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This paper * deals with the seamless multimedia
communication network(VCN). The proposed mechanism
agent(CSMA), a partial of GPS information and mul SmissioMina/CN network. The
CSMA controls some smart access points(SAP) er, may generate multicast
group address for live-video in local-vehicle-networ N). An& anages serviced video
items, switches multimedia packets to SAPs{réguesting ice, and performs smooth
handover for vehicles using table. The SAP ates modifgd virtual address(IP address)
for vehicles that enter the VCN networ rop se@'tual IP address consists of LVN
network ID, vehicle ID, GPS informaﬂ@ving i \ and a driving direction mode bit.

And the CSMA and SAP provj ooth ha r using their service tables and a
seamless multimedia service. %& i proms%echanism may provide promptly multicast
service for live-video because icast iSm is performed within the VCN network,
and reduce the possibility toff servi %packet loss because it uses GPS in-formation.
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1. Introduﬁlo\\ \Q

@’in wireless network may classify into two main fields, one is
etwork and the other is vehicle-based wireless network.
Insufficient networ rces is the one common critical problem in the conventional
wireless network@e icular wireless communication network(VCN), that is a problem of
shortage for ne bandwidth. Eventually, extensive researches to provide various
multimedia\*j,;e in the conventional wireless network and vehicle-based wireless network
searched all over the world. The two main fields of those are to use more
twork resources and to improve overall efficiency including the excessive load
dia server in such networks.[1-3]
the vehicle-based wireless networks are divided into two groups, maybe one main
group is the vehicle-to-infrastructure(V21) network and the other one is the vehicle-to-
vehicle(V2V or ad-hoc mode) network[1, 4].

In recent he rese
the conventional wir
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The vehicle-to-vehicle(V2V or ad-hoc mode) network is equipped processors with various
sensors, and generally communicates using multi-hop mode(short range communications)
without any infra-structured network elements such as access pointer(AP) and basic service
set(BSS). The vehicle-to-infrastructure network is called V2I(vehicle-to-infrastucture) using
existing network infrastructure (e.g., AP or RSU). The various service such as intelligent
transportation systems, a variety of safety applications, traffic information, maps download
and multimedia services(game, MP3 and live-video for sports relay broadcasting) for
entertainments are provided in these vehicle-based network in the world over the past few
years[4, 5].

Providing seamless multimedia services for entertainments in the VCN network, the VCN
networks have to solve some critical problems that are cut off connection, reestablishing path—
connection and the loss of packets[2, 5, 6].

This  paper  presents  seamless  multimedia  service mecham?
caching/switching/multicasting agent(CSMA), some smart APs(or smart RS ide unlt)
with buffer and a partial of GPS information(the speed(or position o in V2|
network. This proposed mechanism can be used for intelli n§porta@ em(ITS) and
traffic alerts for safety if it uses multi-hop mode(vehicul 0 networ NET), and let

them reserve for future work.

The proposed mechanism solves the drawbacks nnect cutoff in the process
of handover, uses effectively network resources ar ntees pro service and reduces the
load of server because multicast mechanlsm -wdeo@\ot performed on the server
but the CSMA within VCN network. A adopts th S information(the speed/or
position of vehicles) to reduce the poss of pa @s that may have occurred during
handover. The proposed mechanism %rforrr‘% unctions that applying a virtual IP
address including a partial GPS igf n and an ng only network 1D number moved to
original virtual IP address assmﬁ; theof cessed SAP in VCN network][5, 7].

The rest of this paper is as follows: Se tj esents the structure of seamless multimedia
service mechanism in VC twork, a c ion 3 deals with the operation mechanism for
seamless multimedia,s sing C§MAYGPS in VCN network. Section 4 and 5 discusses
algorithm for the p mech and the simulation results, respectively. And finally,
we discuss our co

2. The Str e of edla Service System in Vehicle Communication
Network

The structure @f the proposed multimedia service system using CSMA, a partial GPS
information and cast mechanism in VCN network is shown in Figure 1, and that is just
like mentiohed.in paper 7.
The V etwork that providing seamless multimedia service using the proposed
mecha@onsists of some local-vehicle-network(LVN). The LVN is composed of a
hing/switching/multiplexing agent), a few SAPs/or S-RSUs(smart-RSU) and some
s that are controlled by the SAP. The structure of the proposed VCN network is very
similar to that of the paper 7.
As shown in Figure 1, the proposed multimedia service system consists of
multimedia server, some LVN networks connected through Internet and many driving
vehicles in VCN network
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Figure 1. The Structure of the Propos tlmecf V|ce System in Vehicle
Communlca\ etwo

