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Abstract: To evaluate the performance of protocols on wireless ad-hoc networks, approaches both by simula-
tion and experiment in a real environment are important. In this paper, we propose to use a software-defined
radio platform GNU Radio and its dedicated device USRP2s to built a flexible and narrow space wireless
network testbed for evaluating protocols designed for use in lossy wireless networks. Our testbed can control
USRP2’s wireless communication range less than 5m by adjusting the gain of the digital amplifier in GNU
Radio and the analog amplifiers in USRP2 and enables to deploy a multi-hop network in a 5m x 5 m square.
To confirm that the proposed testbed can be used for evaluating packet loss-resistant protocols, we conducted
experiments of a data dissemination protocol leveraging random network coding using the testbed. The mea-
surement results were almost the same as the simulation results obtained by a packet-level simulator with
the similar values of link packet loss ratio observed in the testbed and showed the potential of the testbed
for the use of evaluation of data dissemination protocols for wireless ad hoc networks.
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(b) HR OB

17m

Source node Data receiver

1

B I —

1~10m

wg

—>

wyy

2m

3 WIEFERIZB T B RN D RALEX

Fig. 3 Layout of devices in indoor measurement experiments.
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NIV OEBRIEFI 25V ANR— A TIT2 5D 5 MRT 5
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720, X7y NOAPEA LR TWRETEW T — Y
HHPHFEE 15 Random Network Coding (RNC) 12D
T, TAMy FEiGW R Iab—Ya raHuTk
HERFAN &2 47 > 7-.

4.1 RNC zZH/-1EHRECE

RNC[16] &, kLD 2AE L2 D X v MTx
LTENTNT ¥ & L REeEIRL, 2o & FAIRIEK
L THIEMAE % & o T Network Coding (NC) [18] & 1T
IFETHY, L OFIHBINIRE ST 5 [19], [20].
RNC TlE, ki RIZBE PR L TWad NED/ 7 v
b X = (21,20, -, on) IR LT, ENENOREKE RS
7 b2 bV C = (¢1,¢0,--+,cn), ¢ € GF(2™) & ERK
L, GF2™) L TOMIZEE Z TV 1 DDfF 5137 v b
Pt =ciwy +coxo + - +eyay THEK, EAET L. ZE
WA TIE, bR s FIVASKIEIAL & 70 5 FF 5 b v
FEAECED NEEEL TCWRIE, ToF—% P %1
FTEL. 1EOT70—F& ¥ X M TEEOERIIFEL
Nry PERETE, ZLOFF Ty bELAY MU —
ZICRATTE 54, RNC TlE/87 v b AR L T
BMDFFHAL S v POZAFIZE D RE L7228 v 2 Hf
TTCELEVWHIFIELD D,

4.2 EBHERNC F—2BEVXT L

T A MRy FEHWZEHEi RO EEET— & ifE 7
O hae LT, 7= EXEmABIAES 5 ik
WTF—F DOFR - &N 7 v b a X & (overhear) L,
RNC #flVC7F =437y bEBEKLTT7HE— KX ¥ A
NS BYATARFEREL, $72, RNCZHOW WAL
DORED -0, FkEERA RNC 2 lWIcT— 787 v
AR L TS 2 VAT A b HEE L.

COYAT LTI, PR RIIZE LT — % 2RFEL
THBX, EEro Y —a 2 2EZ LB LTR S
F=y R EETLE. WRK2Fy TOWMERMEL, F—%
AR AR, R ER, ZEWMKOEESR % S 3 MO
KEAEL (B 5(). MKOBEILTOLE) T
HbH. T 5 ERImEKIEFE® 10 7D 2,000 bytes DT — ¥
IO EICERTA. 72, E—a ERETHLE,
FOBHTORE T — % % 1,000bytes D 2 2D/87 v k
IZEL, 5% RNCIZX Wik L, Hafbans:
200Ny MERET A, mRkERIE, T— & A EUEER
DHEFET =¥ %5, T A, PR, ¥—av%
ZETDHE, 1 OO TN v MR L Tz SR
LTWw3 12085 b8 v M &%EL, 2 20U EOKFS
3T v PERRFEL TW2h, BRERNT Y R 2 D% @ IR L
THURNC THAILL, RSNz 2 DO/5 b/ 37 v
FNERET L. SERREIC—aV 2 1BITEIIREL,
2,000 bytes DTLDT — ¥ Z{EHFTEhH L —arikEx ik
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Fig. 5 Experiment environment.
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Fig. 6 Timechart of experiments.

