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ABSTRACT

This thesis investigates how to utilize radio-channel resources in IEEE 802.15.4
such that video sources can transmit traffic over multi-hop networks and still achieve application-
specific quality requirements. The proposed solutions studied in this research are based on multi-
channel and multi-path approaches. Firstly, this thesis extends the multi-channel capability to the
destination sequence distance vector (DSDV) routing protocol. All nodes are assumed to consist
of three radio interfaces: One is for routing control and others are for video traffic. The video-
traffic interfaces can switch to all available channels in the IEEE 802.15.4 network. The control
interface of each node shares a common channel pre-assigned in the network for exchanging
routing messages with channel-information attachments. This proposed solution is called 16-
channel 3-interface (16C3I) DSDV. The channel assignment of this 16C31 scheme is based on a
receive-channel-balancing technique to reduce the channel interference in the network. The
simulation results indicate that the 16C31 DSDV can provide sufficient video quality in the multi-
source multi-sink scenarios. Secondly, this 16C3I DSDV is extended to a multi-path version
called 16C31 MDSDV. The 16C31 MDSDYV is proposed to deliver video with the multiple
descriptions coding (MDC) technique. The simulation results indicate that the 16C31 MDSDV
can provide sufficient video quality when employing with MDC. Extensive simulation analyses

also provide a clear limitation of this 16C31 MDSDYV for further research developments.
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Frame size
Frame number | Frame type Number of UDP-packets | Sender time (sec)
(bytes)
1 I 1696 19 0.04
2 P 84 1 0.16
3 B 56 1 0.16
4 B 58 1 0.16
5 P 162 2 0.28
m’iNﬁ 2-3 #10819'19d Sender trace
Time stamp (sec) Packet ID Packet Type Payload Size (bytes)
200.04 1 udp 92
200.04 2 udp 92
200.04 3 udp 92
200.04 4 udp 92
200.04 5 udp 92
Gn‘iN‘ﬁ' 2-4 #0819 1@ Receiver trace
Time stamp (sec) Packet ID Packet Type Payload Size (bytes)
200.074763 1 udp 112
200.083723 2 udp 112
200.090764 3 udp 112
200.097805 4 udp 112
200.105166 5 udp 112
m’iNﬁ 2-5 #19819'19d Frame loss rate
I frame loss (%) P frame loss (%) B frame loss (%) Overall frame loss (%)
5.88 1.49 0 1
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d' % ! J .o
M13197 2-6 A0813 198 Frame jitter

End-to-end Sender inter- | Receiver inter- Cumulative
Frame number | Loss flag
delay (s) frame lag (s) frame lag (s) jitter (s)

0 0 0.149914 0 0 0
1 0 0.034779 0.12 0.004865 -0.115135
2 0 0.040668 0 0.005889 -0.109246
3 0 0.04662 0 0.005952 -0.103294
4 0 0.032779 0.12 0.106159 -0.117135

2.5 puudaesilszneumsdiasansinau
S av [ 4 o o o I 9
nnsziudtenuingilszasnvedlangans msdiasamsinusuiludes

Q’ o v 1 dy
N F AT INR N @Nﬁ@]lﬂu

251 UUUIABIMINNINIZDILUBIT YY1 ING Two-ray ground reflection

A ] 9 Y A o a A 9 U
'wmjmiam&l"limahﬂauﬁﬂmwm’mqiummamwayja NIAIVDYAIN

A [

Truadun1a lda Tnuataemailalaemsuninsznenaudyanuing lussuudeas 13

Metuuusiassmsuniniznevesdyyaing sagminnldihneanuusswesdygiun

a =

Yo o 1 o 2 (Y] 9
Twuﬂ”lmu LLUU%1€1@\‘1ﬂ15LLWiﬂi$iﬂfﬂl’é]QﬁﬂJﬂﬁﬂl’J‘VI‘c’JlIWﬁ1ﬂgﬂllﬂﬂ%uflgﬂﬂﬁﬂﬁ/‘llnﬂﬁﬂn

a
v
v

d‘a a 9 o J [ a
NNITTU Gl,mma ﬂﬁsl“]ﬂ,l,ﬂﬂﬂ1af]\‘]ﬂWiLLW‘iﬂ’izinEJEU'é)\iﬁiyﬂﬁm’W]Q Two-ray ground
refraction

o . < o ' @
1UU1ADN Two-ray ground reflection LﬂULL'U‘]Ji]'lﬁ’f]\?ﬂ15ll1/‘l5ﬂﬁ$%18ﬁiyﬂﬂm

o

9 v Y
INGUVY Large-scale  d1v5unuuIaosiininnuussvesdygiui Inuainldiziuasaae

[ d'cu 1 9 a [ d' 1 1 1
szogn e ANuussvesdgauniula li'ldagninsanandygruigndenin Tnuasedal

'
(3 I

daTnuarhoiula laenss (Line-ofsight) 0819@87 uanNULTIvesdy sy ldmann

=

v 4
HasINvoIdyIaNdInsansinsudyaulaease nazdygraidzRouiuTanudl

#1151 (Ground reflection) LAAINITAIUIUAIANNTN (2-7)

