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Transmitting Devices Selection Based on Viewpoint Popularity
for Wireless Free-Viewpoint Video Streaming
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ABSTRACT

Free-viewpoint video (FVV) is a synthesization technology that generates a virtual viewpoint video using
multiple videos recorded via wireless devices at heterogeneous locations. In order to introduce a new service that
grafts the FVV onto the real-time streaming service using wireless devices, we need to overcome several
constraints. Two main factors of those constraints are the limited wireless capacity that are shared fairly by
multiple devices, and the transmission time constraint with which live streaming services have to comply.
Therefore, for optimal quality of entire videos, a set of transmitting devices should be effectively selected
depending on the condition of wireless channel and the required video popularity of specific viewpoint requested
from wusers. For optimal selection, this study proposes a heuristic algorithm that takes into account the
aforementioned factors from possible wireless transmission error behaviors and the requested viewpoint popularity.
Through analysis and simulation, we show that with this algorithm, quality of most popular viewpoint videos is
guaranteed. Furthermore, performance comparison against the existing scheme which is based only on the location

of recording devices is made.

¢ First Author : Ajou University Department of Computer Engineering, nvmask@ajou.ac.kr &1%]¢1
°  Corresponding Author : Ajou University Department of Software and Computer Engineering, korykang @ajou.ac.kr, 3]¢1
*  Ajou University Department of Software and Computer Engineering, yjcho@ajou.ac.kr, %413]%

= E L KICS2016-02-032, Received February 16, 2016; Revised May 9, 2016; Accepted May 9, 2016

546

www.dbpia.co.kr



SENES

AHEAA Bl e elA Q7R ZE A 7)) AdE 7Y

I. Introduction

sptel ohe ool 2edstod ekt Ak
o Aol W3l ABEE Y SIESMVY,
Multi-Viewpoint Video) 7]&2 79 tj~Zdo] 5
o gg02 ololgion olF sukes Adz 2
dalx] obe A (viewpoint) o429 A 7k R
A= AFFAIR BT (FVV,  Free-Viewpoint
Video)7|% HA] 7= 3 giek oAl wlv]ef 2}
AR Bt L Ap| s Aol & A|-o] =18}
7 Wiel A =9 o) Zsp Hew o
ol b A% Zejm ghiol ojk @A77} s
= glek
S Flze] ATEE Thre] Ffueks) e
fAloz Qasle] sick A1 B, Aol
SR ool M43 o WAske Eejn hew
& ooz el ofeldh A3E WALl kgl ol
1= 20 Aol Aol Faslo] Rom), Alsle] As-
A the) FpleE faleE s} Soke A
efo] sk
A FhllElE o]8ate] Ak dd F, A A
35 ol83le] Az AFehes A4 e 9
of sk AL A48 shn] EdgS A
=S o 71Ee] A, Ao R Ay
9 22 Al A 5A4E aelehA] skt =

¢

-‘l—a
0] \_:l'LgTof 7—1 7]’““31"/] 7(’]—'—-021 OﬂA] 1 ‘ﬂi]‘:"l"%
oz al7) el A4 W 2 Agu] el whe feld
3

HAo] Erlssiches S 7]'Z]_J__ 9)
B o] et A€ 19 13} ek 4l B
5 = Folla] Zedsle], FA
AdS S AH= Xd%\—'PE #5 A (Acquisition)
o Aol Qe 0 vl g A2
F, 2t A7 848 AR s Al

[o2

of €., 1 ‘ -
Interest _" A
/ | L | Nz
hN

/ : " » /
€ e
~f ") Server I\ —

) ’

