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Abstract

Video transmission in Internet ¢ Vehic. s (IoVs) is an emerging technology
which utilizes the multimedia inside na . utside vehicles itself through Vehicle
Ad Hoc Networks (VANETS). .. lovs, craditional multi-hop routing protocols
are not adaptive to mobile environment, especially the high-mobility driving
environment in which - chicles 1eed to accomplish video transmission under
high quality of service (v, S). T. this paper, we propose a multi-hop routing
protocol for video .rans nission in IoVs based on cellular attractor selection
(MRVT-CAS). Ve ac. »n 2 packet generation method for MRVT-CAS and use
Technique for /.. 'er Preference by Similarity to an Ideal Solution (TOPSIS) to
construct the candidatc set of next-hop selection. Then we map the expression
of differer gen' s in cell to selection of different next-hop nodes, and employ the
mechar cs ot ¢ "ular attractor selection to select next-hop node. Moreover, we
prese it a ° sal-t’ ne feedback process to improve self-adaptability and robustness
of ronting ~v stocol. Our simulation study compares MRVT-CAS with other
1Huting p. dtocols to evaluate performance of video transmission. The simulation
res 't< 2 monstrate the performance improvement over traditional methods, in

tern * of reachability, delay, stability and frame loss rate.
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1. Introduction

With the development of communication and ¢ - ater echnologies, IoVs
(Internet of Vehicles) has been developed rapidly .. rece... years [1]. As a vital
important part of IoVs, the Vehicle Ad Hoc Matworks ( /ANETSs) have become
one of research hotspots in the field of comn.. nicat.._. and transportation[2, 3].
The transmission of message in VANET= -~ - od many applications, such
as cooperative collision avoidance, lane chaw._~ assistance, traffic accident in-
formation broadcasting [4, 5]. But no - me.c wad more drivers dissatisfy these
applications only based on messe  ana “hey have demand for more realistic
applications based on video, such as ¢ “tau. ing real-time traffic waring video, ac-
cessing road video remotely ana . *1eo suaring between vehicles [6, 7]. Therefore,
many studies and projects have been launched for developing video transmission
in IoVs [8, 9, 10].

In ToVs, a source noac "~ oft a far away from a destination node, and there
are many intermed ate - odes in the process of data transmission. Therefore,
the performance of 1. ‘1ti-} bop routing protocols directly affects the efficiency
and quality of .. "2 transmission. As a special type of mobile ad hoc networks
(MANETS). VANETS .iave a more highly dynamic nature because of the fast
moving of vehi’.es [11]. In addition, VANETs may not have full connection at
all tims s whe.. *he traffic density is low. On account of the highly dynamic
topo’ »gy, ‘cequ at disconnection, changing traffic density and massive packets,
sor~ MA. % s routing protocols depending on the maintenance of an end-to-
«ad trans aission path cannot work well in VANETS [12, 13]. Moreover, there
are ~ 1=~ _e number of continuous packets transmitted simultaneously for video
tran, mission in IoVs. Besides, the condition of each vehicle in the IoVs is
diff- _ent, in terms of location, speed and number of packets carried, which have

" fluence on transmission performance. Therefore, some routing protocols in
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VANETS that select next-hop only relying on position infor- iatic . <" ~ehicles
will fail to work well for video transmission in loVs, which may c. “<e the serious
congestion of some nodes in short time [14].

In general, the data packets transmission in IoVs is . ‘milar w~ith behavior
of E.coli cells’ gene network in a varying environm :nt, v’ "~h is discovered by
Kashiwagi [15]. For instance, both the VANETSs «.d livi ig environment of
cells are complex and highly dynamic. Then VANE1. and cells all need adjust
themselves to adapt to the changes in the en. onme .t. For cells, they can
adjust themselves by controlling the expression . " different genes. And VANETSs
can adjust themselves based on dominau. ~ the selection of different next-hop
node in multi-hop routing path. Und - +his bac.ground, we have already done
some works in combining E.coli cells ar. ' © ANETSs [16, 17, 18, 19], and we also
proposed some routing protocols fo. v.' NE 's. However, these routing protocols
are not suitable for video trans ~is<ion , » IoVs because of inappropriate feedback
process and lower ability to deal w. " massive packets.

In this paper, we prop~ - multi-hop routing protocol for video transmission
in IoVs based on some ¢ taptive fc “-warding mechanisms and biologically inspired
models, whose goal i impro. -, efficiency and quality of video transmission in
IoVs. With the gc . w foct, on such a general application scenario that some
specific vehicles atend te - .nd their video captured by vehicular camera to other

L

certain vehicl 3. 1. * a method of video data packets generation based on H264
[20] and Rr u-v ne Transport Protocol (RTP) [21] is designed to improve their
applicabin. - f r video transmission in IoVs. Then we combine TOPSIS with
entrop weitht muthod to construct the candidate set of next-hop node selection.
Thira, ¥ mar the expression of different genes in cell to selection of different
p xt-hop veuicle nodes, and use extended cellular attractor selection method
t  select = ext-hop node in candidate set. Last, a real-time feedback method
pased on performance of next-hop selection process is developed to enhance
MAN\ T-CAS’s self-adaptability and robustness for video transmission in IoVs.
The rest of this paper is organized as follows: Section 2 gives an overview

of some related work. Section 3 describes the proposed method MRVT-CAS in
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detail. Section 4 discusses performance comparison of MRV [~C2 5 . ~1 other

routing protocols. Finally, Section 5 concludes this paper.