_ PtGeGyh}n? .
P.,-(d) =T ga (2-7)
T d Ao FTarHITEHREIIMARIS DuazAeda luueuas
[ 'cu { ] o J
P.(d) Ao anuussvesdyaansulanszeznie d Tuniaoiad
A o o | ] v J
P, Ao masas luruieIng




33

G, Ao sasveeveuaemaisdaluwiae dB, dBi, dBd
G, Ao sasveeveuaemansuluniie dB, dBi, dBd
he fe  anugauoumomadidalumitewns

h, fe  anugaoumemadeiulumitomas

L Ao MIYUYTIVDITLUL HL>1

252 UUDDIAOINAINY (Energy model)
o v =2 [ Y o ~q ¥
HUVTIABINAIY (Energy model) HAADI5ZAUNS 1FWaIUVDI THUAN 14
Tumsshnnssumsdaaedods n lnualunievisezgnivuandsauisuausuals
initialEnergy_  149I3081009M3IUU0ITLVIATOVIY YANINTIUNIAAADTDAI1TVD
2 dy [ A o 9y A 9y o Y o ' [ Aq v
Triuaazisudy wasnunimua aouGudunazgnls hl sawsadmuanimasaunls
lumsihnanssumsAaaedeasuesInuald Tasiasnlslunmsdedoyasmnsommuald
] o o v Aq Y o 9 o Y1 o
AuNeals Power tazasnlFlumssudoyadunsamua ldiunedans xPower
dyw o 1 9 % d‘ A Y~ 9 é 1 dy
uoNMNUSITIMITOTIMUAAINS IFnauie Tnuagilune (dle power) 1ADNA18 Han1il
AMNTOMAUARIUNIIAS Idlepower
o v Aq ¥ A~ v 9 1 o ..
msfundsnun 1y ldielinsdedoyaaziminy oPower * transmission
. .. . A Aq 19 A~ ) 1T @
time 1@ transmission time ﬂanamiﬂumiﬁway‘a WAUNTTUVDYAIEININD rxPower *
. . . .. . A Sq v v 9 &
receiving time 108 receiving time ABIA M 15 IUMITUTDYA HazlipBNIN 11UA IDLE ¥

1A IdlePower * idle time 1ad idle time fioa1nog ludniuziluny



UNN 3

MISANHINANIZNUINMIAIIAOUUNINTG 1M IEEE 802.15.4

9
UNHUILAAIIDINITANEIANTTOULAITAIVOYAIA 1o UUNIATFIU IEEE

£

802.15.4 TasliuaazIvuall 2 Interfaces HazauInIsdnassvosdaans lunaazidunia

9 o

Y o

a v A A o A a ds! ' o Y o
NITAANDT DT LWE]ﬁﬂ’dﬂluiy1mlmiﬂﬁﬂﬂﬂlﬂﬂ%uﬂmiu‘lﬂﬂiﬁﬂgﬂlﬂm WD%EI“@]W@JHﬂWiI‘V]

U

Y [ o o A 1 o ~ A
Aoa DSDV 1% 391U5UMIMAIUAINNa1IN tazyinmMslSeumeuaussausvod Ins Inasan
Y
HuauenuIns Inasa DSDV AdAw

a

(v ¢ (VY
3.1 Inuanuy 2 sesdaames 2 9Unsalas-3udeyaaing (2-channel 2-interface: 2C21)
Tvuauuu2 Yesdganamaz 2 gunsside-Sudyn1ming (2-channel 2-
. a v dy A v 1 9 A
interface: 2C21) Tuam3setimiiounu luunau [26] uaaz Inuailsenouale 2 Interfaces AD

Interface number 1 (If,) 1182 Interface number 2 (If;) taziin1s 19 2 veedyaruing Ao

Channel number 1 (Ch,) 118% Channel number 2 (Ch,) Taofmuald 1, uag 1, lungaz Tnua
9
19 cn, wag ch, MRy ANuLAnANYEIRIATUYDI TN InaealuTnuauuD Single-
9 v 1
channel single-interface (SCSI) ANLAYN waz IuauDY 2C21 uaasadninilsznoui 3-1 9y
< Y 3‘; 4 g}/ v g}/ A ] g’, n Y 1 [ A A
mnlansulszgnd sunienen tazFwnTev1w Yoanadewnuns 1 lduanaiany Tifieq

9 : 9 9 H
GIfuﬂ’)‘UﬂiJﬂﬁﬁlG]gfjﬁﬂ HAZFUMINWNMIUUNUANA AU

ML E i ) Application Layer

AT R r il Application Layer

TUDFP Transport Layer

UDP Transport Layer

DSDV Network Layer DSDV Network Layer

IEEES02.15.4 IEEES02.15.4 IEEE802.15.4
IENGE SIS VA C & PHY Layers Standard CLEREE I\ 1A C & PHY Layers

