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

Gyu-Wan Hyun" - Youn-Soon Shin™ - Jong-Suk Ahn™" - Kang-Woo Lee™"

ABSTRACT

This paper introduces two functions added to the current version of ns-2 simulator for better accuracy of [EEE 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 802.154-2006 standard which is
rot 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 802154 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.
Eesides, 2006 standard for CCA deferment algorithm gives 19% lower collision probability and 38% higher performance.
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4.3.1. $¥ £78 9% 2=

89 F5FE TEY 1 d3lo] AFd A dF A
¥7h A4 @Mzt g9 F, F A ol xE7F FA9
CCAE #33l9 &3t Z+Y 54 ==/ 158 AF
o] xE9 &Y xZy} AR A$dA FEo| LA
A¥ F ZE Aol oA HAAS0] AFd AFE Yot
of #tt}. o] 8 98 p802_15 AMachel [ZE 3)7} 2o] A
& N3 FE 458 ALY ¥FE FHIEH

AFATY FE AL £ AFIA o]FojA=E F
E AAEE 971 #Aste] p82_15 4phy.ccE [ZE= 4]9 2o
TR U3 1 ol FE0 LANE BFEN, &

EHE RAE

1  class Mac802_15_4 : public Mac {

2 public:

3

4 static double time_to_send_data[100];

5 static char is_hidden_col;

6 static char is_col;

7 - ¥

[3= 3] p802_15_4mach = FIIE HPE

E¥T IE

1 -void PhyB802_15_4:recv(Packet *p, Handler +h) {

2 .

3 switch(ch->direction()) {

4 case hdr_cmn:DOWN:

5 MacB02_15_4::time_to_send_datalindex_] = CURRENT_TIME:

7 default:

8 a5

9 if Pkt == 0) {

10

11 } else {

12 double time_to_send_1 = Mac802_15_4::time_to_send_datalp802_15_4macSA(rxPkt)];

13 double time_to_send_2 = Mac802_15_4:time_to_send_datalp802_15_4macSA(p)l;

I4 N

15 if ( time_to_send_1 == time_to_send_2 ) {

16 MacB02_15_4=is_col = 1;

17 } else if ( time_to_send_1 != time_to_send_2 ) {

18 MacB02_15_4:is_hidden_col = 1; }

19 if (p—>txinfo_.RxPr > mPkt->txinfo_.RxPr)

(2= 4] pB02_15_dphy.cc & 582 ZHE TR Y
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void Mac802_15_4::recv(Packet +p, Handler +h) {

/ drop(p,"LQI"):
if ( MacB02_15_4:is_col == 1 && Mac
drop(p,"H&C");

drop(p,"COL");
} else if ( MacB02_15_4:is_hidden ==
drop(p,"HID"); }
Mac802_15_4:is_col = 0;
Mac802_15_4::is_hidden = 0;
return; }

)

WD 00 =1 O U & Wb e

el el
W M= O

} else if ( MacB802_15_4::is_col == 1 ) {

802_15_4:is_hidden == 1) {

1)

[3= 5] p802__15_4dmac.cc &

HE 129 13914 ol FAsE HAAR} A F4 T
AR AFAZE BT 2 FPE 15 ool F
H7o] AEd AE v EF HA AFo] =y
7] Aol g FEo| LA HA AFANE v|iLste
TEY FTHE A FUE

4.3.2. Edo]2 #d 44

FEEZ Uslo L =F(drop)dt= FAHL MAC AF
oA o]Fojxv FEE uiAT A HEo] dEH F
EFo] 241 o] FHI} EFola FHYd] 7]Fd. o
i Efo]2e| F&2 FFE Uehl7] A8 p802_15 dmacce
& [ZE= 5]9 Zo] AU FHE 4~112 FEY F
& &3] Hs & A7 F& AFE A 47
9 A4E A3 drop() F4E o83t EdF o= 5Y
o FA A402 dojd FEL “‘O0L", &4 =2 U3
HAg FES HID', F 7HA 589 E¥oz 2AsgY
W ‘H&C'2 ZZd &3 3ok

