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ABSTRACT

For the development of reliable software, Software testing is the most important. Recently small changes of the software according to the
importance of regression testing is growing. To verify Application of a large number of nodes, Network simulator environment is required.
This paper proposed interface module between network framework for sensor network application and co-simulator to unit test sensor network
application. To conclude, developer can focus on sensor network application implementation only, so the improved integrated simulator
contributes to increase development productivity.
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3.1. Lr'WpanMsgBroker2] A Al 2 &
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MsgBrokert= W/ E) 3 T 27} NS-32 F3l| LR-
WPAN 57 & 422151 7] 915+ 24 0 22 A} &3} [
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Daemon WSN Gateway Sensor
Node Node Node
T [ WSN ] [ WSN } [ WSN }
Network Gateway Gateway Cateway
Framework || tework ] { - } { Nemorc ]
Framework Framework Framework
l -( TCP TCP Msg o Msg S
{ M socket Socket Broker Broker
Co-Simulator NetDevice NetDevice NetDevice NetDesice
(NS3 +SystemC ) || [ mac | [ mar | [ [ mae ]
[y ] [Py [y | [y ]
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Fig. 2 Integrated simulator for sensor networks and
between network framework structure

NS-3+= TCP/IP 5415 93 TCP Socket 252 7|
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A2 gute] 25 A4S = 7158 AlFeHA ¥

_ LrWpanMsgBroker

-m NetDevice : NetDevice
-m DstAddresslnfo : WpanAddress
[+InitMsgBroker(): bool
\—‘~Send4in Buffer:char, in Length : int) bool
11 Send(inBuffer: char, in Length  int, in DstAddress : unsigned inf):bool
[+Recv(in Buffer : char, in Length: inf): int
1+SetCallback()
F#receiveData(in packet: Pr-Packet)

NetDevice

IrwpanNetDevice
Hm_RecvCallback : ReceiveDataCallback
tm_forwadUp : ReceiveCallback
I+SetReceiveCallback(in cb : ReceiveCallback) : void
I+SetReceiveDataCallback(in cb : ReceiveDataCallback) : void
I+ForwardUp(in packet : Pir<Packet-) : void
[+ForwardDown(in packet : PtrPacket, in address : WpanAddress) : void

a3 3. LrWpanMsgBrokere ZeiA clolofa®
Fig. 3 Class diagram of LrWpanMsgBroker
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WSN Gateway Tr _ LrWpanMsgBroker IrwpanNetDevice LrWpanMac
Send:=Send(Buffer Length, DstAddress)

ForwardDown:=ForwardDown(packet, address)
I’V

VlcpsDataReques McpsDataReques(p dstaddress)
e

3% 4. LR-WPAN T2l S4S 25 A2 A
ctojo 13
Fig. 4 Sequence diagram for the LR-WPAN packet
transmission
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WSN Gateway Tr LrWpanMsgBroker IrwpanNetDevice LrWpanMac

InnMsszroker InitMsgBroker(,

i

Fo‘r\\ardUp:=FonvardUp(pacL;:t)
———

receiveData(packet)

Recv:=Recv(Buffer, Length)
L

)

I8l 5. LR-WPAN T3l F=AIS 28t A[RA
Ctolof 13
Fig. 5 Sequence diagram for the LR-WPAN packets
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_ LrWpanIOMux

-m_Event : sc_core:isc_event

-m_WaichList : ist<_ Watchltem *>
-m_OccuredEventList : list<_ LrWpanMsgBroker *>
-m_CapturedEventList : ist<_ LrWpanMsgBroker *>

+Add(in MsgBroker : _ LrWpanMsgBroker, in Operation : unsigned int) : bool

+Delete(in MsgBmLer _ LeWpanMsgBroker) : bool

+Modify(in MsgBroker : _ LrWpanMsgBroker, in Operation : unsigned int) : bool

+GetEvent(in MsgBroker :  LrWpanMsgBroker, in Operation : unsigned int) : bool

+GetEvent(in MsgBroker : __LrWpanMsgBroker, in Operation : unsigned int, in Timeout : unsigned int) : bool
+EventEnabled(in pMsgBroker : _ LrWpanMsgBroker, in pArg : void) : void

+EventDisabled(in pMsgBroker : _ LrWpanMsgBroker, in pArg : void) : void

_ Watchltem
pMsgBroker : _ LriWpanMsgBroker
[+Operation : int
[tEventPosition : list<_ LrWpanMsgBroker *>:iterator