: Interface 1 Interface 2
Al el e g

f. Tviuauuy SCSI v. Tvuauuy 2C21

v 9
AMN5zNoVN 3-1 ANUUANAIUDIFY INT INAATLHING IHUALUL SCSI 1Ay 2C21

34



35

32 msianInsinaea DSDV émSulHUaNUY 2C21 (2C21 DSDV)
Tws Inaoadsaasstdun1a DSDV 9200150 I2910A151UTUNIUDIAULDI
Iy Truataufeseswattane 1Sy Ivuani Iaseadauuy 2c21 Tvualinsnszae

Y g 1 o 9 o a dy =
@]"Ii"l\uﬁiﬁ/l"I\WJﬂﬂﬁulﬂ\?@@ﬂ“lﬂvlﬂﬁi’)ﬂslf@ﬂﬁigfy’]mwjiﬂﬂﬂu (11!\111!') EJuﬁjztiEJﬂTWﬂmﬂ’eJa

as3duN1 DSDV dwisu Truauuy 2C21 1 Ins Inasa 2C21 DSDV

33 ﬁmuﬂmi“&m&’mumum (Channel scheduling)

[

Tnslnaea 2c21 DSDV  ldaiuuwumiivuan1ssosdania (Channel
scheduling) 15wdeanuluunany [26] el Tnuaansodwazsudoyaldndonnn
0 o - S Ay yo v 2 1 Yo
MruamssesdyaranniaziiilasTvuain ldsudeya Tassuanmsasaaeui lasy
[ o AN Yo ¥ A A 1% = 9 < o 1
yosdauilasudoya (Ch,) Ao Ch, %30 Ch, H8991NATIAOVGF BV 08AILINTA
9 o 2 o & &, y Y 4 4y
Joyanuesn lUBnvesdyauniie (Ch,,) uonnntimuuali TnuadunisGudidoyason
9 Y 1
N Ch, iU Myvamsvesdyanuuuvildidawalivesdyanuniioggnnizarons ldau
Y 2 1 U ] 1 1 4
MNUMINUAT 0 18BnRIe  LaasdIedunsdestoyariuIng Inaoa 2c21 DSDV  1daq
amilsznoui 32 TasTnuaduniarneay 1 azimsaedeyaniiuTnuanineas 2 uag 3
T Tvuadareniavuieay 4 awdiau Tnuad unisezddoyaiusosdyny o
ey 1 TR Tnuavuneay 2 e Tvuanineay 2 1asudeyaninTvuaneny 1
Funeyesdyanamneay 1 Inuavaneay 2 9z l4sesdyananuemy 2 Tumsdedoya
ao lUdaTvuanuay 3 e lvuanueay 3 1dsudoyannTrnuanmeay 2 #1UNN

[

Fosdqaurneny 2 Tnuananoay 3 9 lFrvesdyaimvuionay 1 lunsdedoyans 116l

99

Truataremeanuieoay 4

Source node

Lhann el2

?,
2
%,
S
7

Sink node

auilsznoun 3-2 @reg19ms 19 Tws Tnasa 2C21 DSDV Tumsvudsdoya



36

34 JTaglszasnmsnaaes
= 1 Aax A [} 9
MIANHIANTIOULVBINIE4IA louuy MPEG4 Uuias 018 13 anauuuvaty
Hq 9 o = 9 A '
noA N1¥01A5§ 1 IEEE  802.15.4 lagdiimafFeueuaussousn1an1unieiig uag
as ' ~ 9
AUMNYBIIA T 551119 N3 InAva 2C21 DSDV tag Iws Inaoa DSDV Agalyuu Inuauuy

SCSI AaLAY

3.5 M30ONUUDNINAADI
TwsInaoa 2c21 DSDV gawawazii i ldunTUsunusiasemsyau
] Jd o : @ o o
FTUUIATOUI0 NS-2 11055 2.34 Fevereldsosiumsiauuuy MCMI [37] Tagiinis
v Y
nfieuiisuaussouziuTns Inaea DSDV &eldunTnuauuy SCSI AuAN Evalvid gnlslu
a a 4 a { o o 1 1 {
MalseliunazIngzHnanINUeIa 1oN11N1391099M15@9UY NS-2 ANRAINANIINAADY
\ QU Q %1 g’J Q' 1 g’} L} {
vouaazArinaussouz 1Au191nn1INAaeIE 5 A5 BanIiulRagNaNIINAADURRYN
HAAIAE 95% Confident interval (c.i.)
ad Hq ¥ gdd’ 1 ' 9 = v Aad
FaTenlalun1snaaedlild®31 Foreman  NoWIUINTEUIUNTUUOAIA 10
9
3810 Foreman oglugiuun YUV dsgnoudremsunanua 300 sy uaazilsuiina
=S ad dyd U ld‘ 1T Aa =
az108A 352x288 AN A lolusasIMsuaaunsuegn 30 (M5uABIUIN (frame per second:
Y
a @ v A I o a
fps) 37 10 Foreman i 1a50n131106a3@ lorilugaiuy MPEG4 @106a310a (Bit rate) 64000
UAAeIUN (bit per second: bps)
Y v A = g’/ 1
uwuMINAasIaad laaInImlsznoni 3-3 Ilvuanivua 26 Thua 114904
Y '
Tunufvuia 200x80 M51uwAs (m)  Usznoualre Tnuadun1asiuau s Tnua Trua
Ua1emadiuau 5 Tvua uaz Tnua%i0gszn319na13 (Intermediate node) 311U 16 THuA
° 9 A X = ' . 1
UV IHuAdUNIay Tnuala1emunuIuIn 1995  (pair)  1UUAAZNIITNATDY
o Y o } =KX o 1 3‘; =\ 1 I o ]
MAUUA TN (v, y) MDY IHUA TAgN x tag y UnUIedluwas dumus
9 ?,’, VA = A
éuaﬂwu@mmNuaﬂwuﬂﬂmamamlmgm 199 5a8 [(190, 10), (190, 70)], [(10, 10), (10,
70)], [(100, 10), (100, 70)], [(55, 10), (55, 70)] taz [(145, 10), (145, 70)] AINAIAL Fan3
9 ] Y
Tamaugde-Sudeyauuvilihldinsernelnnunuuniuvesoyainniuauday dmsy