WD, RICT = T ERIREN T =5 2 BT 554307
Wbt E—aryREE2HETL. ZEMATLI DT —
FIFLRKI0BOE -3 VEEFELMTE RV, &b, fF
AL N Y MR CL, Cy D2 DFEF 2bytes DT —
FHPFMENT D, Fio, FF5 (LTI 1 byte HALT
HEXIT) .

X 6 [ZEBOY 4 LF v — s Ry, BESHGSINS
b, TV ERmERET-FRERL, ZERKIIE—2
VEFEEBET A, X 6(a) ld RNC 2 H V72854 125815
IT—=DRERPSTHEOBITH S, A5 A EER
HO0R (DUTHAMIZ OB ERRL) TRELAZY—a X |TH
LT, 7= ERKEDPTTDOT =% % 2, yy E0EIL, %
NETCIER L7555 b8 v M dy, do %% ET 5. &
BimRIEINO2ZEL, TOT—¥ &5 L, €—av
EEEEILET S, 2LC, RIST— Y ERmENT— 45 %
BT B4 I THDI0MIh >z TE—ay
EEE T 5.

[ 6 (b) (¥ RNC % Fl\V 725 & il fE L 7 — A5 ET 5
WEOBZRT. EWEPOBICEE L —a 13
LT, 7= % EBIRPERG LFT 7 v b dy LD
MARICORP R VET L. ZEWRIILOT -5 2H5T
X9, AL 1 EY—a R %EETL. 1 BDOET
kIR & 7 — Y BRI K O T T— ¥ HREEL TW»
L7, MmRIIT— 5 2Rk ET 5. ZEHRKLEITOT —
Y EETTET, 2BICHTE—a 2% ETL. O,
MR K DAY —a Y 22FT 5 &, PilkmER TIEIH 7212
At/ v b e, eo BIEHKL, TV ¥ LERMELFN
eHEETSH. ZEWMATIE ey 2ZEL, di, eg VLD
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—e—RNC (3 nodes)

h R
RNC (4 nodes) _ RNC (4 nodes) ~A--d
ety Td BT
0.8 { A RNC(4nodes) 0.8 { RNC(3 nodes) s 0.8 | RNC (3 nodes) g7 &
- © - without RNC (3 nodes) RNC (4 nodes) ~. g"}(& e
N 0.6 | =& -without RNC (4 nodes) | N 0.6 :;:6’ without RNC w 0.6 \(':t,:fdu:)m
a RNC (3 nodes) Y o zﬁ (4 nodes) [=}
s 0.4 A “ 0.4 o without RNC © 0.4
’ ___@:‘—é 4 : ,'Ilﬂ/\ (3 nodes) —@—RNC (3 nodes) : without RNC  —@—RNC (3 nodes)
0.2 - gﬂ?’ 02 g e —&— RNC (4 nodes) 024 (3 nodes) —— RNC (4 nodes)
. T ithodtRNC  Without RNC : - © - without RNC (3 nodes) . - - without RNC (3 nodes)
0 [ (3 nodes) (4 nodes) o - & - without RNC (4 nodes) 0 - & - without RNC (4 nodes)
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
The number of sent beacons The number of sent beacons The number of sent beacons
(a) HIEZR :0.04 (BM) (b) HIEE 1 0.06 (EM) (c) HiIE=E : 0.07 (BMN)
1 1
RNC (4 nodes) \ RNC (4 nodes) g
0.8 RNC (3 nodes) ) 0.8 ﬁ ::é,:;@.-—
0.6 | without RNC , 0.6 | RNC(Bnodes) A 2 -~ \
5 (4 nodes) yoas 5 i without RNC
© 04 Pl © 04 an (4 nodes)
g ,/D—O—RNC (3 nodes) . ',g'\ —@— RNC (3 nodes)
5 /7 —&— RNC (4 nodes) A —a— RNC (4 nodes)
0.2 / ,g’ P ?:ithout RN - © - without RNC (3 nodes) 0.2 ;’;ifh%m TNC ~ & - without RNC (3 nodes)
A nodes
0 (3 nodes) = A = without RNC (4 nodes) 0 = & - without RNC (4 nodes)
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

