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Abstract—In this paper, we propose an integrated network- Mobile IPv6 (PMIPv6) [2], and is combined with the geo-
layer scheme for seamless delivery of video packets in VANET networking features present in VANET.

First, we introduce a new quality-driven routing scheme for g remainder of this paper is organized as follows: In
delivering video streams from a fixed network to a destinatio . . . .
vehicle via multi-hop communications. The routing scheme ims section I, we descr!be OF" system mOf_ie'- Section Il dm'_

to optimize the visual quality of the transmitted video frames by the proposed quality-driven geo-routing scheme. In saectio
minimizing the distortion, the start-up delay, and the frequency of IV we introduce the multi-hop PMIPv6 management scheme.

the streaming freezes. We then propose an efficient network @@ Numerical results and discussions are provided in section V
bility management scheme, which introduces a novel adaptan

of Proxy Mobile IPv6 (PMIPv6) for multi-hop VANET scenarios, II. SYSTEM MODEL

and incorporates a handover prediction mechanism. Numerial . .
results are given to demonstrate that our integrated scheme We consider a VANET based on Dedicated Short Range

can achieve good performance for the video quality metricsshe Communications. Vehicles are equipped with On Board Units
handover delay, and the signalling cost. (OBU) and broadcast the location, direction, speed, accele
ation, and traffic events to their neighbors [3]. The VANET
topology is shown in Fig.1. The RSUs are spaced by 1.2Km
Vehicular networks have been envisioned to play an inflom each other and the effective radio coverage is 350m.
portant role in the future wireless communication servicBhus, there are 500m between two consecutive RSUs that
market. Yet, the streaming of high quality video to fast-imgv r€ly on multi-hop links for Vehicle to Infrastructure (V2I)
vehicles is still fraught with fundamental challengesilttted communications. The OBU's radio coverage is approximately
to the high mobility and dynamic nature of the network. Firs200m.
the multi-hop path selection for delivering video packetsie ~ The video is streamed from an AR to the proper RSU, and
destination vehicle is key to provide smoothness and mlt from there to the destination vehicle. While the destimatio
the video playout. Second, the handover events caused by {BBIcle is in the transmission range of the RSU, they connect
mobility of the destination vehicle may affect the contigui directly in a one-hop fashion. Once the vehicle exits the
of video sessions for IP-based video streaming applicationcoverage range of the RSU, video packets are transmitted
To address the aforementioned issues, we introduce t@nthe vehicle using multi-hop paths (i.e., intermediate ve
integrated network-layer scheme for seamless delivery kifles serve as relays). According to the RSU's coverage,
video packets in urban VANET scenarios. In order to haveVghicle transmission range, and distance between RSUs, the
smooth video playout, it is necessary to have enough packé@uld be at most a 3-hop connection between the RSU
in the playback buffer at the destination [1]. In additiohet and the destination vehicle for video streaming. When the
perceptual quality of the reconstructed video frames shoulestination vehicle gets closer to the next RSU compared
also be taken into consideration. Therefore, we proposava n&ith its distance to the previous RSU, the AR switches the
quality-driven routing scheme for delivering video streanvideo streaming to the next RSU. Hence, we assume that
from a Road Side Unit (RSU) to a destination vehicle. the data transmission would follow a repetitive sequence of
Since the destination vehicle may be moving through servi¢é-hop, 2-hop, 3-hop, 2-hgp _ _
areas controlled by different Access Routers (AR), in order The service area of each AR is well-defined by the network
to address the problem of handovers experienced by @Rerator and may qontalr_1 several RSUs. This means that, for
vehicle, we also propose a network mobility managemelft addressing configuration purposes, the AR sends Router
scheme for multi-hop VANET with prediction of handoversAdvertisement (RA) messages inside a delimited geographic
which works in conjunction with the quality-driven geo-aréa [4]. The AR announces itself by means of geocast
routing protocol. The proposed scheme is based on ProXgssages with the flagccessRout er activated. In this way,
vehicles in the infrastructure-connected VANET learn the
(©2011 IEEE. Personal use of this material is permitted. Pesion from €Xact position of an AR and directly request the assignment o
IEEE must be obtained for all other uses, in any current auréuimedia, an IP prefix by following the procedure explained in section

