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Abstract

As air traffic increases, routes get more and more diverse and light and ultra light aircraft
are becoming more and more popular, the classic system is beginning to show its
weaknesses. The two main issues regarding classic radio communications are delay and the
availability and reliability of network infrastructure related problems.,

Today's dense air traffic and the worldwide move to Future Air Navigation System (FANS)
concepts demand a high level of modern and reliable Air Traffic Control (ATC) network to
accommodate customer requirements now and in the future.

This work tries to answer the questions that indicate the fact why a new air traffic control
network generation based on higher speed terrestrial and VolP (Voice over Internet
Protocol) links has some essential comparative advantages related to the old circuit
switched networks.

The purpose of thisthesisisto provide two air traffic control network models for switching
voice and data methods for pilot-air traffic controller communications using E1 Leased
linesand IP VSAT links.

In the first model, the network is implemented using leased lines over fibre links reduce
latency.

In the second model, the network is implemented using IP over VSAT mesh network as
an improvement to the bandwidth saving and cost - effective

In these models, the network acts as a “two redundant network™ main and standby

The main benefit of these networks is the increase safety, as communications were there
are many network without redundancy. Other benefits are solving the problems of delay,
packet loss and bad quality of voice and data.

The two proposed network models had to prove in the near future that they are ready to
meet the requirements of more flexible, safer and cheaper way of air traffic management.

Caliioall



o 33l I pail) 138 Lages dpa) 255805 (sl il Jlae 3 5pkha 25a allel) ¢
e seaiall pnlall dysall Al ae ) & bk ) St Y 138 Al 38l s AL eyl
isal) oyl A sall ki) O e e
Ao g il e Jaidy dlly dysall A5)all 3)laY jehaia alai (gulas clllaiall 638 aal (1
salisuy) ) ALV L dpe llaal) L) ol g 4aDlally i) a3 alas ) Jeailly
lendl e Gaally clilall Jas 4 e i) J6S0 5 alulSaly caleas (e
A all Glaglea Jaig dayy GlSed Gapal ¢ dpagdll Lsall A)al) aaa 8 dejludiall a3 A
$a23 Edyage dpniy Cilaghaall o3 Afigise 3 Alidia )W) b pecd e ASeu DS A5
LKA s a
e13) ypumd Aallaal 3yphitey Lo Bl a5l ISHE o3¢] (el s o5 il 13 3
el Gl
dfgall LY Jasha e diayell Gladd) dadiuly z3galll Gokd
P Y Gl 1 e mg
aaxa J8 Glaca Gaday A pall LYY e dayjel) Gilend) Aol gy Jag)l) alassia) -
Lo 24131 408 e dpa ) il figal) aa JAJNN ade 5 A3 Aoy HS) Cilaglaa
dgsall A al) Clinda aal vy Gipall B ddle Bags Jlaa -
Ll Al Glea Alladg A8 5100 (e By LaDlal) Gkl ¢ 163 A Jo Glaa -
(lud) elilaal jladl 4805 aadinly SEI 73 gaill Gulai o
t ) Gndaill s e g
i) J ey aladinl e lahlly Gpall bl J8 8 20030 A dadd gy —
S 5l A g Aralsll dpdarall (& duliads g
GG larag Biea) aladinly @llyg 2,00 dalkal) My i) J ooy pladinl -
Gl 3 8 5iay B2n Cliealyey
amtl) STy 9 UL dadaa s aladinly dgpasl) Aabiall Hlagl dalSs Bl -

At L gasdd Alle T ey Aibieally Qi RS (e JB lae ladgail alasinl %
cemtl) 3l I cillandll (g W ye 4lgiiall cilasslly



