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A Joint Topology Discovery and Routing Protocol for Self-Organizing
Hierarchical Ad Hoc Networks

Seomin Yang' - Hyukjoon Lee'

ABSTRACT

Self-organizing hierarchical ad hoc network (SOHAN) is a new ad-hoc network architecture designed to improve the scalability properties
of conventional “flat” ad hoc networks. This network architecture consists of three tiers of ad-hoc nodes, i.e., access points, forwarding nodes
and mobile nodes. This paper presents a topology discovery and routing protocol for the self~organization of SOHAN. We propose a cross-layer
path metric based on link quality and MAC delay which plays a key role in producing an optimal cluster-based hierarchical topology with high
throughput capacity. The topology discovery protocol provides the basis for routing which takes place in layer 2.5 using MAC addresses. The
routing protocol 1s based on AODV with appropriate modifications to take advantage of the hierarchical topology and interact with the discovery
protocol. Simulation results are presented which show the improved performance as well as scalability properties of SOHAN in terms of through-
put capacity, end-to-~end delay, packet delivery ratio and control overhead.

IR : BETH HER HENI(Self-Organizing Ad Hoc Network), 01& BIE& HHENI(Mobile Ad-Hoc Network), EF2X B4
E288(Topology Discovery Protocol), 24 CIE & 2198 (Wireless Multi-Hop Routing), S8t&M (Scalability), I2AH010{
M (Cross-Layer Design), 22 M5 (Path Metric)
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717+ gt
S. Ganu¥e A2 EQAE(Access Point, AP), 3¢ k-
(Forwarding Node, FN), ¢]% xX=(Mobile Node, MN)9] 3
AZ(ter) 0.2 748 SOHAN(Self-Organizing Hierarchi-
cal Ad-Hoc Wireless Network)olghiz A 2& AlFE of
=5 vEeda +28 [ostdti2] SOHAN A AP 3t
o] o YA Ay, solngr 54 oF F o
EQAE T4 93 FN, MN#% #&74¢ B3
dAE. o] FxF H=F HEYAZ bR Al Al
27 8 58, 4Eo )58 {ASHME A 2E §%S
ZNANNEE AAHU
SOHANZ & n»E7F o8 4 e Hoelxg 714 4 gl
v g 54 92 B¢ A(multiple radio-based network)
o] 71 Whio FN& F /M MZ g 7 Qe de]~
M A ovlA shue MNOR e 0}63"%51
(downlink) EjHE 9| Zoli, & Jub= FNTF Edf
golu} APR #ahe WEE Aluplink) EHTE AT Aol
t}oolg e tF F o A4 MEYAAAE MEYA B
Z24 g¥(topology discovery)d H3tol 2z} Qe Ho| 9]
AR g2 Ade Bd 2 2% [Route Request, RREQ)
WA E HRuA~E Sof 7] wFo] H2 a4 w4
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HAAME ol wrof BT £ e <ol ~9 A
& dloly Bl A4 Hof HAY 4 glom, ofnE B
A2 FANAM L WA £HE AFeh dEHNR EER
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S. Ganuél ASelv WEYAR EE2XE 4] H% ¢
A AERN ded] £ AE AEE AHSshe MAC A%
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tor) #lel 2tew T2 EFEg AREsla ANk oliz MN
S 2RE APA 9] f-E(outbound) E el thafjMut 2
8lal gloki= Aeko] vt S. Zhaot DSR(Dynamic Source
Routing}{3le]1} AODV(Ad-hoc On-demand Distance Vec-
tor){4]ek && 7]E9 j=F 2hed TREFES SOHAN
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(38 1) ABTY ASTE =8 HEY3 7=
3. E¥EX HM Z2EF

1 EY Z2eZ

EZRA g8 w5Eo] o wnE# At associa-
tiom)& B3 =E1¥Q WEHNT EEZ2AE A&TA4stE
Aot} 27t Mgt @M ZREZE FNI} MNo|
APE JE2 2 v =gAd F 1—53% ORI E B,
ojwj AMgHE VR e e 7 »xo AP 719
0E F B go] HagHEE ?‘5}{ Rojr}. olz WA
o7 tAd YEND EEZAE APE ARss Fe2H
T EANE A HAgEY, olE B8 & WE Adve b
Z AP #4 HAE Hoig g4 £ JxF dFo

EEZ28x g4 Z2EZE & (beacon) & A WA
olty, o7 wEL 021139 #L V]FEY ZREFA A A
£8rE WEE FFAY §EAF HFo2RY uEd
4 4 vk AP FN2 & & A9 o] =558 QA
g7l st g Apgath HEde FHHo JEYHa
EZ2AE AYsr) Y8 W E o dgd R0 AR
& Egsta ok Al2" AF AEE APe FNE i) A
#H2 Adg B Fr)Ho vEE Apshs A884 &
g AFEF o 7iA APE AR HES 34T £ YA
ok FN2& AP 3& 08 FN¥ 29 Aoy nas
£8 4 o4tk H¥(scan) FANA FNI} MNE B &&
Aakr] fete BE Afdol i AAS FriRen wEg
o}, olu H]Fo] £AHW FNI} MNE H|Z ABE
of Zadef ol nx HolEE alati, A RE w=
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EQTE 2T oz ASHMO EEFX M I ARE ZREZE 00/

