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OutlineOutline
Motivation Motivation of upgrading infrastructureof upgrading infrastructure

Current USPNet situation and considerationCurrent USPNet situation and consideration
Switching to IP based environmentSwitching to IP based environment

Broadband connectivityBroadband connectivity
Remote sitesRemote sites

Satellite connection ( Gilat solution )Satellite connection ( Gilat solution )
Consideration on IP aware servicesConsideration on IP aware services

IP telephony IP telephony 
Video and audio conference systemsVideo and audio conference systems

Priority control, MulticastPriority control, Multicast

Resources and milestonesResources and milestones
MilestonesMilestones
Human and equipment resource considerationHuman and equipment resource consideration
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Before Before I Begin:I Begin:
[Short, Middle, Long] Solution[Short, Middle, Long] Solution

Upgrading project started in 2002Upgrading project started in 2002
Short term solution ended in 2003 ?Short term solution ended in 2003 ?

How are the situation?How are the situation?
Some are delayed, some are obsoleteSome are delayed, some are obsolete……

Technology update >> solutionsTechnology update >> solutions

Combining short and middle solutionCombining short and middle solution
We will have effective upgrade with We will have effective upgrade with 
more profits. = new eramore profits. = new era
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Motivations of UpgradesMotivations of Upgrades
Technological viewTechnological view

To implement stable and broadband network connectivity withTo implement stable and broadband network connectivity with
Broadband capabilityBroadband capability
ScalabilityScalability
stability stability 

For educational and research viewFor educational and research view
Intellectual contents worldIntellectual contents world--wide are digital and IP encapsulatedwide are digital and IP encapsulated

Access via Internet is the prerequisite conditionAccess via Internet is the prerequisite condition
The fastest and confidential way of sharing knowledgeThe fastest and confidential way of sharing knowledge

Environment for intellectual activities requires:Environment for intellectual activities requires:
Stable Internet accessStable Internet access
Fast Internet accessFast Internet access
Scalable Internet accessScalable Internet access

Administration viewAdministration view
More flexible and better communication infrastructureMore flexible and better communication infrastructure

With faster accessibilityWith faster accessibility
Scalable communications, conference systemsScalable communications, conference systems
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Contribution of JICAContribution of JICA

What JICA has contributed since the What JICA has contributed since the 
project startedproject started

Equipment resourcesEquipment resources
Replacement of hub and remote sitesReplacement of hub and remote sites

Routers, Switches, PCsRouters, Switches, PCs

Human resourcesHuman resources
Long and Short term expertsLong and Short term experts
AdvisorsAdvisors

What we still need to contribute?What we still need to contribute?
Equipment resource for the proposalEquipment resource for the proposal

Satellite communication infrastructure upgradeSatellite communication infrastructure upgrade
Human resourcesHuman resources
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ToTo do Listdo List
Limitation in network bandwidthLimitation in network bandwidth

Connection to remote siteConnection to remote site
Satellite frequency bandwidthSatellite frequency bandwidth

3.2MHz3.2MHz
Requires optimized and efficient utilizationRequires optimized and efficient utilization

External connectivityExternal connectivity
1.5Mbps1.5Mbps

Broadband solutionBroadband solution
Connection to WorldConnection to World--wide R&E wide R&E Network(AARNETNetwork(AARNET))

Efficient utilization in use of network bandwidthEfficient utilization in use of network bandwidth
Upgrade with Upgrade with stabilitystability
Consider Consider LifeLifetime time of an upgrade ( 3 of an upgrade ( 3 -- 5 years )5 years )

Cost efficiencyCost efficiency

Next Slide: Solutions
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AARNET is Coming!!AARNET is Coming!!
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Focusing on StreamingFocusing on Streaming

1.5Mbps 25Mbps

8Mbps

50Mbps

100Mbps

1Gbps

10Gbps

HD

DV
MPEG4

MPEG1

DVD
MPEG2

H.261

128Kbps

MPEG2

SD

HD
SHD

For example:
30M SD Streaming x 1 
10M High Quality Video x 4
512K Video Conference X 100
32K Audio Conference X 200
Internet Connection (30M)
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AARNETAARNET

155Mbps external connection155Mbps external connection
BroadbandBroadband--aware applicationaware application
Video and audio to external connectionVideo and audio to external connection

HUB
Campus

USPNet Remote Site

+ 155Mbps

We need more broadband!!