(T 1) 12709 x=9 349 &Y ==§ AlEHo
Ae & 359 Edolx FY9 et 484 ZoA
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5. 802.15.4-2006 CCA x| 78

£ d7ME CCA AQE Hs7] 9% 2003 ¥&3}
2006 EE] g Al @ty A& ¥AE 93 0T
BEE o]g3p/|2 . d4%¢ A% F #5 bind0%
command() FlA bind) FFE HWFUE AFdo F3
% command() ¥ ¥4 A 58 FYY & e
B2 & AFAME o|F9 3o A 7t A
command() ¥5& o|&37|2 )

51 QTcl ZE HZF

[Z= 612 command) <& ©]8317] Y3 ns_mobilenode.tcl
5ol CCA select 8 5713 W42 BodFr} CCA select
7t 325" 3W & WHole] 4922 CCA_selectin
_CPP¢} S$args® vi7|¥iFE 8o C++9 MAC EE9
command) &47F £&dch [Z2= 7] CCA AQ A %

s 360.054912035 _3_ MAC
s 360.056192035 _8_ MAC
s 360056192035 _9_ MAC
D 360.058848071 _0_ MAC

s 360.063872035 _1. MAC
s 360066112035 _6_ MAC
D 360070688071 _0_ MAC

=== 26 cbr 77 [0 0 3 800]
-== 20 cbr 77 [0 0 8 800]
--- 21 cbr 77 [0 0 9 800]
H&C 20 cbr 77 [0 0 9 800]

--- 38 cbr 77 [0 0 1 800]
=== 23 cbr 77 [0 0 6 800]
HID 38 cbr 77 [0 0 6 800]

(310143201 (1100
(810203201 [0]100
910203201 [0100
[9:10:2032 0] [0 00

(10143201 [21 00
[61020320][0]00
[6:1 014320 [2] 00
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==

$self instvar mac_

|
1 Node/MobileNode instproc CCA_select args {
2
3

eval $mac_(0) CCA_select_in_CPP $args }

[Z= 6] ns_mobilenode.tclollA{2] 7t AHg

EHE

3=

1 $node_(0) CCA_select 2003
2 $node_(1) CCA_select 2006

[Z= 7] IEEE 8021548 O[23t= Tol 232E Y 0fA|

g MEde Td 23YE #Y9 Aot} F, CCA_
select ol vi7i¥<E F7bete] CCA AA A2 #4E
2003 EFH 2006 EF FolA e A 5 A

52 C+ AE #A

5.2.1. OTcl#9] 4%

[Z= 8)3} o] p802_15_4mac.cce] 22~ Mac802_15 4
9 public 99l CCA AQ W& ARse WFE F7t
gtk ZE#l2 CsmaCA802_15.4014 CCA = do] 248
€ o 22 MacB02_15.49 ¥4 CCA_type_select® &<l
3t zt ¥F& wErh ¥4 CCA_type_selectoll gtol A&
He #PL [2E 9)E T8 49dd [Z= 9= 51389
Ao ddat Zo| [Z= 6]9 “Node/MobileNode instproc
CCA_select args” &7t 2&HW FY2 MacB02_15 49|
command() $7F $&dch 97|14 CCA XA A ot
< Wgd] A%

[Teas )

[ $node CCA_salect 2006 ]

‘» [ ls_CCA_salect = atoltargv[2]): ]
[ NodWohlleNnde mmm CCAselect ] F

* int Mac602_15_4::command

(int arge. const charsconste argv)

[ $mac_(0) CCA_selectin_CPP $args ] ~

|

(38 12) OTcl2t C++2 T8 288 2| HS A8 ;F

°o|49 OTcl# C+2 FHE ZEENAY ¥F A%
g #4E (29 120 Jdehisich

5.2.2. A% 7Fs 4% & @A +3

(2" 13)2 ns-2914 CSMA/CA ¥xe&& T8 o
CCA A %] e & #Fg voEch A A
ns-2¢] CSMA/CA ¢x2]Fo] T78E &2 44 802154
EEFHE CCA @4 A4 Aol7h ¢ A 4 3