1 o ]

THUATI0YTzNINNANIYNFUAH1IN1519TAe 19 Uniformly distributed N0 Tualiszes
9 '
YoIdYYIUING (radio range) 40 A3 AaUTIWIUTE YA TULARZIAUMUNINY 2 oA
9
nsnaaedil lF luaadyyaInguiy Two-ray ground t@az THuAzlin1TNTZ918M1519

IEUNNVOIAUBINN 15 T



37

(10, 70) (55.70) (100, 70) (145.70) (190. 70)
® ? o 1 0
f ! ©) |
I | |
@ @ @ Pair 1
N .
@Pau 2 (@) (15“ + @ Pair 3 ® Pair 5 © : ® 80 m
®)
o © ® ©
@ @ 23 2 3
(10, 10) (55.10) (100, 10) (145, 10) (190, 10)
200 m o O Node

--=-=» Link direction
(x.¥)  Coordination

ANYTZNOUN 3-3 LHUNITNAADY

3.6 ANIATANIIONL

Y
(g a2 (2

Y
@]’J’JﬂﬁﬂJiiﬂu%ﬂli’NﬂﬁVIﬂaﬂ\iuﬂi%ﬂﬂﬂﬁ}’m 2 A%

v A

ATUITIOUL AD ITUIU

=

1 a { Qa} . QU
YoINAUIDYAIA loNignazNa (Number of video packet dorps) Hal¥lunisiaaussouzues

U

2
1A50910 1z PSNR Faldlumsiaaussouzneadiuguninueddiale uenainnmsaziangy

9 Y v dy 2 a ag dy A 9
VDYaNIY 4 @]’J“]J\‘]“I)'Gl,u NS-2 mmmu“lumsmamu 1o LQI NOT DUP iag CBK ﬂggfﬂﬂf

A a d a K Qy U 9 as
memﬁwwmmmwaﬂmmmiazmﬂqm@yawﬂa

A 9 o

v Y Y
MyazNedoyanIoa119® LQI nanadn Tvuan la5unquasyaiinisaz i

[ o

Vo9 o 9 4 1 o
ngudoyamzaNuusIdyaIuvesteyalionFouisunudygrasuniuluresdyy i

Signal to noise ratio (SNR) @1n71 10 dB

2L g Yy o 1 2 a X A Yo " v
NITAZINUDUAAIINIVUIY NOT LﬂﬂﬂluLllﬂiﬂuﬂhlﬂiuwmﬂﬂqmmyjawmn

Y

]
v o =

o ' 9 A N Y= o ay kY o .é’
NU IﬂfJﬂQll"U’E]ieljﬁ'ﬂlliJh],@iJﬂ'lﬁ‘Ni'UQQﬂq@%@jﬂazﬂﬂﬂﬂﬂﬁﬂﬂﬁﬂi NOT
2 ' 9 ) v 1 dy a 49! A Yo 1 9 = o
NITASININQNIDYAAIYAIUIY DUP mﬂsuumaiwu@”lﬂ*mﬂqmmgammﬂu

U

%’ é 1 9 o 1 1 9 d’ ay 9 % 1 dy
%1 nilinqudeyaszgni liszurana arunguieyaduazgnaziianiediiie® DUP

9 £ ' ~

Y Y
ganienisazNangquioyanloalled CBK Usneningudeyagnazia

v o

A g yA ' 1 vy Yo & =2 = A
ITTuﬂLu@Qi]']ﬂ“])”Llﬂ]Uﬂllﬂ151"]fﬁ@lluﬁ’]uﬂljﬂﬁ\iﬂqumﬂgallﬂﬁﬂlﬁi] KN 2 ﬁnﬁﬁ] D DUAU

'
v A

usn liansadangudeya lditosnnsesdynnaliin sudundesdoneemizdanqy

4
Y a o

v
doyamuaiIuIu 3 asaua i ldsumsaeundunin Tvuaiudoya



38

3.7 wamiﬂmmuaﬁmmﬁwamsmam

d' o Qy 1 9 an d' A éj
Mndsenoun 3-4 LlﬁﬂﬂNaﬂ”liina’stU’fNﬂ"liﬂ%ﬂﬂﬂfﬂ]ﬂﬂ]ﬂﬂ;ljﬂ’JﬂI@ﬂLWNﬂJM