_ LrWpanMsgBroker

-m_SendlOMusList :fist<_IOMuxltem>

-m_ReevlOMuxList : list<_[0Muxltem>

-m_AcoeptlOMuxList: list<_ [OMuxltem>

-m_CloselOMuxList : list<_ TOMuxltem>

+AddIOMux(in plOMux : _ LrWpanOMux, in Operation : unsigned int, in pIOMuxltem : void) : void
+DellOMux(in plOMux : _ LrWpanlOMux, in Operation : unsigned int) : void

+GetEvent() : unsigned int

+priAddIOMus(in [OMuxList : list<_ [OMuxltem>, in plOMux : _ LrWpanlOMus, in pWatchltem : void) : void
+priDellOMu(in [OMuxList: list<_ TOMuxTtem>, in plOMux : _ LrWpanlOMux) : void
+priEventEnabled(in IOMuxList : list<_10Muxltem>) : void

+priEventDisabled(in I0MuxList : list<_I0Muxltem>) : void

%l 6. LriOMuxe| e ctolof 13
Fig. 6 LrIlOMux class diagram
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LrWpanlOMux LrWpanMsgBroker

Add:=Add(MsgBroker, Operation) §

AddIOMux:=AddIOMus(plOMux, Operation, plOMuxltem)

GetEvent:=GetEvent()

[

> EventEnabled:=EventEnabled(pMsgBroker, pArg)

-

a8 7. oMlE SE2 9IF S5 55

o1 =15’

Fig. 7 Flow behavior for event registration
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IrwpanNet

> priAddIOMux:=priAddIOMux(10MuxList, plOMux, pWatchitem)

ool
_ LrWpanlOMux: Add(__LeWpanhsgBroker * plisgBroket, unsigned int Operation )
i
list< Watchltem *=citerator  Iter,
_ Watchltem * pWatchltem;

for{ her = m_WatchListhegin(); Iter = m_WaichListend(); Hert+ )

pWWatchltem = *Iter,
iff, pWatchitem-»phdsgBroker == phlsgBroket)
{
return false;
'
'

F*Create/ddd Watchltem */
pWatchlterm = new _ Watchltem,

pWatchltem->pldsgBroker = phlsgBroker,
pWatchltem->Operation =Cipetation,
pWatchltem->EventPosition = m_OceuredEventlist endy);

m_WatchListpush_back( pWatchltem );

I* A ddIOMux into Socket */
pMsgBroker->AddIOMux( this, Operation, (void *)pWatchliem );

I Initialize Everds */
iff pMsgBroker-=GetErent() & Operation )

EventEnabled( pMsgBroker, pWatchltem );

i
1

rok

F Add

2|

mjo

a2 8. LrwpanlOMuxoll o|HIE &
ol T
Fig. 8 Implementation of the add function for Event
registration to LrWpanlOMux

LrWpanlOMux LrWpanMsgBroker IrwpanNetDevice

LrWpanMac ‘

GetEvent:=GetEvent(MsgBroker, Oprréﬂom
'

> s¢_oorezwail()

ForwardUp:=ForwardUp(packet)

receiveData(packet)

priEventEnabled(I0MuxList)

EventEnabled:=EventEnabled(pMsgBroker, pArg)
p——————

> e corezmotify()

i
|
|

MsgBroker, Operation i
|
|
|
|

a3 9. LriOMux®l GetEvent &% 58
Fig. 9 GetEvent Operation flow of LrlOMux
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LrWpanlOMux”} ¢ | EE 7+ 3} GetEvent= <!
g ti7lsta v ZRAAE S o ZE Ao
Al MsgBroker 71 A ¢} o] Wl E & /-5 wh3el},

[2¥ 10]<> LrIOMux 2] GetEvent &-<~2] 7-¢-& L}E}
At} GetEvent ¢4~ LrWpanlOMux 7} 2] 5} o] 9l
E7F &R 3HA] % oW, sc_corenwait() IS AFE-5}o]
ZaA2E 7] A= e

1% -, NS-39] 4] LR-WPAN?| 771 5241 o] Wl E7}
A5 LrWpan-MsgBroker+ priEventEnabled 35
%% 3}4 LrWpanlOMux 2] EventEnabled $t4=2 <=3} 3¢
U}, LrWpanlOMux 2| EventEnabled &<+ GetEvent 35
of o&f th7] Aol = ZRAAE AL, HF o=
2] Al o] A o]l Al LrWpanMsgBroker 2] 2| 9} o] Wl E o] &5
£ uhgkgitt

[29 11] LrWpanMsgBroker<] priEventEnabled 3t
2o TAS Uehla, [28 1215 LeWpanlOMux?]
EventEnabled 3t¢] 8 -& WEpdith

ri

r°1'

bool
_ LrWpanlOMux: GetEvent LiWpanMsgBroker **aMsgBrokes, unsignedint * pOperation, unsignedint Timeou)