Wow! 155M is faaaast!!

We need an upgrade here!
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Current USPNetCurrent USPNet
ConsiderationConsideration
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Upgrading Satellite LinkUpgrading Satellite Link

With maximum profit and minimum With maximum profit and minimum 
effort : effort : 

Satellite link designSatellite link design
Frequency bandwidth allocationFrequency bandwidth allocation
Network bandwidth allocationNetwork bandwidth allocation

UniUni--directional (downstream)directional (downstream)
BiBi--directional (upstream)directional (upstream)
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USPNet Satellite LinkUSPNet Satellite Link

Marshall Is.

Nauru
Solomon

Vanuatsu

Tuvalu

Fiji - HUB

Samoa

Kiribati

Tokelau

Tonga
Niue

Cook Is.

Intelsat
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Why Current USP is so Tight?Why Current USP is so Tight?

InIn--efficient use of bandwidthefficient use of bandwidth
Frequency bandwidth allocationFrequency bandwidth allocation
PointPoint--toto--point link (Link)point link (Link)

Mixed technologyMixed technology
Different link in different mediaDifferent link in different media

Telephone Telephone ------ PABX in V.35PABX in V.35
Polycom Polycom ------ V.35 interface connectionV.35 interface connection
InternetInternet

Using dedicated circuit designUsing dedicated circuit design
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Dedicated BandwidthDedicated Bandwidth
with Multiplexingwith Multiplexing

8Kbps

8Kbps

16Kbps

32Kbps

Dedicated link

64K
Memory

A

BC

D

8Kbps

8Kbps

16Kbps

32Kbps

Dedicated link

64K
Memory

A
B

C

D

When service is not in use:
Reserved connection are still allocated 

(waste of bandwidth )
or 

manual reallocation required

Insured dedicated connection
per service basis
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Using Shared NetworkUsing Shared Network
Incorporating IP TechnologyIncorporating IP Technology

A

B

C

D

BA B

Shared (Ethernet )

C

D

DC D

Shared (Ethernet )

When service is not in use,
bandwidth is allocated automatically

to the services which requires
bandwidth

Optimized Link

Packet prioritizing required for
high prioritized services
(Telephone, streaming)
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Satellite Modem
(NEXTER)

Satellite Modem
(NEXTER)

DVB-RCS
Satellite Modem

Current Configuration

Was from short term solution

Short and middle combined solution

v35

v35

X.21

V35 
(no use)

Multiplex Equipment

Cisco Router

Ethernet Cisco Router

Router

Tel/FAX

AudioVideo Conference 
Equipment

IP phone

PCs

Polycom

IP phone

PCs

Polycom
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Competitive Satellite ModemsCompetitive Satellite Modems
(IDU)(IDU)

Many manufacturers, modelsMany manufacturers, models
ComtechComtech

VipersatVipersat

AUSPACEAUSPACE
GILATGILAT
OthersOthers

IPStarIPStar
Other minor providersOther minor providers

How we consider the best How we consider the best 
appropriate solution?appropriate solution?
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Satellite InternetSatellite Internet

Design: 3 patterns Design: 3 patterns 
Point to Point Link ( Traditional system )Point to Point Link ( Traditional system )

Individual link connects two earth stations biIndividual link connects two earth stations bi--
directionallydirectionally

UniUni--directional Linkdirectional Link
Dedicated sender with countless receiversDedicated sender with countless receivers

DVBDVB--RCSRCS
DDigital igital VVideo ideo BBroadcast with roadcast with RReturn eturn CChannel hannel 
SSystemystem
UniUni--directional Link directional Link with narrowband return with narrowband return 
channelchannel
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Point to Point LinkPoint to Point Link

For minimal biFor minimal bi--directional connectiondirectional connection
For equivalent connectionFor equivalent connection
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UniUni--directional Linkdirectional Link

Used for broadcasting methodUsed for broadcasting method

FeederReceiverReceiverReceiver

UDL
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DVBDVB--RCSRCS

New technologyNew technology
Combination of Combination of 

Point to point link (incoming)Point to point link (incoming)
Broadcast (outgoing)Broadcast (outgoing)
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. . . . . 

