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Interference characteristic simulation in CSMA/CA-based wireless multi-hop networks
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Abstract: Conflict interference is one of the key factors affecting the performance ofswireless multi-hop network. In view
of the different distribution of interference nodes in the network, adopting\stochastié\point process simulation, the cumulative
interference characteristics of nodes were studied based on different@téchastic pGiniiprocesses in Carrier Sense Multiple Access
with Collision Avoidance ( CSMA/CA) protocol. Then the intHetenee simylinon platform based on NS2 was established to

simulate the realistic interference distribution. Finally, the@emparison between them shows that there is a certain difference

between the simulation and the reality, and the reasongfverézalso pointéd out.

Key words: conflict interference; Carrier Senge, Miltiple Aedess with Collision Avoidance ( CSMA/CA); stochastic point

process; interference distribution; interference modeling

0 3%

oLk M4 PR R IR 2 B AR T LR i R 4 &2, (H )
2 IR E R W R T, S BN B MBS T B, (R o B
FARIE R PR TYURAE R 52 55 W 26 RETAERE I RZ M BAZ I
HE, ARENEERSEYD, TR OAEH PR BT 2
fil, WEEWE PSRN Y FRER G, - E AR
BT IR B AR 46 g 4 0, i T PR Y I T PR Y
&, FealRIEAER, a3 B A MG , KA T T EH
G KRR —BRE, — D2 E TR 32 i fF B
B T RS (R S A R | ) AR Y L) Rl 55 WA B Y
AMEAEES . FEREBEEZE T RAEE TRKE
SRR, AR BRI AR DR R T R
ZE (Rl A AR LR B T T3R5 5 7R ) % BBl A 9 2 TR 43 A 1
O s PG RAFAERR T M4 h 4k AMSTE R N8R, 1n
BERLEE A J5 X (BRI ATUT £ 3% 17 7 ( Carrier Sense Multiple
Access,CSMA ), Aloha) 2k 4 & tE B A J7 R (I 4+ 2 41k
(Time Division Multiple Access, TDMA ), #% 43 % 3ik ( Code
Division Multiple Access, CDMA ), #fi 43 £ il ( Frequency
Division Multiple Access, FDMA) ) & ; \[l 55 i AE B4 V] faj A /R
T REWHNES . TELFRER MED T A — MU EE

Y75 B #7:2013-07-18 ;{& & H#{ :2013-09-05,

IR IR, BN TR R H . BRE TR T
R N IR E SR DR R R, e, PR — A
IR AR B, B R I TP RN 2 B R A 2
FEH TGS TR GE L, B R E 5% B G B
TR ES R R,

K E AR TR — TRE RS HEE, §F
Mg b i) BT 4 TR ZENT A, FEERILTX
AT SRS AL B AT, HORR T MU M4 P L1 5
TR B A MBS I REY L . BRI R A R4 TR B
THRAMEEBTEEE L, AN EXMHEXARERER
W SRR AT AT,

Sebp b, REE T 5028 (B A AR B ER R A T BB LA ik
Filae e 3 Y - R s o TP A I R A= B U
( Poisson Point Process,PPP) [*! | By F E 7B f1 5 4007 1, 52
BT, RMELB S, I7EA CE SE IR B
0T 22 B8 175 B/ v 28 3 4 ( Carrier Sense Multiple Access with
Collision Avoidance , CSMA/CA) 3T, H T /5 g rp o
RS, AT E N ITE TR RRRIRE N R,
FEAM AT BRE AES . ik, IR AR ¥ CSMA/CA
BRI RBESEERB ST E - AT IEB AT, 3
HHFT M FH T & F 0 5 3 B (Poisson Point Process

EE£WE : Ex ARPEREE T ITE (61001068 ) ;7 M2 & X BH 71110 B (2011-2-01-07)
fEEFN AEET (1975 - ), 5 MRE B A RIBUR, B0, CCF & 5y, EFHI57 16 : MANET B 2 BKIEAS DL 2 0L S P 4%

fFRIE;