S ac
1 class Mac802_15_4 : public Mac {
2 e
3 public:
4
5 int CCA_type_select;
6 )

[2E 8] p802_15_4mac.hoflA{e] 18 Ha

EHE 1=
1 int MacB02_15_4::command(int argc, const char+const+ argv) {
2 e
3 if (stremp(argv(1], "CCA_select_in_CPP") == 0) {
4 CCA_type_select = atoi(argv(2]);
5 return (TCL_OK); }
6 )

[2= 9] p802__15_4mac.cc command() &0l 57}



402 BEXeIEZ=2X C M16-CH H3=(2009.6)

CCARt P& Jks OI1% 28
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CCang
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12 Be
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FHE IZCS
1 void CsmaCAB02_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 Il if (canProceed(0.0, true)) {

ih txPkt = 0;

12 mac->csmacaCallBack(p_IDLE): }
13 I else {

14 /i if (beaconEnabled) CW = 2;
15 /I bPeriodsLeft = 0;

16 /]

17 } else

18 1}

[Z= 10] p802_15_4csmaca.cc & ME 7hsM 8ol ¢ -

. & EFNME CCA BA=Z AYsdy] ojdd
CAP F7to] A& HA$dprlo] F&3] SREAE 8l
i CCA ©AE 3%t AT ns-2914= F ¥ CCA
o RF ajde] fF AHZ ALEHUL oo H2a
HA& A4 ACKE ¢ F Ug U3 FEF AR
dob JlEAE A1 mety F e CCAE vl 5
70 A$o] FEE CAP 7ol EAlsteA ARG 7]E€
T4 g BEEd FHAEE FAsHY [ZE 104 ®
AY Ae BYFEY. F¥I 9~172 CW7F 00 HUE
 F, F W9 CCAAM Ade] fFstcta FAHAE o
canProceed() ¥+ §3 2o CAP 75t A dA%S
488 + e e dAog o dAE CCARG
HA £8387] 93 CCA Nd 2R & 93 49 A=
W73 g

5.2.3. CCA AE 24 ¥ A% 44
[Z= 1] Z =27 A2E & FAT F oA

AAHNE HAL AFe APE BAFE A= A
2 789 2006 EEX 8 F837] A% EH3 159
168 AtAlgtn 93 5~148 F7HE2 =4 2003, 2006 &
& AARY o] AT 5 UEF Ao

6. AlRHOIM A

6.1 48 &3

2 FdME & 47E€ F349 7%l F7Hd ns-28 °
43 4% 234E AN <E DA 23 devlEe
EFAAN A e o= 4% A WAHA g9, &
F SetviEE 48S A5 B w ge M2
t x=oAe s BAL ¥3} FFoz sHPT.

62 24 =2 olft HE
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1 void CsmaCAB02_15_4:newBeacon(char trx) {
2 ee
3 if (bPeriodsLeft = 0) {
4 wiime = 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));
1 if ( mac->is_CCA_select == 2006 ) {
12 backoffT->start(wtime);
13 } else {
14 backoffHandler(); }
15 Il it {canProceed(wtime));
16 /I backoffHandler{);
17 } else {
18 ]

[Z= 11] p802_15_4csmaca.cc = CCA K| Al & Manid

(E 1) AlE3jo|M2 2{& m2tolef EE

2 aebv)E a @4
MAC header 7 Byte
PHY heacler 6 Byte
ACK 11 Byte
Channel Bit Rate 250 Kbps
SIFS Period 12 symbol
LIFS Period 40 symbol
Ack_timeout 54 symbol
duty cycle 100 %
macMinBE 3
aMaxBE 5
macMaxCSMA 4
& Sl &k @4
Packet Payload 20, 70 Byte
Superframe Order 073, 10
Beacon Order 073, 10
Node 12; 16; =, 32 7
Hidden Node 0135 |
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