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This thesis proposes the method of routing algorithm via satellite networks to improve routing
algorithm in LEO satellite networks. LEO satellite has a high mobility, frequently changing topology
and potentially sparse and intermittent connectivity, Therefore, we have to carefully select the next
hop to prevent efficiency decreasing in the system. The main issue in routing is the next hop selection
process, hoping that the physical movement of nodes in the network will eventually create an
opportunity to forward messages to some other node and having less delay. In routing decision, we
take into consideration of congestion level in link to avoid end-to-end delay increasing from source to
destination. Moreover, we apply multipath routing in this thesis to take an alternate route to the
destination. However, the number of next hop candidate nodes must be carefully chosen to prevent
flooding within the network.

Simulation results by using NS-2 Simulator in the system using proposed routing method with
LEQ and GEQ satellite networks, and varying number of transmitting node and processing delay,
show that it has a better end-to-end delay and throughput than the system using centralized routing
method.
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Yoyavesua B nowiTua B amnsadadoyaluiiTua D 18useld 39118 Tua A fez
datoyalilfTua B Tasszauuddn hihaouzilmiuveslua B wziluedils n'lil
uilua B femaziluluairafvsvedlua D wiedluluadaldvesTuadrafvsues
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g t, t, Time

| | | >

! ! ! "

Predicted Link

KEY Lifetime

tq - Decision time
t, - Transmission time
t; - Threshold

_— 4
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- ANUANRUFYEINNMG AT MIINAEUNYDI THATEHIN 2 Tua
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2.4.4 F5msag Iddoyaves Tuadhufsnn
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Y Y = = Y an
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2441 Tuperaivzuendeyavoiueeny Tuadus AFTMIVOAR KU,
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o A = ) an . .
2.4.42 TuaaauiyTuaoue Nowdayant ATNIA0UNIN, interrogation)
an I A 1 a ) ] 1 [
1uas Insudanw 191 I5nMsvendsiud uaaz Tuavzaaua1sinou (beacon
v o @ 1
message) DO NN UAND (HHOUNY hello message tailudoyaraInasuagnmsnudunia)
A [ B J o A [} o an Y @ dy P
ougasauazdsunuduiusny luaduedwadtane  I5Msaaeg  nui sy
g [ o o ]
Associativity Based Routing (ABR) [11] lufitianudunusae seozn1e $19a1 Aw
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@0e3URIMSIFouaeUad lua  uazANduRuTved Tuany Tuatnafesnaen liile
Tuandeuitusossn
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nsvendunius g lulidseansmmunninlunsain Tuaiimsvendwmnis
[ o 4 1 1 = 1 I dﬂl 1
Wuilszdr vazTuaou lidmslyvnastaen ualumslismsasvoiwi Tuasel
4 hello message {@OUBNIINIZITUAUMTITOUADVDI TUA 2 TUA WA INNT ULV
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Tarduneszrnin Tuanulugiunuves ‘msdouny’ taz ‘MsaoDaUBY LAz 1992l
(] 1 (1 a J o @
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A I A 1 A 1
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& 9 = o Y A o 9y A
nrng - Tuasgweneiuedoyaneinuluadiufewas luada lvesTuadrafsalu

Y
VULUUINANIT (one hop look-ahead)

