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ABSTRACT

As a backbone network, wireless mesh network (WMN) aims to provide reliable high throughput network
connectivity to wireless users. Recent research has focused on routing and channel allocation to increase the
capacity of wireless mesh backbones. Wireless mesh networking is an attractive solution for home, community,
and enterprise networks as it is a self-configuring, instantly deployable, and lowcost networking system. In this
paper, we empirically evaluate and analyze charateristic of WMN to establish WMN testbed by measurement.
We use laptops and net4826 Soekris board widely used. Soekris boards are equipped with one network interface
card (NIC) or above in our measurements. We also use paket generator, routing demon tools and so on.
Throughout this measurements, we show limitation of Soekris board and software we use, and suggest guideline
to establish WMN.

A ARIAE el we A7t elReRz 3l
‘;}_[1]-[8].
WMNelA= VB Zel Fofdhs ZE 257k

I.M &

WMN(Wireless Mesh Network) 7]&~2 Ad*]9]

Lozt e Pxp]E dfel 71Ee] {41 iR
Y| E2)F(backbone network)2- thAld 7o g 7|}
Hi gl A2 T4 vEYz /Mdeg, HE

o] 74 HhAE Sl olFIAE Aste, Y-
29] A% =9 o543 Al 372 =4
Sl Alsi=iek, dhal, £97F throughput A%-& ¥

* Agofstw A7)Fehy den|v]e] F5A1% 9474 ({ohlee, skim, hylee} @mwnl.snu.ac.kr, schoi@snu.ac.kr)
FEHF  KICS2008-07-297, A} 12008 7€ 2, 3HFE=TA4dal - 2008 89 11

160



&/ A 4 viESZ e AL de HE

Erro mile Qg HUFAIE A FH X

2 ket olE sldl o Ad 9] B o Al
Elgo]AE ARS3l= b Eo) A=)

HAEHZE o843t WMN Zl&o gk e
AT o Fo] Ze AR X ekt daks
WSl ole] W o)H-E AHESA A ¢
8 dg] Axs glc) B =RelAe T WMN
HAEWs 58 s 7B g8 AR8sT Qs
Ao oduiAl Soekris =8 ARSste] o} Ald,
0F F #749 WMNS T5317] 48 J—ﬂﬂ‘ﬂ"}ﬂ
T ARRES AYE B3l gt HA, xERS
Soekris H.EE H|a3led Soekris H.=oll4] AMEEt
o 2 7Rt AsH HAE rled =3 o
okt Fel whed EZEEEI A3 HArE
Soekris HE AbollA] T2l eEH dg ~ZES
017} Aol Aeke] 9l Soekris HEof ofH gk
Z 4 gleR]d s AAZ throughput A%
5 76‘% Sl AdmRgich

i ogd 2 A2 A" 13

ol AR AnESY T "z' 5—"6‘3'% P}E T

%1 WMN dlaem=e] Azel AYe gt
A3 VAo 77 <l Qelde]x, o Ad
(SISC: Single Interface, Single Channel) ¥7, t}&
qlejdlels, b Ad  (MIMC: Multi-Interface,
Multi-Channel) &7olAe] Ay AxE 7|<gdct
VAdlAe defet 4 2hee Z2eES AMSH
o ofF & oM dofRle F97L throughput
Aes AvEe, Ade 2% 34 &% o
T AEE iR

<

r

r.10

hd mlo

¥

0. 48 3|9 R &y

2.1 sl=Sllofo] 72

WMNIX=Eofl & Soekris AF9] net4826-50 #1]7}
w2 AR} AMElE Soekris HEis
E4 Ay FAslel Aw)aA 266 MHzS] CPU
<} 128 MB9] WmlE Atk 74 E4lE 9
] IEEE 802.11a/b/g & A|¥3|+= Atheros AR5004
chipsete] A#=o 9= mini-PCI 3=]e] Sl
7h=E ARgRlcL o] Auledle Hd 7 sHe] T
Fleg At = glom, o}F ARMg-sled MIMC 3t
A& AT 5 otk dEvEE 3 dBi 0l5%
2= 5 GHz 4 FA%4 e 285k

Soekris B=7} 7FA= AsAael dAE Alsiy )
S8l AR A el 3k ARlE AgE)

o] Az} 3hg vlwslsich ofF ] A o] k=5
HAFE (IBM X31, X32, X4002} 5 719 CISCO
AIR-CB21AG-W-K9 A&l 71=F A}gsigdc) &
= CISCO FAall7}= A] IEEE 802.11afbjg 2=
7} XM 7F53) Atheros chipset (AR5002)8- AH-F
tl. 58§ dge] ok x=E5e AME Carrer
sensing= & ¢ T FE3] 7R ARl Yxig
c}.