3. The Operation Mecha edla Service System using
CSMAJ/GPS in Vehicle C ca;u

Section 3 deals with the opera on o posed multimedia service system shown in
Figure 1. The VCN netw made some of LVN networks. The SAP/S-RSU in a
LVN network assigns IP addgess When vehicles request connection or enter into the
VCN network. A IP a composed of two LVN IDs(the 1st accessed LVN
network and ne oved L network), one the 1st accessed-SAP ID, a vehicle
ID(assigned t a ce@ SAP) and a vehicle speed field(or driving distance within
LVN networ b

Figure 2 shows the of the virtual IP address issued by SAP. The length of virtual IP

address is 32-bits |
LVN IDs(8-bit

uding 2-bit reserved field for future use. As shown in Figure 2, two
dicate newly moved LVN network ID(4-bit) and the 1st accessed
LVN ID(4-bit). 1st accessed LVN network ID is assigned from a SAP accessed when a
vehiclei ent%e LVN network in VCN network for the first time, and the moved LVN
network ewly assigned from a SAP accessed when the vehiclei enters the other LVN
fro S LVN This moved LVN network ID can be changed in accordance with the

driving. But the Ist LVN network ID never changes in accordance with the
vehielt’s driving.

The vehicle ID field is 8-bits long, the proper number of vehicles entered VCN network
and the vehicle speed field(8-bits long) indicates driving distance within a specific LVN
network as a partial GPS information. Another use of this GPS information is to provide
smooth handover technique and to reduce the possibility of packet loss during handover. And
2-bit long mode bit indicates the direction of vehicle’s driving.

The CSMA performs switching function for multimedia streams transmitted from the
server. This means that it switches multimedia streams to SAPs requesting service in a
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specific LVN network[7]. And it has a cache to store multimedia streams and switching-
mapping table to indicate that the serviced streams are transmitted from CSMA to SAP of a
certain LVN network. In other words, the mapping table indicates the relationship of SAPs
and vehicles accessed within LVVN network because this relationship can change frequently in
accordance with the vehicle’s driving. This switching function and the switching-mapping
table of CSMA is the basis of smooth handover. Let the detailed explanation for the
switching-mapping table is at the back of this section. Also, the CSMA provides multicast
transmission mechanism with respect to that a number of vehicles request the same live-
video. Thus, it creates a multicast group for them and generates a multicast group address
(MGA), and then sends multicast streams to the vehicles through SAP accessed. And the
CSMA transmits live-video streams with a MGA to the SAPs, and then the vehicles in each
LVN network join a multicast group with a MGA.

Moved LVN net. ID_# 1ne 15t LVN net. ID_# @E
Mode bit X /'
31 28\ 25 23 '2019 1615 1211 A @
X000 11 XX 1111 pooxx111) >@ \Q/
Reserved %AP,
oit Z M>$ N net. W
icle ID_#
The critical position ID_# ‘\@
of vehicle ‘\
Figure 2. The @t of@@P Address

The SAP in LVN network congr ehigle
area. It assigns a virtual IP a Figure

for the first time. It never ges the

cessed within its communication coverage
ehicles when they enter the VCN network
network ID_#, SAP ID_# and vehicle ID_#
fields of a virtual IP ad hen the vehicCle enters other LVN networks. But the SAPs in
another LVN netw ange only&ed LVN network ID field when the vehicle assigned

the virtual IP add e fir driving into other LVN networks. Figure 3(a) shows
a virtual IP .» Iud|n e ID_#21) issued by SAP ID_#7 when a vehiclei enters
LVN netvvo twork for the first time. And Figure 3(b) shows a virtual IP
address changet”by SAP 10 in LVN network ID_#12 when this vehicle has arrived the
area of SAP ID_#1 VN network #12. The SAP ID #10 sends immediately this

relationship infor o the CSMA[7]. And the CSMA modifies the switching-mapping
table using this rélatienship of vehicles and LVVN network accessed.

The mo it(2-bit: bit 27 and 26) indicates the direction of vehicle’s driving, and that is
importan to decide the selection of SAP to provide a smooth handover. The critical-
positio bit: bit 25 and 24) indicates the start time of handover procedure. The handover

is starting when the bit is 01, the CSMA sends one-successive stream to two/or
APs(neighbor SAPs) at the same time in accordance with the position of vehicles
serviced. The critical-position bit is sent by vehicle to the CSMA through SAP accessed. The
critical-position is calculated by GPS system in vehicle, and its position is overlapped
coverage area of the SAPs of forwarding direction.