. . . . . 

Outbound

Inbound

FTDMA Multiplex

1Mbps (total)
38.4, 76.8, 153kbps…
(per site)

2.5Mbps 

HUB REMOTE

HUB REMOTE
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Design of Satellite InternetDesign of Satellite Internet

What matters? : Bandwidth What matters? : Bandwidth 
How we can designHow we can design

Actual traffic pattern Actual traffic pattern 
Satellite infrastructure designSatellite infrastructure design

Traffic pattern = UsageTraffic pattern = Usage
Point:Point:

How are we going to use the network?How are we going to use the network?
Service requirement for network Service requirement for network 
infrastructureinfrastructure

Balance
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Outgoing Traffics to RemoteOutgoing Traffics to Remote

For a better internet accessibilityFor a better internet accessibility
Effective bandwidth allocation for Effective bandwidth allocation for 
outgoing traffics for Internet outgoing traffics for Internet 
applications (WWW, FTP)applications (WWW, FTP)

DVBDVB--RCSRCS

High quality video, and audio from High quality video, and audio from 
HUB to remote siteHUB to remote site
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Incoming Traffics from RemoteIncoming Traffics from Remote

Telephone linesTelephone lines
Requires highly prioritized connectionRequires highly prioritized connection

BiBi--directional video conferencedirectional video conference
Incoming connection for Internet Incoming connection for Internet 
applicationsapplications
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Balance:Balance:
Incoming and OutgoingIncoming and Outgoing

WWW
E-mail

Telephony Video 
conference

TV-style 
streaming

How much bandwidth do we need?
Allocation?

Future Extendibility?

Broadband
outgoing

Broadband
incoming
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Bandwidth CalculationBandwidth Calculation
EstimationEstimation

Simultaneous connectionSimultaneous connection
Remote connection:Remote connection:

1 VOIP telephone connection = 32K1 VOIP telephone connection = 32K
1 video conference = 128K1 video conference = 128K
Internet connection Internet connection 

Hub stationHub station
16 VOIP telephone connection = 16 VOIP telephone connection = 512K512K
10 video multicast transmission =1280K10 video multicast transmission =1280K
Internet connection= 512KInternet connection= 512K

160K+ bps

2280K+ bps
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Considerable issuesConsiderable issues

DVBDVB--RCS bandwidth flexibilityRCS bandwidth flexibility
Capability in bandwidth allocationCapability in bandwidth allocation
Scalability in bandwidth utilizationScalability in bandwidth utilization

Technology used in IDUTechnology used in IDU
Access method to communicationAccess method to communication

Future Enhancement readinessFuture Enhancement readiness
For broadband capabilityFor broadband capability

World wide share for practical useWorld wide share for practical use
Share inside the marketShare inside the market
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Technology used in IDU:Technology used in IDU:
TDMA, FDMA, FTDMATDMA, FDMA, FTDMA

TTime ime DDivision ivision MMultiple ultiple AAccessccess
FFrequency requency DDivision ivision MMultiple ultiple AAccessccess
FFrequency and requency and TTime ime DDivision ivision MMultiple ultiple 
AAccessccess

FTDMA >> TDMA , FDMA 

For Maximum  efficiency in frequency bandwidth in satellites
FTDMA is the best solution
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FDMAFDMA

time

Available
frequency
(bandwidth)

TDMATDMA

A

B

C

time

Available
frequency
(bandwidth)

AAB CAAB C AAB CAAB C AAB CAAB C

A

B

C

Reallocation needs  
operational cost and delay

Easy to reallocate bandwidth
but number of node is limited

A BCB CA B CB CA BCB CA BCB C
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FTDMAFTDMA

time

Available
frequency
(bandwidth)

