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Abstract: Collision rate increases significantly with the appearance of hidden nodes in multi-hop wireless
network, which results in unsuccessful transmissions and leads to performance degradation of the network. The
RTS/CTS handshakes of 802.11DCF can not eliminate hidden nodes, and the situation becomes worse when the
nodes are equipped with higher speed wireless devices, which require higher signal to interference and noise ratio
(SINR) for successful reception. This paper analyzes the prevalence of hidden nodes in multi-hop wireless network
and proposes an MAC protocol named double channel collision free media access protocol—DCCFMA to solve the
hidden nodes problem. DCCFMA is a dual channel MAC (media access control) protocol, receiver adjusts the
transmitting power of the control channel according to the signal power received from the transmitter so as to cover
all hidden nodes around the receiver. Simulation results show that DCCFMA solves hidden nodes problem better
than RTS/CTS (ready-to-send/clear-to-send) handshakes and achieves 24% additional network throughput as
compared to that of 802.11 DCF.

Key words: multi-hop wireless network; hidden nodes problem; IEEE 802.11DCF; DCCFMA,; dual channel
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Mgk L P Ay Ak R A 9,5 802.11DCF #8 kb, DCCFMA 4| T 44 -F ) M 44 Aot B30 4 T 24%.
LR S HLAK ML IBAY S FIEEE 802.11 DCF;DCCFMA; 3 1% &
FEESES: TP393 XHERFRIRED: A

Ad hoc ¥ 4% 1 A5 BEAT ] Btk s it 1) — 4 B AT S A4 g 0 1 sl AR X R e 0 B AL U RE R A A
ad hoc WIZRAEZT . o R 6 N 7 2 ELA A O 3B NA T 3 A 4, o T 224 iy HG 4% 4 4% 45 58 14 B 151, ad
hoc 19 45 5 I 45K il A 1 Y 8 160 46 TR0 R OO0, 256 T A A5 P 03, 0 R P v iy o W 4 A T LABR 7 ad hoc 4%
SRl

Ad hoc X 4% 1) I 2 52 215 fUs 8« T8 407 W bl 2SR DA T 45 4% 23 IR P D503 28 A5 13 22 DR 355 1) o T, 4 4
P& v A — T e 2 BT 22 LAt DR 3R A B A A b i I 8 A e B A Y R B R o, 1 B
e A5 e L T S AT I i oy, B T A 23 A1 Y0 TG O, 1 A 5 T D99 48 78 e ) 3= 2[R 3 B 802.11DCF 450 A
SR,V ST R 2% 3 T 0% 7 55 T AT TR T R AL S B ) R AR 2R b G R ) 43 A 3 B I K T R R
REYE R, Bpsh RTSICTS B 75 BARAR W LG ZE SR (R 50 T T LABI7 1 DR 43 B ek 1% o AHL A2 B o {5 Mk LU Bk 1) 18
A BT, 9 4% F ) BT A 20 A Y TR U 19 K RTS/ICTS LA 11 Bt 5 s 0 R bt 2 K.

AL SEAETE AR B W0 DU PRI 5 PR 0T, 2 AT B 1 1) R A R PR — b RE A AT AU T 1
[ 5% 4 25 H9 MAC 1ri DCCFMA(double channel collision free media access), 180 LA i A 41 &5 ¥4 Sy HEfilh, 322
WSO RSB T B B LRI AR 48 42 U B a2 Y S IRAE Y SR 2 A R S s o X ) DK/ DR TR SR W s R T —
90 BB P AN H IO RO L ) 200 e 5 R A 42 ) DX i, 7 AR e B R 15 A 1) AR [ BT 7 T 4 o Xk
ol DK T AR O 8% 1) 25 T ) ) 28, ORI oy 1) T 448 A T i

A 1 WRMK CAEN B 2 WEH IR &1 sl AR B T30 DL IR e 2 IR I 00, o 343 H B
T A i) LA By RTSICTS MLHIR vk B 7 s R0 56 3 Wit fliik DCCFMA.S 4 7% DCCFMA il
802.11DCF iS4 BEHEAT 07 LT LU B 5 5 X A SCk AT B 4.

