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Abstract

Intelligent Transport Systems(ITS) has been a very popular issue in recent years.
It improves the safety, efficiency and comfort of transport systems by real-time
information obtained from Vehicular Wireless Networks(VWN). And the original
IEEE 802.11 standard is not suitable for the novel network type. IEEE society defined
IEEE 802.11p and 1609 standard to suit the special needs of VWN. Because of the
massive potential of ITS and VWN in commercial development and academic study;,
they have gained intensive research interest. However, there are no products available
on the market for doing ITS experiments. As such, developing a high-quality network
simulator for such a new network is extremely important and useful.

We have already completely implemented IEEE 802.11a/p standard on NCTUns
last year, and for this year, we successfully implemented IEEE 1609 standard and
integrated them to form a complete VWN simulation system.
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WME £ i primitive ¥2 higher layer 2 2 MAC layer fif > e § 38§ 1%

g7 WME 12§ = &t 2 WME 2 higher layer B eiid o p o 2ac 248
application ¥ w i% & primitive % £ &~ WME WAVE service it & (&]4r
provider service T3 ) > H & F|& & WAVE standard 3 B frg K p o - B
4~ 1EEE 1609.1 = % 7 application ™~ 2 WME ¢ 4 & - # % resource
manager - application ¢ ’f i% i resource manager % 3P~ WAVE device #1# i&
eF ko @ & IEEE 1609.3 #73.:0 higher layer & E_ resource management o it
4_» |[EEE 1609.0 #2 {5 #rAg 384 e 4 3u G 4 2 4 pr oo gER {8 kx F127 IEEE
1609.5 +#» communications manager % P & IEEE 1609.0 *®  resource
management » f& §_# 9 ¥ WAVE system pF IEEE 1609.5 # A % £ » F]pb 20 i
# 3 7 & WAVE device + application i%:§ higher layer &2 WME & & i i *
primitive i Gr4 iy o Bofs 0 AN PEH T AT RayEE ?Kif‘u{’ - F:’%‘izp%hd» B
% THF higher layer = pFd @ * WME #% &40 primitives o § % e 5 i@ H

& Jp - B izq.% tedp Ly & (primitive file) ¢ wp WME & e 4 (7 P &
primitives - & A i g F ¥ ¢ 2 & #  WME-ProviderService.request -
WME-UserService.request ) WME-CchService.request " 3
WME-WSMService.request = fa# € & 5 service request primitive o 4§ % % ;¢
4c® 3.2 #7571 > SIB_Begin 4T SIB_End ™} X LM F 0 “7F node &9

v

primitives PR T artFEEpr oNIDX 27T NIDY m+F % NID X &7 primitives
* @_- CDB ¥ CDE *® [F#7& enp ’gi}u{— ¥ = # e primitive Xk 7> H ¢ pF
B (Time) ¥ =% 107 second » % = primitive ks chps ¥ o

SIB_Begin
NID 1

CDB
Time 20000000
Primitive provider_service_req
Action add
PSID 1
psc "
AppPriority 1
Channel 174
Presistence 1
Repeats 0
IPService 1
[PAddr 1.0.1.1
ServicePort 1
MacAddr 0:1:0:0:0:2
RecipientMacAddr 0:1:0:0:0:3
CDE
CDB
Time 10000000
Primitive nser_service_req
Action add
UserReqType anto_access_on_service_match
PSID 1

PSC "test"

Channel 174

SourceMac 0:1:0:0:0:2
11D ¢

ImmediateAccess 1
IndefiniteAccess |
Notify 1

NID 2

CDB
Time 10000000
Primnitive wsm_service_req
Action add
PSID 1

CDE

CDB
Time 10000000
Primitive cch_service_req
Action add
AppPriority 1

CDE

SIB_End

Bl 3.2 WME Primitive Setting File
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17 > WME i B primitive =0 type 4 #4 i % F = function -