2. Related work

The multi-hop routing protocol for video transr issi .1 in oVs is a challeng-
ing issue and has attracted considerable attention ~om . _carchers. They have
proposed and applied various routing method<. such as Dynamic Source Rout-
ing (DSR) [22, 23] and Ad hoc On-Demanc. Dista..  Vector routing (AODV)
[24, 25]. These two methods are passive ronte ==~ ol they only can adapt to
some specific scenarios and will cause serious « 4-to-end delay. From experiment
results of video transmission in IoVs 1. 1231 .. _an be found that DSR can work
well when the order of the vehicle is con tant and every two adjacent vehicles
keep communication all the time. Ii. fac. this scenario is hard to be obtained
in real IoVs because of frequen. ~verva...ng and long distance between adjacent
vehicles in low density traffic flows. |25] uses AODV augmented with the ex-
pected transmission cov .t (E'1.7) metric to find the best quality route, and it
can be found that this ni. "hod r seds to restart to discover new routing path if
current path is bro} :n. 7 nerefore, the routing methods based AODV will result
in serious delay vhei. ae t7 ufic density is heavy and the vehicle motion condi-
tion is changir , “st. There are also some other methods which use the local
statistical information. Distribution-Adaptive Distance with Channel Quality
(DADCQ" prot scol is presented in [26], which is a Distance-based Statistical
Routins Prow ol (SRP) that is adaptive to distribution pattern and channel
quali’ y for mult:-hop V2V broadcast. Dynamic Backbone Assisted (DBA) pro-
tocol is .~ sed in [27], which is a contention-based protocol for multimedia
{ooding . » VANETS and uses positioning and QoS-based parameters, such as
li. «ma'y, vehicles location and speed. The cross-layer QOe-driven REceiver-
basc 1 (QORE) mechanism is presented in [28], which is modularly coupled to
SRF ; to offer QoE-aware and video-related parameters for the relay node selec-

“on and backbone maintenance. These statistical-based methods usually rely
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on several parameters to decide whether a vehicle node shor d for ve. ? or dis-
card revived data packets. Moreover, there are many geometri. “ased routing
methods, such as Position-Based Routing (PBR) [29], G¢ bgraphi Source Rout-
ing (GSR) [30] and Greedy Predictive Stateless Routing ‘GPSY ) [31]. These
methods usually presume the accessibility of traffic parar ' -rs, such as vehicle
position and speed. GPSR is utilized to transmit da.a pac) :ts in IoVs in [32],
and the experiment results show that GPSR cannot w. 'k well even transmission
rate is low. It is not suitable for video transn.. ~ion ir IoVs. That is because
there are hundreds of data packets sent from v. 20 resource node to video de-
mand node per second, and the GPSR a1, ~vs selects the node that is closest to
demand node as next-hop node. It ¢ —<es some nodes accumulate many data
packets in a short time and cost a loi * .ime to forward these data packets,
which increases the delay and dec. »a. >s tL : delivery rate. What is more, it is
worse if there are multiple pa™~ of re. ~urce-demand nodes transmitting video
simultaneously.

' considering the similarities between E.coli cells

As mentioned in Secti-
and VANETS, we have already ¢ bne some works by combining them together.
[16] has extended tb . basic . - -dimensional cellular attractor selection model
(CASM) in [15] tc rhe 'igh-<.mensional space, which is named as extended at-
tractor selectior model (.~ .SM). In [19], the unicast routing protocol based the
EASM (URA")) is . ~nosed to transmit message in IoVs, which takes into con-
sideration ¢ sm. parameters of vehicle motion and routing performance, such as
vehicle ve.. ~it ; delay and congestion. The simulation results show that URAS
outper orm~ the GPSR in terms of delay, congestion and delivery rate. How-
ever, "R 1S ic unsuitable for video transmission in IoVs. URAS regards all
n dJdes in a routing path as a cell and updates the selected possibility of these
1 des aft ¢ this routing path finish, which will cause the problem of selected
possibity updating too late in process of video transmission. This delay of infor-
mati n updating also causes many nodes to be in a state of massive congestion.
wworeover, URAS aims only high packet delivery rates and low end-to-end delay

levels, without addressing the subjective acceptability of users when watching
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the video stream.

Concerning the core issue mentioned above, for sake of avoi. ng congestion
in GPSR, our proposed MRVT-CAS takes into considera .on seve al parameters
of vehicle motion and vehicle communication instead ot nly ve iicle position.
Moreover, in order to reduce the delay of informa ion 1 “ting, MRVT-CAS
regards current node and its neighbor nodes as a cc.. and tilizes a real-time
feedback process to update the selected possibility a.. = each selection of next-

hop node.

3. Multi-Hop Routing Protocol for . ‘deo Transmission Based on Cel-
lular Attractor Selection (MFY T-CAS,

MRVT-CAS is a multi-hop ro “ing p. “tocol for video transmission in IoVs
based on the cellular attractor selecti n. “he schematic diagram of MRVT-CAS
is shown in Figure 1. The left pe. * o1 v dgure is a complex road network. Black
lines represent roads, and black dots represent intersections. There is a path
of MRVT-CAS in this r «urt, the green dot represents video resource node, the
blue dot represents video "~man . node, and the red dots represent intermediate
nodes. The middle ,art - [ the tigure is three detail descriptions of MRVT-CAS.
For the process ~f 1. t-ho . node selection, the vehicle set including current
node and othe ndes in communication range of current node is regarded as
a cell. We man the ex, ression of different genes in cell to selection of different
next-hop .odes The right part of figure is specific process of next-hop node
selectio ., incic 'ing constructing candidate set by TOPSIS and determining the
next-.op v ode "y cellular attractor selection.

The 1.+ ,f this Section describes the data structures and algorithms in

 etail.

3.1. Data structures

T aere are three data structures in MRVT-CAS, including two types of data

nacket and a type of node attribute table.