2.2 A= ERlojo 714

Soekris =& F%A17)7] 48] Debian AG2]
Voyage ®Bl%¥2 (version 0.3, 1)°] AHeEgc)
Atheros A4l 7]8te] TAd sl== MadWifi 2%
A A tinle]A zzloly (version 0.9.4)F AR
sto] Alo]E Yrhk Throughput FAHE 93 A3l
A 2A IperfE AHEFOH, 2028 179 F
7H HAE AREsr

. B QIEHO|A, Bl XHd AIBY(SISC)

HAL WMN =of shte] FAlEl QEjso) A5
AHgst FE APdS Fsled, SISC fEelA
o s Mskodcl 2 F o §F
Al Soekiis REF AMHE o I e A
2] throughput %% &43193, $7 through-
put A5e] W3 FolE A3t

x4
o

3.1 SISCE AlEst i & #goime] 4

olr
34

3.1.1 Soekris 2=2} Iperf mZl wWiz(o] M5l

41 o] Soekris B9} ghle] B X 7]FE]
& AR 541 @304 throughput A58 &4}
9t IEEE 802.11 DCF (Distributed Coordination
Function) MAC (Medium Access Control) $H74of|A]
MACHZ142] payload, & MAC Service Data
Unit (MSDU)®] =717} 1000 byte 2} 714 o, o]
E49) v < & throughput 452 24.3 Mbps
ojch

Hz Aol Iperfe] HA WAL 28310
(version 2.0.2), AHSRE 9l o ot ok
AeddE = 100 Mbps, CBR (Constant Bit
Rate) H#H Z7] = 1000 bytes, &4 A7t = 10
seconds. SFA|¥E, 31 throughput A2k 15
Mbps 745935]' ol A AdF7E o] EAal Al
aA & elxe golch el EAsr) da s

161



FLEAIT 3] =F 2] "08-09 Vol. 33 No. 9

Wireless link

Laptop £, Soekris board S Laptop L,

33 1. Soekris®EE E3F EXIZ B4l

3 P Z2Ac ARA, AdddE
A & ] & throughput /‘4——01 °4°i5‘7°
JF}“‘:} FEl= ol24E F 7k 7S A
. AA, AH8shs Soekris BT dibsHe] g
& sjedelde] A, X, Sk AT EY

Z: Tperf, = MadWifi Z=lo]He] A
HH A A 7Pde g@lsly] s 2™ 154
e EZZAE FAACE T Z8" v}
o] 28 m2 el Iperfe L1 L2ollA 747.}
client9} server24] A= Soekris H= § + re-
lay g%t sl L2o]4 & JH’;l._ﬁithroughput
s ok A" A L2dd $AR e 20
Mbps HEG 2, ol v|E oAl vix|A] 3}
gl 7]&o 24" Al vjs) A AR A=
otk AEAHo g, Iperf client® Soekris X ol
A o, AFAEE FTMIAC vt DA
Z Ajsfol & A @] FrlslH, ©]F Soekrs
Rl HHsA Azl REE 8% 4 gl
At

T Hg 7P F MadWifi =2le]y] S T4
7lee] 254 £-5E sl sl A A
Soekris =9} Y EX7F) throughputs 234 5ch
Alg Azl 437 Yo% throughput “d-gel )
ol ZA AR X3k ©olE Iperf?] FAIE
Hekste], Iperf WAE HAl BiAd12.0.20] obd
HA]l 178 ARle] AAEE A A
o]Z Ztell 2% 20 Mbps AE9 throughput A
T 2% 7 Uddch FVEE AL 202 WA
A FelElgd Afdde] wel oz2A -
throughput A¥el= =2, 1.7 WAL Iperf W5
AEUES FA4 A3tz AA ARgo] 7hs3t
A Tl sk e xAo] %l g1
4 gtk ¢llE S, 100 MbpsZ H$Y Fe
AL ], AA] Iperf client”} /‘]—%3]—: g