7} Yol A RE o WEog FAHAG of EE FZ e
EE REEL RE APY MY Ao Ajpdn. BEERA
BAg g v g AL uEo] déE = HANA ot
go g wAFo AT
HE wAjAlel 2 (28 29 2oy, of Fag AY
AR = a2 ARg-gvh Msg Type %‘:l“* EEZA
g4 gl AHEEHE HARY 8ol A3 o)A
= g A%, 283, 288A 44 Ele] AUtk
Node Type B HAAE A48 w29 Y] HBE &
it glth o7iME AP, FN, MN ol 3ol ghg 7hxith
Node ID HEE wre J¥zZA wsr A% GE A
#Hola A Interface IDIE 7FA B4 QHHo|AE
e AR =EE AAFEE #t} Channel EE
A A E AEshs AMEE FA Ad U5E H1 doy,
o] F& FFo AT o]x xTole BA AERE ARETh
Cost to AP =& H|EF ALse =22 5EH APHAIY
gt-8 v g HEo] dF 4R E e of & AP
9] #9-8 vjg FHAAM HMe ER =g Ads
Al AHEEY, o] ghe] AHatel dlElME &AM 2pA3]
AF3t) Beacon No. M= wARle] £4Y HZolx
WA= o] FE& ZA87] A8 AMEETh BSSID =+
BSSID(Basic Service Set ID)E A1 &8 £E AP MAC
‘;rc‘i% =il th AP IPv6 Addr. =+= APS] IPv6 4
T dew FN# MNY IPv6 4 A5 @2 address
autoconflguratmn)[Q] o} Ag-#t}

Msg Node | Node Costtwo | Beacon AP IPv6
Type | Type | 1 [Chamnell “up 1 TN | BSSID | agar

(2% 2) SOHANS| |23} HEF HAIX| 7=

of% k& HolEE 7 mroA Al uE A% &
P mAARRE Qo “E{:}oﬂ 7] wkated %W‘{‘it} 7]
A of

ol RE & of &l th& F(next hop) =7} §
T EYTR g R w2 i FRE P 310"1 2}
A rzd gigh ARE XA wEbA o) k& Hol&
& Bed ZREZNA 27| G99 HolBE S5 4
d ARE AT ole 4 oA APE Fale 2
= L=

By dgigt e F I AERE AT gt ®
w7t 7B A 2(default route) 2 M EE A Hrh MN2
A 2R E Fol7] 8o FgHol Fosix ¢7] i
AP FN& MNo| g #7l eh9u & 98 ol ==
olE ule} MN HE=E o|&grl e Felxy U9 1
o wrgd dg 29¥ HolE dEYE St FAHT
AODV 298] T2 EZd o8] & F7)von-demand) 4
oz FAd.

ol % v HolEE BjE% A 84S Fd M2 o

1



908 HEM2/EBI=FX C MIT-CH MTS(2004.12)

% =B dAEHUE W AAEY x5} ol nra R
HIEE £ 9o vEd g HABE] o
HolEd BAME L, ol% =S8 Fa 59® £ 9 AP
9] g8 djgo] AT APTIX S n)&2 njZo
e ol2 =2 HE APZAR 9 gh¢d u g3 JAF o]
w2 Ha wge oz AEr =57 B4 s
Hojube Ao o]% == HolZe ANHY. dEF
EAste =22 Y H A Wl d4E F Y (scan) B 9 A
& HE¢ vA B39 dEE 74 AXgd 4 x=2E
FIA 2 Ayl ol kg Fo] AP7IR| 9] 219 ulg
| 7V A& w28 8 BE mog Mg

EEE ¥R 2R 222 93 Fd 9 et 2
oA AAE Btk A AR E B e A
g ol k= HolEeo A4 == AEE st WAl
AZEH Ag #e HRE AR ®£F Ao F7
A e JEE Lifetime 95 #& 4483, 23S B
=EAA 2 &5 AAE AEHch 2 =) 4
S WAAE $AFE FH AY LT By poa Y
et e 2 w=sh $9L £ B A W
A AR aAHE s 484 " oA e &g
& FAA B3E A4 =D o]f nE HolHoA =
H xxg AEHE AASL g FH =EE Mg &
o A% H4& wEHY X JEYIY whHd s %
24 qRst7 fated olnl AFFAAN U A w27}
R xE2RE 33 A4 uES $AHR Eah= F$o
= AR 4894 E Mgz E i