Figure 1: The schemat. diz ,ram of MRVT-CAS

(1) VDDP

| DPT | viopH | BRI CC

table - The structure of VDDP

VDDP is the de .a pe ket sending from video demand node to video resource
node, and the st cure ,f VDDP is shown in Table 1. There are many kinds
150 of data par ~ts in Internet of vehicles, including signal information packets,
vehicle safety info. aation packets and so on. So, the first part of VDDP is
set as JPT Data Packets Type), which enables vehicle take different actions
for ~ecerv. o different kinds of data packets. The following part is VDDP.H
(" DD’ Herder), including VDDP ID, data packet length, demand node ID
155 and . ~ov ce node ID. The third part is RI (Routing Information), which is
used o store the information about VDDP arriving time and VDDP sending
out * me of intermediate nodes. The last part is CC (Control Command),
vhich enables demand node control the video stream to start, pause, and
cop.
~ '2) VDP
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‘ DPT ‘ VDP.H ‘ RI ‘ RTP.H ‘ NALU.H ‘ NAT U‘DJ

Table 2: The structure of VDP

VDP is the data packet sending from video resor~ = nou. .o video demand
node, and the structure of VDP is shown in Tz ble 7. T : first, second and
third parts of VDP are same as VDDP. The “ourt! _art is RTP.H (RTP
Header), including format of video strearm, serial n mber and time stamp.
The fifth part is NALU.H (NALU Hea.~r), a. ' .ae last part is NALU.D
(NALU Data). Because of the different encndis methods, the size of frames
in the encoded video stream is different. "~ we use two schemes to generate
VDP, and these two schemes are »rre: .. ling to different NALU header.
e Single NALU Packet
If the size of current frame is "ess vhan 1400B, the NALU corresponding
to this frame is stored 1. = single VDP. In this case, the NALU header
includes two parts. The first one is F, which enables demand node
abandon this * DP wi n there are mistakes in current NALU. The

second part is 'L, =, v nich contains the type information of current
NALU.
e Fragme ttation "I it NALU Packet
If tb . size ~f current frame is not less than 1400B, the NALU corre-
Sp w«o Mg to this frame is divided into several fragments. Every frag-
. ~nt s stored in a VDP, and these several VDPs are called Fragmen-
tation « ait of current NALU. In this case, the NALU header includes
‘our 1 arts. The first part is F, and the second part is Type. The third
pau . is S, which is used to distinguish whether the packet is the starting
\ DP of current NALU. The last part is E, which is used to distinguish
whether the packet is the ending VDP of current NALU.
(3) 1 AT
NAT(Node Attribute Table) is used to store motion parameters and cellular

attractor indexes of vehicle nodes. It includes node location, node velocity,




195

200

205

210

number of data packets carried by node, the cell activit of » . et and
the probability that each node is selected as the next-hop 1. 'e. This table

offers basic data for constructing candidate set and s .ecting . =xt-hop node.

3.2. Construction of candidate set based on TOPSI®

In IoVs, there are many vehicles in communicat.  rangs of current vehicle
node 4, and these vehicles make up the neighbor v.“icle set V; of i. If using
the cell attractor selection model to select 1. > next-b ,p node in V; directly,
it will ignore the influence of vehicle motion <tors and greatly increase the
randomness of the selection, which is un. vuianie to the stability and efficiency
of video stream transmission. So we develop a . :ulti-attribute decision-making
method based on TOPSIS. This methc 1 ¢ .ores each vehicle ¢ in V;, and select
top ten vehicles to construct nex. . » ca didate set VC; of . This method

considers four attributes, including

e Number of data packets carric ! by ¢, DN.. DN, has a great impact
on video transmiss’ un, «. 1 the larger DN, indicates that ¢ have a lot of
packets waiting fo. ‘ransmi sion. If ¢ selects this ¢ as the next-hop node, it

will cause the uarrent dava packet to wait for a long time to be forwarded.

e Relative v¢ ocity ¢ ¢ and demand node, v.q. The higher v.4 implies that
the curr av 'ata packet has a good potential to be delivered to demand

node v "' a shorter delay.

e Relai. - distance of ¢ and demand node, Dis.q. The smaller Dis.q implies
“aat - arrent data packet has a high possibility to be delivered to demand

L. 2 wi' 1 a fewer hops.

e Nu ber of vehicles in communication range of ¢, NV.. If there are few
=" cles in communication range of ¢, it is difficult for ¢ to find a next-hop

node with good performance.

118 method of constructing candidate sets includes the following steps.
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(1)

Construction of initial decision matrix DM,;.

The larger DN, and Dis.q go against the performance of via. transmission,
while the larger v.q and NV, are significant to it. In ¢ sder to uify the effect
of attributes monotonicity on the transmission perfc mance v, and NV,
in equation (1) are used to replace v.g and NV . Let - -mber of vehicles in
V; is n, and each vehicle has four attributes Div. , Dis, , v;d7 NV(’ These

data form initial decision matrix DM;, and its s.. > is n * 4.

Veq = MaXcey; {vctz: — Vca
, (1)
N‘/c = MaXce 4V Vej — NV;
Construction of normalized decision mati.. NDM;.
In order to eliminate impact of n. asv ewent units of the four attributes,
the data is normalized by equ .*on (.° NDM; is the normalized decision
matrix. attr = 1,2, 3,4 represent: fow. attributes. ¢ = 1,2,--- ,n represents

vehicle in V;. Zcgqur is the “lemeut of DM; at point (¢, attr). yeaeer iS

normalized value of 2. 44t

Zeattr
Yo attr = —— (2)
n

2 2.,

e=
Construction ¢. ¢ ghte . matrix decision matrix W D M,;.
Because thr (0Vs is higaly dynamic, the above four attributes of each vehicle
change fast, wh..™ is possible to cause statistical change of attributes. In
order ') eli ainate influence of subjective weights on the method, entropy
methou " atilized to generate dynamic weight. The weight of each attribute
w ¢ ¢ a be calculated by equation (3). Hgy is entropy of each attribute.
No. =4 - :presents number of attributes. Then the element of W DM, can
be o’ tained by equation (4), zc gt is weighted value of ye gttr-

_ 14+Yc attr
fc,attr — "Noa

> (IHye,ater)

attr=1
Noa

Hauper = m(atgfl fc,att'r In fc,attr) (3)

1-H
Wattr = Nt

Noa— 5> Haer

attr=1

10




Ze,attr = Ye,attr * Wattr (4)

(4) Calculation of the best solution and the worst solut »n

- N3 s es-
and the ~ors. Jon Zg,,,. is es

For each attribute, the best solution Z,,.
tablished by equation (5). Then we can obtain t” e be . so 1tion vector ZT =
[ZT,Z;, Z;,Zﬂ, and the worst solution v *or Z~ - {Zf,Z;,Z;,Z;].