2 20 MbpsE 7t Aslsle gholddch ol
EA wjFel) Iperf clientE Soekris R= Alolla] A
gelrdete & AP vl sk A
She WAEA] ¢shct

()
£

b

1« i
o}

i%@m

N

162

4

3.1.2 clst =fol ot & Ms &3

tlekgt SoekrisBES} kEHS] Z3E o4l
Iperf client %server 7} @ ¥ throughput A%
& Iperf 1.7 B}A& AM83l] EAsgion, 1 2
= & 15 2ok 7 A 20389 whE A¥E
F8 22 G gholh (o]F FHE= AY AL
< 583 AAA] W= 3 BT 2039 ubE A
L 5o Qoldl Hags oridkeh. xR -
XERY 23 A W B 2 A5E By
o], 28]3L Soekris R=E A}-3E. throughput
o] WA ZAE-E g F U} ol= A8 7bE
g A dgFe] 22 Mbpsrt W5l E7eta,
AMElE AFE HEe] A e wEs e
Z BAFc} 53], Soekris o) EES] F3l
4] SoekrisE =4 Iperf client® S3A|ZS o,
Y G Al5E BojFEch o|& Iperf server® 54}
A ) B} clientE S22 W B33 resource
7F o Be-8 ehdck ZZA 0= Soekrs It &
Alg 7% ), 20 Mbps A =7} throughput 435
2] HdEYE 1=k

She

H 1. Iperf client - server %} throughput 4% ®]3L

. Client-Server Average
Client-Server
Throughout(Mpps)
LEXLER 22.10
5 E-B.Soekris 21.98
Soekris- - EE- 21.78
Soekris-Soekris 20.08

3.2 SISCE Algst Cid & &ZolMe| M5 &3
EX 7k Ao H]sx] Soekris R o
ZAollAe] AFgte] vkt AA v AL s,
oiE F AFelxe Soekris REolA Iperf cli-
entfserverS 2A] AME1R] Wik & a3 29 7
o] Iperf client/serverg 75417171 #l&] F o] =
EES AMdllem, BEexle Al]l dHz 74
3tgdch Sn n¥lA Soekris ReE vElE, £ (n
- 1) A o 54 Fol AHEES frigich

Wirgless Links Wired link
Soekris board S, Laptop L;

o Wired link
Lamop Le Soekris board S

2 2. SISC 349) o} & Aol EE2A A3



i FA wal vESz el AdA A A%

¥ 2. SISC #79 w5 & eEzAldM S48 44
throughput A3 w3}

Hop 1 2 3 4 5 6 7
Average
Throughput | 22.76| 1267| 8.60| 631| 4.97| 412 3.18
(Mpbs)

£ 2% SISC 373K & 4o F7ll wE Hd
throughput®] A5 H3IE RiFEc] =E AN
Soekris RE5E FH3] 77k RellA] FAldd] 3
ofgphd, BT e AdE AMsh] Wi, B M2
9] szl AFE AR & ek w2, F 5+ Flell
2= throughput®] Fhaws, © Folld &3 23
£ i & 72 vr 3 23T Y 4 U=

V. LS QIEHO[A, O M AFH(MIMC)

£ AHoA= Soekris Be=ol] 7 sHe] FAH <l
EMIC’P“?‘ AMg3taL Azt o AdS sl
Z7b AE A7 wbgedl dis] AlsiEc)
WA, old Adzke A ARE AR |
MIMC 7304 Ad &3 $Ig A EE A
ol o]E Jiie e dAE Ady ofF §F JEYa
Ao Fxt A& A

4.1 oI Mgk 2Hy

B =Ed e OFDM 78k 802.11a EES
PHY 7|€2 AM3ka QIAIE, AA| o] aabql
A S ¢sl ARE T Al A A
Uzkell 74 #al F}9dch

23 33 o] xEH T oo} g 9] Soekris
REg AHgsle] 2 § 74 vEYNaE FAskw
i % 3htE 5 GHz W9 Ad F 713

