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Roadside Unit Scheduling for Multi-path Video

Streaming in Vehicular Ad-hoc Networks

Student: Yuan-Shuo Cheng Advisor: Dr. Chien Chen

Institute of Network Engineering

National Chiao Tung University

Abstract

With the rapid development of wireless communication technology and the
rapid increase in demand for traffic information in.the car, a Vehicular Ad-Hoc
Network (VANET) is an emerging network technique that will be deployed in the
future. A 'VANET is a-technology . that .equips moving cars with wireless
communication capability to create a mobile ad-hoc network. To cope with the highly
partitioned nature.of a VANET, some static Roadside Units (RSUs) can be deployed
to improve the data dissemination. With the spreads of content-rich web-based
intelligent transport system applications, the simple text data dissemination in
VANET has become insufficient. In contrast, video Is easier to be comprehended by
people than. text data. Such as-an accident video on the road provides instant traffic
safety information to the drivers. However, how to disseminate a video over VANET
is a challenge. In this paper, we propose a system to provide video streaming services
along with car’s route on the roads. According to the previous studies backup
mechanism through: multiple paths routing can improve the packet delivery ratio.
Nevertheless, our experiments. showed that-the video streaming via multi-path
transmission leads to video quality degradation due to severe channel contention.
Therefore, in this paper, we focus on the problem of selecting RSUs to provide
multi-path video streaming services. We find that the RSU scheduling problem can be
transformed to the well-known Set-Covering-Problem. Our RSU-Scheduling
algorithm finds a set of RSUs which support video servers to provide high quality
video streaming service. Based on our experimental results, RSU support video
streaming via multi-path routing has higher video quality than single path routing.
Furthermore, our RSU-Scheduling algorithm can support more video users with the
same number of RSUs comparing with greedy method.



Index Terms-VANET, Set-Covering-Problem, Video Streaming, Multipath Routing,
Roadside Units.
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Table 1 Simulation parameter with unmovable vehicle

Parameter Value Parameter Value
Simulation Time 100 seconds Prop Model TwoRayGround
Number Of Vehicle | 38 Channel Capacity | 6Mbps
Vehicle Speed unmovable Transmission 250 m

Range
Inter-Vehicle 50 m Traffic Model VBR
Distance
Source-Destination | 1000 m Data Packet Size 1024 bytes
Distance
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Algorithm 1 GREEDY-SET-COTVER(X, F)

1: U<- X

2: (C<- NULL

3:  Whie U/=NULL

4: do Select an S e F, That maximizes [SNTJ
5: U < U-S§

6: C < CU{S}

7: retwn C

Figure 11 _Greedy algorithm for set.covering problem
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Figure 12" Example for set covering problem
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Figure 13 Example for time.confliction
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Figure 14  Channel contention with different path selections
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Figure 15 Different schemes for path prediction
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Figure 16  RSU-Scheduling flow chart
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Algorithm 2 RSU-Scheduling(R, I, K, LC)

C<- NULL

IF K=1
X< R
F <-  extend to Road with LC
do GREEDY SET COVER MODIFY (X, F), RETURN E
C=- CLE
ELSE
L<- FLOOR(K/2)

F< LC

=T R - N N T

WHILE L =>= 1|

-
<

X< I

—
=

do GREEDY _SET_COVER_MODIFY (X, F), RETURN D

-
2

C=- CLUD

F<- F-{D}
I--

= =
W

IF (K%2)/=0

=
oy

X< R

-
B

TEMP =-  extended Road Combination from F

-
@

do GREEDY SET _COVER_MODIFY (X, TEMP), RETURN E

—
=)

< CUE

[
=

ENDIF

[
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END IF

3
2

: RETRURN C

Figure 17  RSU-Scheduling algarithm
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Algorithm 3 GREEDY SET COVER MODIFY(X, F)

U<- X
D <- NULL
While U!/=NULL

= e 9w

do Select an S € F, That maximizes |SubSet(S)NU| and the summation of distances

from the S to each Subset(S) is smallest

5 U <- U-SubSet(S)
6: D <- DUfS}
7 Finish

Figure 19  Greedy set covering modify algorithm
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Figure 20 Example for RSU selection problem.by RSU-Scheduling

Y& ERRpESrRgd ntii e

B RRT BERLSRHIAR S gﬁ‘@féyiﬁ%ﬁﬁ%?’éﬂ“fﬁ“ﬁ?
AT - ROTREORPE AR L TR I BEEGERES He S 8
A ﬁa'i;ﬁ%"%'»w%* e g L R R eI i F R Tt e @ﬂis?]bf@ﬁﬂ%