olf I HolEe 7t dEHE (27 DI o] o]
EEZRE FA BE AR oy JREL ¥Esin
Aot ol == HolE U2 Node Type, Node ID, Chan-
nel, Cost to AP, Beacon No. BSSID, AP IPv6 Addr. ¥ &
9 FgEL F£AEH 88 dAXERY EA®ED MAC
Addr. BE& ojf =29 48-bit MAC F48 vehd}

j=s

TR

[

o s FHE vEE RS, 7 o]f w=g BNE
T e dEFHolAE AAB] s AHEEY. Cost to
Neighbor =& o]% wz=olo] B4 g3 v &g Jehd
ok 22l FEl2Y(heuristic) HHH L AE8to o] #
< ANEY, olo] dEiM T g dolM x4E Aot
Assoc. EE o7ldiE wmet 7l 9l AT @A
FTHE vehiiy, q7lde B2 @4, 24 @4, 2% ¢
& A G EEEX g "t g JAE dye
(29 PellA 7l&&ta gl

AP
1PV | Assoc,
Addr.

Life | Interface Costto| Costte | Beacon

MAC { Node | Node | ...
BSSID Channet AP | Neighbor| No.

Addr. | Type D> time iD

(78 3) 0I% == Holg 7=

32 BA HT

EERA g9M Z2EZY 333 5 9 s 5L
AF A5S 7P AP #4 9E f3g Hge 84
T UAEE APE AHde FY2HT 44 AFEE =
2AQ EE2RXE FASE Aot wehd B =FdE
SES APZEY] B4l v 88 B4 Hxad Algdt 7
By =22 fE(outbound) AT =E=dA #4]
(inbound)= & dlo|H EHE AL¥ 4 = APS B4
3171 918t Afrdor s R =g HeE m APZIR
o AE HEE J|FoR AT F ns 7he) BEFH
H3 4L A (symmetric)elstn 743t ohekA AP
o B L7k §U9/43 EYEE B 2L ARE A}
R kid=)

AODVY DSR#% #& HPFZ = YEYIAE 93
HEHY 4y ZZEZEMN F2 ALLHT e F
§F 7 ARE ¥& A% 4%L 10 A28 YAsEd B
< FARE HA R o, oo g dFEe] da] A
HAcH10-14]. B4 F Fo 7z oy Zzezge
At & 1 A A 0 A2E QA H3, o3g
Aol Y $A AEg A HY B Be A

B
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F A 7bEQE AgEolof st " EY AFE o] Abe Resend ASSOC reg;
d if };
. DDy A5 AEA MACHIA BAsts ZE Ad el
A Ve, AAeR A4 4ol 93e Fuh o end ( if };
i ~ end { case };
71 A A3 MK propagation)A] st A AA T g , .
6. {Sending association ack message}
o Wyt AuHeE W Ay did LEEHA gert if ASSOC req is received then
HE Aege] g4t AF 42E B4 We WY o case Nodefype of
e AHE AFLE v shA dcHidl Modify a neighbor entry by ASSOC reg;
N Set NTable[ASSOC req.Sender].Assoc
A EDD( EDD,u) 3249 RE o] tfst EDDy, o ey oered
9] gtoz oldie} o) HHEAC] Send ASSOC ack to ASSOC_req.Sender;
FN:
if PARENT entry exists and
EDD o = all ,,«mzé o path EDD i ASSOC_req.Sender # PARENT then

Modify a neighbor entry by ASSOC reqg;
Set Table[ASSOC req.Sender] .Assoc

begi to CHILD;
n s s . Send ASSOC ack to ASSOC req.Sender;
1. {Initialization} - -

i . , else then
Initialize channels with the predefined Discard the received message;
values for each node; 1 { if }: '
case NodeType of MN: !
AP: N .
Discard the received message;
Start BeaconTimer(Tiescon) ? ’1 {C crase }: g
FN, MN: o end { if };
Start AssociationTimer (T.ssociarion) 7
2 em‘i {lcase bi 7. {Receiving association ack message}
' {Malnt,oop} if ASSOC ack is received then
3 S! ;. b Modify a neighbor entry by ASSOC ack;
- {Sending beacon message} Set NTable[ASSOC ack.Sender) .Assoc
case NodeType of to PARENT:
AP: !
. , . ) Send DISASSOC to old PARENT;
if BeaconTimer is expired then Restart AssociationTimer:
BEACON.CostToAP := Dq,.AP; if NodeType is equal to FN b
Send BEACON to all neighbors; Restart BeaconTimer:
Restart BeaconTimer; end { if }: !
end { if }: 1 ( if };
FN: !
i€ PARENT entry eXL‘StS anld 8. {Receiving dis-association message}
BeaconTimer is expired then if DISASSOC is received th
BEACON.CostToAP :=PARENT.CostToAP NodeType of
+PARENT.CostToNeigh;