“F3 0 service PATH| o Ak B gn L g primitives file “rdp i
primitives & iF T o T #3E w4 g service request siE (FRAR
® Provider Service :

% provider service request #» Action 7 add - H & &g L E
application ## & service> i WME §les v = = oz 3| primitive 2 {5 -
WME 7 £ ¢ # WME-ProviderService.request chp 7 3s4%& MIB ¢ ¥ »®
B 428 & 3 1% advertisement - 4-% WAVE device 2. al’)r*uzr\ provider 7R f-
WME iﬁuﬁ i3 exz m e WSA > 2 &/ & WSA 21 %4 ¢t provider
SF M T EJT}“Q Az iran WSA - WSA 2 = mr,\v\fw]&iﬁﬁ#g
primitive ® #7 &1 persistence 12 % repeats k¥ WSA o & {8 f &4
MAC #|:Z SCH interval p¥& ge3|wRF SCH o

# provider service request 1 Action i change » H % & g L 5
application #:c% service %%k > 5 WME §e+v = =& o ptpf WME §
12 primitive ep F ki :x MIB v‘ AR TP Bz 5 A
WSA = % primitive #7& 04k + o 4ok SCH 3 :x it Pl & £ 274 &v
MAC > ¥ #F WSA e ¥4 5 3 e R ety & U o

% provider service request =7 Action i del - H XX A
application 8 1% .k service hit & > 3 WME §e4v == o gt pF WME ¢
g5 primitive ep % ﬁtﬁl']“,ért MIB *° ¥ enff > T 2 - WSA ¢ %
e provider 3t %, lﬁf ohod WSA 23 His e provider ezt i R is ok g
# WSA » # ® £ 5+ MAC SCH interval ’j-? . CCH -

®  User Service :

WME-UserService.request 5 #73§ & #]% & f& action - 73 % 7
application ¥+ primitive #745 < service (14 PSID %k % 4) 7 #4& > #]
“ﬁi RAp F o 4T F] user service request BF WME - B 4% ¢ 2 2z MIB
Wizo2 fs4c% WME 423 WSA ¢ & 7 application #7f 2 4% service»
WME ¢ g & 4c » ¢ service 2 | service 7 £ #% ik & &_ application #t
TR A g0 service 7 £ R #4E L ok o4 % application #i{% % service ?;K}g} 7
BAEgE 0 WME € 53 & 8 priority 9 service 4c »

® CCH Service :

WME-CchService.request 7 &7 £ 4 I'F 3 4 action> * sk RTig & H L T
CCH < priority - d » CCH ¥ 3 - & » F]2* WME ¥ ¢ @ * 3| =<
priority - WME 4z 3] ¢ primitive ¥ ¥ ¢ 4 12 :x MIB fg i » & §] SCH
interval # 3% 3] CCH interval 75— B2 » 4c% WAVE device 2 & %5 7 &
SCH ¥ & g4 v e p wv #7¢ % &0 provider service & priority £ %+ CCH
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priority + > 4% E R ¢ 28T & SCH % m&g *» v CCH -
® \WSM service :

WME-WSMService.request 7 #73 £ #1 ' 7 & action » F73{ £ & J*f
PSID - WME # 1% PSID % *|% WSM d v%- f application i¥ 1! >
application ¥ 1z %’g e S E ﬁ PSID e WSM - WME 4z 3| @
primitive p¥ ¥ ¢ 4 2 :z MIB e > 2 3] WAVE device 13| WSM p¥ >
WME ¢ 1245 application z = #73ip &5 WSM 1 PSID » kL2 & 7 & 4T
' WSM -

pav WME ¥ ¢ JRi%— B3 & # o3¢ WSM o application > ]t ¥ &
4 WSM service 3 :xp i PSID *ag # 3 - B applications WME ;2
3 route WSM ;T'J_L.F application ey 4 o & * 548 (82 chp I F G AR
#“WME % ¥+ g 3] WAVE &% 44>+ application ez & & % P Fg o
WME % /g & @ available service o fpt @ * 93 2 Sz 2 # WAVE
device #7% I} advertisement » 4o % % pt=x CCH interval F <3| B > &
servicesf advertisement # st ¢ service ¥ 12 * \WME ¢ % CCH interval
S AP EFMIB ¢ o4 available service - 4-% available service ¢ 3 %
& 3| application & * user service request primitive X = service B
WME ¢ A # 40 » ot service » i eid (T 4r | 3.3 #77 o