dfoyai launazior I lumsdadudenidumatazennzilutoyaigninu’ll
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Y a og: o 1 Y v A 4 9
l¥auluusnanivinniintazeunsousalinu Tuasu lamudedns
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2.4.5 91I81IMIAILAN
v 9 S @ o [ 9 Aq ¥ = = £
nszvaumMsgnamdeyaiiogludinszimsiadunanlsaunauion &
sanldsuimmsmsaiuan eaeunazdadulylumsdsdedoya lumsiims
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Y 3 1 @ o 13 Y '
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9 o % A v
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Y
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A4 g v v 9 N v ' < a o
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= @ { I 1 % I ~ (L
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4 o I o !
nsessuaunsailuTuadalilanse i
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d < A o - A o dnY &4 o
dounw  nIsAeUNaveINiuMsEudY MalQEs wiemsuuinla Juegiu
o Y
anuzilagiiuuazvoyavedlua
4. Networking performatives (register, unregister, forward, broadcast) THiednriins
o 1 A A ' 4 v A = ' @ [
Mauveslaseiennedtes 1wy ensdaissevesanieuaesnueisaziiy
= [ A = 1 24 =1 v KX v o I 1
arufeunquiamuatzlselasulld  arufenenaziiuindiiueuilungumniz
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4 (] 1 [ o 1 1 I
AN o3 e i ungy uadwaauily broadeast uag forward 92 1%
dmsuums Joya
5. Capability-definition - performatives -(advertise, subscribe) #3INUTINAY pull model
(reactive- approach) Tuﬂmmmﬁu%’ay’ammﬁu (proactive approach) LNUNLTONT
v 4 (4 da v i ¢ v qus. A
Foauonn Tuanulasunluieivszudinisegniivuazanuainiinveainln luaouy
Y @ 3 Ao 9y @ A Y
JouduiluTuaniidnenmlumsnudunie  wuluaansovensuunu Tuadula

v 9
wiiwAumsTulgaldiluszezg MeaduTumiu
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2.4.6 MITAFUNNUVUNA8ID (Multipath Routing)
msldnaedunalanan 13l [13, 141 Wude Tunsdindunaliannsoegld
) o Y Y A Y g A vy =
wwe szasaldmstanudunararsdunie lumsdeonldidumeanld Tunsal
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usn liansaldla fezidenldduneduy
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A o A a F% 1 A a 9
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2.5 Ms1Fulilsunsu Network Simulator (NS) Un5zuvIHIANS (Windows)

Y
(Y 9

lumsraewaueslis laneamstadunien lalinsdsulsadniiuezdeanagounu

1 '
¥ o =X o o =

' A ° A A
A11809 (simulator) neuNazih lilnadeunuginsaimsldanuesald dedrsaeldlums
o [ Y ] A £ I @ o E4
$1m0911)s Taneamsdaduniuulasavionongonas NS-2 @1 NS 1Hudasiaoaurgmssinuy
liieioiiiod (discrete event simulator) G99£5OITUMITIA09UDY TCP MITAFUNIE LAy
Y
v Aa 4 1 @
Ts Tnneasiadmad (multicast protocol) UM Insavnenaunusianeias 13ee
I v o A o a = 4 . ISP
NS fuarsiaesnimay lagansyd OTCL (OTCL script driven simulator) Jarulsenov
[ ) [ [ v o ] I~
vodlasanenidlu c++ 1wy TilsTaneaveelaseane d1anan uazlaseasalaseune dudu
A A 9 Yq ¥ Y o ' Y
oz Ingldnuadnanumsaidiassinsaiieglade

1 A

NS-2 1aNH19910 NS-1'A

A v . Ao Y 9 '

1. 13919 (object) NFULDUUDHNIN
a 4 f . S 3 .

2. dumosla 1A (configuration interface) 11U Otcl (object oriented U Tcl)
a J v W v o [

3. pumosanuaulaniy Otel (Otcl interpreter) LENIINAITIADIKAN

< v o . . A A A o < v o
NS 1T1A2310049 object oriented MAUsU U C++ UAan111 Otcl 11U frontend AI1004
Y v
5095 UAMAUVURIAUTY (class hierarchy) 11 C++ (compiled hierarchy) ttazaaauua1ausU Iy