Contents

Contents

i Q) ettt ettt ettt i
i D=0 o 1 o o O SRRR I
. ACKNOWIEAGEMENL ...t ae s ii
IV, ADSITBCL. . bbbt iv
Vo ORIl e v
iX S 0 1= = SO RRSI iX
X. LISt OF FIQUIES. ...ttt ettt nee e X
Chapter ONe :INtrOQUCTION ......ocieceeiece et eesreeaesreenneeneens 1
L1 PrEfBCE ot ne e 1
1.2  ProbelmS DeEfINI@tioN........cccooiiiieiiiie e 1
IR B © o 1= ot (V= SRS 1
IR0 S V7 = 1 0o (o] oo 1Y 2
15 Outhineof ThiSTRESIS ....cciiiiiriiiee e 2
Chapter Two :Theortical Background ... 3
P28 R 1 01 0o 0 Tox i o o PSSP 3
200 S R B 1= - £ SRR 3
2.1.2 PACKEIS LOSS......cciuiitirieiiieieiete ettt sttt b e saenbe e sns 3
2.1.3 VOICE COMPEISSION......eiitirierieesieeieaseesteetesseesseesesseessestesseessessesseessesnsesseessessenns 3
2.2 Overview of Circuit switched NEetWOrkS...........ccoovriiiiiiiieeeee e 4
2.3 Communication Technology - Circuit or Packets..........ccccecveveivennsieveecececeene 4
2.4 Proposed Networks ModelS ArChiteCtUre. .......ccveveeceeceereee e 5
25 MUItIPIEXErS DESCIIPLION ...ccuveiiiiieieeie ettt sae s 5
251 Hardware PlatfOrmMS.........cooiiiiiiiieeseeie et s 6
2.5.2 Multiplexers ChassisS COMPAIrSION ......cccccueeeereerieeieeseeseeseesseesaeseesseessesseessesseens 6
2.5.3 SDM-8400 DESCIIPLION.....cueiueeireeieeriesteeteseesteeseeseesseesesseessesssesseessesssesseessesseens 6
2.5.4 SDM-9230 DESCIIPLION.....ccuiiuieiteeieeiiesteeiesee st e see et e e sreesee e sseesbeseesaeessesneens 7
2.6 WAN LEESEU LINES ...cviieiiiiiieeeeee ettt sttt 8
2.6.1 About PVCR TEChNOIOQY ....ccveireeiiirieriieiesie st eiesee e ete e sae e esaeeeesreensesneens 8
2.6.2 PVCRPrinciple of Operation ..........ccooeeierieneeiisiesiessee s sie s s sse e 8
22 ORC T = o) (0 oo IS 4 1] oo SRR 9
2.6.4 Fragmentalion .........ccccceieeiieeeeseesieeeesteeteseesae e e e eeste e tesseesaesaesneesseeneesreesseeneens 9
2.6.5 Data COMPIESSION.....eieeieieieeiesieesteeeeseesteeseeseesseessesseesseesesseesseessesseessensessensns 11
2.6.6 Multiplexing and Cell Relay TransmiSSIoN .........cccccvveererieneenenresee e 11
2.6.7 MESN TOPOIOGY ....veeeerueiiiieieeie sttt sr e e 12
2.6.8 Prioitization of Voice/Fax TranSMiSSIONS.........cccurereerenererierieeeeseeseeseessessessens 13
2.6.9 Intelligent Congestion CONLIO..........cvieeiieiesiere e 13
2.6.10 FallDaCK SPEEA .....ocveieieeeeeees e e 14