WEFE5 1) - A S 5

JEBER (1989 - ) & R A B LS A, E RS 1] : MANET;
XER (1973 =), 55 WHALFRER A UHIW, 1, BRSO - B BB R BT

FEHFE (1983 - ) 5 TLIRRIE A, D BB FE W, B 1, £,



%12 4

HEFE . & T CSMA/CA #) R $ 9 M P T 345 fe45 A& 3399

modified, PPPmd) ™), BEE# —HHI5, EH R E T Matern
3% ( Matem Point Process, MPP) ' (B EARRIEAEZE ZS ]
A3 AT SR FRAS T I A B BE BB o 4K T TAT B A1 ] ok
2 ( Simple Sequential Inhibition,SST) #% & H , & §E#8 & SR
AT S ER IR GG . ARSCENE LR E L
FUOBEFER B2 T N2 THRGERE, W LB MEH T
WAMHAT T RIT T, - 5 AR YL B ARSI T Br
BT Z E#HT TX . BT TE R 5EhRR
b, T SR ThR AR B 75 R E R R IR R
S EEAEDE, BT U AL ST R I T PR B RO B B
ZE 5R T4 . G FI A Matlab T B3 NS2 18 44 i) 52 bR
BT/ 5 Generalized extreme value $E47 i1 2k #0-&, K P
P RCRAR L, ATIRA®E T 42 TR T/E B iR, IR Z 14
TS NS2 15 9 L PR W48 T340 41 #6407 A , AT i A7
TR T IR,

1 Ml

L1 RREE

o AR R AR 5 A A R B R AR R AR KR
TS S T, FR SR R T R o R S 220 I 0 % PP T R
BB I o

RBP4 T BB — T REDLE B n, R
Hp, MERER/NA So BRABLH Z PR mFE—12
BN pS HIIARA M «

PV = ) = L3 exp( - ps) (Y

— PSR, SR AR B AU TS A T R T SR B B
WHAME - ERGTHE « BRES . TN T
T B RS A SRR

BRE—EFRT , BIL— BV 06 R RE T A,
1) BITTICIZma BRI 2s , Foh & AV B, AR (T 19
WA A—RFk B —ZE0 M T B ko, 62 BRI ES
H i (BP RS ) R0

I(e) = Y flk,t-1) (2)

Hep (kL A—ABENUTS) i TN — s R R S
AP BR.

SR, SEBRH Sk TRERAT 4 8 P R — 4B 5
TR bR — L T U AR B PR A
A B R R B BT A I R . B — R
T, MR PR ) K PR th °T AR R

f(k,r) = k™ (3)
ol r RN R S GHMCTRZ IR BER ;B BB
$580 b OREHLE &, SRR T F Sl TR A H A
M, MREEEHEE S T HE R, Mk —
MER. WRFB BT RS T M IEERw, W ki
RIS . DIHBE 454 T4 MM AU AR, Bl %
MFRATRRWT

Lo(n) = % kr? 4)

Xi=oppp

o o FORAR AT, X, NI SRR i AT
o TEARSCHIBIEE p M5 i A A Ao M B 15
]

I (y) = Y Pr? (5)

Xi=pppp

P, FRE i MW REIRIEZER, | P} B R 0 T P50

1/u BIFEEAT
B e, B R T,

(L) = EL/ulp [ 11y 1) dy = z—zfﬂj:rl(r)dr

(6)

MREBEBL =4 WWARETIHN BH 5 W R

( Cumulative Distribution Function, CDF) ) -5 2 (BA A1 K
mw) [9] .

2
— _ L
Fy, (w) =PI, <w) = erfc(4 (7)

[ P ﬁ)

1.2 BER#BRER

HRAE CSMA/CA S, 75 P 4 vh B A S0 I W AL i B9 1
BT, B2 N A ITA BT R R, AR
RERRTREMTEERNRS. HEEMRT, MEET A
F IR REMESR . B MEL T, M4 TIWRp®
FES AR RS RAR RN . O T TRANAR SRR —A
B FRER I T BIERRRER.