The structure of switching-mapping table on the CSMA is shown in Figure 4, and that is
similar to that of paper 10. The first row of unicast mapping table indicates that the vehicle
with virtual IP_#1010H entered into LVN net_ID_#0010B for the first time in VCN network
and accessed SAP ID_#0010B, and the next that vehicle has driven into LVN net ID_#0110B
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and accessed SAP ID_#0001B. The second row of unicast mapping table indicates that the
vehicle with virtual IP_#0110H entered into LVN net ID_#0101B for the first time in VCN
network and accessed SAP ID_#0100B, and this vehicle is locating on LVN net ID_#0101B.
Thus, the CSMA switches successive streams from LVN net ID_#0010B and SAP
ID_#0010B to LVN net ID_#0110B and SAP ID_#0001B based on the first row of this
switching_mapping table. And the third row indicates that the CSMA switches successive
streams from LVN net ID_#0010B and SAP ID_#0101B to LVN net ID_#1010B and SAP
ID_#0010B. Of course, the CSMA does not switch the successive streams in the case of the
second row. This mechanism can provide a seamless service because the CSMA switches the
successive streams based on the mapping table.

Moved LVN n#typPsy | vN. hp#s

Mode bit ’\ / \/
31 2:3\25 23'2019 16157 1128 7 0 0

XXXX1XX111‘KXXX)10’O11I\OQ101?

Reserve \
bit
Move

Y
Position bit b \'\';
o° @
Mode bit " I;\{Né\ @ net. ID_#5

31 28 \ 25\ 28 B 19 16 120 8 7 0
XXXX11‘7(% 10019\Q 1/0111/00010101
Reserv SAP ID_#7

MOVGd LVN net. Vehicle ID_#21

\\ p08|® SAP ID_#10
O Flg&The Example of virtual IP Address

The first row of st mapping table indicates that the vehiclei with virtual IP_#1110H
entered into LV@ID_#OOHB for the first time in VCN network and accessed SAP
ID_#0010B, and tite next that the vehiclei has driven into LVN net ID_#0111B and accessed
SAP ID _#0180B~ The CSMA transmits multimedia streams with MGA ad-dress_#0101 when
the veh ﬁ» ers into LN net ID_#0011B.

ition bit(2-bit-long) indicates vehicle’s position that is the critical one of the next
S%cessmle while driving and this procedure uses GPS information. The driving vehicle
sig to CSMA to set these bit. The CSMA received this packet sends the same streams to
two/or three SAPs(neighbor SAPs) at the same time.

4. Algorithm for the Multimedia System in VCN Network

This section presents two algorithms for the proposed mechanism in VCN network.
One is the service algorithm about switching streams transmitted from multimedia
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server and management of mapping table using CSMA, the other is handover algorithm
that provides smooth handover for driving vehicles in VCN network.

Moved LVN net. MGA
10_# address_#
The 1st LVN net.
mB ¢ ID_# Virtual IP_#
0 LVN SAP LVN SAP virtual
ID_#01105 | ID_#0001g | ID_#00105 | ID_#0010s [ IP_#10104
0 LVN SAP virtual
ID_#0101g | ID_#0100s | IP_#0110y
LVN SAP LVN SAP virtual

® ID_#1010g ID_#0010g | ID_#0010g | ID_#0101g [ IP_#11004

VQ
© Unicast Mapping table OE
Multj apbing taiffe 4
: LVN SAP LVN MGA
ID_#01115 | ID_#0100s [ ID_#00115 | ID_#00105 } adar®g #0101

1 LVN SAP LVN
ID_#0110g ID_#0101g ID_#0100g 1D.

o i MGV
_ L ress_#0011H
P virtual GA
ID_#1010g ®.#1010g IP,#OWH address_#1010y

LVN SA
i LVN SAP N > 2 ‘nlg MeA
ID_#1100s | ID_#01005 | ID_#01905 Y 1® |P_x address #1101
v

32-bits  32-bits

. e\ .
5-bits b 5-Dbits 4-
i ’A it i
Figure 4. The Struc of Swi -Mapping Table on the CSMA

Service algorithnl fQ@‘e pro&s mechanism in Vehicle Communication

Network \\

i) The i enters UCN ;twork for the first time, and then accesses SAP_i

with vehicle speed
ii) The SAP_i assi N net ID_#i and SAP_#i as IP address( IP_#i) to the vehicle i
iii) The vehiclel I'sgquests multimedia service_#i to server through the SAP_i

nd CSMA with driving distance using GPS information

iv) Th &MA checks mapping table whether the 1st segment of video_i is stored on
buffer. And it checks whether the video requested is live-video
0 e video requested is live-video, then it generates MGA and the vehicles
@ requested live-video join MGA.
)