Z+

b = mincey, e o) (5)
Z gty = MAXcev; L2, )

25 (5) Generation of candidate set of next-hc, node
For each vehicle ¢ in WDM;, equ ... ‘4 is used to calculate the euclidean
distance SJ” between the attributes - .ctor of ¢ and Z*, and euclidean dis-
tance S; between the attribuv s . ~tor of ¢ and Z~. Then the score of
each vehicle ¢ is derived * - . otwn (7). Finally, TN, (T Ny, is positive
constant) vehicles with top TN, scores are selected to generate candidate

set of next-hop node + v, Specially, VC; is set equal to V; if the number

of vehicles in V; is . ~s than "N,,,.

Noa

S[JF = Z (Zc,attr 7Z(<1,’:‘,t7')2
attr=1
Noa _ 2 (6)
S; = > (Zeattr — Zagsr)
attr=1
S-
S, = ¢ 7
Se + 8¢ ™

3.8. lext wop 7 ade selection based on cellular attractor

* fter co tructing candidate set V C;, the next-hop node is selected in VC;

1 ased on « sllular attractor selection model (CASM). The set consisting of ¢ and
Ve, .egarded as a cell, and the activity of cell is a.. The possibility of vehicle

w0 jin “C; being selected is m;, and the state that the vehicle j in V' C; is selected
~e _eoxt-hop node is regarded as a kind of cellular attractor, which represents

concentration of a kind of mRNA. The time of current packet staying at i and the

11
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congestion of next-hop node j; is used to evaluate performar e of .a. “mission

from ¢ to j7.

This performance is considered as environment . "anges of cell,

which influences o and m; in later routing. We use the above , “ocess to map

the next-hop node selection of video transmission in IoVs to ce! alar attractor

selection method. For current data packet in cur ent » '~ 4, the process of

selection and update is as follow.

1) Calculating m; of each j
J
(A) The demand node D is in the VC;

The possibility of D being selected is as "~ned as mp = 1. However,

the possibilities of other vehicles it /C); cannot be assigned as m; =0

directly. That is because it viu " ~2nce the process of selection of

next-hop node in later ro *ing. . * order to avoid this influence, the m;

of other vehicles in VC; is Uate. ined by equation (8).

1

Va1 ©

L2

(B) The demand nc te D 1. not in the VC;.

(a)

i is not one «“ node , in previous routing paths.
This s ,uat’ ,n represents that the cell including i and V C; is not
activate. and Jhere is no information about corresponding « and

m,. So the possibility of all vehicles in VC; is equal, and it is

J-

calculatea by equation (9).

1
(o] 9)
i i* one of nodes in previous routing paths.

“ecause the IoVs is highly dynamic, the neighbor vehicles V' C; of
i in current routing path is possible different to neighbor vehicles

PVC; of i in precious routing paths. Equation (10) is used to

divide vehicles in V C; into two sets.

VC, =VC;NPVC;

’ (10)
VC =VC;— PVC;

12
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(2)

For vehicles in VC’;/, they are not the neighbr . vel .c..- of ¢ in
precious routing paths. Their m; is determined by = ~uation (11).

1
vey

7

(11)

mj:|

For vehicles in VC;, they are the ne ghbs = vihicles of ¢ in pre-
cious routing paths, which represent that the- . are information of
their selected possibility m; in precious 1. 1ting paths. Their m;

in current routing paths can br calc.’~te” equation (12).
. ver

mj==—"— -X|[1-
J ZkCVC: M ( IVCT‘

(12)

Selecting the next-hop node j*
Equation (13) is utilized to se.~cv *he next-hop vehicle node j; with the
maximum m;. If m; of ser ._" ehi les are maximum and equal, one vehicle

in these vehicles is selected at 1. ~dom as j;.
ji = rgmax{m;|Vj € VC;} (13)

Updating o and m;
The o and m; . © Il ar . updated after i selects the next-hop node j; and
finishes the transmiss.on of current data packet from i to j;. First, the

performauce inac. PIi;» of this selection is calculated by equation (14).
PIZ];« = WLt + WpTy (14)

w tere 4 is the time from ¢ receiving current data packet to j; receiving it,
Zn 15 he ambers of data packets carried by j, w; and w,, are corresponding

weig, * coefficient. Then activity « can be updated by equation (15).

A

R 1
T B (PL;) (15)

vhere A, B, k are positive constant. A, B are utilized to limit the boundaries

of o, and k is used to control the change rate of a.

13
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Fi ,ure 2: . e impact of z¢ and x,, on «

In Figure 2, we v se the vai.: of parameters in Table 3 to draw the functional
image of a, wi.. h * nows che impact of z; and x,,. From Figure 2, it can be
found that v will dec.ease with the increases of z; and z,, and functional
image of o can . > divided into three parts: slowly descend part, sharply
descer . pa 5 and convergence part. In slowly descend part, the increases
of x; an. ' ¢, are possible resulted from that multiple video resource nodes
ar : ser ling data packets simultaneously, and these data packets can be
for.. rded co other nodes in short time. Therefore, this decrease of o can be
toler ble and be independent of cell performance. In order not to influence
later ransmission process, the descent speed of « is set to be slow in this
nart. In sharply descend part, there are unacceptable increases of x; and z,,,
* hich is probably caused by the improper selection of next-hop node and

will result in a degree of delay of transmission. For the sake of punishing

14
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this cell, the « of cell in this part is set to decrease sharp’y. In _o. rgence
part, the z; and x,, are so large that it will lead to serious . =v, which will
affect the efficiency and quality of video transmiss’ m badl, Thus the «
of cell in this part tends to 0 to avoid that these cel. are sr ected in later
transmission.