The number of sent beacons

(d) BgiE=E 1 0.07 (244

The number of sent beacons

(e) HlRE= 1 0.08 (EHh)

7T T ZEICLELRE -3 YOS

Fig. 7 Distribution of the number of beacons needed for receiving data.

Ty EMETL, E—-arEFEE 10 F TEILT 5.

RNC 2SH W SN WEAIE, FElSniz 8Ty b (2,
%) BEOFTEREINDL. K KOBEILEE L 72
RNC # WA L RBETH Y, ZEmE Ty, vy 2%
HONr Y NEeZRTHETLDT -5 2 Bb 2 ENTED.
PLEOEIETIE, 108%E 1ty MEL, ZEMENT—
Y OB EBEINT A TOY — 3 v EERKA L 7.

4.3 TR BNy KOERK

g FEERCI5: 5 M 72815 T RERERE & IER 2 2612, X5 (a)
DL, TV EEBRLLZEHREND 1 &y TD
TRk, T8 AR AED S kiR, kR A S
ZREWMANE 2Ry FICL DT — FEENRIET S bR
DERDEIWRERE L. BYTIE, K3 (a) DA
(2, BATIEM 3 (b) OHRATICH R ZBE L7z, &
RIIIEBEREEF L = R=FeT7 7 F2FH L7
INT A —F I TEEREFEER & W] U HO LR E 5.11 GHz, ¥ v k
L — b 500Kbps, #E7 A >~ 0.01dB, %fE7 A ~ 75dB
&L, WIERZBEANTIZ0.04~0.07, BTl 0.06~0.07
L7, ZERFRNIE DBPSK # W7z, 287 v MEA Yy
T &, 1,075bytes DT — 37 v h k|, T5bytes D
Y—a o2 fHE Hviz. 7= %% v PAHICIE, RNC
THW/RE C itk SN Twb. RNC # HW i wWiid
ZC=0&LTwa. F7z, FEBRITI > THEUGA K CTHE
ORI ET> TV D, HIEE, FRkmAE L TRiking
1ORDPEETHEIHEDL Y M —27, dhflkigR 1 & 2
WD EET 246Dy N —2 FNEFRIZONWT,
RNCHY) - LDFH 489 —> %% 180 £ v FakAT L 7.
B 5 (b) ICEBRY AT 2DV 7 by = THKERT. A
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FEERTITEHIEIE 2 USRP2 2/ L TAT 9 72912 TAP = H
W7z, TAP &1, OS EOA —H 4y FTFNA A% LI 2
L=FHtL, 7=% ) Y 7BOEEZ 2= T 07T LT
ZlENELTAHMEMATHS. UDP/IP T7H— FF ¥
A b ENT2T—F1E TAP 12 X D tunnel.py &9 GNU
Radio ® 71 77 L |2 &, USRP2 26 MEMUE 7 & L
THKEENS. tunnel.py TlE, Aik L7z benchmark tx &
87D, CSMA 1230 MAC LB % 1T 5729 2 TV
7y NEEFTRETHL. ZOTOTI LB LI
LY, 7TV —a VIBTHEE LW REE T S
7 L% T GNU Radio & USRP2 12 & % #{E 251 1
5.