9 9 Y
o v v W A v o Jdo
Otcl (interpreted hierarchy) AAIAAIAUFUNIADIUNANUANNUTOU
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2.5.1 MWIIWUBIVUTIAIANNEY
lumsiaeslnssiearniisudeslisoazideanmiiassnuaninnnudvesnauing
. .. a J Qy aaa " v
(radio frequency characteristics) duaosia, laas, Ugnseaenuvedlilslnnea uag wansen
o o A . ' <] @ 4
Y9929 1795 IUE1AUN 04 (second-order orbital effect) 0814 l3Nam lumsAnyIUAN U HUFIU

1941ATIV8A1INEND1ITAAANEULUNEIUEDN 1)

2.5.2 a1Ney LEO
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v Y
- misvaseedTuiugy  Uszneudds  anugevesauiion  Suauauiion
IUIUTLUI IUIUATUNIUADTE UL
= = Slosj [
- 29197 ANNIBEURIA IasHA1 lAaaua 0 - 180 0eN
- mavenlevsera1uien (Intersatellite Links: ISL) d1%35UM515896211474
Y
@ o a . a J
Taosuvudalan  @WSOMAUADUNTUNAY  (intraplane),  OUIABIINAU
(interplane) (LA cross-seam e
a [ ' =1 =1 Y] = A 3 a
ISL vesdunsuwan  egszwananienluszuiu@enrndy  lilinmsaudaing
4
(deactivate) 11304 EUADON
a 4 1 1 =1 1 [ 1 4 d' a
ISL vesdumosman  agszninNaaiionanszinuiuuamaoui 1 lunams
= o A dy = a 3 a Y v osjl = 4
e Msreuleativziinmsausannaladnuinlan vas lulimsusuasel
Cross-seam ISL 0g3z13 1 ufisusesznuimasud I Tunameassdmny
v Y
- mnFeuleNsenaNAulaniua19iey (Ground to- Satellite Links: GSL) 113
WouTlea GSL dwmsuaien GEO ¥¢add Tuvaizt GSL dmsuaiien LEO
=1 4 I ]
2 UNITHaUAD o 199

-y (Elevation Mask) Ao GSL deansnlsaula
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Iridium Teledesic
AU 780 A lamas 1375 Alawas
FEU 6 12
UIUMANIUADTZ U 11 24
AMNDBIV0919 AT (D971) 86.4 84.7
FELYZHNITHINTZUN (D371) 31.6 15
F2UZUYDITOAD (DA 22 15
YUY (DIA) 8.2 40
Intraplane phasing 1l il
Interplane phasing 1l 135
31U ISL floa 1118 4 8
HUUAIATUDA ISL 25 Mb/s 155 Mb/s
gt uesmadon Tean ez g 1.5 Mb/s 1.5 Mb/s
Cross-seam ISL i X
ISL latitude threshold (94f11) 60 60
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Counter-rotating planes Overlap of coverage at the poles
cause rapid ““crossseam’” I/Im:;rplane intersatellite
ISL handoffs linies (ISLs) are rumed off

SNV SEESSCFE ST Anintmaplane” ISL

An ““interplane” ISL
317 2.10 A8819MITATEIEIVBIATNEY LEO

2.5.3 TuauazA g

lumssraowmali Tuaaufieneg 2 152iANA0  geostationary 1A% non-geostationary

dyu =S dy a 9 o ] = a o 1 J o
ueNNNEN TuamANuAuAIe  @unusvesa ey lussuunnaszegluilanduvesarly

2 1 v
m3diaeawa JeyavesdumisiivzihunlanmsdsgiwalumadeonTes wagnaimuzau
Tumsuauaom
d' a o ~ @ a o == a o
5UN 211 waasszuuAnansInanMeuiUszDURNAMI IFeu syuufnaiigagudnalg

agi lan uazuny z MuAUUAUN Tanryy

(R, 6, ¢)= (6378km,90°,0°) Tty 0° voudunuwwduguigns
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1-[?
0° longitude at
equator

s 2,11 szuuiinansinavi 19 1u Tuaaruiien
4 o
2.5.4 M3trN TeavoInTangy
=~ 1 =l < a J v ~ '
Tuaanuiisuudaz Tuali Tnssasumsnudeyasumos v Inssv e niiouninn