Dissemination

| /
. (0
|

: 0

Acquisition

a8 1. A=E 3
Fig. 1. System Environment

34 (Dissemination) 2 AXItk FHS5 AN 2 A
24_0,] o:]x]-oﬂ Hl—xﬂ—g]b‘: SHE=e BT /\]-0]6‘]_[]‘%
(heterogeneous), TFF B A7} 8= A1 A
sgolairt & A7 FHE A elA Alxnrle] Aes
WSk A% 717] AE 7S thErk olE Sl
A2 b ARSAE A AL A el 48} e
7]E8] Al o5 A FES Hkedgh RS AjE
stgiom, AA ~EH] g rpsgt FA
(heuristic) <72]Z2- A|gkslsich

o] TAHL vhgh ek BRI thAl
v 2 ZFAA wivle e ATE Felra,
o:]:rLoﬂ/H r/]._?_‘: A]Aeﬂ i].ﬁyjr QH:L hef=IK- j«]
5, o] wale Basle] HHe) A% o] S
7] 913+ IAA  (brute-force) Y2|EI Fut
(heuristic) & . AE A} Agksl 7
o] #ad 71719 $IA|elt 7|ukek 7]Ee] AEt
o A2 s WA= AR et

_Bi Nl rsL’ r}E =

II. Background and Related Works

2.1 XRAIE H|O2

A Bl 2= she] thks vt el A] B4
o 2afol, AAAPE 2 Bl Gz Ak o] A
AE A WA 5 o e, Az 2
31A] @2 A2 ¢34k DIBR(Depth Image Based
Rendering) 2 o|-83) 7Pk AAste] Alggic),
AR 2 ZFgt AFS AA] A (actual view)’o]2h
a2 3far, AA AFE FE A e A AA
A4 (synthesized view) o]z} g}
olgt oﬂ/\ Lo} Fxlg FHodgl AA Ao =gt
V={ , V) Bhar ahar, A
Ale M] 5"]"61' A=E = 7H A3
E]’"’ & o, M| 7hsg BE A1 ]f{}—c" U
{1, TH1J(K+1), 142)(K+1), ..., (V-D)+ K J(K+1))

D Actual View D Synthesized View

Scene of Interest

DU000U0000000

10 125 15 175 20

r;’l Y m{o

a8 2. AA AR A A
Fig. 2. Actual View and Synthesized View

o547

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-05 Vol.41 No.05

7V =, [Ul=(V-1)(K+1)+1 7} €} 28 2=
V=4, k=3 <l 335 %33 o2 U= {1, 1.25,
1.5, 1.75, ..., 3.75, 4} &, AF8AES = 13709 A]H
< Auls wkg 4 )k

DIBR< o]83ted A A v & AT W), w
o] FHZ3p 93l A3 A A W <u <,
(Ve v B o)gst, o vE ust A ke
A7 - Aee gtk sAEE o v eb v Az
7} ARSE AR sl=e] Ak o]z AE3}
= AA A]ﬂo] V'={1, 1V} 941%] /‘%}X}UP
A1 dE Auls & 4 3eS Yrish, &
AA| AAE AEE o) Au|shs dade] gl
#43) ge &gk

r{n iy

2.2 A A7 (Related Works)

AHAIA BIE] ol tigk Aol SkbA, oRAIA BT
2.2] A7} AddE o] ghoh FHaEd [6]elA= oHA
A vt Au|2olA] Hal #e] Ey s ¢
s ZF A 7ke] F8 o3 (overlapping area)el| 3w
sh= A ZH YL HEFAE (multicast) S ©]-8-3}
o] AFslar, THEHA e d9E 4] ARl
A S ~E (unlcast)E A45= UMSM 7S

Ak, wd, FaEd melE A AN 5
3 EdEe A7) WA ARk S of
e Al Aol ofe] BE A9 dafe] 4]

