). ©

DA A AELS A3 2 ol 17}

=

N
Mo
3
O
A

O

g

Oi

ot

1 of
N

ofr
N

L3
-8 AHIAS lE0f 917 Y Ediyo] met fi
i)=Y Txﬂ M. 22832 AlAIA TS| 0] 9] @ o] whet
W FAEAL AARS] 7] A AT} s tfolo] @
of et RS A0, o] A= F7I choket 3-8
A2ge] By @k ARg 9l oo uh2 Fular tofo] a5t
MRS AR 24 M 2319% &) Hul EA Au|a
W 7120 A2 Aol o] 7h @AY W Sk AR
g A AR AARICHLLL o] 2w AR 7
ats= ool AL Fote] 1] A Ae At e
e §EE ARSE 4,200~4,400MHz7} 337]
Yl LS4l Ao 7 ARtslthe AaE AAlEL D}
AA| R A7) 20099 119 kol 4] 7) X% &)

00_14 F]I.

—Ll
oo >~ 0111
o N

O

=

ZAl9d (ACP: Aeronautical Communication Panel) QQ]
oAl 7120] MupnwA SEE ARSHA 4,200~4,400MHz
& a7 FAEA AAE S oo R 2 sielct, o9t
7z

o] 7|y FAEA ALl g TS 7]z
ofIeh 4 Sl A7 oIl sl €ise)

7]0l|% 5-8-0] 7Fsob] wiel wd v 3 At
ZAPE BRI Rttt

M= 7 FALEA AlAE O] ARs R ol -
7| FAEAL A Elof| A -85k retol] thaf Atu it oF

o 2o IgelaE WA 3R/ f4 BAYEYE s
S Ak IgelA I SR Alssl] ALg
4 G SR 1S ARl Wl 3l SAEA

I F37IW +4 HYEHZ 7l 8%

& Aol v A WEYAS 7)<l MIL-STD-
1553B} ARINC (Aeronautical Radio, Incorporated) 429 71
2]1 AFDX (Avionics Full-Duplex Switched Ethernet)o]]
ek W8-S A7), GE D2 7F 7] 54 1hEs] e
gk Zlojet,

1. MIL-STD—1553B [12][13]

MIL-STD-1553B= w]=t2] st 2 &toll A ARgsh= b
o|g] W20 FAl HhA] 9l H2}A] QlE|Ho] o) 35t glolE] B
2 3EE02 197340 A 7|58 MIL-STD-1553 52
MeFst Aolek, 2 A124e ash= 4 *l“*“ﬂ A8
MIL-STD-1553B= @A w62 = Ak 3 958 dlol]
2 Ao ® e ARE| T 9l

MIL-STD-1553B+= sfuhe] w2 o 2t 3171¢] evd
& 8% 4= Qlot. old) Euld (Termi nal)> 94 Euld
(Remote Terminal), HZ A|o]7], WA HUE Q] F A 7}A]
oo pdrh wE gujdL Hho|& (Half-Duplex) HHA]
o7 EAsh glo|g Ad 45 X IMbpse|t}, End

YE FAE AR E 59l dlolelE ddsley), 7 vE
£ Manchester I Bi—Phase 7|2 £3)] £a3}tEH, 5}
Y=i= Hoff 20749 HIER FHAEIT), el wiA A= o

32709 dole] =S T 4 Gon], BE dlols A4S

o
R
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=
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H2 8371 M8 75 SMEA BE 712 20
EXN/ER IEEE 802.11 Bluetooth IEEE 802.15.4
Example Wi—Fi Bluetooth ZigBee
Frequency 24CHz, 5CHz 24CHz 2.4GHz, 868MHz, 915MHz
Modulation BP3 Ga’fgg@f S GFSK SSABS—PXSDSBP_RA—SAKSK
Maximum Data Rate 150Mbps 24Mbps 250kbps
Media Access CSMA/CA CSMA/CA CSMA/CA
Meaximum Distance 250m 30m 100m
Number of Terminals 50 8 65,635

u] 57]402 o|Folxlth, WA|A] fEoRE HA HESH
o4 e, Euldolq sz AESE], 67 Euldolq 24
Eu]d, HREAAE U AAE Ao] A4 §
STD-1553B%] TR EZS W
e S 5, WA S5k W/ (Command/