including reprinting/republishing this material for adti®ng or promotional IV. All the ARs and the RSUs are assumed to belong to
purposes, creating new collective works, for resale orstatiution to servers ’

or lists, or reuse of any copyrighted component of this warkther works. & Single PM|PY6 domain. Deffails of the baSiC_ operation .Of
Published in Proc. IEEE ICC'11. DOI:10.1109/icc.2011.5885 PMIPv6 at the infrastructure side can be found in [2]. Dstail
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5/.7 Both E(D,) and (1) indicate that as the arrival rate of video

o S ween packets at the destination vehicle increases, the perforenaf
:PM'Piﬁfaﬁi@wﬁ,u : streaming improves in terms of start-up delay and frequency
‘ <,\Afi«%ﬁfiﬁ}<£%§j% of streaming freezes. Hence, the goal of routing at the link
I et e A layer is to minimize the transmission delay in order to invgro

e %Bgu‘ Jﬁ\. Rsu T the streaming performance in terms of the above mentioned

[ i metrics. However, these metrics do not include the visual
g o quality of the video frames. Hence, we also consider video
-~ \LANET multi-hop domfn‘ -

R frame qualities in terms of peak signal to noise ratio (PSNR)
while designing the inter-vehicle routing protocol.

Fig. 1. VANET Topology

of our adaptation of PMIPV6 in the VANET multi-hop domairB- PSNR of Delivered Video Frames

are presented in section IV. A multi-hop network can be modeled as a graph with
vertices (nodes) and edges (links). The intermediate hops are
. QUALITY-DRIVEN ROUTING PROTOCOL in fact mobile relays which use decode and forward scheme

The proposed routing protocol is designed based on timeorder to prevent amplification of the noise along hop to
optimization of video quality in terms of improving thehop transmission. Lef denote a set of video packets to be
visual quality of the transmitted video frames, as well as tHransmitted. Each video packet € S has video source,,
smoothness of the streaming. In the following subsectimes, and destinationi, . The rate of the video stream for packet
first describe the video quality metrics, and then introdihee o is bounded byR, < R, < R, , 0 € S, while the upper

proposed quality-driven routing protocol. and lower bounds are determined by the encoder used at the

A. Startup Delay and Freguency of Streaming Freezes E;);Jrce node. The end-to-end video frame distortion is given
Let each vehicle have an infinite buffer, which is a reason DE =Dy + 4 Djps )

able assumption given the high storage capability that @n b Ry — Ro

deployed in vehicles. The video playback process is divided encoding distortion

into two phases: 1) charging phase; and 2) playback phage. {lhere g | Dy and R, are parameters for the specific video
charging phase starts once.the buffer bgco_mes e_mpty. Teus dcoder and video sequenda,,,, is the mean square error
playback is kept frozen until the buffer is filled withpackets ye to channel noise or packet drops due to exceeding the

(ie., bis a threshold of the playback). The charging phase gfnsmission delay deadline. Details of the derivationrud-e
the destination vehicle’s buffer or start-up delay , is given 4 eng video frame distortion over a VANET scenario can be

by Dy = min{t|X(0) = 0, X(t) = b, t >0} whereX (1) is o nq in [5]. The total distortion is the summation of all the
the number of packets in the buffer at timeDue to dynamic packet distortions of a video stream.

packet arrivals and departures during the playback phhse, t

playback phase may stall when the buffer. becomes.emmy. Inter-Vehicle Routing Protocol