Last, m; can be updated by equation (16).

, s(a)

mj =m; + ( 5 - a)ym +mn;) x At (16)

L+ (mg; —my,”
At is V2V communication delay, which ie the . ¢ from i sending out packet
to j; receiving this packet. s(a) is the vate coefficient of producing the
cellular activity, and s(«) is the ate .. Ticient of degradation. The two
functions are both effected by “he ce. 1lar activity, and they are defined by
equation (17).

{ s(a, = a” + Ao

(17)
dla) =«

\

where A1, A2 and 7 . e real- umber constants.

3.4. Routing Proc lure

Based on th models < .d algorithms in Section 3, we show the routing pro-

cedure of MR /T-C:.” in Figure 3.

4. Perfor.. = ice evaluation

I» sect on 4 we give the performance evaluation based on some comparative
sir--lation.  Chese simulations are achieved in MATLAB with SUMO traffic
¢ mulator We compare video transmission performance of MRVT-CAS with
Ur.' 9 - .d GPSR. Through these simulations under different conditions, we

valic vte that MRVT-CAS has better performance in video transmission.

15




285

Demand
node

A

r

Generation of VDP and VDDP

VDDP VDP

START START

Search for
NALU

Set control
command

Send out
from demand
node

END

e
starting code

Store NALU
data into
uffer

& there NALD'
nding cods?

Pack buffer into
several FU

SetRTP.H,
NALU.H and
NALU.D for

each FU packet

Construction of candidate set based
on TOPSIS

Calculate score
of each neighbor|

Ne¢ t-hop node sel. ‘ion based on cellular

att  ctor

sibility of D
b gselected is|
1

Equation 8 is
used to deal with
other vehicles

Get
candidate set

K curtent node i on
of nodes in previous
Touting paths?

possibility

Fig re 3: outing procedure of MRVT-CAS

4.1. Simulation scer. ~o and basic model settings

In the simu ations, a bi-direction and four lane road which is 8000m long

is considerea. The average vehicle speed v is varying from 10m/s to 37.5m/s,

and t'.e ve.icle density K is varying from 10veh/km/lane to 120veh/km/lane.

The ditic. mt s and K represent different traffic conditions, including free-flow,

1 aimpea. 1, crowded and blocked. The speed of vehicles subjects to normal

du. “ribut’un with mean ¥ and standard deviation o, = 0.1 * ¥, and the upper

bouw 'd of speed is limited to 2 * v. And for fleets, they are traveling based on

Wie emann car-following model.

In addition, simulation time is 25s, and total steps of simulation are 2500,
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and each vehicle only can forward one packet in a step. T' e co .. “ication
range of each vehicle is 300m, and the vehicle-to-vehicle (V2V) ( mamunication
delay is 10ms. In order to ensure the real-time of tr: asmissi. 1, we set the
survival limit of the data packets to 5s, which means v = dats packets with
the existence time in simulation more than 5s will pe a*  doned. The initial
distance between resource node and demand node 1> +200n, and this distance
will change with the motion of resource node and de.. and node. We use three
pairs of resource-demand nodes communicating ““mults aeously to consider the
influence of multiple communication links. Eac. resource node sends 100 data
packets per second in first 20s of 25s, su ~ach resource node sends total 2000
data packets in each simulation.

For video frames, we set the Group ~f Pictures (GOP) pattern as “IPPP”,
and each I frame occupying two da.~ , ~cke s while each P frame occupying one
data packet. The buffer time r € ideo . -ame is 0.1s, which means demand node
will abandon the No.(n + 1) data | ackets if the arrival time of No.(n + 1) is
more than 0.1s later than ** * of No.(n) (No.(n) and No.(n+ 1) are in original
sequence of frames). W aat is mu re, the demand will abandon all data packets
of the GOP whose ¢ ata pac. s corresponding to the I frame is missing. We
use this situation f tr .msmw’.ting hundreds data packets with different types
of frames per sr cond to . " aulate video transmission in IoVs. The other basic

model setting . for .. ~ulations are given in Table 3.

Pare neters Values

w:, ' in equation 14 wy =5, wy, = 0.05

A, P and k in equation 15 A=1,B=1land k=5
A’ in equation 16 At =0.01

A1, A2 and 7 in equation 17 Ay =8, Ao =10 and r =4

Table 3: Basic model settings
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4.2. Simulation results and analysis

The simulation experiments are conducted for comparine thre routing pro-

tocols in VANETSs: the proposed MRVT-CAS, the UT AS pro, osed in early

work [19] and GPSR [32]. In order to comparatively demo. -trat- che validation

of MAVT-CAS as well as confirm its strength in terr s of *.c omprehensive per-

formance on the transmission efficiency and qua’ity, the fo’ bwing performance

indexes are adopted for the comparative evaluation o. “hese three routing pro-

tocols:

(1)

The Data Packets Delivery Ratio (DPTDR) +--  is measured as the ratio of
the number of data packets arriving at v. ~ demand node to the number of
data packets sent by resource noa

The Average Routing Delay (. ™D) tu °t is defined as the average time from
the resource node to demand noa = an..ng all the complete resource-demand
routing paths.

The Jitter of Delay (JD) that is computed by differencing the delay of two
adjacent data packe s arrivi g at the demand node.

The Out-of-order Data ack -ts Loss Ratio (ODPLR) that is defined as ratio
of number of d .ta p .cket< is abandoned because of arriving out-of-order to
the amount [ daw. nar gets arriving at the demand node.