[
Timeout = MAY_INT_VALUE & Timeout;

while( m CapturecEverdList empty) == true)

1 m_QeoutedBrentList empty() == true)

{
se_corezwait( (inf)Timeout, SC_SECs m_Fvent );

i timed_out]) == true)

[
*0pertion= _ LiWpanlOMur:TIMEOUT;
tefusn false

!
J

_ CaptutedBrentlist = m OcouscBventlist;
I

*obsgBroker=m_CapturedEventlist foni(),
*yOpetation = (*yMsgPoke)->GetBvert),

m_CaptusecEventList.pop_fronk(),

retutn b,

J

22l 10. LriOMuxoll Al GetEvent & +3
Fig. 10 GetEvent function implementation from
LrlOMux
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void
__ LrWpanhseBroker: prifveniEnabled, Lst<  [O0Mudiens & I0Muwdist )

{
liste IOMuwltem=rdlerator  lter,

fou( Tter = [OMueList being), Het 1= [00MwList end); Hertt)

{
Ttet-plOMux->EventEnabled( this, lter-prg ),

)

}

a2 11, LrlOMuxoll priEventEnabled &2 3
Fig. 11 priEventEnabled function implementation
from LrlOMux

woid
_ LrWpanlOMux: EventEnabled] LiWparhsgBroker * pMsgBroker, void * pAtg)

{
_ Watchltem * pWatchltem= (_ Wetchltem *) phrg,

iff pWatchltem->EventPosition 1= m_OccuredEventList.end) )
{

tetutt;

J

_OceuredBventListpush_hack( pWstchltem->phlsgBroke: ),
pWatchltem->EventPosttion.--;

sc_coresmotifi m_Frent );

a3 12, GetEvent =0l olslf 7| &
ZZMAE M=7| 28t EventEnabled %H‘—P—I T3
Fig. 12 Function for EventEnabled by GetEvent
function to wake up the waiting process of
implementation
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lic

Daemon ==, WSN Gateway ===, Sensor Device ‘==
2 Fojghr,
PDA Daemon WSN Gateway Sensor Device
Node Node Node Node
WSN ensor
[ FDA } { Daemon } [ Gateway } ?)evice
Network Network Network Network
[ Framework } { Framework J [ Framework } { Framework }
{ TP }: { P } { TCP Msg } :{ Msg }:
Socket Socket Socket Broker Broker
NetDevice NetDevice NetDevice NetDevice NetDevice
[ Mac ] [ Mac ] [ Mac ] [ Mac ] [ Mac ]
[y ) [y ) [y ) [y ) [y )
| Ethernet Channel | LR-WPANChomel |

a8 18 4352

S st WEYT EEEX| =
Fig. 13 The

network topology structure for
verification
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/* Step 1 */
NodeContainer nodes;
nodes Create (3);

CemaHelper Csma;
CemaBetChannelAttribute ("DataRate", StringWalue (" 1000Ibps");
CsmaSetChannel&ttribute ("Delay", StringWalue (" 1ms");

MNetDeviceContainer devices,
devices= Csmalnstall (nodes);

£+ Btep 2+
Internet3tackHelper stack;
stackInstall (nodes);

IpvdaddressHelper address,
address SetBase ("192.1681.0", "2552552550"),

IpvdlnterfaceContainer interfaces = address Assign (devices),

f* Btep 3+/
NaodeContainer N ades;
M odes Create(Z);

LiWpanHelper W panHelper;
LWpanPhyHelper phar,
LiWpantlacHelper mac;

NetDeviceContainer kDevices,
WDevices = WWpanHelperInstalll phy, mac, tiodes ;

gl 15 W EY3 EEZXE TNt ZE
Fig. 15 Code to configure the network topology
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/* Applications : Daemon */
_ HwkFrwHelper<_ TraceDaemonFactory> DaemonHelper;
DaemonHelper GetFactory() SetDb Ul 127.0.0.1");

ApplicationContainer Daemondpps = DasmonHelper Install (nodes Get (2));
Daemondpps Start (Seconds (1.00);
Daemondpps 3top (Seconds (600,

/* Applications : WS Gateway */

_ NwkFroHelper<_ TraceCGwayFactory=  CwayHelper;
CrarayHelper GetF actory(). SetDaemonlp] "102.168.1.3" ;
CrarayHelper GetF actory)) SetDaemonPort( 30303 3,
CrrayHelper GetFactory) SetGwayld] "01" Y,

CrorayHelper GetFactory() Setil etDevice! tDewvices Get(M 3;

ApplicationContainer Gwaydpps = GwayHelperInstall (hodes Get (13);
CrurayApps Start (Seconds (2.00);
CrarayApps Stop (Seconds (B0.0));

