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Recently, the applications of \ehicular Ad-hoc Networks (VANETS) in many
existing researches have mainly been related to information distribution and traffic
safety. However, in the researches that aim at designing the network protocols and
systems for VANETSs, performance evaluation usually does not utilize realistic traffic
flow data; therefore, the derived design might actually not perform well in the real
world. In VANETSs, the nodes, i.e., the vehicles, have many unique features: they have
high mobility, and the topology often changes rapidly; the movements of the vehicles
need to follow the general traffic rules and obey the traffic signs. As a result, how
realistic the traffic mobility model is can have significant impact on whether the

simulations of VANETS are sufficiently realistic.

The main goal of this thesis is to build an integrated simulation framework, which
can be utilized to study the Inter-Vehicle Communications (IVC) in VANETs. The
framework integrates a traffic mobility simulator and a network simulator; in the
framework, the traffic mobility simulator generates realistic traffic mobility information,
such as the location and the velocity of the vehicles, and feeds it to the network
simulator in real-time. The network simulator would then be able to model the
communications between moving vehicles in a more realistic way. This enables the
researchers to study and design the network protocols, systems, and applications in
VANETS in a setting closer to the reality — with realistic traffic flow information. In this
research, we implement the integration of Simulations of Urban Mobility (SUMO) (as

the traffic mobility simulator) and OPNET Modeler (as the network simulator) to realize
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this framework.

In the second part of this thesis, we utilize the developed framework to investigate
the feasibility of the networked camera application. In this application, cars with
cameras can utilize the IVC to send the captured video to neighboring vehicles, whose
drivers can then observe the video and react accordingly. This is especially useful when
the view of the driver is blocked; the functionality is similar to the mirror installed at the
side of the road, but could serve the purpose at almost any location. We simulate this
application in 3 different scenarios with the developed framework: intersections with
traffic signals, intersections without traffic signals in the urban area, and a highway
scenario, and adjusted various parameters, such as vehicle density, link data rate, and
video resolution, to compare the system performance in different settings. Performance
metrics such as packet delivery ratio and end-to-end delay are measured and compared.
The results show that the quality of service of the tested application is strongly affected
by the vehicle density, which is determined by the neighboring road structure and the
traffic light status. We also found that in most applicable scenarios, it is required to use a

link data rate as high as 36 Mbps so that the video quality is acceptable for the driver.

Keywords: VANET, road traffic simulator, network simulator, inter-vehicle

communication, performance evaluation
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\\ / Network Simulator \
e -

v TCP connection b =
3 7| iR

k_.) U

£ £

OPNET
J . J

1. Send request for the subscription of the vehicle’ ID

2. Respond with the subscription status

3. Send request for the subscription of the position of the

vel iCIe
<
<

4. Respond with the position of the vehicle

W 34 PR HRE o AR E 0k Bk R

d b R HRE TR ES E TraCl R 5 AR BT 5

¥ 2 el 4 % TraCl cks 24a 58 » 4o @ 3-5 577 o

Message length including :
this header HcauEe

Length Identifier

} Commandg

Command; content

Length Identifier

} Command,,

Command, | content

B 3-5TraCl 2t & & 5% [13]



[0,127]2. F » Ap e v @ & 4 255075 £/ 3+[128,255]2. FF & — B &4 ¢ > gt
WG § AR o B - B &L ) BB R d Ll

TraCl shée £ > ¥ RFE 5 = BagS] o % - A fipdiimaig 7 > o5 -
BPEEEY > eI B AL UHET - BEIRAR - F AL LY AR TH
Bt o A RF - R BB L e IR B R AR R P RTE R
BEfR B IRROLELE o B2 BANRET TRE S L o iR AR - B
B2 R R VU RHEA LA FER DRSS  FITBES AL 8

AR EPE Y gk

AFTE Y Y ekl 0 AR ¢ FHFIRROR T 2 oM P I REL

pa

TCPif 4 ~ P B i ? Bdpenid & ~ 2R fvd 3 LHEFTR & 2

R ms N Ao T Ao

# 4 @ Simulation Step

Integer

TargetTime[ms]

# 1% 3-1 Simulation Step [13]

B - & 4 5 4] SUMO #, 17 48 © 4% TargetTime £_0(%) > ] SUMO # 7 -
BPERE S o TR SUMO {7 HRE I 4 4 ¥ g LD A 3 o 4ok b L

¥ B[ TR 2 > SUMO I 5§ 407 - B EER Y 3

% 317 & £ SimulationStep 2_ ¢ » SUMO -t 4 27w & W& 7 -

FREE LT RFE o RET G- BERHFRE > okt 3257 o
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Integer <SUBSCRIPTION .. <SUBSCRIPTION

RESPONE> RESPONSE>

Number of following <RESPONSE#1> <RESPONSE #n>

subscription responses

# ¥ 3-2 Subscription Responses[13]

¢ 4 : Subscribe ... Variable

TRARE SV FEPER IR DT Hlicd fpihfiil o~ 2
FFR S VA BOFTARAROT AL o FEh L B E - B ERSH
Rz 15> SUMO ¢ =i chidzipdt ¢ sTRaDTHEE »5f - Rl % hék 4
(Oxa0-Oxae) » 37 R ehiép £ » ¥ L EREP-Z FTAA R - @ % 7 g Ffce 37
B & 4 e 3N & # "Subscribe ... Variable” & 4 (0xd0-Oxde) - & & 7 B 4% SUMO #