Denote the playback phase by a Ta”dom vamdb_lé:ha}rgmg We consider the streets in an urban vehicular scenario as
and playback phases iterate until the whole video is pI‘rjlyezfljl'directed graph, where the intersections are the nodes and
We analyze the start-up delay in the proposed video strsgamg%e roads are th;a edges of the graph [3]. Only edges with
framework over an urban VANET. A larger playback threshol '

will result in larger start-up (charging) delay. We keep th\éemcles on them can be selected for packet forwarding. The

: ) proposed data delivery model has two modes of operation:
playback threshold fixed and, instead, analyze the start- ; . : . .
delay according to the dynamics of the vehicular density. H)Dstraught way; _and 2) intersection. For the straight way,
: . . . the vehicle carrying the packet to be forwarded selé¢ts

To derive an analytical formulation for start-up delay in hbori hicl h o .
video streaming at the destination vehicle, the playouteouf neignboring vehicles that are in its ”"JF”SW'SS'O” _rangel, an
can be modeled as &/G/1/ Leue t,hat follows the &€ geographically closer to the destination vehicle. Then
diffusion approximation methodoorgsented in [1]. By applyi it selects the next candidate hop that minimizes the frame
the diffusiopnpa roximation thet?ansient solutioﬁ oglchgue distortion in (2) with minimum channel loss probability. At
lenath can beppex loited b’ obtaining its b.d.f. at an timtehe intersection, the vehicle must select the next straight

9 P Y g p.a.1. yb path in order to forward the packet. The delivery delay can

nstantt ._The average start-up delay 'S given EYDS) ~ X _ be estimated using the stochastic model proposed in [3] by
, whereb is the playback threshold andis the arrival rate of ; . o
solving the following set of equations:

the packets at the destination vehicle. The playback textam
when the buffer becomes empty again. According to [1], the Dy = dyry + Z (Poj x D) (3)
average number of streaming freezes aftaeconds can be ! !
approximated using diffusion approximation as follows:
A = p)
E(F)~ ——=t 1
(F) 7 (1)

JEN(n)
whereD;; is the expected packet delivery delay from intersec-
tion I; to the destination, if the packet is forwarded through
road r;;. P;; is the probability that a packet is forwarded



: . L TABLE |
through road-;; at I;. N(j) is the set of neighboring intersec- IP REQUEST FOR MULTFHOPPMIPV6

tions of I; . If any routing loop happens at the intersection, th
paCk_et I_S dropped, since video streaming Is _a delay seasity 1. Complete layer 2 connection to an intermediate vehicle.
application and can not tolerate large delivery delays. In , layer processing:
fact, our scheme maximizes the arrival rate of packets at the . Generate Router Solicitation (RS) message (all-routarticast address
destination according to* = \(1 — PL) because the end- as the IP destination). _
- . L . - Pass RS packet to the geo-routing layer.

to-end packet Ioss_probat_nllty will be minimizeg,; is the 3. Geo-routing layer processing:
paCket loss prObablllty of link between nOdandj . Hence, - Create geo-header (translate multicast address to gg@ddress).
the start-up delay and average number of streaming freszes - Set the flagRout er Requi r ed in the geo-header.

. . . . - Forward packet using the geo-routing protocol.
reduc_:ed. The carrying vehlcle_ appI_|es greedy geograplmic fq At intermediate vehicle or RSU
warding for transmission of signalling messages. The Betai| ; geo-routing layer processing:
of the data routing for delivery of video packets are given a$ - it Rout er Requi r ed is setand AR exists in location tablehen change
follows. On straight way, if any vehicle is in the transmissi geo-header destination to geo-unicast AR's address.

k . . - Forward packet using the geo-routing protocol.
range and closer to the destination, apply greedy geographi A e armAG

At destination vehicle

routing and select candidate nodgs|i = 1..Np}, such that 1. Geo-routing processing:
|D(c;) — D(ci+.j)| < ¢ for j = 1to Np — 1. Then, select - Store location of destination vehicle.
a node among candidates giving minimum packet distortior]. - Pass RS packetto the IP layer.