Video Fra ae Tansmitted Successfully Ratio (VFTSR) that is measured as
the rate _ " the number of frames transmitted successfully to the amount of
frame  sen by resource nodes. According to the type of frame, the loss of
fro aes can . ~ divided into two situations: (1) If data packet of P frame is
1 «t, i cau ¢s only one P frame is lost. (2) If data packet of I frame is lost,
_, causc. che corresponding GOP is abandoned, which means demand node

will I¢ se four frames in this GOP.

4.2. " Evaluation under specific condition

T rstly, we will describe the evaluation under specific condition and give

~~me microcosmic results. We set the vehicle density to 80veh/km/lane and
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the vehicle speed to 20m/s. The thresholds of the number of neig' Lo ~ehicles
T N, is set to 10. In the following analysis, the second pair of rc. ~nrce-demand
node is taken as an example to show concrete results of each rc¢ ting path. In

addition, we give the statistical values of all three pairs.

o)1l

Jing Del

(b) URAS (c) MRVT-CAS

Figure 4: The results of DPDR and RD . ‘v ae second pair resource-demand node

From Figure 4, it can be found ‘ha. the DPDR of MRVT-CAS is larger
than GPSR and URAS, in adu “on, ..3D of MRVT-CAS is less than GPSR
and URAS. We can intuitively see that MRVT-CAS can receive around 1800
data packets, while that of UK. S is 1400, and that of GPSR is only 1000. For
ARD, it can be found t.. * the delays of data packets of MRVT-CAS are in
0.1s — 0.5s interval whi’: those of URAS are in 0.3s — 1s, and those of GPSR
are distributed ir 0.1. -4s. 3esides, there are regular ups and downs of ARD in
Figure 4(a). T . * is because GPSR always selects the closest node to demand
node in communicatio.. range, and this closest node is possible changeless in
short tim/. So t causes this closest node accumulate many data packets, and
the del- ys ot " = later data packets increase linearly. Until some packets reach
survi al 1i ait &~ or the closest node changes, this congestion can be relieved,
and the u.'~v, of the later data packets will decrease linearly. In addition, there
¢ ce also + ight ups and downs of ARD in Figure 4(b). Because when there is
co.. ~esti- )1 in some nodes, the selected possibilities of these node are updated
unt, data packets passing through these nodes arrive demand node. This delay
of i~ .ormation updated causes that many nodes in congestion still be selected,

~hich results in more serious congestion and delay. On the contrary, there
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are few ups and downs of ARD in Figure 4(c). That is bec .use i« ~ve take
into consideration several motion and communication paramete.. hy combining
TOPSIS and the entropy method. When some nodes ¢ e in cc gestion, their
scores determined by TOPSIS are low, and they cannot “e sele ted into can-
didate set. After the current data packet is forwar ted t- =xt-hop node from
node in congestion, the cell activity of the node is up dated .mmediately. This
real-time feedback process not only eases congestion =1t reduces the influence

of congestion on the later data packets.
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Figure 5: The results . " DPDR und ARD for three pairs resource-demand node

In Figure 5(a), we r.ve t'.e statistic results of DPDR among three pairs of
resource-deman ~ node. . this simulation, our proposed MRVT-CAS achieves
about 94.0% ( Dr "R on average, which is larger than those of GPSR (49.9%)
and URAS (a. »ut 83.5%). Figure 5(b) shows the ARD results achieved by
GPSR, U.. 'S and MRVT-CAS, in addition, the length of error bars is used to
preser the stanaurd deviation of ARD. As shown in 5(b), MRVT-CAS achieves
0.21Y. ~ aver uge among three pairs of resource-demand nodes, which is less
t) an those 0. GPSR, (about 1.055s) and URAS (0.861s). The similar conclusion
¢ n also ' e drawn that MRVT-CAS achieves less standard deviation (about
J.228s), while that of GPSR is 0.773s and that of URAS is 0.621s. The results
of D DR and ARD show that MRVT-CAS has better reachability performance
1 condition of multiple communication links, and it can guarantee the delivery

rate while minimizing the time cost.
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Figure 7 The esulte of JD for three pairs resource-demand node

Jitter of De’.  (JD) is a vital important stability index of communication in
ToVs, and the large g, causes that the information received by demand node
is intermi’ cent. Figure 6 shows the JD of every two adjacent data packets
arriving at ti. demand node in the second pair of resource-demand nodes. It

can b - fov «d that JD of MRVT-CAS is obviously less than that of GPSR and

URAS. .« "~ 7 shows the statistical results of JD achieved by above three

1Huting L otocols. We can see that MRVT-CAS achieves about 0.0107s of JD
on ~vera ¢, while that of GPSR is 0.0202s and that of URAS is 0.0122s. The

resi. s show that MRVT-CAS has better stability than GPSR and URAS.
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Figure 8: The results of arriving time for the s ~ond pair r source-demand node
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Figure 9: 1. r sults f ODPLR for three pairs resource-demand node

Because I Vs 15 fast changing topology, the arrival order of data packets
is usually r bt . he same as original order. This phenomenon influences decode
process o1 '~r and node and affects the quality of video transmission in IoVs.
The d ca packets whose arrival order is later than original order are regarded
as “ou. © -ord: . data packet”. As mentioned in the Section 4.1, demand node
w i abandown the No.(n 4+ 1) data packet if the arrival time of No.(n + 1) is
1 ore thar 0.1s later than that of No.(n) (No.(n) and No.(n+ 1) are in original
sequence of frames). According to the results in Figure 6, it can be found that
the r aximum of JD is not more than 0.1s, so these abandoned data packets are
au out-of-order data packet”. In this simulation, arriving time and ODPLR are

used to evaluate the performance of avoiding disorder of data packets. In Figure
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8, x-axis is the original sequence of VDP, and y-axis is their arriv .ug “*me. It
can be found that the result of MRVT-CAS is more fitted by a sv. icht line than
those of GPSR and URAS, which shows MRVT-CAS har better , erformance of
keeping sequentially of data packets intuitively. Figure 9 i. 'stratr , that MRVT-
CAS loses 4.1% of received data packets because of out-c” -der arriving order,

which is less than that of GPSR (about 31.5%) and tuus of U {AS (about 7.5%).