% o & ek ed”SimulationStep” & 4 pF 0 ¥R ¢ B TR A S T -

TR eSS AR 330 A e g
® begintime: ¥ j Ac4npFER b AR ENEBE TR EHF o H
:ms o
® endtime: BRAPEHF S INERHE TR FRET o ok R
PERF AR B E o TR EARB c Eix imso

® ¥ & hip ¥ s "Variable Number” 4 @ 2 #cig o
TR AL Nk 3-4 977 o Ao 3T 2 B > SUMO #w @k AL

OX00(RTYPE_OK) « & ] » #-w @5 fi OxF(RTYPE_ERR) - % - fafym ™ » ik

B F A vk e e ZHETR
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Time Time String Ubyte Ubyte[n]

Begin End Time | Object ID Variable Number The List of
Time variables to return

#. ¥ 3-3 Command : Subscribe ... Variable[13]

String  Ubyte  Ubyte Ubyte Ubyte <Return_type>
Object | Variable | Variable | Variable Return Type of <VARIABLE_
ID Count |#11d #1 Status | the Variable #1 VALUE#1>
Ubyte Ubyte Ubyte <return_type>
Variable #n Id | Variable #n Status | Return Type of the <VARIABLE_VALUE
Variable #n #n>
# ¥ 3-4 Response : ... Subscription Respond [13]

EAFELY S0 IR AT AR 2 gE0IDE R~ 2 E e
B drd e 3597 0 M E TR AL RAEATR  AREAGY 0 B ing
BB R e e 4 AR - IR R AR BHORERT 0 5
e B e AR AP RAri R AT R BRI 0 & e R

L o A kB &L o Y kL dod i 36 4 o

Variable Value Type Description
Id list stringL.ist Returns a list of ids of all vehicles currently running
within the scenario
Speed double Returns the speed of the named vehicle within the
last step [m/s]; error value: -1001
position position Returns the position(two doubles) of the named

vehicle within the last step [m,m]; error value:
[-1001,-1001]

angle double Returns the angle of the named vehicle within the
last step [°]; error value: -1001

# ¥ 3-5 A Part of Overview Retrievable Vehicle Variables[13]
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Variable Value Type | Description

ids of departed | stringList A list of ids of vehicles which departed (were

vehicles inserted into the road network) in this time step.
ids of arrived | stringList A list of ids of vehicles which arrived (have reached
vehicles their destination and are removed from the road

network) in this time step.

4 ¥ 3-6 A Part of Overview Retrievable Simulation Variables[13]
3.3 A Process Model and A TraCl Client Process Model

e B B OPNET ¢ eh4% 5 #-3) (process models)id- 27 % 7t & 8L
(node models) ¥ e e B e 2 IxAH e niT 5 o ARR AT Y kZ B AT Lo
FR e RS s S RHEN T~ FEZE ~EF TR FE A PIRES
ferizt e b % BB RAE LT R Eehe - BREERETIRAEPE £ FE R

A4 ¢ ¥ (interrupt) » 3 ¢ ETE A A Z 3 HETF o

OPNET 4% # 7 — f64L 5 Proto-C 5% 3 » * gy A2/ #0340 5 C# 3 eh-
$AE B Ny W TR A G IR 20 B4 i ehT PR B8 (Finite State

Machine, FSM) 3 2 &8 » (7= £ 5 & fi # % B (State Transition Diagram)) - i& 46 W)

253 & B kg dpacehE 2 ko AR R TR Ior Mk s i 0 B A0

BAqre 3 ehd g X o

Proto-C 2 & & 3£ B A& ~ i R i frdik » sofiz 2R BEFEF - Hh il
FHREA- BRAET RN PR T I BAET R ARERT .
Proto-C © e 4L i 5 executive ;o & — 1B}k f& e0 executive 4%~ 5 @ BFFE >
& w4 T enter executive f- ' exit executive ;> 4o 3-6°4F & L & - enter executive |
A~ R- BRI T DA Texitexecutive | g X - B A GPEFRRF -

Proto-C % & & fik fi > A E g ki o icd R 7 o e FRE > NEd £

Too g A TR Nenterexecutive ) 218 > € RAARNFP EF ETE
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3 Eima s PR e e Texitexecutive | e 23 A SeehE G ki » 2L ki 0 B
* € HRAEE Y %> 27 Denterexecutive | 2 18 = T {7 Texit executive ;0 F it

FoE AR 2 A F e s o

( Blocked + Middle-level

Exit Executives

Top-level

Bottom-level

{

Bl 3-6 A process model of OPNET Modeler [12]