1 #HXIE

MAC JZth 2 ad hoc ™45 ) 01 F B 41 BB 4, 2 B0 7F T0 2615 T8 b e og A i ) 32 g
CSMAJCA J: 802.11DCF %% £x % B3 ) S il Bt 3ol 41 i ) A0 St L 5 A A0 e o5z — T2 IRk 1 st S92 0 000 110 1 42
W, 5| A 5 T T T LI 22 I E AR A MAC J2 A 30T R IR A ) ) 286 2 i 5 i % 2 T, I 29 J2 3

JH % o e et A2, 5 0 2% v e 5 A e A ) A
‘ 802.11 DCF J& H i £k Ja 3 [ I Zy ad hoc I £ ] )32 11
P ™.802.11DCF LA RTS/CTS AL il v B 7 5 i B K4 16 % 2.
HIREAT RTSICTS 2T, Wil 1 Fion(R A1 s RZE42), 175 B [ 17 AL A
‘ % DATA WL HT 1 56 1771 i A R IE RTS W, 1 0 A #0038 RTS W R
S0 A VEY B RS S, U LA CTS v B 14T Y, RTS/CTS ¥ B %
Fig-1 Traditional hidden ¢ =y i a2 i ], 45 5 A 195 40 B AL BT B2 80 CTS 50 RTS 1

nodes PrOBIT MOAel A 15 R 0. S LA, T W Py AT SR RO,
M1 IR TAREEIE - 02 11DCF thittin T RTSICTS 8.2 IR 2k v A5 1 9 B4

UL BT IE W RTSICTS i 8L AL R % B0 T, Ba 15 2t i) UK S8 47 /). DBTMA(dual busy tone media
access) P ISR P U B8 11 4 A4, P 0 A v 1 501 52 % 5 1) 8. 55 802.11DCF LL%Z DBTMA Hp il rh
BORTT ALK DATA I B HIE 56 MY RS RTS IR BT Al DAAA (5 00 B0 10 3 B 28, IR Y i
AT Rk DATA I B 42 R 8 AT 3 Fr 4L 1) DATA I B 5 52 1, A1 19 sl A8 Dl 08 J5 AN Rk B oh T
PN AR FE T — BLAE P A 08 AR5, P LAAS £ DL IR R BE 1 B WSf 3 6 i 32 B0 1 e
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NN, S 1E ) Din XIS R BT R AR B I R v AN FeVE R AR VS P 19 R s B, 5 80 W) )
FH A FEAR, 5 00 4 2% A i i AR MAC B SCBETH I R v, 75 2 78 70 %5 18 3 A e P X 4sloxl 199 2% e 2 ) 52 )

3(@) BTz A AN No 251 N AR BB 55 T30 B AR Z MK S8 R AL TS Mo i 00 R RE T mii s 5 1
W E Y R A O 2R A A5 M P K 2 e DX W k2D B 3(b) T 7 Sk AN TR e b SR R R A BE R 5
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Table 1 Hardware parameter of 802.11A/G device
%1 80211 AIG & MHAES ML

Speed (Mbps) 6 9 12 18 24 36 48 54
SINR (dB) 6.02 7.78 9.03 10.79 17.04 18.80 24.05 24.56
Rx sensitivity (dBm) -82 -81 -79 77 —74 -70 —66 —65
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Fig.4 Efficient of RTS/CTS under different data rate of 802.11A/G
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31 HEANEELMY
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W42 Detrl A8 Detrl=Din, 76 fif ke Bk T 2, 10 50 F0 7] B B 1l 99 4% 25 10 1 22 1) FA . DCCAMA sl bR
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N RS TR ARG, s SRS 1T AL TR FFIRES, 2 ACK VY B RIS T8 o T TG 32 R 306 3 ol I ¢ ) I ) 4t
HR I, T LA B T 2 1R DR BRI G I I 3 22 386 o 42 A 3 R Rt D 2 Lk QBT 1) £ U BRI N B A 2
U (RAEAE, U AT DA v 2 1 AR R B 4
3.5 EiEimik
DCCFMA /&7 802.11DCF i Ak Ly 5 1 G o i) BELEAT 1 18 5, 15 802. 11D CF Hp i) 22 X1 A
1. DCCFMA W iSCR 35 01 Wr ¢ 802.11DCF H1,RTS/CTS ML 5 4 — AN Bl L RTSICTS W B A &
AT A T T W AN BE Bl A2, B JE R B L T F 8 NAV(network allocation vector) (2
WA DCCFMA B3 R Y BT & 0T W BL ) o B i e e e s o A o R 8 A T 09 e R
LB 2 T AR FEEAT R AT, AN B E R A.
PR =t iF - F e i blibua ) NS VIR IS T RED
Algorithm 1.
1. ON idle:
2. Sensing the average environment noise Ny;
3. Capture frame of ongoing dialogue and construct neighboring nodes N;
4. Calculate node density according to Pt and N;
5. ON have packet to Send:
6. if Channel_is_busy then
7 back off for busy channel;
8. else
9 send RTS to dest;
10. end;
11. ON receive RTS:
12. if Channel_is_busy then
13. back off and drop RTS;
14. else
15. delay<«duration field of RTS;
16. Sensing the DATA channel, Pr«<RSSI;
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17. if Pr>Linear_Threshold then

18. Drop the RTS;

19. else

20. Pm<«Amplify(Pr);

21. Send busy tone in control channel with power Pm for delay;
22. response the RTS with CTS;

23. end;

