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Analysis of Effects of Hidden Nodes and CCA Deferment Algorithm on
IEEE 802.15.4 Performance Using ns-2 Simulator
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ABSTRACT

This paper introduces two functions added to the current version of ns-2 simulator for better accuracy of IEEE 802.154 network
simulations. The first one is to automatically place hidden nodes over the ring topology in which the coordinator is centered, when the
number of hidden nodes and total number of nodes is given. Collisions of signals can be distinguished into the trace file according to the
ways of participation of hidden nodes. The second one is the CCA deferment algorithm described in IEEE 802.15.4-2006 standard which is
not implemented in the current version of ns—2. Owing to these additional functions, we can carry out the precise analysis of the
performance effects of hidden nodes and CCA deferment algorithm on 802.15.4 networks. Simulation results present at least 66% of
performance degradation in throughput and drastic increase of collision probability up to 90% from 65% by just a single hidden node.
Besides, 2006 standard for CCA deferment algorithm gives 19% lower collision probability and 38% higher performance.
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[expr cos(2+$pi/$nn * $i)]

$node_($i) set X_ [expr 30 + $r * $cos_numl]

4

[

set angle [expr 2 * $pi/$nn]
set Z_ 0
set Z_0

$node_($i) set Y_ [expr 30 + $r * $sin_num]

set sin_num [expr sin(2+«$pi/$nn + $i)]

set cos_num

set hidden_angle [expr $angle » ($hidden_nn+1)/2]
$node_($i)

set r [expr ($T/2)/sin(($pi-$hidden_angle)/2)]

set pi 3.1415926535897932384626433832795
$node_(0) set X_ 30

set T 15
for {set i 0} {$i < $nn} {incr i} {

$node_(0) set Y_ 30

set hidden_nn 3
$node_(0)

set nn 12

10
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class Mac802_15_4 : public Mac {
public:

static double time_to_send_data[100];
static char is_hidden_col;
static char is_col;

-}

[Z= 3] p802__15_4mac.h & F7}=
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-void Phy802_15_4:recv(Packet *p, Handler *h) {

switch(ch—>direction()) {
case hdr_cmn:DOWN:

Mac802_15_4::time_to_send_datalindex_] = CURRENT_TIME;

default:
if (rxPkt == 0) {
} else {

double time_to_send_1
double time_to_send_2

if ( time_to_send_1 == time_to_send_2 ) {
Mac802_15_4::is_col = 1;

} else if ( time_to_send_1 != time_to_send_2 ) {
Mac802_15_4:is_hidden_col = 1; }

if (p—>txinfo_.RxPr > rxPkt—>txinfo_.RxPr)

[Z= 4] p802__15_4dphy.cc & £=9|

o
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-

=
T

Mac802_15_4::time_to_send_data[p802_15_4macSA(rxPkt)];
Mac802_15_4::time_to_send_datalp802_15_4macSA(p)l;
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1 void Mac802_15_4:recv(Packet *p, Handler *h) {
2
3 /I drop(p,”LQI");
4 if ( Mac802_15_4:is_col == 1 && Mac802_15_4is_hidden == 1) {
5 drop(p,”H&C");
6 } else if ( Mac802_15_4is_col == 1 ) {
7 drop(p,”COL");
3 } else if ( Mac802_15_4::is_hidden == 1 ) {
9 drop(p,”HID"); }
10 Mac802_15_4::is_col = 0;
11 Mac802_15_4:is_hidden = 0;
12 return; }
13 )
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2 AFgAa = CCA AAdS AFstr] $13 2003 2F2
2006 Tl digk A7 wWete] 2 WAS flsted OTcld
HEE olgsr|2 stk d%e 9% F F5 bind()
command() FllA bind) e WEHE AZAste £
9k command() v WSt 4 FFE AT F Ao

B2 2 Agolre o9 & W3 7hed e 3tsto]

command() &E o] &317|= st}

5.1

[Z= 6] command() 4% ©
o] CCA select 35 Z=7}3t
St ZEHWE W #
_CPP9} Sargse vi7l¥

OTcl ZE HA

143171 918l ns_mobilenode.tcl
U-8-& Hoj=r). CCA select
9,] ]

Hojo] Agoz CCA_ select in

3
F2 3t C++9 MAC LEEY

command() &7t aEHh [Z= 7] CCA AA A2 ¥

s 360.054912035 _3_ MAC --- 26 cbr 77 [0 0 3 800]
s 360.056192035 _8_ MAC --- 20 cbr 77 [0 0 8 800]
s 360.056192035 _9_ MAC -—- 21 chr 77 [0 0 9 800]

s 360.063872035 _1_ MAC --- 38 cbr 77 [0 0 1 800]
s 360.066112035 _6_ MAC -—- 23 chr 77 [0 0 6 800]

D 360.058348071 _0_ MAC H&C 20 cbr 77 [0 0 9 800]