2 Fulg gjod]l 36 AdE 1, ofE ¥ F
aoﬂ 6-g Al & sRegt AdE el
a8 34 3™ X & s P Ad HEE o
ehdc) w3l <k zke] Arle] =& 7] &5
5 ] s kG 7 ARI]] 4§ dsiAlg
o AFL ANG) HEAE mdshes SR

Scekng basrd §

T ‘IL—__——. b

Antenna distance d -
Laptop A Laptop B

a7 30 A AT MEs 54 24

Throughput degradation by adjacent channel setup
via Soekris board S,
20 - -

7
B o5 4 S .
é H
510 ¢ m e e . ~4+-Ch 36-40
2 ‘
9 ~®-Ch 36-52
o
E 5 - ~#=Ch 36-60
“=Ch 36-165
0 +
7 15 30 60 20

Antenna distance (cm)
JE 4. S1E AR QA A9z A 59

Throughput degradation by adjacent channel setup
via Soekris board S,

[
a

B 2

-
B -
2 PP, e
310 —4-Ch 3640
B - Ch 36.52
£ s ~4=Ch 36-60
" —~Ch 36-165
0
7 15 30 60 80

Antenna distance (cm)
I3 5. 5,5 AR QA AT Has 2

A A" F7) throughput, & 2 F throughput
AsE AR

I3 4= S18 w73l Soekris HEE ALE-3od
<7t throughput 458 5343 ZAdjelch vy
22 A7t 7HHe] HelAE, et Azt
HoASE A7 Hde] Ao, 1 A} ¢
throughput A58 4-& 4 ok 2+ **”“‘ 36
W, 165 Ade 7 FA Hael dddele o 3
st 4 glew, ol& d#f 17 Mbps AHEE vie}
W ik AEzkd H As-g
3] J& by, Ch 36- 1654 4%, 17.37 Mbps,
Ch 36-609] 7%, 13.74 Mbps, Ch 36-529] 7%,
13.14 Mbps, Ch 36-409 7%, 12.68 MbpsZ 1}
e, H Ad5& 3 & Ch 36-165 7
= e A e A Ads odm], 47
36.96% (Ch 36-40), 32.2% (Ch 36-52), 26.41%
(Ch 36-60)%] A% ol5°] UL I 4= Urk
webd, OFDM WHAlg ARgExlets, oy Adzt
ZHAe] 7PHEE M-S o A HE 5 ke
ok
- AdzEe] AL Ao, Ad At

163



a2 A1 83 =5-1] 08-09 Vol. 33 No. 9

diaert oy FAez A=ty Avdsiod
= o2 Sockris HEE AMsle] 22 g ul
seich

23 5% t}E Soekris HE S2& AMSSl] &4
H Aol U S1E AHEE WY Adel=
i o2 Age Yeplz glck WA Ch 36-409]
A= zﬂﬁlv}‘ﬁ, 8o ¢ 18 Mbps ©lAke]
7 gl ole Al S17]
uke] Aspel= Ao|3F 8ol oldl v, Ch
36-409] 7oz kel izt A7l Sk @
2} throughput 5ol Eeile Fol7t FstA v
ehlx] ederk AEH oz AMR sledolo) wlet
FAHE e de] dEE T F Uk
S|k, 4313
31 7§29l Ch 36-1659) Z3§tol| H]s| Ch 36-402]
A8 45.16% 9 AT AstE BF3 itk

4.2 MIMCE AIB% CIE & oMo Ms &3

SISC #7delde shie] WMN =7} $41 A
QS {3l gle Bkl AT oE x2E2
Aol AT & 4 gk o] wiFel], SISC el
A Z<b7) throughput A% 3RS o] F=d] A7}
et B A= 7 Soekris HEol F /e F
AR Fl=g st o Ade g9sled,
MIMC 3735 FAsIgich Adubd-2 SISCelA 9]
Agal ZdsiA Al BEZZA|oAMe] gt A
ZAolct. A AHY AHAE EdE, AR’ AdS
L HAAFAF] 8 QAR Aol Ak
H3en T F ol @d2hA] 36, 48, 64, 149

3, 4 F A% 9 §F o) 747 220,
52 s A3 FEAL 5 Qi o)9) e

5= 9A] Soekris X odAF F29] A
= 7/‘1._.2 AE, F F 57 SR
& AeA] Akl Y TS A
c}.