24. end;

25. ON receive CTS:

26. delay<«duration field of RTS;

27. Sensing the DATA channel, Pr<RSSlI;

28. Pm<«Amplify(Pr);

29. Send busy tone in control channel with power Pm for delay;

Transmit DATA to destination;

31. Function Channel_is_busy

32. begin

33. Sensing the CONTROL channel, X<-RSSI;

34. if X>Ps then

35. return TRUE;

36. else

37. return FALSE;

38. end;

39. Function Amplify(Pr)

40. Begin

41. Get SINR requirement Saccording to current data rate;

42. calculate Pm according to formula(11);

43. adaptive power control;

44. dialogue-holding release;

45, return Pm;

46.end,;

T AT A PR AS TR B AN W b SR AR B {5 38 b RSSI WAL 73 B0 E (S e 5 G L AT). TR B
B, FT A Jod 5 1A A9 A aripl T 25 B0 3 1) 1 34 75 N,

R T ST WA R PR, A B AT AR AR AT AR N AR AR N R T AR AR b 5 Bl L
(5 217).

FETBOR AL 05 Av 450 P Jeb % r 75 2 0056 1308 Do 28 =59 0t 00 2 82 7 I 01 R S T R L N A A 1o
N RURT DA A8 Y AR RO T U B (R 3 AT). A R P T R0 A LA ST I 4 3 Y A PR
TSI R T A A AN SA A I 58 G AL T BB TR RN T A TR I AN o A T R R R 2

AR RIR B 2 T S T AR S T AT R, AR T R, U 1) H AR RURIE RTS T R (G 647~ 1047).
A7 T8 SR 15 2% PR 1R ) T 42 A5 T v A TG, S R A 0 b A S SR B R T AR T P Ak (I P A
FEAT T A SR A% A5 TG T A5 5 9B BN T Ps A {5 T Hh A e 0 i, Channel _is_busy b8 #0111 i {5
TE A 2SN (G 31 4T~4 38 1T).

AR AR EM R RTS ¥ 55 A A5 5 58 B2 ) W A R 7 o S 1 70 e M DX 3 R 70 4 1 DX, U kAT 8 e
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Q0 A T e DX, T AR R AT 0 S, 7 1 2 T ) s DX K, B0 4 4 )R RARCGR 17 A7~58 23
A7) A3 205 A5 5 IR 1 RTS 9550, 201 SR s 45 55 A0 T 225 RO A&, DU 08 3o 0 43 08 17 269 a5 Rk 3% CTS 95 8
AT N T R AR BRI RTS 11 2 1A R] I SR O A5 T (K45 5 3 5 Pr il B 48348 (0 O 28 L) AR B Pr 13 21
P A5 20 2 S o B P, 76 283 b R AT Y A b 58 130 AL B LA K 2 A LR R AL PR 45 2% 5 I Pmy T 4 7
fEIE I RS Ty Py DL 3R A0 P A T8 R 35 LA G 45 R (BB 11 4T~5 24 17).

RIETT AR CTS I R J5 kAT (5 18 A8 R AT AR RSO B, 70 s A5 0 R i 5 b [ I 7
I A0 R B R RUR IR AT ) H R AR IE RO AR T SO 5 R I K ACK T VBB T
LT AT DATA T 2R3 58 i BT a5t S AR 560 B0 T 1%, 7E R A5 T8 R 0% ACK 1 B A5 1 R
(55 25 47~%8 30 1T7).

JIEAT TR ACK ¥ B G A5 1k R %A 3, 58 AN G
4 TWERE5HH

AR GlomosimM gy BE R4 BLS2 567 5 .08 T VP4 DCCAMA Bt i M fig, 475 BL3% Jil 802.11DCF {E N
FLIE N %, 5 AR SCH ) DCCAMA B isCHEAT X Ll RN LS UL K 2.

Table 2 Simulation environment configuration

®2 HEESH

TERRAIN-DIMENSIONS 2000Mx2000M
PROPAGATION-PATHLOSS TWO-RAY
NOISE-FIGURE 10.0
TEMPARATURE 290.0K
RADIO-TYPE RADIO-ACCNOISE
RADIO-FREQUENCY 2.4GHz
RADIO-RX-TYPE SNR-BOUNDED
RADIO-TX-POWER 16.0dBm
RADIO-ANTENNA-GAIN 0.0dBm
ROUTING-PROTOCOL STATIC
APPLICATION-PROTOCOL CBR
APPLICATION-PACKET-SIZE 1460 Bytes