4.4 EERER

7(a)~(c) IZBN, (d), (e) ICBYTOERKFE R
. IN6DT T 71, FEMETI80 £y FOFITICBW
CTF— 9 ZEFTICREL LY — 0 v RERKO RFEE
BoahikmLTwhb, ¥—a % ERE 10 0T oo
ED R 2 T — 7 ZEEER L TCnb, T, FFEBRIC
B a2 EmE MR TOY—a 57— % v b
DU RAFERER 1IIRT. £ 1 Hoflid, RNC OFHI
2b 6P —DOMIRESFIH SNzt y MIBWT, &K
KB TOEZEINT Ty bS5 RDZZLDTH A, Ui
KBONy b O ZARIIH 10~90%TH > 72, — &Ik
WaEE T, 287y b O ZADORERIT YA O S TH
AT 52 BB THDL. Lz ->T, ELAET A

o ZITEMBRE O v b A A% D 72 o 72 TCP-
Westwood D FFMiIZB VT HERlixF RO » 787 v b A
FIE %KM TH 5 [21].
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£ 1 OERTEHUSNABHERBICB T 587 v b o
Table 1 Packet loss ratio observed at each wireless links.
e E SAVEA
W | 2ERE XE-hRE L E-k 2 | RERE E-THE L AP 2 RE-REE L RE-PE 2
EA 0.04 57.9% 93.4% 82.9% 78.3% 91.3% 74.1% 64% 73.2%
0.06 50.2% 36.1% 59.7% 69.0% 68.8% 77.4% 51% 49.2%
0.07 31.7% 23.2% 20.6% 64.3% 66.7% 84.9% 31.8% 28%
AL 0.07 48.5% 14.5% 11.5% 92.3% 73.1% 71.7% 51.4% 50%
0.08 45.4% 15.5% 10.1% 71.5% 69.2% 72.2% 48.7% 51.8%
1 —e—RNC 1 RNC (simulation) ! RNC (simulation)
0.8 |~ RNC(smulacon) RNC (simulation) 0.8 ane /3__3::8;%% 08
- © - without RNC o a'" )
. - B - without RNC (simulation) . 06 © ,,zr'\ . 06 Withourm\\;ﬁhout RNC
8 8 /6 Jag w_itholutﬁRNC 8 (simulation)
0.4 , . (simulation) 0.4
. s e —@—RNC —e—RNC
023" e —#—RNC (simulation) 0.2 8 —— RNC (simulation)
B without RNC = © - without RNC f - © - without RNC
| 0 ¥ - B - without RNC (simulation) 0 - B - without RNC
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
The number of sent beacons The number of sent beacons The number of sent beacons
(a) HIEHE : 0.04 (EM) (b) ¥#IEZ 1 0.06 (FP) (c) #IE= 1 0.07 (BP)
1 —@—RNC 1
—m— RNC (simulation) NG (omuttion) RNC (simulation)
0.8 h 0.8
=© =without RNC
-3 -without RNC (simulation) RNC without RNC
0.6 0.6
5 5 without RNC
[} o (simulation)
0.4 . 0.4
_ET\  without RNC memhne o
0.2 0.2 —— RNC (simulation)
g - without RNC &7 = © - without RNC
o ~ g-- (simulation) | o! - - B - without RNC (simulation)
1 2 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10

The number of sent beacons

(e) HIE= : 0.08 (B4}

8 Y3ial—va iR EERIEROILE

Fig. 8 Comparison between simulation and experiment results.