GILATGILAT
(Advanced FTDMA)(Advanced FTDMA)

time

Available
frequency
(bandwidth)

DDE FDDE F DDE FDDEBF DDE F DDE F

GG

AAB CAAB C AAB CAAB C AAB CAAB C

Many nodes can share a bandwidth
easy reallocation
but nodes must be grouped

GGGGGGGGGGGGGGGGGGGGG

Shared by A,B and C

Shared by D,E and F

Dedicated to G

Shared 
By all

GG

A F E D A D C C E B A

GGGGGGGGGGGGGGGGGGGGG

B AA C F DDB B E C

D C BDB F C D A A F F

D D E C C E A FDDD B

Shared by A,B,C,D,E,F

Dedicated to G

Bandwidth can be shared by all node.
node can send data anytime to any slot
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FINALFINAL CANDIDATECANDIDATE

GILATGILAT
Advanced FTDMA based infrastructureAdvanced FTDMA based infrastructure

For optimized frequency utilizationFor optimized frequency utilization

Outgoing, incoming bandwidth flexibilityOutgoing, incoming bandwidth flexibility
For future enhancement in satellite frequencyFor future enhancement in satellite frequency

High sharesHigh shares
Among other competitiveAmong other competitive

Support availabilitySupport availability
Future upgrade capability in firmware (IDU)Future upgrade capability in firmware (IDU)

Cost efficiencyCost efficiency
Low cost IDULow cost IDU
IP readinessIP readiness Choosing Gilat is 

the best answer
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Replacement TacticsReplacement Tactics
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HUB Station HUB Station 

7.6m Antenna

NOKIA
SDH

FPX 1050

NOKIA
SDH

FPX 1050

FPX 1050

FPX 1050

FPX 1050

FPX 1050

FPX 1050

Router

PABX

SMF

NEC IDU
4 Interface

NEC IDU
4 Interface

NEC IDU 
3 Interface

NEC IDU
Video

V.35 V.35 COMB/DIV

ODU
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Solution to HUB StationSolution to HUB Station

7.6m Antenna

Gigabit
Switch

PABX
ODU

Gilat
HUB

Gigabit
Switch

Router

Router

SMF

Gigabit
Ethernet

Call
Manager

Analog
Telephone
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Remote StationRemote Station

Antenna

ODU
NEC IDU

4 Interface

FPX 1050

AUDIO
EQT

AUDIO
EQT

Polycom

AUDIO
EQT

Router

V.35

V.35

V.35

PCs
Ethernet
HUB

Ethernet
HUB

Analog
Telephone
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Solution to Remote StationSolution to Remote Station

Antenna

ODU

Gilat
IDU

100Base-T
Ethernet

Analog
Telephone

RouterPolycom

VOIP
Telephone

100base-T
Switch

PCs

Analog
Telephone

VOIP
Conference
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For Future:For Future:
Receive Only SitesReceive Only Sites

1.8m Antenna

ODU

Satellite
Tuner

100base-T
SwitchPCs
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New Technology InstallationNew Technology Installation

Association of technology requirementAssociation of technology requirement
Combination of technologyCombination of technology

Multicast technologyMulticast technology
VOIP technologyVOIP technology
Packet scheduling technologyPacket scheduling technology
Video conference tools Video conference tools 

Bandwidth allocation can be changed easilyBandwidth allocation can be changed easily

StabilityStability
Simple networkSimple network
Easy to maintenanceEasy to maintenance
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DROPDROPDROP

Why We Need PacketWhy We Need Packet
Prioritizing?Prioritizing?