T R R BB T A R RE RS IE O T () d /) e B, L 802.11AVG B 5 (1 it R BEUSE LA 1.
4.1 TR IESFM TRRET =X W &L 8 # 0

N T U AN [ 3 A A A R T s 190 2% 1 BE B S S I, 1 S5 5 3 802.1ADCF WM SU AR 0 4 A3 ek 4
TURA 45 1 100 AN ni 4 1010 PR 194 i 25 40 380 AT 0040 R 2 ) (RO BRSO o, 0 4 B 8 £ 200 13 5 I X 1 i
EFBE 10 AN AACIE AN R B TR A W LE LR 1 AN RIS A A M 45 ) ARk R A T 6 BTk,

900K 3 —=—54M == 48M
& BOOK = 36M - 24M
§ 700K 1 + = 18M = 12M B .
= g Y . g g0
2 600K oM A o e,
< 3 y -
S s00k] - S e
2 400K i ST
¥ OB00KT o e T et
o . o e
S 200k 4 el et e
2 jook] TR e

o] FEE —ebene

0 50 100 150 200 250 300 350 400
Distance between nodes of the grid (m)
Fig.6 Throughput of 802.11A/G under different bandwidthes

K6 802.11A/G T AS[EHT B T A M 4% 75 i o
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9 d<20m I, 9 2% iR 100 AN R FLAH A T B vt 0 1 P, 190 6% mP AN A7 7 G 0T A, D0 28 3 Tk e B 3 sy
B IR B% = M R . 20m<d<50m B, bl TR R 2RI 2 54M D 48M A EE R 4R I RS 0.4
55m<d<210m H},36M 7 i T 9 £ 7 i it 52 AR 34 2 d=210m FIJi& 36M A7 58 d5 K AL K IR 725 I, 45 £ )
ToiE IEH WAE . 18M,12M,9M,6M 77 58 T W 45 75k s b d A3 K R 48 1, B 28 B0A i K AR e 2. 1 16 6 mT LA
R A5 PR RN T AN — 0 % N X 4 [ R A
4.2 DCCAMAM Y IEREITE

53T L DCCEMA B 300 1 G, 1 56 2 8T AU AR 38 4% 1 B SC I P . T 40 301 437 3 P 28 97 41
ZER) N LRI B

TG, AE 4 7T AT S5 AR JEAT 5 B 5 E DCCAMA R 802.11DCF BIMSU o 90 5% 75 ik 5. 99 &% 4 41 &85 44 i
K7 Bk M2 A T A — 4 BRI 4 AT s 48,715 5 AL A5 05 B 2[RI BE 5 04 50m, 45 45 C. 4545 D Z [l

PE 2500 50m, 17 &1 By 9% C Z IR HE 2 A48 5 X, 75 5 By T C 4% 0 e e
Sl A AL T R DR S
50m X 50m

T DATA BRI K E i KT RTS/ICTS W& 1K &, N
Ik, DATA 15 611 50 190 46 75 [ 5 W 838 K T- RTS/CTS 95 Fig.7  Simple topology simulation
S 1 B0 A S B4 S 1 p S 7 DATA i L ph 5. CRERUE S L

i 45 JAnE 8 T .54M i 58 41 R 7€ 802.11DCF By H, 24 x<260m i, [ 4% o 4 AN 2540 BT T 280
WG A, B 55 8 C o RO — N0 s Ak Bdi, ) 4% 7k £l 3.50Mbps. 24 260m<x<510m I, 75 5
AT Y A DA YT T R [ R T R C R R AR AR TN A C T RN T A C Y
BRI .t 505 C T A DI ACK YH R, 19 A1 A MUK % CTS 5 B A1 ACK 91 J8, T X 2y S K B 0,
hIRME R AN TR I, Y 2% 5 1 5 AT T PRI (3.45Mbps). 24 510m<x<1270m I, i1 T x KT il e, 35 5 A 535 8
B 275 A5 C (BRI AL R, 1 A C 571 5 D 715 A B BT A, DR bk, e 58 5 3550 A 5% 1) e R S B AT
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1 BT A e R TR e, R 2% i 98 Ol 0.2 x<1260m I, 9 4% 75 i B {45 3.5Mbps. 24 x>1260m I, 75 i & ik )
% =11 7.0Mbps.

P 4545 5y 36M IR 15 i 5 G AL T EE 36M A1 BE 55 5AM A GE R B 4 A ik i T LUK I, B T 36M A B 1Y)
£ Wk LU SR ARG, RTS/CTS 914 J2 97 L R a5 1R 3% R % v, Hl 1 P it ol 1) 8 ek 1 B AL HS I ZE 800m~900m 2.
[i].DCCFMA T iSUER R W 45 rf b 58 2 0,199 4 2 ik Ft AR R AR
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Fig.8 Throughput of different protocols in simple topology
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Fig.10 Throughput of different protocols in line topology
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Fig.12 Throughput of different protocols in grid topology
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