Vi



Contents

2.6.11 TransmisSiON SEAt LEVEL ......c.oooiiiieieee e 17
2.6.12 Multiplexer Multiple Link Capabilities..........cccoveriiiiinirieceee e 18
2.6.13 L0oad BAl@NCING .....coiuiiiiiieieee ettt 18
2.6.14 INVErSE MULIPIEXING ..e.vveeieieeiesieesie e eee et ae e te e e e sseeae e e e sneeneesnee e 19
2.6.15 Bandwidth on Demand ...........ccocovevinineninieeese e 20
2.7  WAN FramMERE QY .....coeeieiecieee ettt e 21
2.7.1 Packet MO INTEITACE .....cocueieiieee e e 21
2.7.2 Pearmant Virtural CirCUITS......ccoiiiiresereeieie et 21
Chapter Three: Network ModelS DesCription.........cccueeeveereeieseese e seeee e e eee e 23
3.1 ELMOUE DESCIPLION. .. cciuiiiiiteeieeie e sieeee sttt re s saeeee e 23
3.1.1 Using EILINKS TEChNOIOQY .....coveeiueriiniiiiieie et 23
3.1.2 About Digital CONNECLION........ccceeieeeeeeerieeieseeseeste e e see e sae e eesseeae e 24
3.1.3 Multiplexer Digital INterfate ........ccecereereeie e 24
N I [ 1 o TR 24
3.1.5 EL Channel ASSIONMENT.......ccciiiiiiiierie e sre e 24
3.1.6 PVCR LINK MaNaQEmMENLt.........ccceeiieiieieseee s e esee e ee e saeeae e s s 26
T2 VASTANS I \V Too (= I 1= o ] o 1 o o SN 27
3.21 UsiNg IP Based VSAT NEIWOIKS........coeeiirierierieeie e 27
3.2.2 Networks TOPOIOgy SUPPOIT.......coiiriirierieeie e sie e 29
3.2.3 Typica Multiplexer over VSAT ApPPlICALIONS .......cceeeerieeiiereesieee e eee e 31
3.3 SEVICES PrOtOCOIS. ... .ottt 32
.31 LEQACY D@LA......ei i n e 32
3.3.2  IPX CONNECLIONS......eeiiiiitieieeie e sieeee sttt ettt e e s saeeee e e sreeneesree e 33
GGG T A 0= oo AV o ot S 34
3.34 Analog VOICE CONNECLIONS ......cceeiieeiesierieeieeseesteeeeeee s e eee e saeesaesseesreeneeenee e 38
3.3.5 Tones Generated by the MUItIPIEXES .......cooiiiiieiireee e 39
3.3.6 LIiNES ACHVALION TYPES....eiiiiieiiieeieeie st ee sttt ettt ee e b e e 40
Chapter Four :Models Configurations and ReSUILS ..........ccccveereececceveece e 44
4.1 E1Model Setup and Configuration..........ccceeceereeieesieerieeiieseeseeseeseesieeseesseesseeneens 44
4.1.1 Center Site Unit ConfigUIralion ........cceecuereeneriienee e s 45
4.1.2 Center Site SERIAL Unit Configuration ..........ccoceevveieneennniinseene e 45
4.1.3 Remote-A Site Unit Configuration ...........ccecvevereereeieseesesesieesee e sseeee e 46
4.1.4 Remote-B Site Unit CoNfiguration ...........ccccveceveeieeiesieese e 47
4.2 VSAT Modd Setup and Configuration ..........cooeeceereereriieseesesee e 48
4.2.1 Center Site Unit ConfigUIralion ........cc.eecereereriienieseeee e e 49
4.2.2 Center Site SERIAL Unit Configuration ..........cccuevveeerieenesieseese e eee e 49
4.2.3 Remote-A Site Unit Configuration ...........ccecvevereereeieseesie e seesee e sseeee e 49
4.2.4 Remote-B Site Unit CONfigUIation ...........ccooeriievieieniienie e 49
4.25 VSAT Network Setup and Configuration............cceeeeeeereenenieeneeniesee e 49

vii



Contents

4.3 Models Practical Configuration RESUILS.........cccoveieieerece e 51
4.3.1 E1Mode Practical Configuration RESUILS .........ccooeeiireeniinii e 51
4.3.2 VSAT Model Practical Configuration Implementation............ccccceeeeneeiennenne 54

A4 RESUITS ..ttt bbb bbbttt e et a b nreens 60
4.3.3 Bandwidth CONSUMPLION .......c.ecoueiieriieieeeesie e seesie e see e sae e ne e 60
4.3.3 Models Network (Link ) Delay Calculation ...........ccocvveeieninneenenieneeie e 62
4.3.3 Models Dataand IP Traffic Delay Calculation...........ccooeevercineenenienenciecn 63

Chapter FiVe :CONCIUSION........ccicieceecie e e e snee s 64
5.1 CONCIUSION ...ttt sttt sttt sttt se bbb b e b et e st e e e e e s e nbesbesbenreas 64
5.2 FUIUIE WOIK ... .ottt sttt sttt st st ettt 66

REFEI BNCES.....cieee ettt b et e a e b et e bt et e s ae e bt e ae et e reennas 67

viii



List of Tables

List of Tables
Table No. Subject Page
2-1 Multiplexers Chassis comparison 6
2-2 Fallback speeds on ports1to 3 16
2-3 Settings for Transmission Start Level 18
31 Examples of Static |P addresses 34
4-1 Network Delay Analysis 62