ARG P MR AR A 0 4ol 3T A1 o R - BEERYTRE - B
B R R = B o Init 4745 R > 2 B ¢4 S22 SUMO ¥ OPNET 2
B e TCP @40 » 3 B i = OPNET i HA] ¢ chord # & 8h2 5]4 o 4 ldle
gy e ? C BIRFEEA L hp NP R BERD SR EES T
UPDATE_TIMER o o *t b — #+ivd 2R » & - BREFEY > ¢/ F- 2 &
;¢ traci_client_update location() o #* & ;% o SUMO $#2+2 3+ B & iz % o v > &7
OPNET *® e d e BLAp ¥R 78 > L 37 OPNET ¢ # & & gheniz§ o L A7 3
SUMO ¥ 8 ikt s & 16 o ik i -4& 4 3] ENDSIM_CLEANUP » 34 {5
traci_client_cleanup_socket() & 3¢ » &% B B ¢ £ ] SUMO > B B OPNET & SUMO

WA SRR
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(ENDSIM_CLEANUP)/traci_client_cleanup_socket()

(UPDATE_TIMER)/ traci_client_update_|location()

B 3-7 ATraCl-Client Process Model

AN AT C R ERAY o AT A BERNTREH o - BEF kLG

s

mobile_node_list_item ¥ #7node_objid £ OPNET *# #f& 2Lz vir— 38 u|fg > d & 3%

OPNET ¥ #7+4 # # & BLen T 4L 4 » 4of] 3-8 4o o T

i

A4 P i oname L ikE G &2 L4l o node_id 3 - E#icen A 8L A B
— o AR AR & BB e vehicle_id 4 =% 2t 5% SUMO ¢ 2 4% & 4 - mapping
* %t 5 OPNET ¢ & 240 SUMO ¥ thd fmé 8k » £ 3 e Spes; 4ok @5 0
PlAS ¥ B5 1> A7 f$? o gt~ OPNET ¢ 2 # & & 2.2 SUMO 2 2 jm &
Bhpe s - o Aok B G Lo R SKRESH o B L RY S EDB RN G2
(o AL 252 {4 OPNET & 8h> 4 7 12 & 3745 SUMO 2 OPNET & 2hfe 44 o
% SUMO # @ jmfickt & & » OPNET ¥ &2k ¢ #-Fe¥tid (2§24 - ref_longitude

foref_latitude £ %% 5 BenS R fold B 0 25 B L PR DS BLEE o
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typedef struct

{
Obijid node objid;
char *namne ;
int node id;
char *vehicle id;
Int wapping
double ref longitude;
double ref latitude;

} wmobile node list item:

%]

Rl 3-8 % = =hAe /AP #5F OPNET # # & & BLAp B 7730 TR B4

¥- nFE #E |+ kg5 SUMO 3’3}1’: 0 AN R S 1‘]& » 4@ 3-9
777 o % ff traci_node_list_item # ¢hvehicle_id * & &5 75 SUMO 1@ §mak %] £8 - pos_x
frpos_y & & dm s T G P R hfoddhan= B AR ospeed 5 B i@ R R o

traci_angle & & {7 ® 2 > & & o

typedef =truct
{

std::string vehicle id;

double pos_®;
double ros_v:
double speead;
double traci angle;

} traci node list item;

B 3-9 SUMOnode F#%1

3.4 OPNET ¥ & Bheifs 8 5 21
. OPNET #9425 23] 9 » B3P ia a2 8 B & > & i@
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PR I RERENASE B BEERE TEEZ SR &

B ESREXY AT o a BE i hlte R R U S e kT
Bifct 2@ RE o PR 505 2AaE AN - B3R A AN =8
AP ER -FRTRAERT HEIARASWAE ) V- BEARORE R 22
+ Bt B A REE AR IR o AR A G = Bk (XYZ) MR G H

BAPFET Y ¢ o AR TR G B4Rk Sb o K3k T OPNET i & BLefs # o f8_
SUMO # {#3|=- a8 » & XqfoY & > £ OPNET #& renfrw izt » 34 8

SRR w & o @ OPNET st $ 8L %6 SUMO © chid i & 8145 B

PRAA Y RS BREL I PP R T RS UG AR T Ao £
A2 o AR T RIMB- AFFFLIRDRERETESS o v & LR IHE
¥HE A HaERA DERRTEASD AT B BRLIEY v E

T & o W E#trajectory” HEk B 5 VECTOR » # # * v § T & BT -

AR IEROBERC P T  APZREFD SR ARRET YR
IR BRI R RS P s [ ATE RO LT o B AR AP D
traci_client_build_node_list() g 5% 42 » 3% i $ B~ fril 3 & Bhod- 4 B o AP R T
¥ en® 7 trajectory” itk B 5 VECTOR eh& ghix % o § A &F 3 44 gheng iz}
ﬁ,ﬂ?v&r’f :

1. AP F &g - 3% node_id - # 7« 3 3% op_ima_obj_attr_get() - P~ {7

& 8L L AL fodu B 0 R F % Bk 3 VECTOR P ¢ 3 Bik & gheng

7},' °
2. HiEF o 33N op_topo_parent() > B8 % & BLAQ R ELEN GG o
3. * {5 ;N op_ima_obj_pos_get()  FB-R F eorf e A ERforfo Ak o

4. % % 358 op_ima_obj_attr_get() > i B~3% &0 LR F g c0fE dih(X span)fr &b
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7.