. . . . . . . 2. IP layer processing:
At the intersection, if any vehicle is not in the transmissio - Start PMIPV6 signalling to the LMA.

range, then drop the packet. Otherwise, proceed as follows.a; the Lma
1) Solve the set of equations in (3). 2) Select roagl 1. If MN already exists in the domaitipen
which results in minimum delay. 3) Apply greedy geographic| - Update MN location. o
routing and select candidate nodés;|i = 1..Np}, such that -~ Keep the same network prefix assignment.
K elseCreate binding cache for the MN.
|D(Cl) - D(CZ+J)| < ¢ for = lto _ND — 1. 4) Select a_ node 2. Create list with candidate ARs, locations and service areas
that gives minimum paCket distortion among the candldét)es. 3. Send PBA to MAG with home network prefix and candidate ARs.

If routing loop happens at intersection, then drop the ptacke

IV. IP MOBILITY FOR QUALITY-DRIVEN DATA DELIVERY connects dlrectly to an AR. Thus, we onIy address the case
. . when a multi-hop path to the AR is used. Table | describes the
In section Ill, we select the multi-hop path that offers . . . .
e . . . . . steps to request a valid IP prefix. The IP configuration preces
the minimum end-to-end distortion for the delivery of vided : . . L
) 0 .uses geo-routing at each vehicle for the virtual point-éimp

packets. However, the assumption that the destinatiorcheehi; . ' .

link. It also relies on standard control messages defined in

remains connected to the same RSU is unrealistic. lfaChaW&ghbor Discovery (ND) for IPv6 for finding routers in

of RSU occurs in the topology shown in Fig.1, it may als . ; .
mean that the vehicle enters to a service area under the)ton&?e domain and for keeping track of reachability between IP

of a different AR. Therefore, we now propose an IP mobilitne'ghbors' However, we modify the way those messages are

management scheme for seamless video streaming Ser\}érocessed in order to take advantage of the geo-networking

. L Caeiures of VANET. Note that during the IP request process
when an active connection is affected by a change of . . o . S

N . escribed in Table I, it is possible for the destination ekhio
addresses at the destination vehicle.

The proposed scheme is an adaptation of PMIPV6 for mulEecelve one of the beacon messages sent by the AR announcing

hop VANET with handover prediction. The standard PMIPv S services in the connected VANET, right before the RS

[2] requires a direct connection between mobile node and ARFSsagels initially forwarded. Therefore, the vehicle ety

(also known as Mobile Access Gateway [MAG]). Therefor(%neZﬁ_gﬁtsjrasg;lﬁﬁiégestAa%Zrleoscstlon directly, instead of using

it is necessary to devise a method for multi-hop transmissio ) _ o )
in PMIPV6, so that new connections are effectively detectedOnCe the IP configuration at the destination vehicle has

and signalling messages are delivered through the mutti-hge€n completed, the regular IPv6 control information selat
path. Our scheme works in conjunction with the geo-routifg ND iS eéxchanged between the IP peers, i.e., between the
algorithm described in section I11-C, and relies on the IpvEehicle and the AR. In order for this exchange of information
support for VANET using geo-networking features [6]. Th&® happen, the tunnel established at the geo-routing layer i
geo-routing layer forwards the IP packets in the multi-hoyWways used for the multi-hop delivery of packets between
path that creates a virtual point-to-point link between tH&€ WO peers. For the proper operation of PMIPV6 in the

destination vehicle and the AR, with no need of processifgU!ti-hop scheme, and also for the prediction of handovers
IP headers at intermediate vehicles. nor at the RSU. introduced in the next section, it is necessary to maintain

] o ] state information at the entities involved in the exchanfe o
A. IP configuration in the PMIPv6 domain IP packets. Here we describe the required data structures:
The first time a vehicle enters the vehicular network, &) Neighbors TableNodes in VANET from which a link layer
acquires a valid IP address from the domain, so that packb&acon has been received. Based on this information, every
from the video server can be successfully delivered to tiede executes the geo-routing protocol and locates the best
vehicle. PMIPv6 is defined for the case when a mobile nodandidate to forward packets to the destination;