Response) HH4lo]tt,

tlo
iz
|o
g2
2 o
ofl %
oE 3O
o,
é é‘
= B
o

2. ARINC (Aeronautical Radio, Incorporated) [14][15]

ARINC 429+ o AAbgu] 9 A48 7ke) FAL BHAls
Aolsh= JFAC RN, AA ofojHA A310/A320 ¥ Boeing
727, 737, T47, 757, 187 52 & F 71N 71 el A
L531 9Jl, ARINC 429+ Mark 33 Digital Information
Transfer System©.& &7 ThyeF tlojy WA S A
B3t} Mark 338 ©HF tloje] B2o]H = 87| o] &
Aok He AAPERIES ESIAE #Ho] (Twisted—Pair) 7
olgr dduo] glon M g FAl 7hs A= 2o 90m
olty, m= Aol Alolar AZAE o] Q7] wfzel H
29 glojg] 355 Alojsl HEo WA HEEVL Fast
2| grom dlole] KMol ek w2 Al=dS At sht
o] ARINC 429 $417]= she] dlole HAE o]gsto]
i 20749 A7 1Al ElolEE HEe 4 Tt ARINC 429
= TRF FAE ARESE] wistell UEQ o] AR A
7t 74 A AlolE] ol w43 Skl Tl 7
Tk, ARINC 4299] o[ A& 24 12, 5kbpsol A 2|t
100kbps®]t}.

3. AFDX (Avionics Full-Duplex Switched Ethernet)
[4][15]-{17]

1990t 4} o]eYl (Ethernet), IP, TCP/UDP %-9] ¢l
E[Ul 7|5t dlofe] F4l 7142 E83t 24 g dlofE YE

52 | et 5

=L (AND: Aircraft Data Network)2] 7igo] %] il
I A3Z ARINC 664 20| A= et AFDX+ ARINC
6642] atE 7ol % oy g AR A ofofH
2 A3800l Ao} glom, Al ARl AIARIQl IMA
(Integrated Modular Avionics)?] &4 WEYT A|AH I
Ao|t}, AFDX+= IEEE 802.3 Ethernet MAC Addressing
¥} Internet Protocol (IP), User Datagram Protocol (UDP),
SNMP (Simple Network Management Protocol), ICMP
(Internet Control Message Protocol)2} 7He AE2]0] o]y
U TeEEE ARSI,

AFDX= A& o2 7= 749 24 a5 s+ 710 =94
NUESAE 3T 4= Qlet, ofuff shte) Eel4] F=ollA %
off ¥k - A=) 7t 7H8d (Availability)& 27517 $18)
ok =04 J2E Fof diole7} AgErt, AFDX HIESI=o]
ZABH= BE 85 Mol (Full-Duplex) B4 0.8 14E o]
it} AFDX:= U™ Five—Level Pulse Amplitude Modulation’
oz} &el= PAMbx 59 HIE Fosl WAl AMgSt), EoF
ADFX+= Switched Ethernet& &3l 100Mbps®] HloJE| &5
= AlEelth AFDX= Heb 4121 Q=S4 Alsshr] sk
A2 A7HDeterministic Timing)¥} th52} 2] (Redundancy
Management) 9] 7§\ 285t L2EZS ARSI,
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1. IEEE 802.11 [18][19]

IEEE 802.11% &3] Wi—Figlal H2% BA 2] EAIH
(Wireless Local Area Network)S ¢Jgt FLAEA YEY A

7[e&, [EEES] A2 SAY (LAN)/ZAH F4 (MAN:
Metropolitan Area Network) 33 $¥3] (IEEE 802)2] 111
A N7 TFoll A L #E 7] vttt