(y span) e i
BB R G g Fl2te 0 £ % P B3t op_ima_obj_attr_get():f B~ = 42
E l"' P )i ) 4 fl" \2 Z_ AN

PEABEB SR I RS P ARk E RIS N FRE = &

e

DRRANB R R AN o P H R G R e

ek B PR E AR T AL LR HR
sub_longitude_min = sub_longitude - (sub_x_span / 2);
sub_latitude_max =sub_latitude + (sub_y span/2);
sub_longitude min : = + & & & dd | &

sub_latitude_max: =} & &R ik * B
sub_longitude : < + SR
sub_latitude : < F R R
sub_x_sapn: < F g X g
sub_y_span:< + gy e F
FREHP I RROPF B0 28 S FCfeE L o3 B L} bh
SRAcHR DG
1. 1* % 3058 prg_geo_distances_to_degrees_convert() > #-+ S i@ e &
52 enEEdE o EEG R e
2. FEZ L AEEEE o
sub_longitude_min = sub_longitude - long_distance;
sub_latitude_max =sub_latitude + lat_distance;
long_distance : #-pE#rend = d o2 g i R H o R E

lat_distance :#-jE#nd = d = EH LR E ol R i

9. 4k FI L F PR OFRE > 2 ANBMT AL RPE 2L HIE LT

A2 EIfeE L LHE RMLETEREERLE
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sub_longitude_min=0;

sub_latitude _max=0;

@ 51

o

E4
Bl

;ye
}vmtﬂ
(s
&
-5
A
%
\_
da
(=
W
A
9
.
!
E
mpe
9
(]
(H}
T
9
=
5

P RATET - R P EARPERf o IR ER NS RIH R Y .
AR EE T OPNET & Bhev-4n 8 o 5 7 3R & Bhenfudh > iR B i B
(SUMO) ¥ e j@ {7 8 B je > % — 3 » A 1% OPNET ¢ & 8.2 SUMO ¥ 12 §%
Fedt s — o BB B mie ¥ > { #71 OPNET ¥ chghi= ¥ o Ft > § SUMO
Ghd gm { AT B pF 0 OPNET ¢ fcfIAp T3 > BiEpe st & - { A7 OPNET ¥
SRR T o SUMO ¥ end gmi g S o & 5 H enT g Bk o T )
TR SRR S e ek R 0 I B E SR E -
1. FhiwbaaZak i F 2 Flo fid 2 OPNET ¢ ehs BhpF » 2492
F AL ¥t 315 SUMO 2 4w OPNET # # & 23033k 5 & 7% o

2. fI* 47w & 5% op_ima_obj_pos_get() > i# B~ 2 fv SUMO # §mfie $4% chdh ghix

e

3. #T-mylhizi (4 SUMO P~ )frf 5 B2 B cnpEdgddds 5 & - &3 7%
ficloc_x e loc_y # » #-4%3 BE4e b 456 cnjEd i*u{fri'&hmﬂ Big o
longitude_target = mapping_ptr->ref_longitude + loc_x;
latitude_target = mapping_ptr->ref _latitude + loc_y;
longitude_target : & BLeniT R P HRiE o
latitude_target: & gheniE i p &% o
mapping_ptr->ref longitude : %4 ghenis i =% o
mapping_target->ref latitude : %4 ghenfriz % o
loc_x: T - §) X #h#} & chEEHE o

loc y: T — 2 Y #hf} & pEHE o
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1 # 7.0 30 3% prg_geo_great_circle distance get() > £+ & B A& L= E fo T
- fisanp R R

s i E 2 B el -

5 F1* $.< 33% prg_geo_bearing_compute() > P E BB & o I
;% op_ima_obj_attr_set dbl() » #= & & &> % - % Z I & g 47"bearing”
,ﬁ-_ °
6.

PR EESE i R o @ R SHEFRFR O S deppdp(distance) s >
PERF o e g

B AH P sh

'I‘/i IFB hL‘—;FI

B2 iR
op_ima_obj_attr_set_str() » 2% ¥_& 2:"ground speed” 1+ o

A& = #7enik P > OPNET #-¢ » SUMO # P~a7eni= B T 734 8
I

- B °

% 70 £ 1 37 OPNET chi Bhordp S s chf (= 0 327 12 {474
G B

B 3107 > BRAFF Tl §RIMHEHRESUMO Rz dimis » @
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4