Ry FEHWE Z LT, EEOERA Y T =27 VAT 4
R L CHELRREA BB TE TV,

X 712B8WTC, RNC xwga L v wnidr it
Wyse, INTOHBAETRNC 2L ETTF—4%
FBREPMELTWA, T/, ¥—a % EREK 10 [MEHD
BEZ T 5 L, LDHIEREIVNSWEE (BNTIENY
IEERAT 0.04 DAY, BV TIRIEIERDT 0.07 DHE) Hik
b RNC OFHEIC L 22 BEOENIKEV. 1 EIhh
5OMIERTIRBHNENZNZENT, MBOBE LY Ty
FOZRAEN, DT E LY, 8y b O ARNFE IR
BTHDHIZE RNC OREDPENZ L5505,

4.5 BEYI1L—Ya RBEERBR DR

T A PNy FEHWIEERHROZBEERGET 5720
2, EBREFEBOT—SEUE T )+ Ty PLANLOD
OAREEZBLIEHN Ry I 2L —Yaryifrol, K
Yialb—varid, KUiKETO/N Y b O AR BRE
L, ZNICESWTZERIZHEL, ZEWMEICBIT 5
NIy NERERIIBEROLLDTH L., #0720, MAC
JBRWFIE BT A MBI L CTIZZE LT,
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X 8 ICHI KA1 BOADEEICBITLY I 2L —
varvkEREeRYT. YIalb—variE, £1oNry
FEZAEEFML, 10,000 £y Moz, M8 XV, &
BRI alb—2a VIERIZEDN DD Z LG5,
R, BNOMIEZ0.06 (1 8(b)) &EIOBEIESE 0.07
(X 8(d)) DEHEIEDIRKENT LGN D. RIZ, LVFF
LT Iab—2a VR EEBFROELRRSL 2012,
FEMRN T — ¥ #ZET L OIEE LY —a U %E
[\ D554 12xF L T Smoothed-Difference (S-D) Ofli D %
koo, BRI, ZEWMESE — 3 YR ERE L [T
TETELRMTOENEIIOVWT, FBTELLDE B, ¥
Ialb—YarTELbDE S EL, D=3, |EL— Sk
(0<D<10) #35EL7/z. DOfERFR 2 1IRT. £2 &
D, BAOBEIEERAT0.06 TIE D 2% 0.6 Tid K WS
DB

Yialb—va v EEBREROMEDFERIZOVWTE R
H, vial—3arTlR, FUFLENT Yy FOADA
DFEEEZBHEL TWE, —F, 7A My FIIBIT 53R
Tld, HERBENODNQIZEEL TWSH EIERL i,
Xy b O ADFEABEICRERE ETIXS &R H L L E
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AHND. TOEND, YIal— a3y EREROM
EOBRERD12:EZ6NL, LPLENFL, Y Ial—
TarCTEIERLA Yy NAARELEZZLE, ZO
Y3ialb—va VEEREEREROENNS L, 61T,
B2y haAREF 1 OEDINIVRLIE, TAD
TA NNy RCHELNIRERIIEZLENH L EEZ LN
B, FIT, BWMEKMO/ Y bOARER LD BIE
HL/2H92ZTyIal—Yarz#fr\vy, DBLXUOKRT Y

MO ARDEDI/NE L D L) AT ERD .

D ZHET L7200 KuAKB O v b a AEDEAL
P, EBRTHST v bEAKISH LT £15% L,
ZOFEPNT 1% ORI SE RS D R WE L7z, [F
2, N7y b AROHEPMETARL 720, RO
oy MR ZARICHLTSD OES #EHE L7, BARIIC
i, ®R3IIRT LI, EUED N v buAFEE R;
Y3al=YaryTofit0; &L, =Y _||R; - Ol
(0<6<0.75) ZFME LA, F/2, 84702 D #85%K
LT, hmkmREELS 2 AOW%E, HREHPAA ik
WMRBH 1 BED L ZITHKIRICHZ 20T, 22 TlRd

F 2 E—arEEEEDOHAIGLTO S-D
Table 2 S-D of the distribution of the number of beacon
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WA REBHDT 1 BOBHEDRIZOVTIERLL. K 9(f)
E, BWIERICBITL87 y PO ADOMETTESLNLS
EDOMAE, DI/NSEWIT)I NS 20007y ML
bOTHL., M9(a)~(e) 1, HEWIELET LK 9(f) DT
Oy MRCTRDFEEISEVE EON v b AR E H
WCyIalb—2arafiofiREThs £3I1IZFDL
SOy O AREIRT.