IEEE 802.11 7% 19974 ALo 2 A3} w7] AJ2
ou o|& [EEE 802.11a, IEEE 802.11b, IEEE 802.11g,
[EEE 802.11n, TEEE 802, 1lac 5.2 A3} 44313}, IEEE
802.11g o] ollA= 7[EA o s SelAlS 7w A it
4> 53 v} HHA(OFDM: Orthogonal frequency—division
multiplexing)& AHE2T}, 20MHzS 7] Fuk tfEo =
ARgsh A gl uhe) ohefst M (modulation) W
A& AlF3e}, E5 IREE 802, 11014 CSMA/CA (Carrier
Sense Multiple Access with Collision Avoidance)& w|t]o]
Ao AsolA Y] B 7R AR, 20099l 5
01% IEEE 802.11n°] t}ofst IREE 802,11 #5585 5 7|l
FASAl el 7P At 54 Al IEEE 802,11 32
= g7p ek Qlet,

IEEE 802.11n¢] &2|AIS-2 ths=2 (MIMO: Multiple—
Input Multiple-Output) QH|UE ARS8 = 9}, E3t [EEE
802.1In> thg9l=d eHUE 285t 37t £ v53t
(SDM: Spatial Division Multiplexing) 7|<-& A8 4= Qlt},
IEEE 802.11n& 2.4GHze} 5GHz oA F4sty Holg
AE-5 9lell 2o 40MHz th=571A] ARSF = Qlek, E3F 4
Qlof A 9] Zfrf HEA 2= 250moll 9ottt

2. Bluetooth [20]

Bluetooth= 4% #7}2] RF (Radio Frequency) &#4&
S0 A AAEl sl /NEE FAl SAL qFefoltt,
19984 Bluetooth SIG (Special Interest Group)”| %L,
1999 Bluetooth 7o B 1.00] L2 HA] Bluetooth +=
oA AR el def Rl ] S 11 7o) H,

Bluetooth 2R 7|8 the 54l Fofad A AT &8
Ha zohd 4 Qs & 223 Hi AS | T2EE
2 AAEQIcE welA Bluetooth ARE W= FA 3|EAl
O] et Fhg 717100 =RbEA] okl e, CRE i
3, golnt AR U R4 A sl 4 9)
t}. o]#3t Bluetooth 7]4:2] W-8-4L Bluetooths 17|
W FAlEAl SR 7] AR 4= oA g

Bluetooth W& 1.10)A%= A} dlolEe] AHLwr}

ot N

o

2

IMbps2 A2]E|o] 9lor, 64Kbps At HloJEE 3 g7t
A A4k 4= Qlr}, 2]<E Bluetooth HA 3,02 Ae4wE 2
24Mbps7HA] SHIAIHANE o1 718] AR 7141 IEEE 802,119

H]3f] Lo A< 4l Bluetooth®] OFH 0. & 2] A,

3. IEEE 802.15.4 [21][22]

IEEE 802.15.4%= A&x FA 70l B4 (WPAN:
Wireless Personal Area Network)S ¢3¢t S| A=} vj]of
Aol AT 714 #5712l sholct, IEEE 802,15 917
o] #efskar 9lom i AQl o5 ZigBeeo|t}, IEEE
802.15,4 #2 AlA YEAA 7 Aeket g4l 7]&
oIt} ZigBee=ISM (Industrial, Scientific and
Medical) 34> toJol| A F2akshu] AlA, gt FAdAo]7]
Soll Ag- = 4= glrk, 2003 el A1 E “IEEE Std 802.15.4-
2003 33| w2 IEEE 802.15.4+= 250Kbps ©]3}2] o]
B AEES Aot 2749 F4uE HESA A4 253t
=t @7 7)E #EEY

=
g, w2 A% a8, gt gojg dsE
=\l
~

= el

N

o S 1-6:‘
& Ak 23 SAl A7F 3 AR ERiASS At
© A5 HRE P2 EEIPF =E AL 9l

3500~3600GHz
3600~3.650GHz
4,200~4.400CHz )
o= g80ls
5.000~5150GHz
5150~5.250GHz

5.350~5.460GHz

4200~ 4.400GHz StEF ekl

IS{ami=p SIS

) 5,091~5.150CHz FeT gl
512 S80I
5150~5.250GHz _ .