AR T2 4 g A2 ek pREEF A

T1 ¢ T2 2_ B ehps
T g » OPNET ¢ f #

TUPEEE AR EEfERE o
11
: 1 P

B 3-10 SUMO % @_i= ¥ fv OPNET gt ¥ * pFRF B 1%

3.5 OPNET £ SUMO £ & 542 9 2. 3

3257 s AP AL R EBEIRIHEEE > L E TraCl & A4 o
S BLZEHE B o Ao 3-4 Pt o

& ¢ o i gy i TraCl-client process model
A2 3% 28

2 Heon A2 0 T OPNET ¥ ez 5 #5573 »

4eie il i TraCl sn® & > 4 SUMO 2
OPNET £ & » T & ghend gpfeHfe { A7 ¥ T > 4ol 42 B 3-11 #7571 o
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5% A LB - — # SUMO &2 OPNET ¢h& Bhfe st o FJpb N g * & 47 9] %
OPNET ® ch&ghil4] » #4117 % - etz 5 > & SUMO ¥ & BRfHR % 4 (4ot o
HogE s B4 ) 0 OPNET 2 SUMO shfiefs #4824 > 7 £ = & #rfie #7470
SUMO & 8L% OPNET & 8L > 12 pt 84 f24- OPNET ¢ & 2L7 & hRf 45 o i@ * ot
- #41-OPNET ¥ el — B4 & 87 it § fed |- B 12+ HSUMO 2 4 & 8
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B OPNET s e i3] P » AP Rgl &80 2 A 4F 0 - R SEALEH
ot cng-BL o L AE & BRE-A EAFAR T > 45 static mapping nodes » #r #-7 f
SUMO ¥ & gL R P i e 47 % 5 ¥ - s F L0 peffichp d 58
EHCEL TRE 0 T R FAEES e ¥ S AE & BEAL L dynamic mapping nodes © 3
B~ OPNET ® #73 &L - SV w gt a dg2 & 83 r 3 e 74 B

B* o

- o Ardnit i > OPNET i 5 £ 2 =38 42 TCP i 4t » * pF SUMO » &
FEELSHFATESR o Aok AT A o PlELARS B BALH > K
@ 3% {1 3 (trigger)SUMO i@ PR 2_ 318 % o

—:—H) ’OPNETg'?'SUMO 5"}‘# fB"Fl Fﬂ‘mfth’ 3z ’}’{rﬂ]’ﬂ'? a%g_ﬁ_
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Subscription o 7 £ > 2 i ¢ i & SUMO ¥ #ickt o Vehicle ID > 4% ¥ ¢ 3 PR
3% D2 fRerdp M AP I Ao B S B foid B E o et A g & R Vehicle
ID £y £ % SUMO > SUMO e 3|45 £ 218 > g H#-p A EHCE Y Vehicle ID >
Bax i o A AP OPNET #d- & 2P » g -G BRI E 5 200 N3 5§
JE SUMO =] & fm & 8L 4 € B fx OPNET # & & BLerok i 0 i 2 22 OPNET
& BLE TR P (Fodrdk SUMO 12 fméar B 80 33 A% L T & e ft 4 42
f|#-pt SUMO 2 4w & 2L¥2 OPNET ¢ < static mapping nodes & {7 fe 5 & ] > R
#-g+ SUMO 2 §m & 8kix & 0 OPNET ¢ < dynamic mapping nodes i& 7 fie $f © fie

$HA 7150 T (A7 OPNET ¥ 56 & ghepiv § 2 H i 8 0 o

oo b F SRS Y ErpE ¢ @i simulation step % SUMO> & SUMO
BT - RIS & DR Bl Y o ) SUMO RUR By e
Subscription & j@ip b H 5B T AL o § e F] SUMO @ i% & OPNET £ #5 2 §mi
» fist(Vehicle enter) 2. # > OPNET ¢ = SUMO 4 i subscription g £ > & &
SUMO 2 faenie B ~ i R fe= o & £ 74 o S0 ¢ 837 B v % SUMO hd da 7
o 22 OPNET © enéh Bhpe 4 fre 4= 58 5 & 482 j2 > 9" static mapping 2 dynamic
mapping > © 2P pit o N FFR2 150 B F)(OPNET 2 K <) § L A7
— = OPNET ¢ ehf # & 81> ¥ o #5423 SUMO 3% 2 4w @ = ¥ 3 3 (Vehicle
State) < {5+ 7 2 {47 OPNET © e iz § 73 « 4% 2% SUMO © et i -
A FRAHEY Y o Aok SHEE RS o S H R O (Vehicle leave) ¢
w SUMO @iz dp £ - '} subscription # gmeiz § 373t > @ ¥ OPNET @ ch& gk
7L (#7180 B] P SUMO 22 OPNET ¥ ehfiedf > & S feffmaro 521 1
OPNET enff & & 8L > # U E4F 1% » 2P % & 3 OPNET » e & & Bhie 4 5 %
B » Bl OPNET ¥ ehf > & 8 7 fk £ #3767 SUMO 2 45 & B & (7 e o

Bl 3-11 5 #47 5 =@ 5 OPNET 27 SUMO % & ikt i #2.1) -
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Network Simulator :

OPMET Raod Traffic Simulator

SUMO
Start start .
v
v
> Mapging File
Initialization =& > Initialization
T l TCP connection -
- Subscription Vehicle ID r - Wait L
Subscription e S >
. Response ID [
: -Subscription
| -Un-subscription
I
I
: -SimStep
:I— ——————————— Simulation
I -
II
II
II
II
II
RunSimStep f~———————=—— —
un Simetep : Vehicle enter R
' I - Ly -
A 4 ! )
e — ———————— _J Vehicle state — N
Wait Update position >
' vehicle leave
> Un-subscripti >

Bl 3-11 A TraCl-client process model 4% ]
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a3 |

B 4-1 #FEF 3 H e+ B jm(Camera-Aided Vehicle)+ . B

465 MR

EEH LURRY VI RRFERERYORA R 2L g2 R
BIRE > VARMTE 0 n FEES VLR kT LB EY B2 R
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B BELIERE IO ARE DR M AFTERT > T ud gy