/* Applications : Pda */

_ NwkFrowHelper<_ TracePdaFactory> PdaHelper;
PdaHelper GetFactory) SetDaemonlpl "192.168.1.3" 3,
PdaHelper GetFactory) SetDaemonPort{ 30303 3,
PdaHelper GetFactory() Setld] "PDAOLI" 3,

PdaHelper GetFactory) SetPassword] "semco");

ApplicationContainer Pdafpps = PdaHelper Install (hodes.Get (00,
Pdaspps Start (Seconds (3.00);
Pdaspps Stop (Seconds (60.07);

/* Applications : Sensor Device */
_ HwiFrwHelper<_ LiWpanEndDeviceFactory>  EndDeviceHelper;
EndDeviceHelper GetFactory() SetMetDevice( hDewvices Get(1) 1,

ApplicationContainer EndDevicedpp =
EndDeviceHelper Install] tNodes Get(l) );
EndDevicespp Start ( Seconds (4.0) 7;
EndDevicedpp3top (Seconds(6000) );

a3 16. o E2|HOIMES MRSt ZE
Fig. 16 Code that installs the application
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file Edit View Go Capture Analyze Statistics Telephony Tools Heip
Bae BExgaQ BB

Fiter: [not arp ~ | Expression... Clear Apply

GIF EET

No. Tme  Source  Destination Protocel info
192.166.1 [TCP Port numbers reused] 49153 » 30303 [SYN] Seq=4294367295 Win=65535 Lensd

49153 > 30303 (ACK] Seq=0 Ack=4294957243 Win=g5535 Len=0
[TCP Port numers revsed) 49153 > 30303 (S SEquizugsNass miness3s Lenoo
30303 > 49153 (ST, ACK] Seq= =

49153 > 36303 [ACK] Seq=d Ack=
49153 > 30303 [ACK] Seq=0 Ack=4204967243 Win
30303 > 49153 [ACK] 56q=4294967243 AckeSO Wi
30303 > 49153 [ACK] Seq=429495724:
49153 > 30303 [ACK] 5eq=50 Ack=L
49153 > 30303 [ACK] Seq=50 Ac
3303 > 49153 [ACK] Seqsl Acks284 Wins6S535 Lensd9

49153 > 36363 [ACK] Seq=b Ack=4294957243 Win=g5535 Len=53

30303 > 49153 [ACK] 5eq=4294967243 ACK=53 WLn=65535 Len=D

30303 » 49153 (ACK] Seqe4294967243 ACK=53 Win=s5535 Len=ss

[TCP Dup ACK 2041] 39303 > 49153 [ACK] Seq=50 Acks284 Win=65535 Len=o
49153 > 30303 [ACK] Seq=284 A:
49153 > 30303 [ACK] 5eq=53 Ac
49153 » 30303 [ACK] Seq=53 Ack=!
30303 » 49153 [ACK] Seqel Ack=02 4
[TCP Dup ACK 2841] 39303 > 49153 [ACK] Seq 47 ACk=92 Win=65535 Len=o
49153 > 30363 [ACK] Seq=92 Ack=47 Win

49153 > 36303 [ACK] Seq=92 Ack=47 Win=63535

30303 > 43153 [ACK] Seqed? AckeL32 Wi

30303 > 49153 [ACK] Seqe563 Ack=132 b
49153 > 30363 [ ket

49153 > 30363
30303 > 49153 [ACK] Seq=786 Ack=172 Win
49153 » 30363 [ACK] Seql72 Acks785 Wins

[TCP Retransnission] 49153 > 3303 [ACK] Seq=172 Ack=T86 Win=05535 Len=319
30303 > 49153 [ACK) 56q=786 Ack=491 Win=65535 Len=0

@ Fie: “home/kaizen/workspacefkai- _Packets: 39 Displayed: 31 Marked: 0 Load time: 0:00.001 Prafile: Default

2l 17. CSMA ClHjo|Ao| mf3l 58 24 3tH
Fig. 17 CSMA device screen, the packet flow
analysis
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b Frame 1: SLbytes on vire (486 bifs), 51 bytes captured (468 bits)

b 1EEE 602.15.4 Data, Dst: 00:80:00_00: 00:00:00:0b, Src: 90:00:00_00:00:00:00:0a, Bad FCS

\d |)ata (% hym)
o

S

[Length: zﬁJ

0660 [
010

frame (51 bytes)| Not dissected data bytes (26 byus)
© Data data, dm) 26 bytes Packets: lD\Su\md 1 Marked: 0 Load time: 0:00.000 Profie: Default

33 18. LR-WPAN ClHto|Ao| T3] =24
Fig. 18 Receive packets for analysis of LR-WPAN
devices screen
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