BT RFRER 2 P RRT BETH B FATE B

Hug b | B qtﬁaﬁ'}em@ ¥ o P2t @ ¢ 1548 carry and forward s ] k @ vE 3t

PR G BEArE A L FE A AR BB &b
BT g PP 7‘#‘3’3" IRES-EUP SR A L S L Rl

A - B RS SRR BT L BRI SR LR

P d ABFEATRC E TR eyl B0 R D R By LR

RSP g el p T BE DRI RBES e i E R B EAP PR DB

=
£
BRA-TE B oo FEBAERF OE R TG BT bkt ph

21



B4 45 i 4 S B o
$- 5 # e AE S

A Al A T Y A AT T R B B R AT
% il mlg B R o AP & aﬁzug s %:ﬁﬂmﬁ;f Lol @& (98T
ﬁg B e BN AT R T B R B ok @ RE[20] o B B dn A A B R d
& #Eﬁ{ﬁ;}f;x@ FEXR R Rl E e T\FRz}mﬁf‘ v AT Bl Ak ehaEA) s 2 {8 i
B mh:ﬁg ,@,i#%}g“ﬁ%if FHE DR T £ ATe R RORFRR T (TEE R H
Bndte v oG ibengs BARRAR] o 8 4 ARRARIRIT P o

¥ BREROERBI

Wp bt - Hp Jw R e U FIP SRR BRI S 0 500

Hite ZHapFA T AP g jRdte Mg e B 623 B L B AT R
BARE RIS 6 EARGREAELRE LT B IRAEHR T ﬁ'réfﬁi’i’
PR TR TR TEROER DA 4 £ L FH B AR R T
%’ﬁﬁiééﬁﬁ?”@wﬂﬁﬁﬁvﬁ”iﬁm&&ﬂ”ﬁ’%i R

BHEAGE WS i m 2 Rl B R @afe ad g o drat At e B
B RSP AR R o

AR R ¢ IF%i IR A PR A - BEE oo R F R BARITR
PETEA o e ® T 5N (2)E R o i R R R TP T R A R T
A HE R m‘ﬁ?ﬂ‘rnﬂzﬁ“ ros S R d B T ArELT ] AT B aigaE i B R
AfErk cafrfE- BTERE 5 0 Hppteanim s v @ Dydd Bar i et j
TR A iE E S e R~ Dayg TR R DA T B m?ﬁéli”‘vu & eng_
Bor i plie jonag B MRV R A g AR O E kBT e oo

258(1) ¢ & Djj/Davg & R e B bl iz aE e B B L R oL e LR
Bl o BB AR S R L E @mﬁ%{«,ag@g SN AR
D3P cos dHEARS > R A RFEEReE oy @ i_ﬁ\ C Ao B e T

v A dfe] 0 mBETPFEFRE S e P e B AR4piT[21] -

4

.3 -

S J n
= a X
ij a min

avg

> + B % cos(Vi;,Via) )

22



FZF BT foRT L E ABEHH

gfﬁﬁiﬁs—;mg,@ *—;p_f R FE T ,-ira.ﬂuéA)%%?ﬁvgf’/fmé‘
(beacon message) @ 1% L =R N ﬁiﬁ‘a RN EFR AR
2z (timestamp) & » 2 II’““’ '1.25@{'1“’) A hﬁ\m‘i #;'f— By e
PR FERHALE T AT A AR L A 554‘ itﬁ*gﬂ*“z%fr

PO F AR A P REOT O AERET - = @LLUF] ﬁ* € i > e
blhoipE BE2 dee 07 5 Bk Bfdte B imen@EEEg N 0 o ] Bkt 2
iﬁ‘_"»F@w LL%’?—E'%@’ gl‘é ByEE A T o

40 Figure 21 #7577 > o dochd R A Fen? w idiiite o FAREBET Ok
i Hppdpfac@tn o R T EEED S A RGBE Ay TERE
tr B e pdp b B(0)H A Rl d B iR AR D4 B ImA s Tl
€ A2 A

Figure 21  Stale neighbor table

(a)Topology with history(b)Topology with reality
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Table 2 Simulation parameter with single path V.S multipath

Parameter Value Parameter Value

Network Area 1000*1000 m? Mobility Vanet2004

Simulation Time 100 seconds Prop Model TwoRayGround

Number Of 16 Channel Capacity | 6 Mbps

Intersection

Number Of Roads | 24 Transmission 250 m

Range

Number Of 200, 250 Traffic Model VBR

Vehicle

Vehicle Speed 0~60 km/hr Data Packet Size 1024 bytes

a,p 0.50.5 Deadline 0.3 seconds
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Table 3 Simulation parameter with different RSU selection algorithm
Parameter Value
Network Area 2000%1000 m?
Simulation Time 100 seconds
Number Of 24
Intersection

Number Of Roads | 38

Number Of Vehicle | 300, 400

Vehicle Speed 0~60 km/hr
a,p 0.50.5
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Figure 29 PSNR with different RSUs set in dense environment
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