CSMA/CA pSURAE BB B (74 2 5 B HPRES . 18
W, A T BORAL I 28 7 i, SR A I B (E (Q) S5 &P
Wi (r) A0 FREREN

r=(P/Q)E (8)

BTN ARG BB SIS - " A T I A
FRHNITE LI R T 5o, r AR R KA, HAb
AN RETEIR=W 2 ik i, XS5 BT AL R A A
EURRNER o X — Bt BAARITEIR A R T b

Dua = 1__‘”‘%@ (9)

RAHEB = 4 B, T B0 10 ¥ (CDF) By &
T (B mW) B

F, () = erfc(%) (10)
1.3 Matem g I8

PR L 75 RO R A REL 2 A B, B TR & A
Matern s BB & & BT IHWEE, Matem 3 B E L0
T

xiE¢MPP;|xi_xj| >r;Vje [1,i-1] (1)
ARSI A «, B x, 36 0 DR, B0« FERTI
R HBIE vy 0 MR x, TELL 2, A O BULMIVTIE R r 4
A DX, U o, AT RARERAE T s T RIS «,, 0
Hox B, FET R, AL, r AERH R, W ~, 721
ZIFIREAR BB MG TE ME N THIW R DA, BRI 8 5%
n MR,

KT Matern B, AR LIERSR], 5 K
T RARERE T | S RZATA T AR, A E
ENRTI AEE —RAREBEN T A XM T ARHEE
B XA T RS EA RN, X SE
BTN B ERRAM, I H, 2T Matem g5 BKT
WA ST R R
1.4 s Hn sl St iE

N T RE Matern fUE BRAE T T 097 S %, Palasti
R TEE ST CSMA/CA RI48 R~ T HUEAE i) fa] S I0UFF 10 )
R K B A

xie¢551;|xi_xj| >r,Vje psg(l,i-1) (12)
ARSI A «, B x, 36 0 DR, B0« FERTI



3400 A A

533 %

RIS 20 IR & FE R 2, P BPNIT IS r R
A IR, U o, AT LABERRAE T4 s T ORITIR «,, W0
Ry (EBAHEE x,) FETL 6 L, r AERHX
AWy ZEMCZI R REAE T e DA, 53
RS n M EA IR,

Wit bR A UL, 8§ T I R R A
FEEMBT i SRR RRE, TR BE i S A
ZEEAE R TR R T RAE: X —BKE R
Matern U BEXT Y097 U85 BE MO MIRAG . R, 26T ] S IDUP
R RS R TP A L B P& T8 5K R A7 R %L

2 fFRERAAGA

N T BAEFFR R4 T A B TR M FE R B &7 A
E TR T BT A FFE , 430 NS2 ff H25F
B AR T AR BRI, L T S PR R 4% Y R BE LA
—MT TR TINELR. & 1 RITEFRSHE.,
®1 HERESHRE

S5 &
HEPNYL CBR/UDP/802. 112

250 m x 250 m I H 2K 125 m KR K
bk )iip 1K i)

VRSB R
THEEp 0.0008/0. 01
RIPEMUTEE  20m
iR/ 1500 B
BIREEEE 3 Mb/s

i ELE ] 15s

i IR B 20000

KR NS2 5 B R EGTIE BE, o0 HITE A RIS 2 By
(BT AR AT s 0 A5 0F T 3E4T T 20000 Y4 B, 4 A
T 20000 45 R0 i, 45 i 20000 >3k R JE FIH
Matlab 73 51§ EAR T 97 8B p 4 0.0008 %5,0.701 A5 4,
SrAREET PR RERL AU AR T B T3 R AR A R %, o )RR
B T RS RIEE RN R Y 125 mS , ZEAiUrEE r
20 m, fFEIRECH 20 000 55 76 PN 18] #E47 0 EE 34T,
AR L
2.1 {FEERMST

Z23C3E T Matlab 224l t NS2 £ AR 1 sl B T )
TR A REL, F-5 2 T REDL RS L T R AR A5 R
BT T X o, SRWE 1 PR,

B 1(a) (b)) P HIRTTREE p H70.0008 [ 0.01 B, B
FHEVL AR 52 F N2 (5 a9 A T B 10 B
LA R R R B OUT T e BRI (HREE T
BRI, B8 0 s RS B ROR R . (B IL I B A
FET 2T PPP R i B T I AR B R R AY, X B MR #A 4
AEFIHEAE HIE CSMA/CA P, BTl B M 4% m7E Rl —
A ZER AT LA 8 0, X A s S s AR T
THA =P R 3 BEE 8T CSMA/CA DL, B IR h
T A R E R RARB/N T MPP A0 SSL AT L&
IET SSLRH TR TIMA LT MPP BHE AT
PR, X UH SSI RBIEA HOh IR MPP X F 31 s %5 B R
ftio BERTHW S , AR LAIF | NS2 fj 5T B T ke
N R BRI SR A, H A R — AP R L S AR R
FIEER RN TS, XEFNEMILAERF, 8