Router

Limitation in bandwidth

Limitation in queue length
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Packet Timeout with High QueuePacket Timeout with High Queue

network

VOIP packet
Other packet

VOIP packet
waits

VOIP packet
waits

VOIP packet
waits

Router

Cause high latency 
and jitter
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Packet Prioritize Based onPacket Prioritize Based on
TypeType

Network

VOIP packet
Other packet

Other traffic queue

VOIP queue

High priority for
VOIP

HOST
HOST

HOST

HOST
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Laucala Campus

Vanuatu CampusLautoka Centre

144.120.16.0/24

144.120.12.0/24

144.120.144.0/23

1 1

145.251
1 1

2 2

P2P (10.0.0.0/24) P2P (10.0.1.0/24)

144.100 144.33

16 1716

VOIP Test Topology Map   2004/08/24, Suva

vlan100

vlan 200

vlan 30017

144.34

10041001

1002 1003

144.80

2

FTP client
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Configuration SamplesConfiguration Samples
of VOIP and Routersof VOIP and Routers
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Dial Peer 1
POTS
1001

Voice Port
1/0/0

Router
RLB-1

Serial Port
0/0

64K Router
RLB-w

Serial Port
0             1

CLOUD

128K

Serial Port
0             1

Router
RLB-e

64K

Serial Port
0/0

Voice Port
1/0/0

Router
RLB-2

Dial Peer 2
POTS
1002

Connecting Analog Phone to Connecting Analog Phone to 
RouterRouter
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hostname RLB-1
dial-peer voice 2 voip

destination-pattern 1002
req-qos controlled-load

dial-peer voice 1 pots
destination-pattern 1001
port 1/0/0

interface serial 0/0
ip address 10.0.0.1 255.0.0.0
no ip mroute-cache
ip rtp header-compression 
ip rsvp bandwidth 24 24
fair-queue 64 256 36
clockrate 64000

router igrp 888
network 10.0.0.0
network 20.0.0.0
network 40.0.0.0

hostname RLB-w

interface serial 0/0
ip address 10.0.0.2 255.0.0.0

ip rtp header-compression

ip rsvp bandwidth 48 48
fair-queue 64 256 3

interface serial 0/1
ip address 20.0.0.1 255.0.0.0
ip rtp header-compression
ip rsvp bandwidth 48 48
fair-queue 64 256 3

router igrp 888
network 10.0.0.0
network 20.0.0.0
network 40.0.0.0

hostname RLB-e

interface serial 0/0
ip address 40.0.0.2 255.0.0.0

ip rtp header-compression

ip rsvp bandwidth 48 48
fair-queue 64 256 3

interface serial 0/1
ip address 20.0.0.2 255.0.0.0
ip rtp header-compression
ip rsvp bandwidth 48 48
fair-queue 64 256 3

router igrp 888
network 10.0.0.0
network 20.0.0.0
network 40.0.0.0

hostname RLB-2
dial-peer voice 2 pots

destination-pattern 1002
port 1/0/0 

req-qos controlled-load

dial-peer voice 1 voip
destination-pattern 1001

interface serial 0/0
ip address 40.0.0.1 255.0.0.0
no ip mroute-cache
ip rtp header-compression 
ip rsvp bandwidth 48 48
fair-queue 64 256 36
clockrate 64000

router igrp 888
network 10.0.0.0
network 20.0.0.0
network 40.0.0.0

Router ConfigurationRouter Configuration
RLB-1 RLB-w RLB-e RLB-2
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11-1001

11-1002

21-1001

21-1002

Connecting PBX to RouterConnecting PBX to Router
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hostname router SJ
dial-peer voice 1 pots
destination-pattern 11….
port 0/0

dial-peer voice 2 pots
destination-pattern 11….
port 0/1

dial-peer voice 3 voip
destination-pattern 11….
session target ipv4:172.16.65.182
ip precedence 5

voice-port 0/0
signal immediate
operation 4-wire
type 2

voice-port 0/1
signal immediate
operation 4-wire
type 2

interface serial0
ip address 172.16.1.123
no shutdown

hostname router SLC
dial-peer voice 3 pots
destination-pattern 21….
port 0/0

dial-peer voice 4 pots
destination-pattern 21….
port 0/1

dial-peer voice 1 voip
destination-pattern 21….
session target ipv4:172.16.1.123
ip precedence 5

voice-port 0/0
signal immediate
operation 4-wire
type 2

voice-port 0/1
signal immediate
operation 4-wire
type 2

interface serial0
ip address 172.16.65.182
no shutdown

Router ConfigurationRouter Configuration



25

September, 2004September, 2004 Kazunori Sugiura / Shunsuke Fujieda

IP Multicast IP Multicast 

Enables channel (group) based Enables channel (group) based 
communicationcommunication