off b
_ﬁﬁlﬁ

m}m.l}m&o}.u,khl
'fﬁ

;:_‘_n.,

oz
‘{[\_
V. O3 2IEHOIA, O M A(MIMC)

AAA Q] VIENZ B A A¥elA] 38
H vie} g whee delRe) $5 AL AHes
7] og7] wEel, AMEShs WMNS| 5A4& 3
sle] A el 2hsE TzeEZS A A
o] Fadht ¥ HelMe AL Bl AFH F
Ao BeE Zeegw ol A Ane Av)
Ll

5.1 DSDV on Click modular router

2 T2EFS Adsirldl 4, s 3
ZAlA 9ele *:—ls”—iﬂ e TzeZol ur}
whE A 2 53 Y3 Ak Click modular
routerol] gk A& wIslgivt Click (1.5.0 ver-
sion)®] Al HlZ wlAele A dei" DSDV
(Destination-Sequenced Distance Vector) 28 =
2EZo] FH4xle] glow], B A= Click 3
732 DSDVE AH-stod, A58 sk

£ 4= ololl o3t AHAE Jepdcl Soekris BE
oMo} FAgte] & Fo2 "ejzlon] AAe] x
ERZY] AFAFAE Clicks AH3H o5 o

W Ade AHLslgith  Iperf & AMEE &7 Az (22.10 Mbps) 2tk 7.5 % Zashe A R
t ¥ 33 2t} 4 oo}, w3 gAle® 9iAdsle] Clickes A3
g ¥ #7olA Soekrs E=9] i through- < o= E 59 o] SH3ke] A oAl A
put Aso] & 29} Zo] 2276 Mbps HE=YS %
]bsh, 3 3] 2 F 4854l 19.10 Mbps HHA| # 4. Click -DSDVE o8¢ 24 § 4% 2%
dH] 192 % AHE HE& Asolch olet fABIA, R T—
Ay A7 24 Agelde Adigke dephs Server-Client rate Tougnput
o o] Hal A (Mbps) (Mbps)
a3 5ellMe] AHd e 94l 1875 Mbps et Laptop-Laptop 100 20.55
100 3.35
. . : 50 3.50
¥ 3. MIMC 339 dF ¥ EEEXHA A" g7 Soekris-Laptop 10 7.69
throughput 435 3} 8.5 8.40
Hop 2 3 4 Laptop-Soekris 11%0 igz
Channels | 36, 48 | 36, 48, 64 | 36, 48, 64, 149 100 145
Average . . 10 4.51
through- | 19.10 18.66 18.18 Soekris-Soekri 6 452
put(Mpbs) 5 4.53

164




A o4 EYa gulel APA A AF

E 5. Click A3 A% 41 &A%k vl

) Wired throughput | With Click
Server-Client
(Mbps) (Mbps)
Soekris-Soekri 39.5 5.02
Soekris-Laptop 43.4 5.22
Laptop-Soekris 427 4.82

& 8 stk

Click®] A#gujde] a4 AvE A3 =k 14
Mbytes AE2] Z7|gem, o] SoekrisH =2 A
A vlzz] geko] 128 Mbytesql HS w#{¥ o
el Zagsio g vfg Z L]t

ole] Ad o TEE Fl, Clicks #AHAAL
2 23} u)F-ol] Soekrs HETolx{2] Algo] Loldt
A 55 Falsisick

5.2 Optimized Link State Routing{OLSR)ZZEZ

OLSR> DSDVS} tiEe] 71 we| AMEH=
eheH Z2ed Fo spieloh A4 x#d Click
3} 2] OLSR Z2EZQ] Falo] A= 2lss
]l Elolsrd= 178 KBytesH 52| 22 ffo2 T
Eato] shsdled, XA interfaced EHE}HEH
ZHAdgE 29 HolE-g E%a Ao =eH H
olfol A MyolF= FhFslAME 73 WA
o] Zgaae|ct,