SCH Interval CCH Interval SCH Interval
CCHstart © CCHend :
Available service count=0 WME processed the

available service info.
If applications has
registered user-service for
\L this service’s PSID then

CCH Interval : joinit.
WME record received WSA
for available service.

B] 3.3 Recording Available Services in CCH intervals

IEEE 1609.3 % & 7 WAVE system 2% IP #+& enig 2534 > sz B84
wg T WME ¥ o 8 ¥:F (v 24rB 3.4 #77 > 4% IP $+¢ E_d higher
Iayersf L WME - 7] WME g ¥ & P % WAVE device 8.7 F 4 » & £ % &
service(user or provider ) - &= WAVE device p = 5 user PR i #-3F & ¥ A3k &
p & service 1 provider » = WAVE device : provider R|E fE#-3te X 14 >

HAH W R e it e TR o4k IP 2+ E.d4  lower layer i /1 WME »
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WME F# &% 4 P = WAVE device £ F 7 4v » & & & ik service (user or
provider ) - =#WAVE device P % 5 user P| ¥ & fcB~p & provider #714F 13t
¢ » % WAVE device i provider | E -3t » F 3% > H s FRp] B B3t

Vi

b

higherlayer higher layer
IP data
OK
Noservice| WME check WME check | Ne(matched) service
free packet«— provider/user provider/user |—>free packet
service service
oK
IP data
lower layer lower layer

Bl 3.4 The Processing of IP Packets in WME

WSMP Implementation :

WSMP & _& ™ % 7 WAVE system #7330 protocol » © £ |IP protocol
B im4pk o & NCTUns #ti¢ * e IP protocol #_i2 :x Linux kernel p e IP
protocol A % - 7z &_ Linux kernel # 2% piz WSMP > F]pt g h (79 iF o 4
73 WAVE applications ¥ 12353 function call 77 ;% kg2 WSM»> 1™ 5 =
a2 kF i WSMPe % - f82 ;2 @ § % WSMP § i & Linux kernel ¢ >
e kB E Y CFAOEE R R MR F S Linux R R ERTAE o B 8 R
#WSMP 5 it & NCTUns ¢ - application £ 3 i WSM pF4|* |PC # WSM
i# 3 NCTUns p o

Bt g * Fikend - A7 T2 38 o WSM ziE a5 4e Bl 35 fror o F
application & % ¥ WSM pF > 2 ¢ 5 IPC # WSM i 3 4p &< WME >
2 & 4 WME # WSM =4 o § ¥ - 2 eh WME 23] WSM B > ¥ ¢ 56
signal % i & application » & {¢ application % :iF IPC 3 B NCTUns p =
WSM -



Application Application

Send WSM Send WSM

Recv WSM

Recv WSM

NCTUns

seren,.,. COmmand Server ... >

A J
B 3.5 Send/Receive a WSM

NCTUns i H p &7 command server *4zi¥ WSM: 2z {8 & 4 command
server % :#- WSM i % 4p %t & < WME module #* &_ application » = r‘]}u{d
command server * £ § & IPC -

NCTUns B 4ottt s ¢ L H#-H 975 -8 & {7 ¢ module 4= 41t > &7 %
1 € B4 fork &% & NCTUns F HC# 44 (7 <0 process o 5 7 & 3R
application # WSM £ 3| &t 720 WME » 2 2 WME # WSM i 3| I fgen
application » F]gt A i * NCTUns ¢ L4~ 4> =475 7 module {54 ¢ fork
process =FlE o