D 360.070688071 _0_ MAC HID 38 cbr 77 [0 0 6 800]
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1 Node/MobileNode instproc CCA_select args {
2 $self instvar mac_
3 eval $mac_(0) CCA_select_in_CPP $args }
[Z= 6] ns_mobilenode.tcloflA{2] FI} Abgt
EHS 3cs
1 $node_(0) CCA_select 2003
2 $node_(1) CCA_select 2006
[ZE 7] IEEE 802.15.48 0[&dk= Tcl A3EE T OflA|
e Aeshs Td 2AYE Hae] oAtk Z, CCA [omar | (o |
select Fol wWiAWFE F7tste] CCA A A Wals [ $node CCA_select 2008
2003 _::_JL_'Q,Z‘TA' 2006 _::_JL_'Q,Z‘ %‘01]}\—1 S}"]’% }‘\jE_]'J’éél- -/]: 9\}]\7'” —5}93\‘:]' ls_CCA_select = atoiargw[2]): }
[ Mode/MobileMode instproc CCA_selact ] ,r,
arges - -
52 G BE 817 y (ot S et ]
521 OTC]EI]'Q] ﬂ% [ $mac.(D)CCA.sellect_in_CPP$args ]
[Z= 8]¥ 7o) pR02_15_4mac.cc® 2~ Mac’02_15 4 |
o] public Gl CCA A ¥+ AAGshe WEE F7b (32! 12) OTclT} C+ +2 TME BEE 719 M4 M= 1Y
sty E 3~ CsmaCAQ02_15 4014 CCA A o] wAEY
< o S22 Mac02_1549] H CCA_type_selects &<l o] AFe] OTcld C++E THE RESA Y W 9%
sto] 7} 135S mEth W4 CCA_type_selectell #ho] A& & A4S (2 129 Vel
He 3A4L [ZE 918 B A9gd [ZE 9] 5149
Aol dwat el [:= 6]9 “Node/MobileNode instproc 5.2.2. A% 7F5 B stol b A

CCA_select args” 7} Z&5% S o2 Mac802_15_49] (218 13)2 ns-2014 CSMA/CA 2ueEs T o
command() $7F SEHT o714 CCA Ad A2 et CCA A i w2 A8 #AL Bzl a4 w9
< Wl A ns-29] CSMA/CA &ag]&o] +3% W&

o
EEIE CCA B Q24 Fol7t 98g #9F % 9

EHS ze

1 class Mac802_15_4 : public Mac {

2

3 public:

4

5 int CCA_type_select;

6 }

[Z= 8] p802_15_4mac.hollAMe| FI7|= Ha=

EHS ac

1 int Mac802_15_4:command(int argc, const charsconst* argv) {

2

3 if (stremp(argv[1], "CCA_select_in_CPP") == 0) {

4 CCA_type_select = atoi(argvi2]);

5 return (TCL_OK); }

6 -}

[Z= 9] p802__15_ 4mac.ccel command()
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1 void CsmaCA802_15_4:CCA_confirm(PHYenum status) {
2 bool idle;

3 if (CW==2){
4 if (lcanProceed(0.0)) {
5 if (beaconEnabled) CW = 2;
6 bPeriodsLeft = 0;
7 return; } }
8
9 if (CW ==0) {
10 I/ it (canProceed(0.0, true)) {
11 txPkt = 0;
12 mac->csmacaCallBack(p_IDLE); }
13 Il else {
14 /I if (beaconEnabled) CW = 2;
15 Il bPeriodsLeft = 0;
16 I
17 } else
18 1)
[Z= 10] p802__15_4csmaca.cc & M& 7tsd &ol cth|
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BE M-S HoErh F¥ME 9~17S CW7F 00 HAUE&
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1 void CsmaCA802_15_4::newBeacon(char trx) {
2
3 if (bPeriodsLeft == 0) {
4 wtime = adjustTime(0.0);
5 if ( mac—>is_CCA_select == 2006 ) {
6 wtime = (Random::random() % (1<<BE)) * bPeriod;
7 wtime = adjustTime(wtime);
8 } else {
9 wtime = adjustTime(0.0); }
10 if (canProceed(wtime));
11 if ( mac->is_CCA_select == 2006 ) {
12 backoffT->start(wtime);
13 } else {
14 backoffHandler(); }
15 /I if (canProceed(wtime));
16 /I backoffHandler();
17 } else {
18 }
[Z= 11] p802__15_4csmaca.cc = CCA X1 BHH & M&DPY
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T AS 3 oy o o5l odEEe. HF)
[Ep—— x . Zadt) 3 oY =g 3 g2 ZZlo] 70 Bytes
A o - . o w7} 20 Bytes? w BT} At} o2 So] w=¢ F7}
t
cacer Ve 120]2 wj30] 70 Bytesd w), &4 w7} fE ASol=
PHY header 6 brte Agleo] oF 0330t} AW &4 wE7} @ shwt
ACK 1 Byte B Aeldol oF 0112 o 66% AEst FAI Fadt
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duty cycle 100 % 010 -\_ \
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fre dehvE & w9 0.0 . i i
Packet Payload 20, 70 Byte 12 18 zoic A24 = %
Superframe Order 073, 10 B _
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