\
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AR Y 0 W AT AR RN ARG F RenfRT
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L7 LS
- Fam o r. w
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Bl 4-253 R 9 3 B2 L3R EFHS

“HR S IR VAR TR EF L (R 4-2) 0 A
FRLEHRE SUMO 24— 153 - 2 - By »w ER - Ry > EROE
B¥9% 500m: Tt BT AR B2 g B E R S 500 M fde Bttt 4
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=
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¢ B 4% (destination) » +#:E > Fre R P ¥ i3 L EREE NG w2
W B2afltRegEadim ag g2 gIape R o S i B E
6> chgEd (source) B iR T BEPLE AN fp o BRI LB ARS

PR R G B AP T 8  d

412 B3 HFP 3 LA RBBERPLFH

CERTS LT EE T 2N NI LI T L s
¥ oodrB 4-3977 R E BIEHE500mM TR B B2 Faup R R G
500m: R ot Bt R A dRE AR PR e B s AR
GEEEAZ AR T R IR R LA FI S el S L
BAR A LEAT RD LT A AP B B 2L kPR - SR

AR R LA G B REF AR Ae TFAZ 2 B o

Fay
NS

b B s )
4

o

Corner

Bl 433357 58 ¢ 24 R BB Y2

Wl 430 NP - B APRRBAEFHEZ VR )} FiR L

¢ # 4@ (Destination) » % X o B P FIEL T 2 Mo A BIE R
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4ol 44557 > EROER L TKkmo 2F R 8 L - EENauER o £ R
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A LR T

i

4t~

B E-MFF AL BIBF > AR o T Y

B SAREER S ME e B HRY B dR R fond o

Bl 4-4 % & SRR D F 28

BLRIZ. & & o iz B 4m (Destination) 7% @@ > I gALgI > 78
BLf 15 e SRR UL AR ® P B (5 B R o P B R
VR B fris B (F4 2§ sourcel,source2) sl i o RELR A D A {82 and w
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TR S8R
AR o AN G B RS SUMO £ B i A #4032 1% OPNET 41
PEAY O HRYAPSEL L LR EHRT % o A1 41 SRR L PRI

B

o

Bk o AFokit* IEEE80211g F Mk > ? fpm M & 22 F 1 6~ 18 {36

Mbps 745 @ 3% » % W B RTSICTS # it - AP 2 [F chili i # % 5 016 W (22 dBm)

1o 0.2 W (23dBm) [34] - & #% (buffer size) 2t % % 10,240,000 (bits) ; @ *: #+ & i@

FEOFA L B o Tl buffersize sz R B R B ZRACFRIM-€ FIEHFEF Lo

B e AT R 0 ARG REDIP T HRPER AR 0 ¢ FIR LR 7
A f o TR IRR ARG o HRPET E A e o

F R AR AR 4-2 B 4-3 2 B 4-4 477 o Al ARB Y 0 S
e b ehd fihoiTd ~ 2B 2483 - AHRY > BiROE B{rE R > §
BRI DG RA BT HEIY RSB AL N TR fripd o @ AR
BORSFRIORNE A A oo B oS H R b X FRER S 13 m/S
(46.8km/h) ~ 2> & ehd + TR & A 5 11 m/s (39.6 km/h)foit & ehnde 7Rk R 5
16m/s (57.6 km/h) o 8 i& 23 B 40> 5 & k% ch{F B & 5 27.78  m/s(100.008
km/hyfe 2 # endo 4 (78 & 5 25m/s (90 km/h) - A HERARE® > 50 B RS 4m
BB E SRR R AP A u AR Y 2 50~ 150 40300 5 B dRECER 0 &R
BER Y N2 g Rird R 440 LD fRende® v b{ear g iR Sl ok

4-2 fod fo 43 w07 o
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Parameter Value
Application video
Trajectory VECTOR
Physical layer IEEE 802.11g

Data rate

6 ~ 18 ~ 36 Mbps

Transmit power

0.16 W(22 dBm) ~ 0.2 W (23 dBm)

Routing AODV
Short Retry Limit 7

Long Retry Limit 4

AP Beacon Interval(secs) 0.02

Max Receive Lifetime(secs) 0.5

Packet Reception-Power Threshold | -95(dbm)
Buffer size(bits) 10,240,000

Simulation time

600 ~ 2000 sec

Seed

10~950

Mobility Model

SUMO

B AL RRACRE SRR L
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I S & 28 2k A B i B

B TRER | 1I6M/S | FRER | 1lmls | R FRER 13 m/s

BAdeiE B[ 12ms? | B4R | 10mis? | Bt iR 0.8 m/s?

BARER [ 45m/s? | BARER [ 45mis° | B RER 3.0 m/s?

B LER 5m B LER 15m dELER 1.5m
BERHEFEERE 0.5
# e 50 4m 17478 ~54m2 2 - 28 fpis?
# fmic 150 4% 50 fwi7 # ~ 1542 & - 85 fmfs #
# g 300 4 100 4mit & ~ 30 4m 2 2 ~ 170 s 2

TH A2BFHR Y L IR EE B R LR RO ERE

- S ;3 1A AN 3 =8

WL TRERE | 27.78mls | B FERERE | 25m/s

Bk deid B 1.0 m/s? BA4cE B | 1.2m/s?