A o 9

1 an 2 2 = A ° Ty an
m’oi]m’gwumgmaway‘a’mimwmumﬂ 1995 Tmm Lummﬂmmummgmawaya’mia
~ 2 A 9 an A 1 9 2 A o ' o °
‘Vlll"Iﬂ%l!LWiJQJi’)i;I‘aﬁﬂiﬂiulﬂiﬂﬂl181ﬁﬂ1ﬂﬂlu (114511‘@1!8‘1/]%WU'JUGHi’)QﬁiyﬂJWmLLa8’1]11!7]1!511@\1

A o o w o Qy d' 1 9 ad = a d%’ d‘
Interface UITUIUIINA mmuﬂﬁazvmnqwmﬂqmagmﬂammmu nnilszneun 3-4
@ Yy I A 1 = a 2 1 9 9 ] =
mﬁm"lﬁmuammsm 2C21 Lﬂﬂﬂ”Iiﬁ%VNGlJi’NﬂQ‘JJGIJ@HﬁuﬂEJﬂ’J"I(lHﬂim SCSI HaN1TNAa DY

A o 1

Y v v
UFBTUTUNMIANTINIUVOIFOITYYIUUAZTIUIUYO Interface TIHITONUAINYD
w3ev10135a0
4 4 v 2y
amilszneui 3-5 uazmmilszneun 3-6 uaasliiunmsasnangudeya
o 1 A a X ~ [ =~ @ < 2 1 J
AT LQI tRaugenganslunsdl SCST tag 2021 danuilumsazninguioyaniodd
9 ] 9 Y
119% NOT az CBK 8an311ULKUMS SCST NAN5aN9v04nquioyaganumun1s 2C2I
Y
Uszmnaaeam Iasdszunm lunnaiued
A 1 { 2 X o
A15197 3-1 1AAIAURAY PSNR 0909a0ukung Tuunums SCST duily
¥ a ] A~ o A 9 o A a 1A A A A
uwumsauay luamnsefvzaiudyu MPEG4 niinmsidisah 64000 dageduii Tifiea
Ay am =~ V9 = v & Aa
nstifidatoyada lerisaunastoyamed lunwuns 2021 miunlaussouzuod PSNR g4

n1125 dB Welluvastoyadalownnnuilaurasdoya uwuns 2021 dsnunamsgyde

ng 1 9J ad d' % d'
yousugunsizmaznanquieyala lengeauaaslunmilsznoun 3-4

16000 —_—
=~ SCSl

-+1-2C2I

T
1

8000

4000

Number of video packet drops (packets)

Number of sources (nodes)

Yy

A o )] axs A <
ﬂ']wllljzﬂaﬂcﬂ 3-4 ﬁ]1u3usllﬂﬂﬂquﬂlﬂyjaﬁﬂjﬂ‘ﬂgﬂazﬂi



10000 T
) S W F S N

3000 , ......

Number of video packet drops (packets)

2000

ol_mmTl— ﬁl""‘li =
1 2 5
Number of sources (nodes)

d' Qy U 9 ax =
nmiseznoun 3-5 mmaéummaazmnqmagmﬂaiumm SCSI

6000 :

o

o

Q

o
T

AOOOL-— b
3000

Number of video packet drops (packets)

—

(=]

Q

[=]
T

1 2 3 4 5
Number of sources (nodes)

d' Qy 1 9 Aan =
Ansznoun 3-6 ﬁuﬁﬂﬂlﬂﬂﬂﬁﬂﬁﬁgﬂﬁﬂﬁ]iJsllfJiJ"ﬁ’JﬂI@GlUﬂiﬂ! 2C21

39



40

A15199 3-1 AUNAVDI PSNR

PSNR (dB)
Number of sources SCSI DSDV scheme 2C2I DSDV scheme
Mean 95% c.i. Mean 95% c.i.
1 12.52 (11.80, 13.24) 27.51 (27.51,27.51)
2 11.87 (11.76,11.91) 21.01 (19.50, 22.52)
3 11.33 (9.83, 12.83) 18.52 (17.71,19.94)
4 10.61 (9.18, 12.02) 16.00 (14.89,17.12)
5 9.71 (9.54,9.88) 10.85 (9.54,12.17)
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Parameter Value
Area 120 m by 120 m
No. of nodes 50 nodes
No. of connections 1 to 5 pairs
Radio range 40 m

DSDV update interval | 15s

Power consumption Receive: 35.46 mW
Transmit: 31.32 mW

Idle: 0.767 mW

Scenario Fixed location, Random location, Many-to-one
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Node Drouting table

Destination | Receivechannel | Nexthop | Lasthop | Metrie | Sequence number
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Node Yrouting table
Destination | Receive channel | Nexthop Lasthop | Metric | Sequence number
A 2 c c 2 10
B 1 c c 2 10
c 2 c A 1 12
D 1 Fe X 1 2
X 4 X X 0 14
¥ s c c 2 10
) 1 c v} 2 8
Mode Frouting tabla
Destination | Receive channel | Nexthop | Lasthop | Metric | Sequence number
. | 2 c c 2 10
¥ij 1 c c 2 10
L 2 c ¥ 1 12
¥ 1 o b 1 2
X 4 c c 2 14
¥ s ¥ ¥ 0 10
5 7 c B 3 8