[ d' 1 o w a 4
1 oug1h 2.12 uerasauilseneudidyvesoumasla
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LL |«

IFq

MAC

LAOON

_|Radio
Phy tx Phv | *|Propagation
Mode[
Changé! i
Channel

d' 1 (o a 4 [ =
710 2.12 drulsznevdingvesdume vl Inssiearinoy
2.5.5 MIVAATIAUNNUDIAT N O
o P} v o Y 7 i . £ A A
MIAAIIFUNITY NS 153999351 dUMUVFUINA1N (centralized routing) FUDI
msnlasunlasgiunulasasieveaInsaaie (opology) sznigiluun InseadiavesInsiielng
pdrdnandunilmidmSunnTua vazadumsumsdisedoyavuuaazTua a1samsas

b4 Y 1 E4 [ '
apdoyatilszneudigii ¥zt lUdimadenTeseonlas NegihlgTuatatenia

25.5.1 nsdunagtuuniasaiivesIngeie
Tunmsdunagduunlassadwveslasaing  szdesdoyannueglndsany
vosmagonTes (link adjacency) 910 Tuage azlidoyailagiiuvesziunylassads
voalasavie ldaTuanien Tugae
MInIANEYINATAnY (adjacency) s 1&Taefinsan linked list vo4TuA

1 09: a 4 o ] o 4
a199 Tagaaoa 1IN1U 1IN1dUIADSINANIATY (receive interface) DUTDITRIY M IHIOWL
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v o 1 ya o . 9 Y A A dy [
AnuduiuivenuegInd¥any  (adjacency)  udd  limumiadonToei Tids
msdoyaveaaz Tua  maiinuvesmssragduun InseadwvesInssisnaa

Tuzi 2.13

Cycle through the linked
list

A

Look for receive interface RO

on this channel

yes

Y

Add link to table on each
node

A o ] [ 4
719 2.13 mssamnugluuyTasas wvesIaswievesmstaduNUUgUINaS
2.5.5.2 MINTZAWAITTNTIAUTUN
[ a o <] o
Tumsnszaemaamsdaduniy | GunnmstdaeaveImsmsiadunig
PYagiiulding  wdninanmelaemaninsanduni  uaziiugavanasluaiig

lapzunsumsnszgaieasumssadumanaadlugili 2.14



Not destination

Lookup

Lookup entry

Insert target into
slot table

31912.14 MIn3298MT M TAFUNI

2553 msﬁmammﬁm%’umq

TumsdnnadunadmsuIuaaeg  awsesildlae
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sardumalidaTua

Y A o ' C = o Y A Yo A
VNANTNHUANDU %"Iﬂu‘lﬁ]\1%ﬂlﬁu‘ﬂTQllﬂﬂﬂIuﬂﬂiJﬁzﬂZﬂNblﬂaﬂ‘1J subtree “I/I’q{’ﬂ Lae

BNAATZAZ NN (distance counts) d115U THaNBY IndsanyTua ST mssadunaves

Tuauaaalugili 2.15
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Set the route for all
neighbors

Y

Route to node that
is the nearest to the
subtree

i
|
v
Update distance
counts for nodes
that are adjacent to

node

717 2.15 migwrandunveslua

a [ o
2.5.5.4 YoALazIITEUDIMI AT UN MU UFUINAS
Y A ) Y 4 A Y 9 ] A a S A
YoAvoImItadunuugudnaNfe Mvoya U AuANTAYINII NS N
= [} 9 1 dy ] 9 1 1o & 9 =
nasuntaclites  doyasie  Hazedlugiudeyadiunary  uazluduiludesing
Y
1semer (advertise) AIUVBITIVOINIIAUFUMUDVTAD D1doITMITHOULFUNIG
1 <2 ' A A <9 Yo ) Sy Y 9
p8193a57 2z lannsawedeszuui lannadumendumad ldawdeanms uay

dwmsugiuunlaseadvesTasadien vgunesdenar lumssnadunann
2.6 1sInnoateasonli NS
TilsTanoamssadumarlsginnaies veslasaveeagean