(a) GPSR ) UR: ™ (c) MRVT-CAS

Figure 10: The results of Y/F'TSR . »r three pairs resource-demand node

As shown in analysis of DPDR, the low reachability performance of routing
protocols results in loss f data [ ckets, and these data packets are set as the set
LDP;. As shown in ~naly. - of DDPLR, the out-of-order sequence also results
in loss of data pack s, 2 «d these data packets are set as the set LD P,. Original
data packets of :ach . ~o .ce node is set as IDP, then the remainder data
packages prov’ tew *o the decoder of demand node is REDP = IDP — LDP, —
LDP,. The ™ -s of data packets results in the loss of video frames related to
LDP; an LD %. Based on the hypothesis of simulation, if the data packet of
the P  ame is _ st, it only affects the P frame, but it affects the whole GOP
if th dat . pac’ ets of I frame are lost. Figure 10 shows the results of VFTSR
act” ved L, VMRVT-CAS, URAS and GPSR, which evaluate the influence of
ifferent . Huting protocols on decoded video frames. In Figure 10, the blue

nal.

.esents the percentage of I frame, the orange red part represents the
perc. ntage of P frame, and the line y = 0.25 represents the initial proportion of
T £ me in video stream. It can be found that the VFTSR result of MRVT-CAS
. about 80.7%, including 21.0% I frame and 59.7% P frame. The VFTSR result
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of URAS is 67.4%, including 17.8% I frame and 49.6% P frr ne. _u. VFTSR

result of GPSR is 13.1%, including 4.7% I frame and 8.4% P fra.. ~ The results

of VFTSR illustrate that MRVT-CAS has better perforn ance of  =storing video
a0 stream in this simulation than URAS and GPSR.

4.2.2. Evaluation under different thresholds of the -~ .oer ¢ " vehicle in candi-
date set

In order to research influence of difference " ~esholds f the number of vehicle

in candidate set T'N,,, to performance of MRv ™ -CA», we set T'N,,,, to vary from

a5 1 to the number of neighbor vehicles |V;! “.L.C uvoiage value is about 95). Here,

the vehicle density is 80veh/km/lane and the -hicle speed is 20m/s.

Changing of Changing of o
1 = - = 1
09 T : - an= 03552 var= 0460 9 = R R
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Selection of Next-hop Node

(d) TNnv:|Vi|

Figure 11: The changing of « under different T'Ny,,

T igure 11 shows the changing of o when T'N,,,, is 3, 10, 50 and |V;|. We can
“tuitively see that T'N,, significantly affects the cell activity «. Additionally,
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we select ten values of TN, (1, 3, 7, 10, 20, 35, 50, 65, 80, |V;|) o sh' w . “~tistical
results of influence of T'N,,, to cell activity & and MRVT-CAS | “rformance.
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Figure 12: The average = ~L . “tivicy under different TNy,

Figure 12 shows the results o1 erage cell activity under different T'IN,,,,. It
can be found that average cell activity is low when T'N,, is in interval [1, 7].
Especially, MRVT-CAS achieves only 0.29 of average cell activity when T'N,,,
is 1. That is becaus > the = ~d s offered to the process of next-hop selection
based on cell attre .tor - clect’on are too little when T'N,, is vital small, which
weakens the perf rman. o che CASM in MRVT-CAS. On the contrary, MRVT-
CAS can achi' ve « 93 of average cell activity over the interval [10, 35]. That is
because TO™ ..7S and CASM can work well collaboratively under this condition.
TOPSIS . lect proper number of vehicles to construct VC; and CASM selects
the ne” ¢-hop nc "= with high performance in VC;. Moreover, increasing T N,,,
lead: *o ¢ ecres sing average cell activity in the interval [35, |V;|]. Especially,
M7 T-CAc. achieves only 0.58 of average cell activity when T'N,,, is |V;|, which
1sults for n that TOPSIS cannot play a role under this condition.

1 .5we 13 shows the video transmission performance of MRVT-CAS under
diffe. °nt T'N,,. From Figure 13(a) and Figure 13(b), it can be found that
' mcreasing TN, in the interval [1, 10] leads to increasing of DPDR and

uecreasing of ARD, which results from that too small T'N,,,, brings about inop-
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erative of CASM in MRVT-CAS, but with the increasing of ~ Ny, w. == nodes
in high performance selected by TOPSIS can be offered to « SM, and the
real-time feedback based on CASM guarantees the reac iability nd low delay
of MRVT-CAS. On the contrary, increasing T'N,,, in the . terval 20, |V;|] leads
to decreasing of DPDR and increasing of ARD. Th .t is »  ~use TOPSIS is in-
effective when T'N,,,, is too large, which causes that v..c nex’ -hop node selected
by CASM may not have good motion and communic. ‘on performance.

From Figure 12, the standard deviation of cc.’ activi y is large when T'N,,, is
very small and very large, which means there is . lot of randomness in selection
of next-hop node under these conditions. . -ditionally, this randomness leads to
great instability in video transmissior A< show. in Figure 13(c), MRVT-CAS
achieves 0.0280s of JD when T'N,, is 1 = «d 0.0245s of JD when T'N,,, is |V;],
while JD is only 0.0107s when 7.',, is 1). Moreover, this randomness also
results in that some data pack *~ are lc 't because of out-of-order arriving order.
As shown in Figure 13(d), MRV'1- "'AS loses 28.27% of received data packets
when TNy, is 1 and 13.6°7 when TN, is |V;|, while ODPLR is only 4.10%
when T'N,,, is 10.