74



-
O}

Nogs

Node Crouting table

Destination | Receive channel | Nexthop Lasthop | Metric | Sequence number
- | - A c 1 10
£ 1 £ c 1 10
c 2 < c 0 11
o 1 & X z z
I 1 ¥ Y 2 2
A 4 & c 1 14
¥ g ¥ c 1 1o
5 3 A A 2 3
B 1 B B 2 8
Node Frouting table
Destination | Receivechannel | Nexthop Lasthop | Metrie | Sequence number
A 2 c c 2 1o
B 1 c c 2 1o
c 3 c ¥ 1 n
D 1 ] ¥ 1 2
X 4 c c 2 14
¥ g ¥ ¥ o 1o
B 1 c B 3 8
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ES53FE
ES53EE

Node A routing table
Destination | Receive channel | Nexthop Lasthop | Metric | Sequence number

A - A A 0 10

& 1 c € 2 10

B 1 5 5 2 10

c 3 c A 1 1z
) 1 c X 3 2

A 4 c c 2 14

¥ £ c c 2 10

5 7 3 A 1 8

Node Brouting table
Destination | Receivechannel | Nexthop Lasthop | Metric | Sequence number

A 2 c c 2 10

A 2 5 5 2 10

B 1 B B o 10

(& 3 c B 1 1

D 1 c X 3 2

A 4 c c 2 14

¥ g c c 2 10

) 7 S & 1 8
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Node 5 routing table
Destination | Receivechannel | Nexthop Lasthop | Metric | Sequence number

A 2 A 5 1 10

vi} 1 B 5 1 10

c 3 A A 2 1z

c 3 B B 2 12
L 1 A X 4 2

X 4 . | c 2 14

¥ ] . | c 2 10

5 7 ) 5 0 8
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Moda Drouting table

Destination | Receivechannel | Nexthop Lasthop | Metric | Sequence number
A 2 X c 3 10
B 1 ¥ c 3 10
c 3 A A 2 12
c 3 ¥ ¥ 2 1z
¥ 1 D D o 2
X 4 A o 1 16
¥ ] ¥ o 1 12
5 7 ¥ v} 4 8
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Node Yrouting table
Destination | Receivechannel | Nexthop Lasthop | Metric | Sequence number
A 2 c c 2 10
vi} 1 c c 2 10
c 3 c X 1 1z
n 6 D X 1 4
A 4 X X o 16
¥ ] c c 2 12
r 5 I i 2z 12
) 7 c A 2 8
Node Frouting table
Destination | Receive channel | Nexthop Lasthop | Metric | Sequence number
A - c € 2 10
& 1 c € 2 10
c 3 c ¥ i i1
D 6 D big 1 4
A 4 c € 2 16
X 4 i i 2 16
¥ £ ¥ ¥ 1] 12
5 7 c A 3 8
.
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Mode C'routing table
Destination | Nexthop Lasthop | Metric | Sequence number
A A c 1 10
¥ B c 1 12
c c c L 12
D X X « £
D ¥ ¥ 2 4
X X c o0 17
X ¥ c 1 12
5 A A 2 g
£ B B 2 3
MNode Xrouting table
Destination | Nexthop Lasthop | Metric | Sequence number

A c c «® 1
£ c L& @ 13
c c X oo 13
D D X 1 4
X X X L 16
By c c €« 13
¥ D I 2 12
£ c A €@ 3
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Node Drouting table
Destination | Nexthop | Lasthop | Meiric | Sequence number
. | X c «© i1
v} ¥ c 2 12
- X X o 13
c ¥ ¥ 2 12
D o D o 4
X " 4 D 1 16
¥ ¥ D 1 12
S ¥ B 4 8
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Node A routing table

Destination | Nexthop | Lasthop | Meiric | Sequence number

A A A 0 10
B iy C 2 12
B & & 2 10
c c 4 1 12
D c x 3 4

¥ c c 2 12
3 S A 1 8
Node Brouting table

Destination | Nexthop Lasthop | Metric | Sequence number

4 c c 2 10
A 5 5 2 10
B B B 0 12
c c B 1 12
D c . e 3 4

I
Iy
3
]
-
[

%]
[L%]
(=
[ 1=t
=]




Node Frouting table

Destination | Nexthop Lasthop | Metric | Sequence number
A c c 2 10
B c c 2 12
c c I 1 12
D b ¥ 1 4
X ¢ c 250 17
X D L 2 16
¥ ¥ ¥ L 12
S c A 2 3
fl.
7 _
.,.r'g..,"
SO ISP
T
O] O] :
~ @ - - - T
F:Ltir;rra:;sga
Mode Frouting table
Destination | Nexthop Lasthop | Metric | Sequence number