2) IP Neighbors TablelP neighbors announced in ND. Atcandidate ARs stored in the IP Neighbors Table. When the AR
the vehicle, the table contains the AR serving its curre@aar receives this packet, it is used as a hint for the detectigheof
and the candidate ARs available in the domain. At the ARgw connection, and allows the AR to set the pre-established
the table contains all the nodes in the connected VANET ftunnel with the LMA as active. Once the LMA receives the
which the AR is serving as the IP next-hop. This table coulbtification for the activation of the tunnel, it redirectset

be integrated to that of the ND protocol by appending tHerwarding of IP packets to the new vehicle’s location, and
additional fields for location information. the handover process is terminated.

B. Handover mechanism V. NUMERICAL RESULTS AND DISCUSSIONS

A moving vehicle in an urban scenario may experienceln this section, we analytically evaluate our integrated

different types of handovers: 1) when the vehicle detect§heme: First, to evaluate the performance of the qualived

another RSU and changes its connection; 2) when the vehi'é%'ting scheme, we compare it to the traditional greedy geo-

changes its connection to a different intermediate vehigiel '0Uting protocol [8] in terms of quality of streaming (start
3) when the vehicle moves to the service area of a differefif_d€lay and number of freezes) as well as visual quality
AR. Given that this section addresses the problem of SNR of delivered video frames). Fig. 2(a) shows the start-
mobility, we focus mainly on the third case up delay when the video streaming starts on a 2-hop and 3-
In order to take advantage of the location capabilities fﬁOp path. An increment in the incoming .data rate results in
lower start-up delay. Our protocol achieves lower start-u

VANET, we propose a prediction mechanism that allows f lav in both i0s. Th delay diff be
the pre-configuration at the AR/MAG of the IP settings of th elay in bot scenarios. 1he start-up de ay ditierence |tw
Tglop and 3-hop scenario in our protocol is very small, which

vehicle before it moves to a new service area. The proces hiah stability f h Th Il diff
explained in detail as follows. Every node that has a valid “s_hows a high stabllity for our scheme. 1he smat dilierence
due to two reasons: 1) faster delivery of packets due to

prefix from the PMIPv6 domain, exchanges ND messages with } ) i
the AR. Therefore, based on the information received frofh sharter p_ath,_ and 2) lower packet loss (higher arrival rate
NeighborDiscovery/NeighborAdvertisement messagesitke at the destination) dug to fewer number Of.hOpS.' Compa_\red
is able to update the location of a vehicle. In order to deileem to the greedy forwarding SC“‘?me' the quality-driven ragitin

if the vehicle is about to leave the current service areaARe protocol has_more computaﬂo_ns_pe_zr hop. In our mthod,
first makes an estimation of the vehicle’s locationzas, — the computation at each hop is limited to a few candidate
xo+ 85 X (Th —To) andyest = yo+ sy % (T1 —Tp) [7], where nodes, by first selecting the cluster of candidates usingdyre

xT est — Y ’ . . . . . .

the coordinates of the vehicle(, yo) and the velocity vector geograph|c. The protocal is applicable n polynomial time.

v = (s4,5,) Were those received in the last ND messafje Fig. 2(b) shows the number of streaming freezes versus the
is thezt’imye at the moment of the estimation, afiglis the incoming data rate for 2-hop and 3-hop connection scenar-

time at the moment of reception of the ND message. We u'gé’ f'(t)rr1 300i.sesspn :gnhgilth.l For Ifow data ratfefs, the greedy
the AR service area coupled with the estimated location afior'thm achieves in shgntly lower frequency ol lreezeme

velocity vector of the vehicle to construct a coarse grainé’é"red to our quallnt/r;dr(;ven S(I:the_me._Ho_\f/yevetrl, als the data kr)at
approximation of the estimated distandg,; and timet.g Increases, our method resufts in significantly fower number
of freezes compared with the greedy algorithm. Our method