A RER 4.5 m/s? BAR#ER | 45m/s?

B ELER 5m YRR 15m
EREF R AE 05
# fmdk 50 4w A4 fmit B ~B R B
? fmigc 150 4w 1354mi5 2 ~ 154w @
& fmic 300 4 270 fwit & ~30 4w 2
R ABHORF E SRR IR E S
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=L BiEdp | BREAR(AR) 2 ik 2mmAR(D R/

(B i) (4w) i®)

R S A ] 6 24,480 50 489.6

Bk LR 6 24,480 150 163.2
B 6 24,480 300 81.6
R e R ] 6 12,000 50 240
# R B 6 12,000 150 80
M8 6 12,000 300 40
B BRI D 1 14,000 50 280

2 5 1 14,000 150 93.33

1 14,000 300 46.67

S LR LY
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Bgte AP R R A FRDETR > A8

»  MfE47 R B % (Low resolution video) = 128 * 120 pixels
» % f3247 B # % (High resolution video) = 128 * 240 pixels
» £ “4xt (Video Cassette Recording, VCR) = 352 * 240 pixels

AFTF ¢ TR PR R DI 44 (Performance Metrics) » ¢ 7 T 58T ¢
it ﬁvf§$§J$ (Packet Delivery Ratio) : i % & — §) i Feic ¥l endt e o - F)

Ficdte Lo A FfRT b @ AR 15 KA o R PRIESR

5% g3 lnERe 7 ERY] LRI At R FREE S
I - fehRfeRlandte TR @At - E AN L

#ep3) g & (End-to-End Delay) @ & 4 - B Bedts bp @
d KRS BET) P ap H BT R pE R o ) - R R A A 2 4 B
BB dest 2P e st R Bjeil4te Ay o By TpEE %k (streaming)
P a2 b r3- A h 200 ms[30] o e % af ¥R pE R AZE 200 ms o B¢ i S F

F A RFR ST RGE o a2 e B s RGP o 7 i @ F SR F2
IR enfE o

EHCELE R TORRY o & - BB R L SRR 10 T 5 5

43 HEF %S * 41T

% 7 ¥ VANETSs e il rea (380G » AFk? AN PRE T 73 Bl i
B ARBRRA 7 p;,m@@,]ﬁ BRAc? et fd it R > & 2R TR B
510k > B10FK 2 5T ApI vl Bt AR - BRESER Y Bz B

PR Y - BHELENZ B e BLE B B E L (THFE o
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7 e iE ES R R IR iR AT o

431 B3 F PP EREERLFRCOEE LR

Bl 45 4-6 A uli 7 asss FF¢ L3R P2 8 |$7 kol e
DR LRI enite @;#i%]«ﬁ: (Packet Delivery Ratio, PDR) frz 2L 3| =4 BE 2 42
(Packet End-to-End Delay) o b — F 2% *® > AP R * 3iEir R BEE o » 284
o P2 g * 36 Mbps fnug 5 @?ﬁ%] o X fthz 1 enH AP B Ao B E P kit 2 pF
ROPERE S =0) Budte ol B 4-5° > Y i rois

T ghendte By S o W 46 ¢ 0 Y dhd T SRR B T R

Gross Road Scenario Video Traffic
T T T T T I I
: : —&— 36 Mhbps, 50 vehicle nodes, high resolution video
—*— 36 Mbps, 50 vehicle nodes, high resolution video
—&— 36 hbps, 50 vehicle nodes, high resolution video
—— 36 hbps, 150 vehicle nodes, high resolution video
‘| —*— 36 Mpbs, 150 vehicle nodes, high resclution video []
—— 36 Mbps, 150 vehicle nodes, high resolution video
—=+— 136 hbps, 300 vehicle nodes, high resolution video
—— 36 hbps, 300 vehicle nodes, high resolution video
—— 36 hbps, 300 vehicle nodes, high resolution video

Packet Delivery Ratio

] 5 10 15 20 25 a0 a5 40 45 50
Time {sec)

B 45 633 # 57 L3R EPLHRY > AR RRA DI BT

&R 457 > 8w dics 50 - 150 B & B Y (% E 4 Sfrie § A 5
LA)EDte GBS B 08 kb o THRF] B FR T FE O B RDG
Bb® £ E Wb gmerg 2 hello 36 cr 87 < o 4 gt S 0 o Tt 4

FRF PREDI AL B Arudte @ﬁ;‘];k AP B IR o B G AT 1Y
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41 12 150 B S B 0 F] 5 S ERE R M4 0 $ 6 F 2 o g @R 50
B BEH 4 o % 300 B A BLBRPE(U R WA AR (E o App T
MF e HBEF 0 THIFI05 24 L INMPER > HE HREHF > 1)

) g

[

02 =+« F v, AR JUEHIEZET > §F IR AR T - PHEE?