Figure 13(e) sho' s the 1o -~ its of VETSR under different T'N,,,, it can be
found that T'N,,, | -eat’ s affr :ts the quality of video received by demand node.
Over the intervs . [1, 3], .7 .VT-CAS only achieves 13.1% of VFTSR on average.
Additionally, VIRV ™ CAS achieves 57.6% of VFTSR within [50, |V;]]. On the
contrary, M.wv "-CAS can obtain 73.2% of VFTSR in [10, 50).

4.2.8.  waluav.. » under different traffic conditions

I ord r to valuate performance of MRVT-CAS in difference traffic condi-
tic |, we 1.’ into consideration several different traffic flows. Here, the thresh-
c!d of the number of vehicle in candidate set T'N,,, is 10. The average vehicle
spev. ~ and the vehicle density K are determined by Greenshields [33] model

in E. qure 14, and the model is shown as equation (18).

) (18)
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In the following analysis, we sele

four

and K

inds of traffic flows in Figure 14 to

evaluate performance of GPSR, UR.S a1 MRVT-CAS.
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» 1 : The results of DPDR and ARD under different traffic conditions

T e re,ults of DPDR and ARD are shown in Figure 15. We can find the

incrasing

<.cle density leads to increasing DPDR and decreasing of GPSR,

" RAS an. ' MRVT-CAS, which represents that a traffic network with a large

dew. *» _an better guarantee the reachability of routing protocols.

That is

bece 'se that large vehicle density enables more nodes with high performance

car oe selected, on the contrary, small vehicle density may cause all candidate

sdes are in congestion. Moreover, the DPDR results of MRVT-CAS under
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these four traffic conditions are all better than those of C'°SR ..’ URAS.
Specially, when vehicle density is 10veh/km/lane, the advantage ©MRVT-CAS
relative to GPRS and URAS is vital obvious. Under this tr. fic condition,
MRVT-CAS can achieve 81.2% of DPDR while that of Ui AS is 5,.9% and that
of GPSR is only 32.5%. GPSR always selects the ¢'ssest - e to demand node
in communication range, and this closest node is poss..ie cha .geless in long time
when vehicle density is very low. This phenomenon re. Its in serious congestion
in some nodes, and massive packets cannot be 1. ~smitt .d within survival limit.
For URAS, it achieves 2.1s of ARD under this ti1. %ic condition, which represents
the possibilities of the nodes in current . ~uting path are updated about two
seconds after current routing path <“~rting. .his delay results in improper
selection of next-hop node and exacerh. t s the congestion of some nodes with

low performance, which causes low ~e. ~hal lity performance of URAS finally.
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Fig «re 1€ The results of JD and ODPLR under different traffic conditions

Th . reslts 0. JD and ODPLR are shown in Figure 16. It can be found
that v. ~ acre- sing vehicle density leads to decreasing JD and ODPLR, which
7 presents tuat the dense traffic flow can improve stability of GPSR, URAS and
1 'RVT-C S. Additionally, over the interval [10,120](veh/km/lane), our pro-
posea MRVT-CAS achieves 0.012s of JD on average, which is smaller than
those of URAS (about 0.015s) and GPSR (about 0.023s). Moreover, MRVT-
wnd also obtains the lowest ODPLR that is 5.1% on average, while that of
URAS is 10.9% and that of GPSR is 29.1%.
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Figure 17: The results of VFTSR under a. “zrent traffic conditions

In Figure 17, we give the resu’ - of V."TSR achieved under different traffic
conditions. It can be found that th. tralic condition significantly affects the
performance of these routing p. *ocows. The results in Figure 17 imply that a
denser traffic network potentially decreases the frame loss rate of GPSR, URAS
and MRVT-CAS. Mores ver, ov. * the interval [10,120](veh/km/lane), our pro-
posed MRVT-CAS achic, = 73 /% of VFTSR on average (including 19.6% I
frame and 54.3% P raw :), which is larger than those of URAS (about 57.5%,
including 15.3% " fra. ~ an . 42.2% P frame) and GPSR (about 11.8%, includ-
ing 4.4% 1 fra .. and 7.4% P frame). Especially, even under a high mobility
traffic networl (vehicle density is 10 veh/km/lane and average vehicle speed is
37.5m/s). MRV [-CAS also can achieve 61.2% of VFTSR, while that of URAS
is 37.2° ana .at of GPSR is 8.7%. This advantage of frame loss rate ben-
efits rom Jhe »cal-time feedback based on cell attractor selection, which can
make fun -« of current VANET resources, and assign tasks of data packets

{ -ansmity 1g to nodes in current VANET reasonably and efficiently.

5. onclusion

In this paper, we have proposed a multi-hop routing protocol for video trans-

mission in IoVs based on cellular attractor selection, which is named as MRVT-
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CAS. First, we design a method of video data packets gen ratic .. Then we
combine TOPSIS with entropy weight method to construct c. ~didate set of
next-hop node selection. Third, we use CASM to select 1 >xt-hop 1ode in candi-

date set. Specifically, we present a real-time feedback me '

“od b ,ed on perfor-
mance of next-hop selection process to enhance M2 vT-C' " ™’s self-adaptability
and robustness for video transmission in IoVs. Fina..y, our comparative simu-
lation results have demonstrated that MRVT-CAS n. - better performance for
video transmission in IoVs than GPSR and ou. ~revic sly proposed URAS in

terms of reachability, delay, stability and frame "~ss rate.
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We propose a multi-hop routing protocol for video transmission in lo‘ 5 bz ed on cellular
attractor selection (MRVT-CAS)

We design a packet generation method for MRVT-CAS and use “~chni, ‘e for Order
Preference by Similarity to an Ideal Solution (TOPSIS) to constr .. the . ndidate set of
next-hop selection.

We map the expression of different genes in cell to selection of «. “erent next-hop nodes,
and employ the mechanics of cellular attractor selection to s’ .ect net-hop node.

We present a real-time feedback process to improve self idaptab ity and robustness of
routing protocol.

The simulation results demonstrate the performance in prov ..n. nt over traditional methods,
in terms of reachability, delay, stability and frame loss rate.