A c c 2 10
B c c 2 12
c c ¥ 1 12
D D ¥ 1 4
X c c oo 17
X D I 2 16
¥ ¥ ¥ L 12
s c ¥ | 3 8
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Routing message
Node D routing table ~
Destination | Nexthop Lasthop | Metric | Sequence number

A X c &© 1

¥ ¥ c 2 12

- A X oo 13

c ¥ I 2 12

D o b 0 4

X " { b 1 16

By ¥ b 1 12

5 ¥ B 4 8

MNode Yrouting table
Destination | Nexthop Lasthop | Metric | Sequence number

A c c &© 1

B c c @« 13

c c X oo 13

D D A 1 4
X X A o 16
¥ c c @« 13
¥ D L 2 12

) c A «© g
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Node § routing table

Destination | Nexthop Lasthop | Metric | Sequence number
A A =3 1 10
B v} 5 1 12
c A A 2 12
- b B 2 12
o ¥ | & 4 4
X 4 c ® 17
¥ A r 2 12
s Y £ o 8

.

muilsznouh 5-4 msdsvlyudumadioduniiamsisenas

anessuil 51 myaudumailenuduniaviamsiyouao Mvuali next_hop,, ,, A0

Wo3ya Next hop A11l5 path_lost AOEUNNNNAMIIFOUAD LA other_path ADIFUNNF1TD

1:
2:

if (link_fail) then {/* Route time out*/}

path_lost = get_path(next_hop,,; .);

delete path_lost,

other_path *= get_path(destination,, ,.);

if (other path is not available) then {/* Don’t have other path */}
path_advertise *= get_path_advertise(next_hop,,, ,..);
advertise path_advertise;

end if

end if




Node Crouting table

Destination | Nexthop | Lasthop | Metric | Sequence number
A A c 1 10
v} v} < 1 12
c € L& 0 1z
D X X ® g
D ¥ 'y 2 4

¥ ¥ c 1 12
5 A A 2 g
S v} E 2 3
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Routing message o ]
- e -~ ' =

Node A routing table

Destination | Nexthop | Lasthop | Meiric | Sequence number

A A A 0 10
B c L 2 12
B & & 2 10
c c A 1 12
D c X 3 4

b c c 2 12
5 5 A i 8
Node B routing table

Destination | MNexthop | Lasthop | Metric | Sequence number

A c c 2 10
A 5 & 2 10
B B B 1] 12
c c B 1 12
D c X 3 4

I
Ity
Iy
[&]
=

L]
L]
=1
=]
1]




Node Frouting table
Destination | Nexthop Lasthop | Metric | Sequence number
A c c 2 10
B c c 2 1z
c c ¥ 1 1z
I D ¥ 1 4
X c c €© 17
A 0 D 2 16
¥ ¥ ¥ o 1z
£ c A 3 8
U.

Node 5 routing table
Destination | Nexthop Lasthop | Metric | Sequence number
A A 5 1 10
B v} 5 1 12
c A A 2 12
- B B 2 12
D A X 4 4
X A c =© 17
il ¥ | c 3 1z
5 B ) 0 8
f.
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muilsznouh 5-5 msdsulyadumaiiomsirenasvoudun1aundIen1LI9 Link failure
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v

aR A [ Yy 9 A A Y Ao o Y 1A o Y
oaneisui 5-2 msaau Tl lddunsou Wordumeidasldauegnatym Tastmuald

d viue99 Inuala1en1a last_hop

data data

) Uag data, mac_callback ) ﬁmaﬁq%’@y,a Last hop U

Yy A g yA ) [ =2 Y A a
m’a‘ummauﬂlawumuwmﬂ%ﬁa T3V data, path_lost Wh1ﬂﬂﬂtﬁuﬂ1ﬂﬂlﬂﬂﬂi‘gﬁ1

other_path vinenudundrsesdmiumsdedoya

1: if (mac_callback y ‘l) then {/* MAC layer cannot sent data successfully */}

data link
2: path_lost += get _path(next_hopdmlmkﬁﬂ);
3. if (path_lost,, .. 4o F data,, i Chmme]) then {/* Wrong receive channel */}
4: send data,,, ., to path_lost with true receive channel
5: Else
6: delete path_lost,
7: other_path ‘= get_path(destination,, ,.);
8: if (other path is not available) then {/* Don’t have other path */}
9: path_advertise *= get_path_advertise(next_hop,,, ...);
10: advertise path_advertise;
11: end if
12: if (mac_callback, dmhnuﬂﬂ) then {/* MAC layer cannot sent data successfully */}
13: if (other path is available) then {/* Have other path */}
14: send data,, ., to other_path;
15: Else
16: drop data,,; .
17: end if
18: end if
19: end if
20: endif

523 JEmsasdeyasdialnsinaea 16C31 MDSDV
A A ' Y vo9Y am Y a Y
101309 18ABINI ATy AR Tadnamatin MDC @28 1ws Inaoa 16C31
v v & . vy a o
MDSDV  Tnuadun199z 1949 2 Data interfaces  Tumsvuaatoya luvaz@einulvua