RS R M R R e B > BRI BRI T

Cross Road Scenario. Packet End-to-End Delay
3.5
I I | \ I

—G—SE Mbps, 50 vehlcle nodes, h\gh resolution wdeo
—+— 36 hbps, 50 vehicle nodes, high resolution video
—&— 36 Mbps, 50 vehicle nodes, high resolution video
—+— 36 Mbps, 150 vehicle nodes, high resolution video
| —— 136 thps, 150 vehicle nodes, high resolution video [|
—— 36 Mbps, 150 vehicle nodes, high resolution video
—=— 136 Mhbps, 300 vehicle nodes, high resolution video
—%— 36 bps, 300 vehicle nodes, high resolution wideo
—+— 36 Mbps, 300 vehicle nodes, high resolution video ||
streaming threshold delay 200 ms

n
o
I

r
I

@
I

Packet End-to-End Delay {second)

05 : : : ; : : -

Time {sec)

Bl 46 &3 5 F P P FRCEFZERY 0 AR D IRT A T Tk

B 46 27 ni 7 b 8RB A T sk TIh o ) 45 ¢ 0 A PRAT| R

>

—=

% 50 - 150 i & BRHCER T o fT R endte @ﬁgji}* P R R AT Y i E

34

300 i@ & BEeridt e @%J PRI R & ZR* o AR 467 > - iE%d it £

M-

PR SR cnuE Y PP B 3T (video streaming delay threshold ) 200 ms -

il

FOATIRE AR T B PRSI o ] B oorddte o 50 B2 iw

i

@EEAVRRT g A x it R e B 0 e PN IRF IR RAE

I

Q
T

Rz 3|

AT SRR Y AT R T RN o 150 B2 dmE gk R T o B
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gt e BES 5 B 0811t o e BALR BEH b FAIFE AR E s B
PERF AR NP o A A 300 BB g & BEapk T o uf JEEPPE PR E 3 40 B 2 42
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Gross Road Scenario. Video Traffic
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Gross Road Scenario. Packet End-to-End Delay
T T ]
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Corner Road Scenario.Packet End-to-End Delay
I I

—=&— 36 Mbps, 50 vehicle nodes, high resolution video
—+— 36 Mhps, 50 vehicle nodes, high resolution video
—8— 36 hhps, 50 vehicle nodes, high resolution video
—+— 36 Mbps, 150 vehicle nodes, high resolution video
—— 36 Mhbps, 150 vehicle nodes, high resolution video
—— 36 Mbhps, 150 vehicle nodes, high resolution video
—=— 36 hhbps, 300 vehicle nodes, high resolution video
—— 36 hihps, 300 vehicle nodes, high resolution video
—— 3F hhps, 300 vehicle nodes, high resolution video

Packet End-to-End Delay (second)

5 e e et e e N N

Time (sec)

Bl 41297 537 5 @208 > 7 k2 IRGHAE ST R

B 4-13 7 > &7 end % 50 I & B/ ™ 5 10 R e i & 618 fr 36 Mbps

0.9

FT

@ enite BHS o @ v 18 4r 36 Mbps i dyiE & pF > ¢ B 90
Mo ety gemEm, § @%] # R e mAE s S g o Tl @ﬂi%]f?‘ﬁi?% ° %
Aipie gk i@ BgiE R 6 Mbps @iEpE o 3o BRI R L0621 H

\‘—:4

BIRIERT Y TREL 03 Fp o A @S Y o RRER Y B RT R D

For 6 Mbps i i pF o sk ootk BERGLY Bl iR

Bl 4-14 P B3R 2 50 B2 % R PF » 717 e chid & 6 ~ 18 {r 36 Mbps @& % p*
SR | shaE 0 AT LRLE |0 18 {36 Mbps il fi 18 B i o 18 B P 4R
B200ms 11 F 2 BB AT ER 09 2o BT A A F R Y
7 AL 18 Mbps 11 b g FpE o il e B epER 0 Y2 200ms 1T e R

Bl § 0 6 Mbps B B idt e pE o B pE R > T 03 B ST 4 4) 0 B h

54



4t 32

-~

SEF RO R e 0 B O B E o T AN - KRBT E

B TR R AT D i v

Packst Delivery Ratio

04—

0.3

02—

a1
1}

Packet End-to-End Delay {second)

Gorner Road Scenario Video Traffic
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Gorner Road Scenario.Packet End-to-End Delay
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Cross Road Scenario. Packet End-to-End Delay

I [
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Packet Delivery Ratio

Packet Delivery Ratio

Highway Scenario. Video Traffic {Front)

—=— 136 Mbps, 50 vehicle nodes, high resolution video
—#— 136 Ibps, 50 vehicle nodes, high resolution video
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Highway Scenarlo.Video Traffic{Back)
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Highway Scenario.Packet End-to-End Delay {Front)
T T I I
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streaming threshold delay 200 ms
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Highway Scenario.Packet End-to-End Delay {Back)
I I [ | 1 |
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: —&— 36 Mbps, 50 vehicle nodes, high resolution video
—#— 3k hbps, 50 vehicle nodes, high resolution video
—&— 36 Mpbs, 50 vehicle nodes, high resolution video
12 —— 36 Mpbs, 50 vehicle nodes, low resolution video |—
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Highway Scenario.Video Traffic (Front)
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Highway Scenario.Video Traffic {Back)
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Highway Scenario.Packet End-to-End Delay (Front)
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Highway Scenario. Packet End-to-End Delay {Back)

T : T T T I T T T
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