P AT Bl B BB o — R RE B B, T SE B P 2 M T4
REENHERBL, G0, BB AT EHF AR ER
(B, BB TRZ S E Mgk sath ol 55 R R 2%
TR, BT, 2 T REAL AU BT s T A R
REFE— R X _E BB SE W T IR O, (B A

1.0 T

0.9 |
0.8 |

0.7 r
& 0.6 |

i)

@0.5 r

B 04 f 7
031 —— PPP

#

0.2 ¢ it ——— MPP
0.1¢ '

-—60 =50 =40 -30 -20 -10 4]
EDETh &R /dBm
(a) SR % FE50.0008

Z0 -0 0 30 20 10 0
FHIR/dBm
(b) TR A0.01
Bl ARREET R

2.2 ®mNS2 TREROBISH

TEG HAG R A SOE B BT SEBR I 45 P 35 A1 T4 43
e —E AR B R 323 T W44 3 ORI BIe Ak MR R
B2 RARAMRN —ERER T, WREE p 4 0.004 B,
KBTI AT BEE P4 FE B me = 30,90,270 LA R B4 %
EHER rate = 1,3,6(HAL:Mb/s) KK AL A 1B DL

M 2 PRI S, R 4 8 O BHE Aok R R A
B BT W AT I 10, B M A B B R
R ERASEIN, 3 TR, SR T BE AL R I B
FRFXEEEK,

3 4%

S ASCHIBAIE , R I T HENL R AR H T 204 [ S B
T EA —E 200, LR R & P T 0 R RR
2 INBCEANVT TR/ W48 AR 40 S RIS R 45 R AR
E—ERE FERT I, METREILE TR
BHEFAREBRERRNEEBARW, &)FAIGED
NS2 fFEAGH T LB MR O T W R T30 RAR A e EOm



%12 4

WFEPFF AT CSMA/CA 69 R4 £ 3 W P T 345 445 A

3401

LR E R, ZPL T T 2k LG, Generalized extreme Value

L TR T A . IR AT ORI T B
B, EEHEA AL a0, 1B HET Generalized extreme
Value sR¥II) , (0, & — B0 BB B S R0 BRI 01T Y8 [ W) 45 i
BB RE RS BT 0 BRI, DT 52 58 b HERR
RITIRAL, &G, A SCWAFTEE — SR 2, IR ) NS2 |
SRR ER SRR R WL MRS T B E
BIE T bR . FERMARFHRER T, 7T LR AT MR AT
S 7 R i v O ST e 817 R

BE R

[1]

[2]

[3]

GILHOUSEN K S, JACOBS I M, PADOVANI R, et al. On the ca-
pacity of a cellular CDMA system [ J]. IEEE Transactions on Vehic-
ular Technology, 1991, 40(2): 303 -312.

HAENGGI M. Outage and throughput bounds for schocastic wireless
networks [ C]// ISIT 2005: Proceedings of the 2005 International
Symposium on Information Theory. Piscataway: IEEE, 2005: 2070
-2074.

PARK K-J, CHOI J, HOU J C, et al. Optimal physical carrier
sense in wireless networks [ J]. Ad Hoc Networks, 2011, 9(1): 16