Hm&4oB 3.6 #1717 > & WME ¥4 41 PFL & command server p & =
- B F % WME_REG_INFO » tz4 WME #7 & node id 2 WME
module #f &= % o § application A fork dt %k P application ¢ %% IPC =
command server # gt application &_d ¥R i node #7347 - application v
command &3 #74]* > file descriptor 1+ % application =~ process id (PID) -
Command server ¢ 233 application #7 % 3 & (node id) 2 45 4p &
WME_REG _INFO - 35 | 2 5 @ # application ¢ PID & & e p o 4ot >
WME_REG_INFO p if 3 WME 122 application & e F > 122 B W 33
(2 FM 5 nodeid> % F M5 WMEmodule % 22 application 2_PID) -
Application £ # ¥ WSM pF L £ :iF IPC #i% % command server » o
commander £ & 35 4p ¥ &< WME_REG_INFO > ] #* # p e 2% WSM i 1
&+ F& e WME module -

WME module i WSM &% application > WME & #&# WSM % %
command server EJ2 >3 command server 3 & 35 4p ¥ & 7 WME_REG_INFO >
fl* 2 poenE - WSM #:F IPC i# I & 7g e application process > # ¥ 3 i¥
- & signal (kill(PID, SIGANL_TYPE)) i &pt application * {zB WSM -



e D

Command Server
WME_REG_INFO

Is_Enable true

Node_ID 1
WAVE

i . o WME_pointer ox41 1 | device
Application
File_descriptor 14 WME
K PID 9926 /

1. WME constructed WME_REG_INFO. (IS_Enable = false, Node_ID = 1, WME_pointer = 0X41)
2. Application enabled WME_REG_INFO. (I1S_Enable = true, File_descripter = 14, PID = 9926)

Bl 3.6 Construction of the WME_REG_INFO Structure

a1 s WME ak 37t 915 B8 WSM 5 application JF‘KJ» B kPR
Bl 3.7 RV B o 5 4 application & L] * IPC il fv NCTUns R e 3§ >
T RE BEzp A % NCTUns » & ® & #fNCTUns #r3 d) &0 signal fuet2
(signal handler) - Application 43| NCTUns #% 7 signal % 7+ NCTUns ¢
- WSM # 1) 2 % #73E = e |IPC i sg > ¢4 PF application & » 7P % 425\ en
H 7o 43 # 7 signal handler r24c® WSM - ¥ ¢t application ¥ & }s 8% e
WSM & s it frente;V > £ 5 IPC # % NCTUns § 7 =+ WSM

iE o

~

void sig_usrl{int signo) tisignal handler function
{ sigprocmask(SIG_BLOCE, &usrl_mask, B

{1BF IR B3] cignal BYhEr

Recv _¥SH();

sigprocmask(SIG_UNBLOCK, &usrl_mask, K

}

int Recv_¥SH{)

{
read(file_descriptor, buffer, buffer_size);
f17%E5% IPC W{HY WSK

}

int Send_¥WSH{data, ...)

{

sigprocmask(SIG_BLOCK, &usrl_mask, 1;
I L BE AR EIREE] signal BYPET

¥SH_data = packing WSH(data, ....);
GBI data BEIERE ¥SH #§5K

vrite(file descriptor, WSH_data, size);
t13E% IPC 32 WSH # NCTUns

sigprocmask(SIG_UNBLOCE, &usrl_mask, );
}

int main()

createTCPSocketForConmunication¥ithSimulationEngine(...)

fIF@F NCTUns PERYEER

Enable_WNE_REG_INFO(...);
{11 NCTUns XM process B9EFR

signal( , sig_usrl};
FIFEM signal AY handler function

Send_¥SH(data, ...):

}
Bl 3.7 WAVE Application for Sending or Receiving WSMs
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