SE R sk

5.335~5.460GHz

A7), AsAel, AR L 2 717159 BeA
ol T ffaf 7HHgt LAY FAIVIESR ALY o] 8 &
AL Qlek, AHE 7)17150lA ARt IBEE 802,154 AHEAL
3 9 ARdARs e 7| ZREER adEal it v U
op7} IEEE 802.15.42 AlAl YIESIA] 43te 7]<l vt
eI 5 B2 AT A SR ARG wf vl A8
3)

ARl FH7IEE =ofEal Qlok, Tl TEEE
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802,15, 4% loje] M$4w0] Alorow Qla) I 2
o sk 2870 AT AR ARk o

OE
% 9l

2 oA Shele] G Fu S Awna Axjrd
QLH P R EelE ReS

o T ARSI (ICAO) 3 AlAEE 7|%
LA 3)a) A ~®l (Aeronautical Radio Navigation
2H (Aeronautical Communication
AHl (Aeronautical Surveillance

Systems)

Lo, 50| 53 F et B AAER 2 i}om g
o] $£& 300MHz~30GHz of £-2£3}aL QJt}, RNSS(1,215~
1,300MHz), 7FA] #lo]5(2,700~2,900MHz) W Y-elek7]
8ol Azt Fuk4= i<l 5,000-5,091MHz 5o =riiol
A AGEA) SF 3 Fatg el

g0l 2 a5 7= H A 22 ni2to|E

H 4, 57| Mt £

Area n k ©;
A 245 200 1898
B 209 346 1675
C 186 249 1245
D 186 212 1182
E 189 151 779
F 195 2.31 1425
A7 = 20099 119 Bl=ol A ARE Fo%

99 (ACP, Aeronautical Communication Panel) Q«MW
4.2~4 4GHz& o571H FA1E41 A8 o ez A Asalh,

Q]9 B FAlE 913 ke A 9 SRS el
W zuhul (VHF, Very High Frequency)f-E] 231551} (SHF,
Super High Frequency) the7H4] i ad gl iz} o]
oA}, 11 & 4.2~4.4GHz thelo] AA A3 ofo) A F
) A SRR Al e, S RAEAL 9

54 | et §A
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3. 8Z7I RMEAS Y5t EdT 2 [7]

ARr2Ql A AlA EQALS] Eefjg2 A7 7|4 o[HE
(Periodic Event)2} APz e] oMl E (Sporadic Event)of <]
off AT, of 7|4 714 oHlER £7Ho® EjTo] d
AYstal olHIE Q] £7|9f A5 A7to] o5 7hERl o[HIES 9
njgk, gkl ARl oMl E L WY A|7to] dEE}IL o3
E7FseRE A5 o]l oHEE Wttt o]el fAlsH
A ez Edfy mdle T9 13f o] 2714 fojH E

U =3
2|2 (Periodic data traffic), ©|HEA F7|4 glo|e] Egfj
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(Event—triggered periodic data traffic), Z12]al o|HIEAQ]
tlole] E2j¥ (Event—triggered data traffic) & J-5-3F 4>
oIt}

AA .

Category for traffic models

Event-triggered
periodic data traffic

Periodic data traffic Event-triggered data traffic

Application Application Application
* Fuel tank/line sensors * Landing gear sensors * Smoke sensors
« Structural Health - Tyre pressure * Temp./humidity and
Monitoring - Tyre and brake temp. corrosion detection
« Engine sensors - Hard landing detection « Ice detection
« Avionics comm. bus = Wheel speed * Proximity sensors
« Structure sensors S praikonfeedbac * EMI detection sensors
* Flight controls position : ey * Door sensors
feedback + Emergency lighting control
=1 ol =
a1 T a2

1) 3718 dole) B 3714 dlole] Edjme 7
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