1.0 —_27.
0.9 [4] BACCELLI F, BLASZCZYSZYN B, MUHLETHALER P. An Aloha
0.8 protocol for multihop mobile wireless networks [J]. IEEE Transac-
tions on Information Theory, 2006, 52(2): 421 -436.
0.7
= [5] CHENG Y-C, ROBERTAZZI T. A new spatial point process for
= 0.6 multihop radio network modeling [ C] // SUPERCOMM/ICC "90:
2 0.5 Proceedings of the 1990 IEEE International Conference on Confer-
&
@é 0.4 ence Record. Piscataway: IEEE, 1990: 1241 -1245.
B [6] BUSSON A, CHELIUS G. Poidisprocesses for interference modeling
0.3 in CSMA/CA Ad-Hoc netwatks ] C] // PE-WASUN *09: Proceed-
0.2 ings of the 6th ACM symipdsium on Performance Evaluation of Wire-
0.1 less Ad Hoe, SensdrfNand Ubiquitous Networks. New York: ACM,
- / ——— mc=270
s 2009: 33 —4Q;
0 2o N L L s L
-60 -50 -40 -30 -20 -10 0 [ 714 SHAO M, NIKTAS C L. Signal process with fractional lower order
() Pl %gg‘ﬁ?i;%mﬂﬁ By moment$;,_stable processes and their applications [ J]. Proceedings
1.0 — . . . of thedEEE, 1993, 81(7): 986 —1010.
0.0 [8] AVYENKATARAMAN J, HAENGGI M, COLLINS O. Shot noise mod-
' €ls for outage and throughput analyses in wireless Ad Hoc networks
0.8 ! [ C1// MILCOM 2006: Proceedings of the 2006 IEEE Military Com-
0.7 i munications Conference. Piscataway: 1EEE, 2006: 1 -7.
75 0.6 i [9] YANG X, VAIDYA N. On physical carrier sensing in wireless Ad
E Hoc networks [ C]// INFOCOM 2005: Proceedings of the 24th An-
0.5 1
% nual Joint Conference of the IEEE Computer and Communications
B% 0.4 1 Societies. Washington, DC: IEEE Computer and Communications
0.3 4 Societies, 2005, 4: 2525 —2535.
0.2 i ] [10] FU L Q, LIEW S C, HUANG J W. Effective carrier sensing in CS-
: S Gate= s
; ’ atZ:SMb /s MA networks under cumulative interference [ C]// INFOCOM 2010:
0-1 s/ — rate=6Mb/s Proceedings of the 29th Conference on Information Communications.
—I60 50 —ZILO —éO _'20 _'10 0 Piscataway: IEEE, 2010: 2588 —2596.
FHhZ/dBm [11] PALASTI. On some random space filling problem [J] . Mathemati-
(b) BE K 35 AT ] 2% R 25 cal Institute of Hungarian Academy of Sciences, 1960,5(1):353 -
2 BT M SE 359,
(EB% 3388 W) [15] LUO M X, CHEN X B, MAS Y, e al. Remote preparation of an
[10] KURUCZ Z, ADAM P, JANSZKY J. General criterion for oblivi- arbitrary two-qubit state with three-party [ J]. International Journal
ous remote state preparation[ J]. Physical Review Letters, 2006, of Theoretical Physics, 2010, 49(6): 1262 - 1273.
73(6): 062301. [16] CHEN QQ, XIA'Y, SONG J, et al. Joint remote state preparation
[11] MIKAMI H, KOBAYASHI T. Remote preparation of qutrit states of a W-type state via W-type states [ J]. Physics Letters A, 2010,
with biphotons [ J]. Physical Review A, 2007, 75(2): 022325. 374(44): 4483 —4487.
[12] PENG X H, ZHU X W, FANG X M, et al. Experimental imple- [17] XIA'Y, SONGJ, SONG H S, et al. Multiparty remote state prepa-
mentation of remote state preparation by nuclear magnetic resonance ration with linear optical elements [ J]. International Journal of
[J]. Physical Letters A, 2003, 306(5/6): 271 -276. Quantum Information, 2008, 6(5): 1127 -1134.
[13] XIA'Y, SONG J, SONG S H. Multiparty remote state preparation [18] HOUK, WANG J, LU Y L, et al. Joint remote preparation of a
[J]. Journal of Physics B: Atomic, Molecular and Optical Phys- multipartite GHZ-class state [ J]. International Journal of Theoreti-
ics, 2007, 40(18): 3719 -3724. cal Physics, 2009, 48(7): 2005 -2015.
[14] NGUYEN B A, KIM J. Collective remote state preparation[ J]. In- [19] SUY, CHEN X B, YANG Y X. N-to-M joint remote state prepa-

ternational Journal of Quantum Information, 2008, 6(5): 1051 -
1066.

ration of 2-level states [ J]. International Journal of Quantum Infor-

mation, 2012, 10(1): 1250006.