The CSMA records the IP_# of vehicle_i and video_ID on mapping table

vi) If the 1st segment of video_i is stored on buffer, then the CSMA transmits it to
the SAP_i for vehicle_i

vii) The CSMA requests consecutive streams of video_#i to the video server

viii) The video server transmits video streams to the CSMA, and the CSMA delivers
them to the SAP_i
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iX) The CSMA checks whether the transmitting stream is the last one
If that is the last stream, then it cut the connection for the vehicle i
else the CSMA delivers consecutive streams

x) The vehicle_i checks the driving distance whether it arrives critical point
If it arrives that point, then the vehicle_i sends its modified IP address to the CSMA
through the SAP_i and jump to the Handover Procedure
else goto step ix)

Handover algorithm for the proposed mechanism in Vehicle Communication
Network

i) The CSMA checks whether it receives the packet from the step x) of

ii) When the CSMA received the modified IP address of veRicle i in d' critical
point, then the CSMA transmits consecuti ly one to the SAP_i
and neighbor SAPs of the directio ¢le”s h ue to the mode-
y bit simultaneously
iii) The neighbor SAP(SAP-j) stores the paéra smitted f\\t e CSMA in step ii)

iv) The vehicle_i attempts accessing to@ hbor SA

v) The SAP_j assigns a new SAP_n oved LVN net ID to the

\D accessing vehicle_i
vi) The vehicle_i decides wh§ chang information of vehicle_i
ce

vii) When the vehicle_i re SAP, | w SAP_number from SAP_j,
the vehicle_i ks whethsg'n st packet transmitted is lost or errored.
At the same tl& ew IP of the vehicle_i to the CSMA
viii) The SAP_j th | entered its boundary to its managing table
iX) The ecords |nformat|on of vehicle_i on mapping table and it checks
the Ia et transmitted from the previous step(step ii) has occurred
problem
If that pac S no problem then the CSMA transmits the consecutive streams to

e SAP_j only and other neighbor SAPs in step iii remove that packet
else the SAP_j sends that stream stored from its buffer to the vehicle i

X) Th j removes the stream(from step ii) from its cache when it is not the 1% video
stream of requested video

ally, jump to the step (vii) of the Service Algorithm procedure.

5. Analysis of Simulation for the Proposed Multimedia System in VCN
Network

Performing simulation for the proposed algorithms in wvehicle communication
network(VCN), the simulation environment is that VCN network consists of a CSMA, 25
SAPs and a number of vehicles.
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The simulation for the proposed system is performed that the speeds of vehicles on the
road with SAPs in VCN network are 20km/h, 30km/h, 60km/h and 100km/h and the driving
time of vehicle is 15 minutes. And the reason that adopting the speed of vehicles using
20km/h, 60km/h and 100km/h is to apply various road conditions. The speed of vehicles is 20
~ 30 km/h that means the case of congested road condition, 60 km/h is normal road condition
and 100 km/h is the case of highway road. The distance of road of VCN network is 5 km.
And the numbers of SAPs in VCN network are 25 that have the radius(100m) of transmission
coverage of SAP.

The Figure 5 shows the results of the performance of the proposed mechanism. It shows
the comparison of data amount transmitted from CSMA and the number of switching of 25-
SAPs according to the speed of vehicles in VCN network. Of two-axis in accordance with the
speed of vehicles, the left-axis indicates the number of switching of SAPS(SAP#1NSAP#S,
SAP#10, SAP#15, SAP#20 and SAP#25) and the right-axis indicates of the am ata
from CSMA. As shown in Figure 5, the amount of data from CSMA decrea c€ording to
the increase of the speed of vehicles in VCN network. The reason of decr @%amount of
data transmitted from CSMA is that the number of vehio%rﬁore crgase the faster of

)

vehicles on the road in VCN network.

And the reason of increase the number of switching® AP awng to the speed of
vehicles(20 km/h to 30 km/h) is that the number cles i n 30 km/h including
passing by the road in VCN network.

w 400 . OQ ‘\\ 25
‘E 350 /\ 4& 0\
* SAP#l/

20
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SAP#10, AA@ —a—SAPE10
200
L 2 \Q ——sAP#LS
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/\_\ 10 ——SAP#2S

15 —@—SAPHL
——SAPES

datal

SAP#20: 5
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SAR#25
0

\ 20 30 60 80 100 ’
F&B. The Result of Performance for the Proposed Mechanism

Wsion
S paper proposes a seamless multimedia service system using a CSMA, a number of

smart access pointer(SAP) and a partial GPS information in vehicle communication
network(VCN). It can provide smooth handover in VCN network using CSMA that manages
its mapping table for driving vehicles and SAPs. Also, it can reduce packet loss/error because
the CSMA sends the same packet to neighbor SAPs during handover. This mechanism uses a
new virtual IP address that is composed of five fields (32-bits long), and the virtual IP address
is shorter than the previous paper. And a new research on traffic alerts for safety using this
proposed mechanism in VCN network is in progress.
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