for the vehicle to reach the imaginary line, with coordirsate Larantees a hiaher arrival rate by selecting links withelow
(1,41) and(zz, y) , that defines the edge of the service are 0ss probability. gLower packet Iossyis the magi]n contribotad
|2 — 1) (Y1 — Yest) — (T1 — Test) (Y2 — y1)| our routing scheme compared with the greedy scheme, and its
dest = V@2 -2 + (2 — 91)? (4) impact on the arrival rate of packets at the destinatioreiases
2 ! Y2 as the input data rate is increased (above 30 frames/sec.).
Based ond.s; andt.s; = desi/v , we form a heuristic to According to (1), for a higher arrival rate, the number of
make the following decision: if the time to reach the edgfeezes decreases since the second derivative of (1) isiveega
is lower than that determined by a threshold value, the AR Fig. 2(c), we compare the distortion of delivered video
predicts that the node is about to leave the service area d@rdines. The quality-driven algorithm always selects thet ne
reports this event to the LMA. The LMA then chooses theandidate hop that results in the minimum frame distortion
next candidate AR based on the position and direction of tgé/en by (2). As expected, our method results in a lower frame
vehicle, and establishes an inactive tunnel with it. Thisnse distortion compared to the greedy approach.
that the new AR/MAG has the IP prefix information for the Second, to evaluate our proposed multi-hop PMIPv6
vehicle that is about to enter its service area. However, teheme, we compare it with a MANET-centric NEMO scheme
redirection of IP packets is kept to the old location unti th[9]. The scheme uses NEMO Basic Support and geo-routing to
node is actually reported to have entered to the new area. hide nested configurations in VANET, and allows one single
Once the vehicle experiences the handover to a new servigenel formation from the vehicle to the Home Agent. The
area, it sets the entry for the AR ROBE state in the ND table. measures to analyze the schemes’s performances are: 1) loca
The PROBE state forces the vehicle to send a NeighborDiscotion update signalling cost'sy (e.g., PBU/PBA messages);
ery message to check the AR’s reachability. The location 8j packet delivery overhead caSkp (e.g., IP tunnel header);
the new AR/MAG is known by the vehicle thanks to the list oand 3) handover dela¥yp .
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Fig. 2. Numerical Results for the Seamless Quality-DriveateDDelivery Scheme

We follow the same methodology in [10] for cost calcuthe reception of video packets aprox. ©62.1 times faster
lations. An adapted fluid flow model is used to describe thhan MANET-centric NEMO, thanks to the pre-established
transition of a node along different subnets, given a proibab tunnel at the new MAG. The reduced handover delay then
a(1) of crossing: subnets during an inter-session arrival timenforces the seamless transmission for a demanding service
1/A. Sessions lengths vary from 30s to 1800s. The subniée video streaming.
crossing rateu, is calculated asus = vL;/mA,, where Finally, we evaluate the performance for the integrated
average velocity is 50Km/h, andl; and A, are the perimeter routing / mobility management scheme. Fig. 2(f) shows the
and area of the service area. The signalling c@st; (bytes impact of the vehicle’s velocity in the average of lost frame
transmitted per hop) is calculated@sy = > . ix BU xa(i), during a video session, when our integrated scheme is applie
where BU is customized for each scheme according to hote the routing and handover management. We consider a
many hops the signalling messages have to cross to reachdabssion length of 900s, and three different average vadecit
anchor pointCpp is total overhead to deliver packets in ondor the vehicle. We can see that the behavior of the intedrate
video session. The total cdst C thenisCpy+Cpp. T_C'is  scheme is fairly stable under an increase in velocity. Fif)- 2
measured according to the session to mobility ratie= A\/us. 2 shows more detailed behavior for high data rate scenarios.
Video frame sizes are. 7P 92pytes, and distances (hops) areThe increase in losses are mainly due to the increase in the
RSU AR=1, AR _Anchor point=3, and anchor pointideo number of handovers during the session length.
server=8.
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