L2l olsrdE ARRSlY, 71EY A 29
23 gelgiel o = o5 F throughputids&
3 6, 79} o] A& 4 gk
13 62 wd-dE Ad, Ak 2" (5
OLSR)& AHgsle] &A% AnE v|wgh e =zo]
k. A9 ule} o] zA-rpE eheEe) A}
A A& FAF 4 ol7] dEell, Soekris X
ZollA olsrd®] A8l v HAEE o = ek
ik MIMC 2749 ZAste 74 xx= 7pi @l9E
oldl BT 2 FollrHele] AT AH3E HiF:
slem, ol WA AR ¥ = o 7AFel
& 4= glck

o,
o o

E 6. OLSRE o8& 2 & Ae &4

Hop 1 2 3 4 5 6 7
Average
throughput| 22.58 |12.16/ 8.66 | 6.57 { 5.21 |4.25|3.48
(Mpbs)

E 7. OLSRS o485 vF F A% &%

Hop 2 3 4
36,48,
Channels 36,48 36,48,64 64,149
Average
throughput 19.10 189 18.2
(Mpbs)

w
|
|
I
|
l
|
|
'
|
|
{

-
/’f

|
|
|
{

Throughpst (Mbias}

5 4
¢ & Fixed (SISQ)
" -~ OLSR (SISC)
-~ Fixed (MIMC)
\ ~— OLSR (MIMC)
5 ———
g
ol S - :
1 1 3 4 5 $ 7
Hopeount

o8 6. stelos Ad, 7Aoo eleld 2Eege] Fot
7} throughput A% BJaL

Vi. 3 B

A}-2 &L (Seoul National University: SNU) et
A el 9] F 3] He|virle] FAFAIR
74 (Multimedia & Wireless Networking Lab.:
MWNL)-& Zshs WMoz 74 v4] V=
9]z ®l2EWE (SNU MWNL Mesh: SM-Mesh)7}
FAE dlAolck SM-Meshi= & 7712 Soekris #i4]
el 2 TAEY, 7} k. okl 5 ool FAl
7he, aela A & aefstel A v
A A" A, B =Pl Zled AP e
ARG viElo g 7} ko] Ayt feEgled, &
9] A el 27 73} 3t

#nEd

(1) 1L F. Akyildiz, X. Wang, and W. Wang,
“Wireless Mesh Networks: A Survey,”
Computer ~ Networks Journal, Vol.47,
pp-445-487, 2005.

(2) R. Bruno, M. Conti, and E. Gregori, “Mesh
Networks: Commodity Multihop Ad Hoc
Networks,” IEEE Comm. Mag., Vol.43, No.3,
pp.123-131, Mar. 2005.

165



24183 =% '08-09 Vol. 33 No. 9

(3) Seattle Wireless, Available:
http:/fwww.seattlewireless.net/

(4) MIT Roofnet, Available:
http://pdos.csail mit.edu/roofnet/

(5] MSR: Self-Organizing Neighborhood Wireless
Mesh Networks, Available:
http://research.microsoft.com/mesh/

(6] Mesh Dynamics, Available:
http://www.meshdynamics.com/

(7) Tropos Networks, Available:
http:/fwww tropos.com/

(8) Champaign-Urbana  Community =~ Wireless
Network, Available: http://www.cuwireless.net/

(9] P. Kyasanur, J. So, C. Chereddi, and N. H.
Vaidya, “Multi-Channel Mesh Networks:
Challenges and Protocols,” IEEE Wireless
Comm., Vol.13, No.2, pp.30-36, Apr. 2006.

0| € #& (Okhwan Lee) Z34
2006 29 AEoEta A7)

(2D

2007 39~dA] Al A
713 A A

<ok FAEATE

166

& M B (Seongkwan Kim) Az
: 2000 29 o e Ax)g-et

D

20024 249 wei st AAAHF
B FEaAAh

20043 3Y~3AR| A-gfisha A

| JIEE- e
<Pl ol FAEAT

0l 2| A (Heeyoung Lee) ZEA
2007\ 8¥ A-Seletw Ar)g-st
Wb

<HAEop FAEA

{
A

% A & (Sunghyun Choi) =) 3]

19921 24 =3 ]ed
713Ag8 = (34h

1994'd 249 g=Ebrieql A
7)1AxRgE S (M AD

1999+ 9¥ wAzHHgtE 7]
AFEF e (D

199913 94~2002 84 vw|= I

¢

St A7) e g
FAI%, o SEAIY