AP, FN:

Send BEACON to all neighbors; NTable[DISASSOC. Sender] . Assoc :=Null;

Restart BeaconTimer;

. MN:
end { if }; Discards the received message;
end { case }; end { case };
4. {Receiving beacon message) end { if }; !
if BEACON is received then !
:;f‘ NodeType of 9. {Update MAC routing table using NTable}
]5, d th ived . if NTable is modified then
N l;;?r € received message; Modify the MAC RTable based on NTable;
' : end if };
Modify a neighbor entry by BEACON; bt
and { case }; until the node shutdown;
end { if }; .
5. {Sending association request message} end { Topology discovery procedure }
case NodeType of
EN, MN: (28 1) EERX| £ =)

if AssociationTimer is expired then
Find BestNeighbor based on

AEdHoz o] e 7z} dmLoe] E PR 3| X H A
CostToAP from NTable; hdsos of 4 P Eagel suyad dAEs
Send ASS0C_req to Bestleighbor; EDDy,7} rHso] Qold & Utk A2 EDDyyel 7
if sending > reg is faile n }
if retry over three times then W& 7 wBoA o] Rk dF Eol =B X7t mE Y
Delete ASSO(;__lreq.Receiver entry ZHE HEZL A8 714 glA A4 8= X9 Y
from NTable;
Restart AssociationTimer; Fol o wmIt A Dot r & AMSEAE AA O

else

g} APS] A folE HEg FA8kA @7] dEd » & A
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e glch whebA YO 4 & AN S ooldEtn YRR
B ANE D .ge Agstx geth o714 X9 D gre #
B w20] EDD,y 3t dgtel gIxgk Aale] EDD,,, o
EEYEY w5 X 3o n n2e d4sly] do
Aol A gk Do 34 wr YRRE FA%
EDD & AHg81e] A9 EDD,y & Al4HETH AP 4
ol D,grubs £83te] At

A% EDDE =2 BE AP 7 e dA$siig £

ghh o] Aol WAstE FU DAY g E] o)y,
A% e ’ilﬁ‘i dd BAE FHAe Ao oY)
M AEE= A4S FEC(Forward Error Correction)?}
AHEE A FEdE /}Xo* gtoll Al MAC A ZolA A
g vepdn

o]
il

4 24798 Z2EH

ol Folr Hygfo] SOHANS EEF =] 24 ug
EEL A& T4E B3 A% £39 Ao Ha EZ
EAE T8 ety A7 A4Ae EZrA gy
EEZ o¢ dg EE2X AR qHS 8387 9
e ol & AgEE B8 ZREZ XAV E st
2 =idMe d9E ZeEgy B2 g4 meeg
o] 25 AFA ol FFr} ol2F WAL t}S3} 2o
AdE 7H

e EE2 ] HuL ghgy
Z\ ol‘:}

o =% chedo] [P 2}4-8 AFo EFsA 2y
R frE YEYA P 7y YEYAY Eilo
AALYA ol FoHT)

e J=E HEYNA A 48 F¥2LHE ©Y LAN
AIRER A Y] gio] Ha FHo] daslh

ZREZ o8 44 ¥iHE

AEE B4 Z2EFS AQDVY] r|ukelE, R4
7-1]9)r b9 Holg el e FAste AAT o)

¥ WA ol% r HolBo] rits P"q 7\/1 E} -5 Hlo]
% TABER, ol o} a7k g
HEL Frhsi) E%E/\l g = E%" o «JEH "3"3%
ol k& HolEE 7} mEoA APZIA] Rgslr] 98 o)
eE(H PR Bl i3t AEE ¥3sta gt o
HEe 2y Holgd 7|E A2E xv|sslu Fv)Ho
2 A7) 8 ALgET 1 9le) g2 Bz wso o
@ AEZELS AODV A2 24 Fad o8 ayvu o
Aoz AgHch MNS @98 et &7 Wi o}
8 =R 3 AL FASA g1, A7 22 (sour
ce} B EHA] Agvre F3ch weld MNe 2t9g

o O 1m 4 _>.:

HolB& 718 AR dEus /A9, ol e & A
2B AR 98 BR T (FNojU AP)Y sk Ax

FN#} MNE =3 #h98-g 93 Jdxis8 MAC 4
g ARREAEE WESA AZdME P FAE AL
of Fa¥ IPv6 T4 A4F #39 & F4 @9 FHL
T3 dofzith. MAC F4of 7iabgt g$8 w48 ALg3)
7| M B R s dsolr & A7 Aok dEY2 A
FAM P F42& AHEste] BA E9ztel HAE Adsly)
AsA e HA Pt E 74]301]*1 948" 4 gle MAC
Fan oo g} o] F4 MY F4E 9d g
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