List of Figures

List of Figures

Figure No. Page
2-1 General block diagram of ATC Circuit switched N.W 4
2-2 Multiplexer SDM-8400 unit Description
2-3 Front view of the SDM-9230 unit Description 7
2-4 PV CR Principle of Operation 9
2-5 A long frame fragmented into cells 10
2-6 Mesh Topology 13
2-7 Using Fallback Speed for Flow Control 15
2-8 Load Balancing Application 19
2-9 Inverse Multiplexing Applications 19
31 Diagram of E1 Model Link Solution 23
3-2 Diagram of VSAT Model full meshed VSAT Solution 28
33 Full Mesh Network Connections 30
3-4 Full Mesh Network Connections with Multiplexers 30
35 Voice/data Enterprise Network via Satellite 31
3-6 Examples of Static IP addresses 33
3-7 Processing of Voice/Fax Traffic 36
3-8 Predefined Line Activation 40
39 Switched Line Activation 41
3-10 Push-To-Talk Application: Scenario 43
4-1 E1 Model PVCR over E1 Setup Diagram 44
4-2 VSAT Model PVCR over IPVSAT Setup Diagram 48
4-3 Using E1 Cards Links the Multiplexers o1
4-4 Center to Remote Stations Voice Ports and E1 Link 52
Connectivity

4-5 Center Site (Serial) to Remote Sites Data Ports 52
Connectivity

4-6 Center Siteto Remote-A |P Connectivity 53




List of Figures

4-7 Center Site to Remote-B P Connectivity 53
4-8 Full Mesh VSAT Network using three Modems 54
4-9 Three VSAT Stations Networks Online Status 55
4-10 Center Terminal Parameters Status 55
4-11 Network Statics |P Routing Table Configuration 56
4-12 TCP Acceleration and Compression Configuration 56
4-13 REMOTE-A Terminal Parameters Status 57
4-14 Remote-B Terminal Parameters Status 57
4-15 Center Multiplexer Link Connectivity to other 58
Multiplexers Station
4-16 Center to Remotes Station Voice Ports Connectivity 58
4-17 Center to Remotes Data Ports Connectivity 59
4-18 Center to Remotes Stations 1P user Connectivity 59
4-19 Voice (Telephony) Bandwidth Utilization (1) 60
4-20 Voice (VHF) Bandwidth Utilization (2) 61
4-21 Models Network Link Delay Calculation 62
4-22 Models Network Data Delay Calculation 63

Xi



Abbreviaations

A/D
ACELP
AlS
ATC
ATM
ATM
BECN
BOD
BSC
CAA
CAS
CCS
CES
CN
CS
CRC
DAMA
DCE
DLCI
DTE
DTMF
DSP
EBCDI
E&M
FAS
FECN
FR
FRAD
FXO
FXS
GSM
HDB3
HDLC
P

Abbreviations

Analog —to- Digital
Algebraic Code Exited Linear Prediction
Alarm Indication Signal
Air Traffic Control
Asynchronous Transfer Mode
Air Traffic Management
Backward Explicit Congestion Naotification
Bandwidth On Demand
Binary Synchronous communications
Civil Aviation Authority
Channel Associated Signalling
Common Channel Signalling
Circuit Emulation Services
Comfort Noise
Conjugate Structure
Cyclic Redundancy Check
Dynamic Assigned Multiple Access
Data Communi cation Equipment
Data Link Connection Indicator
Data Terminal Equipment
Dual Tone Multi-Frequency
Digital Signa Processing
Extended Binary Code Decimal Interchange
Ear and Mouth signalling
Frame Alignment Signal
Forward Explicit Congestion Notification
Frame Relay
Frame Relay Access Device
Foreign Exchange Office
Foreign Exchange Station
Global System Mobile
High Density Bipolar -3zeros
High Level Data Link Control
Internet Protocol

12



Abbreviaations

| PX

| SDN
LAN
LDC
LDCD
LMI
MAPC
MSC
PAMA
PBX
PCM
PSTN
PTT
PVC
PVCR
QoS
RAI
R-ASYNC
SAP
SDLC
SNA
SS7
SvC
T-ASYNC
TDMA
UNI
USASCII
VHF
VCCS
VolP
VSAT
WAN

Internetwork Packet Exchange
Integrated Service Digital Network
Local Area Network
line Delay Compensate
Low Delay Codec
Local Management Interface
Multiple Address Per Carrier
Mobile Switch Centre
Permanently Assigned Multiple Access
Private Branch Exchange
Pulse Code Modulation
Public Switched Telecommunication Network
Push -TO-Tak

Permanent Virtual Connection
Programmable Variable Cell Relay
Quality of Service
Remote Alarm Indication
Reliable Asynchronous mode
Service Advertising Protocol
Synchronous Data Link Control
System Network Architecture
Signalling System No.7
Switched Virtual Connection
Transparent Asynchronous mode
Time Division Multiple Access
User/Network Interface
United States of America Standard Code
Very High Frequency
Voice Communication Control System
Voiceover IP
Very Small Aperture Termina
Wide Area Network

13