Reduces trafficsReduces traffics
Aggregated way of communicationAggregated way of communication
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Laucala Campus

Lautoka Centre
144.120.12.0/24

144.120.144.0/23
145.251

1

2

64kbps serial  line
10.0.0.0/24

Multicast Test Topology Map   2004/08/30, Suva

vlan100

vlan 200

2

Host A

1

144.200

Vanuatu Campus
144.120.16.0/24

vlan 300

2

2

1

64kbps Serial line
10.0.1.0/24

1

Client application

Host B

Music Streaming Server
IP multicast address: 
230.7.255.117

UDP port: 53732
TTL:         15

Client application

Router A

Router B Router C
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MilestonesMilestones
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Practical Ways of UpgradingPractical Ways of Upgrading

HotHot--stage planningstage planning
Construct an infrastructure inside the Construct an infrastructure inside the 
roomroom

Actual connection Actual connection 
Emulated connection Emulated connection 

Satellite link via cross serial cableSatellite link via cross serial cable

VOIP designVOIP design
Dialing plansDialing plans

Combining current PBXCombining current PBX

Actual construction during closing of the Actual construction during closing of the 
universityuniversity
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Example:Example:
HotHot--Stage on INTEROPStage on INTEROP

Infrastructure Design
And Planning

Equipment
Inventory

Final
Designing

HOT STAGE

Stage construction

Running

10 Days 5 Days10 Days3 Month Exhibition starts
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Example:Example:
HotHot--Stage For USPStage For USP

Infrastructure Design
And Planning

Equipment
Inventory

Final
Designing

HOT STAGE

HUB Site Construction

Running

10 - 20Days 5 - 10Days10 Days3 Month

Remote site construction (site basis)
Remote site construction (site basis)

Remote site construction (site basis)
Remote site construction (site basis)

Remote site construction (site basis)
Remote site construction (site basis)

Remote site construction (site basis)
Remote site construction (site basis)

Remote site construction (site basis)
Remote site construction (site basis)

Remote site construction (site basis)
Remote site construction (site basis)

HUB Service (VOIP)

COM Test

Basic
Training

COM Test

Remote site construction (site basis)

LOAD TEST

Adjustment

University starts
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ResourcesResources
Resources (Equipment)Resources (Equipment)

Satellite equipmentSatellite equipment
GilatGilat system (HUB + remote station upgrade)system (HUB + remote station upgrade)

6 additional routers (IP upgrade)6 additional routers (IP upgrade)
6 already bought by JICA6 already bought by JICA
Additional Ethernet switchesAdditional Ethernet switches
VOIP terminals, conference systemsVOIP terminals, conference systems

Resources (Human)Resources (Human)
Leader[1 (+1)]Leader[1 (+1)]

Technical advisorTechnical advisor
Total coordinator (1Total coordinator (1--2)2)

CISCO advisor(1)CISCO advisor(1)
Gilat advisor(1)Gilat advisor(1)
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ConclusionsConclusions

There will be revolution: There will be revolution: 
IP based infrastructureIP based infrastructure

Communication infrastructureCommunication infrastructure
Intellectual activitiesIntellectual activities
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For LOOONG term SolutionFor LOOONG term Solution

Consideration of ICT BuildingConsideration of ICT Building
Digital Media archive serviceDigital Media archive service

CD Quality audio (1.5Mbps)CD Quality audio (1.5Mbps)
DVD Quality Video (10Mbps)DVD Quality Video (10Mbps)
SD Quality Video (30Mbps)SD Quality Video (30Mbps)

Media conversionMedia conversion
RealReal--time MPEG4 stream conversiontime MPEG4 stream conversion

To remote campusTo remote campus

IX (Internet Exchange)IX (Internet Exchange)
Possible?Possible?

Research on Islanded Internet infrastructureResearch on Islanded Internet infrastructure