< g o =4
Ya1eman9z 1419 2 Data  interfaces  Tun1s5doya venvnil Tnualarenisez 14 2
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Foedya 1y I UUY 2 Data interface 15 uTuToyalunaazidunie auiuTvua

U

Uaremeazll 2 soedyanadmsvivdoya lumsaedoyaid learemaiin MDC NTMsHoN
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FaTesoniu 2 @iudes TnuadunivzdsdoyaunazdIuruduniaag Interface 0
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1 1% I v o J
Truadunavzdedoyaniaoid UM udunufedny Joya Last hop vi1a 4 luduas
4 A ! o '
WO UTZYIdUN19 (Path identifier: Path 1D) vu1a 1 lud azgniinasludiuiivengy
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C) C)

[

uauNaeId i Inuataien1a d parh id

data

WAz last_hop,,, A© Path id 11a Last hop #

32y data, o a9

1: if (i =s) then {/* current node is the source */}
2: path, = get_pathl(d);
3: Path, *= get_path2(d);

4 if (path_id,

atak

= 1) then {/* neighbor is the destination */}

5 send data, to pathl;
6: Else
7: if (path,= path,) then {/* source has only one path */}
8: send data, to path,;
9: else {/* source has more paths */}
10: send data, to path.;
11: end if
12: end if

13:  else {/* current node is relay node */}
14:  path, = get_path(d, last_hop dmk);
15: send data, to path ;

16: endif
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DANOITUN 5-4 N17LADN Interface ﬁ”lﬁil]ﬂ”lﬁﬁ\ﬁlﬂllvacﬂiﬂuﬂ I ﬂTVil!ﬂGh’i path_lddamk uag

last_hop,,, WU19D4 Path id 1182 Last hop N32Yu1 1 data, awmdray aauls s et Tnua

next_hop next_hop

Aung als 4 e Tnuatlarenis Ch, wag Ch,, oIy Mg MY

Sudoyavesdynnud 1 uaz 2 vesInuada luawday cr, nanedaresdgygiunIugy I,

g

If, wag If, vueda Interface dmsudssudoyaduns Sudoya nazdadoyanudiny

next_hop __

1: if (Ch,,l = Ch,) then {/* next hop is the source */}
2: use If, with Ch,, to send data,;

3:  elseif (i = d) then {/* current node is the destination */}
4: use If, with Ch, to send data,;

5: elseif (i =) then {/* current node is the source */}

6: if (path_id,, = 1) then {/* pathl */}

ata
7: if (Chrlnm’hOp =Ch IJ,RS) then {/* next hop uses the same channel as some data in If, */}
8: use If, with Chrznm‘h('p to send data,;
9: Else

10: use If, with Chrz'th’hOp to send data,;

11: end if

12: else if (path_id,

atak

=2) then {/* path2 */}

13: if (Chrlnm’hOp =Ch IJ,TS) then {/* next hop uses the same channel as some data in If, */}

14: use If, with Chrz'th’hOp to send data,;

15: Else

16: use If, with Chrznexuwp to send data,;

17: end if

18: end if

19:  else if (next_hopdamk =d) and (path_id o, = 2) then {/* next hop is the destination and path
idis 2 */}

20: if (Ch,,znexr‘h{'p = Chr;) then {/* next hop use same receive channel */}

next_hop

21: use If, with Ch,, to send data,;
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22: Else

23: use If, with Chrznm‘h('p to send data,;

24: end if

25: elseif (Chrlw’hw = Chrls) then {/* next hop use same receive channel */}

next_hop

26: use If, with Chr, to send data,;

27: Else

next_hop

28: use If, with Chrj to send data,;

29: endif

'
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9ano3sui 5-5 mynnsalasusesdygradmiuiudeyavedlnua i NoUNINIZIY
msrudunie aaals s muedaTnuadunia (Source) Aamils 4 vinedelvuadaroni
(Destination) #2113 N, viuedesiuauvesIvuameluszognie 5 eotvoslvua i 119
' @ 3 ' @ o v o 9 J =2 o
Fodyana Ch, 1Wusosdyanadmivivveya lag Ch, #F Ch, a1y N, M1Nede9IUIU
= 1 ' @ @ = T I A ' o
masvedlvuaao 1 seadyan dals p vuedannuinztluvesmsnlasusesdya o
Tag p = (VN /N, daudls S, nunedanguuessesdyaaiiingldaniesndi v, uag s,
= [ 1 [ A A 9 Y 1 1 [] [ ] ] A
ninedanguuosresdyanuninmsldaudesndi v, ualdsaunguuesresdygiuid

Truamoluszeyma 1 setvesTvua i IFnudlusesdyanudmiviudoya

1: if (i & s) then

2. if(N,2N,)and (N, F 1) then

3: if (S, # NULL)) then

4: if (( # d) then

5: switch Ch,, to a random channel in S, with p

6: else

7: switch Ch,, to a random channel in S, with p by the switched channel does not use

on other interface

8: end if
9: else
10: if (i # d) then

11: switch Ch,, to a random channel in S, with p
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12: else
13: switch Ch,, to a random channel in S, with p by the switched channel does not use

on other interface

14: end if
15: end if
16: end if

17:  end if
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