B9 (a)~(e) ICIEHT 2L, BH (M 9(d)~(e)) Ti&
BN (M9a)~c) Vb, ¥Ial—3arb iR
BOEINENZ EDGDE. DOE (F2) #HRTH
5E, BHOFPENORERICH D OfEIVNS (ko
Twa, M9f) 2Rlb L, OMEICIEL2&EHE DD
D, BITIR S DD RADEE, BHOBHE LD L 678
NS, BNBREOHPE LD FEBRICHEL T T L
Worirs. 72, BNOIRER 0.07 OBEIERT S &,
§ OR/MEIZ 0.3 T, BmAKBOTAFENSY I -3
Y EFEBTOREETOTN WD, MEBREEATEVIREE
DAy NI =2 TONT v bUAROPIRRE DI, /3
oy NaAENITEAE N TH D LI % BUF 75 81E &0
DYEERD L, BN SVWEEZ D, BN THIER
0.07 DA TIE, KRB O/ v b O ZAROF LY
CHIERE, BYLOEIEZR 0.07 TIX Y AARETH S,
S5OTNOMEIE, KHARBIZBIT 237y I AT L

transmissions.
FBLR L o o sy O AEEELE THIXAI NS WHIZE EF o Tnh, LA > T, TA
T aTYN Stal—aroms PRy FTOWMERREZLEREDE VL, 2O LK
WIE# [RNC ) RNC %L |[RNC &1 RNC %L D, WBEFREVSELRERT Ay 22y b7 —=212BF
BN 004 | 0.242 0.162 0.216 0.101 57— BAEF LD BRI T 52K 7 X Xy RO
0.06 0.491 0.546 0.286 0.293 FIH I RetEAS R S L7z,
0.07 0.343 0.297 0.287 0.189
E&+ 0.07 0.294 0.295 0.272 0.085
0.08 0.324 0.192 0.222 0.144
£33 Yial—varTHwiry hOAREERIHICBIT A7 v FHARDE
Table 3 Difference of packet loss ratio between simulation and experiments.
v—ar
ZE%E Gk 1
HE=E | EUME (R1) ol (O1) 7 FMME (Re)  HalifE (O2) 7
BN 0.04 57.9% 73.0% +15.1% 93.4% 99.0% +5.6%
0.06 50.2% 35.0% -15.2% 36.1% 35.0% -1.1%
0.07 31.7% 40.0% +8.3% 23.2% 27.0% +3.8%
A 0.07 48.5% 48.0% —0.5% 24.5% 24.0% —0.5%
0.08 45.4% 51.0% +5.6% 15.5% 21.0% +5.5%
T=5X7 b
ZAE-%15 SZAE-HE 1 PEAE-TPHE 1
HmE=R | SEHME (Rs)  fRi#fE (Os) 7 FHME (Ra) Sl (O4) 7 FHME (Rs)  faBfE (Os) 7
BN 0.04 78.3% 72.0% —6.3% 91.3% 98.0% +6.7% 64.0% 63.0% —1.0%
0.06 69.0% 55.0% —14.0% 68.8% 80.0% +11.2% 51.0% 47.0% —4.0%
0.07 64.3% 51.0% -13.3% 84.9% 82.0% —-2.9% 31.8% 39.0% +7.2%
B4 0.07 98.9% 89.0% —-9.9% 73.1% 69.0% —4.1% 51.4% 51.0% —0.4%
0.08 71.5% 61.0% -10.5% 69.2% 68.0% -1.2% 48.7% 52.0% +3.3%
© 2013 Information Processing Society of Japan 2033
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1 1
—®—RNC 1 RNC (simulation — RNC (simulation
—m— RNC (simulation with opt. parm.) with opt. param.) T e ‘g' o=~ with opt. param.)
081 _g - uithout rc 08 g ‘\%" RN 08
P ithout
- & - without RNC (simulation with opt. parm.) g:,—e withou RNC without RNC
" 0.6 0.6 2% without RNC w 0.6 (simulation with
w ; N i
a RNC (simulation RNC a (simulation with a WIthout RNC 5ot param.)
o ) o opt. param.) ©
0.4 with opt. param.) 0.4 0.4
- it —@—RNC —&—RNC
- -E” 4 N
o= g —m— RNC (simulation with opt. ) —8—RNC (simulation with opt. parm.)
0.2 O B/~ "3 without RNC 0.2 simuletion i opt. parm 0.2 )
oo (simulation with F - © - without RNC F - © - without RNC
o - = without RNC opt. param.) 0 -3 - without RNC (simulation with opt. parm.) 0 - B - without RNC (simulation with opt. parm.)
12 3 4 5 6 7 8 9 10 1 2 3 4 6 7 8 9 10 12 3 4 5 6 7 8 9 10
The number of sent beacons The number of sent beacons The number of sent beacons
M b =N B A =N B = =X
(a) #iIEHE 1 0.04 (W) (b) ¥4IE=E 1 0.06 (FEM) (c) #IE=E 1 0.07 (BMN)
1 1
—®—RNC RNC (simulation with ! 0.35
—m— RNC (simulation with opt. parm.) RNC opt. param.) - 0004 7006 .
0.8 { -6 -vithout RNC 0.8 8T 03] comr  xoorou B s
- B - without RNC (simulation with opt. par; _:: without RNC 5 g 0.25 1 x0080ut
" 0.6 ,@:’— " 0.6 g2 02
L i = 9 . m .
8 RNC (simulation -8 8 w.lthOIUtARNC ith Q2 o i
0.4 { with opt. param.) ° Without RNC 0.4 {simulation wit B 5015 X R TR O
. e (simulation with : —e—RNC opt. param.) <3
0.2 o s o \ opt. param.) 02 —8— RNC (simulation with opt. parm.) é g 0.1 X xx«xm
: - without RNC : - © - without RNC @ 0.5
0 - | 0 - B = without RNC (simulation with opt. parm.) 0
1 2 3 4 5 6 7 8 9 10 1 2 3 4 6 7 8 9 10 0 01 02 03 04 05 06 07 08