2.6.1 Destination Sequenced Distance Vector (DSDV)
1 = @ Y . o A Y
uaag Tuarelins19mMsIadun1e (routing table) uazaznszwmMsUsuaswdunia
3 ] o w 4 1 4 v
pon lihilur9 1@Ud Wy (sequence number) vz lHWoszpduUMUAazdY iNoudasInily

' A

Y Ay Yo o T 9 9 A o w A @ ) A Y A
L’ﬁlmN‘Vlllﬂiﬂﬂﬁﬂ‘jﬂﬂf{ﬂﬁmmﬁ IHUNNNURAVAAUHUDUNU LFUNNNNANI ABLTUN NN
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° <3 9 ' Y Y1 a9 A A ° < [ o J
mmua@ﬂuaamw ﬂWIuﬂﬁi'Ji]‘lﬂ'N UNNNLTINY mmuaﬂﬂ%ﬂmmﬂuauumazsam

v
[ [ =

o [ A A 1 o < ' =2 9 ~ A J
m@mzﬂimﬂaﬂummﬂumm (mma1mmnJumm@juﬁmmmummmiwama)

2.6.2 Ad-hoc On Demand Distance Vector (AODV)

v lifimanuduman 15130 Tua TsTnnoarz1940n11u (message) Tumsnuiay
< 4 .
wumsenTee 1Usznoudie Route Request (RREQs) , Route Replies (RREPs) , Route Errors

v 2

(RERRs) Tagndeanumariog e laensz1iun13ui UDP uag IP header

o TuAfpIMINIAUNIDLNTZIY RREQ 3Unsgnadl Tuannuduna lldalarenald

o ' o v v A 2 ' £ ) vy A '
MINTUITEN RREP nauingeauim  Tuandudiuniavesduniseg lvideyanmsiyonds lag
Ay

o 4 1 4 ] < 09/1
A32918 hello message 1UdaTuadnafios o luaasdn ldniidumeanlylildnezaudumaiv

pon l1luazae RERR TdaTuainufios a1 luadunaldsy RERR Juazisuas RREQ Tny

2.6.3 Dynamic Source Routing (DSR)
dy Y o ] A o A A Ay <3
Tis TaneatilonuTagevieni luaduauunuas TuaiinsnasunAenNUS I
H 1 1% { I~ 1 & o o ]
TilsTaneatl ludmsdsunlasudumailuge il lenesian (overhead) Tulnsnsanas
T1ls Tanoallsznoudlenssuauns 2 08190
1. MIAUNWTUN (route discovery)
9 cgzl A Yo =) [
Tuadun99ensza1e RREQ nduluanldsy RREQ azviilidunialids
1/a1em1911 Route Cache n30 1

[ E)) 4 .
2. Masauudumal (route maintenance)

2.6.4 Temporally Ordered Routing Algorithm (TORA)
v Y
TuTasevreorvvziidunmaannninduniadern laedalareniala TUsTanoail
1sznoudie 3 _diuae mMiasuduniy mssnuudunied tazmsauduniy lumsmsnm

dumaaz 1usana Query (QRY) 1az Update (UPD)
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2.7 m3dmeswanazfSaumaunamsdiassilililslnnsaueagenuuuniag fu

2.7.1 TCP U1 DSDV
o dy o ~ A 1 [ o ~ a =1 [}
lumsiraesilasmualnlimssudauinnadayaia TCP et 10 2wi Tusausn
o [ LI v R w 1 d' d'l 1 [ 9 A 1 A d'
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a = =3 9 [} Y o A A Y o 9 o I [ ~
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Window size
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