The number of sent beacons

(d) &= 1 0.07 (B4

The number of sent beacons

(e) HiE=E : 0.08 (4})

Smoothed-Difference & (packet loss rate)
() Bka 2% v P AICBIT S
5§ — D D5

B9 /7y bOAFEERL fiofzyIal— 3 fifke 6 — D O5AiN
Fig. 9 Simulation results with modified packet loss ratio and the distribution of § — D.

5. ¥&O

R TIE, EERUBREBRESSE LB TR 5T
LEAET ARy 74y bT—27 70 b2V EEREIZBW
T A FCEHiT 572012, PCRX—ZADY 7 b x 7
WBA%E 79 v b 7+ — 4 GNU Radio & B H K USRP2
FHWTHWAR=Z TNy P LN TOT ARE AR
TRE % EBRIEITMATR AT A bRy FEREL, fiffkE
WTF—FEE7TO P aVEGRE LZBNITOFERIC X
D, ZOTF A MRy FOFIHITREEEZR L7, 7 A MRy
FOWSEIZH 25T, TV ¥ MBIEGROBEIER, Lo
T O TR D EZAZ A v L I AS T RE R EE o B4R
DMERE R % F IR & /8T A — ¥ FE & o7z, it
REEP T — FFRE 7T R aVidsr v P LRV TEIET 5
RNC z W72 7= BEFEEHWZbDTH L. KT
A MRy FCOEBREES Y I 2L —v 3 VEROBAIC
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