A1
o] gz S vhFEE, AAT ~ER Afu]2ed
= A4 & gk

A Bl L 338 o HaEd 319 A
g 71719] A meEt FREE ra, vEY A
Ayeflol] w}2 UEP (unequal error protection) W]ES$
= e Ags)e] Hofage] ajn e qA Ak
ARk o] A oA o] &ed 7179} AW} T"r**
o2 7ule] gltha 7[RIl T gle], 2o i]—7:lo]
Wolu] chre] Apleke faleR Hojoliz 1
7HskaL olek= A7) olek A7) Aot e H =
o] Eefjy ZhankE ool gl el Wkl #H= 3
o] B s ohE AR e 2171 sdek
A5HES chsicks AellA ofnizt SRR ok
A 7P7E Agse vve dHelelE olEel
(overhearing) #<3 7]7|7} AMile] AE3 wlolE &
ol WAelng, 7719 wielg] e} AL & 3
e sk el i £ A2 )
o v R, 74 71715 283 94 5 e
EfFs ok 795’—‘5“3& 217t +A 71717 o

Hed 71719 dlelHE A Sl5e] F5 dolelE 7l

o, N{O m

548

Arehe wido] Wadh 75} del, 24 AL Al
SEAS 3pYe] OF g HEL olgsle] 2 pe
BE el WASH £ Azt sk 2] 7]
1% Aldske Z1HE ARk

N

. Real-time Free-Viewpoint Video
Streaming

I 32 B =il o Az S
Aolek. o] & 77|17} shie] B4 s
o] FA AEE 8 AR FFsty, Aue
ﬂ/‘]ﬂ% | 843 Ak Aggh) AxE F
d, FAE 2l Aozl g
2] 71719} 2]AH= Y subnet Yol <L o]
A, 1-hop W2 EAle] 7Fagak A= el x5}k
w, Au|x s BE A 7=} Aolsitia
Sgie) wah 2k ,] 2ol 77|17} ALt oJake
A5 HAAlA Adolgt 2577 WSk, Aroi=
AR FZ0] 7hssitla 7.

ol B AIWM7E Aol 5= *]"4—4 AAe 84

>
o oY

N

|

o

b ot
oLl
ok

Nr{

4

X’L

sh, Ael= 2 ARl ol7|me) o BES IR
Aujol] JARS AEE o] 7)7)E xds_qg}o:] A4S

SA3I) JA)F e 9 HES )7 2Rxle] 2o
T Aake Aol g olo} 2 A5 WA F
AulE anid [8-1119] 715S 53l 2871 84
3 Aol Al A A4 v E91Re, A A
Ml A% alwk A Qe AR F Al aik
o) ol d BuER (1215 o dake] Zo] A
2 2A35= _,,}_zq S JL_‘G]—E]E].

AAZE 2
s B f‘f}l A7} ke AE 9k w7
AR o] EAigi. B pellAs o] A|AE
Playback delay® #]¢]s}w, o] #|adol uje} 5 1}
Aol st g 71719 5 AA3ch a3 394

ot

=

- — -~
‘ il bl m
1 "\ I ;' S ’E & e |
N —

1 Seene _\‘\\:(n_,)ﬁ |(i|_,)}">'” LJ D o !
| of ,./.‘ AT e |
| Interest _"/ I ""'] ! \"—\D N 0 J—]_.«f |
I s I \ e —-—"/

Dissemination Delay

Acquisition Delay 5 "
Encoding
Decoding

Playba uk Delay

T2 3. System ¥ Delay
Fig. 3. System and Delay

www.dbpia.co.kr



2P AR vEe AEelelA R A8 A% 717 A )

Fg mpel o] FHE IAHOA s
Acquisition delay, AJ#2] Q1575 2 t]3y] A o)A
HEAIS= Encoding/Decoding delay, -8l 3} ofl4]
HHRS= Dissemination delay 2 ©]Fo1zltia 714
3}3, Encoding/Decoding delay$} Dissemination
delay'= 2siehn 7FAe) b, Qe Al
< %13} Playback delayS HAFS o =4 7].«5} |
%A+ Acquisition delaye]th o] A& Weol| AE 715
g #7171 A eV, 2 7446}"/}

IV. Proposed Scheme
4.1 = =2 (Distortion Model)

g [13,14]904 5 A A u] el
° ]

A8 S Slal 2201 AAl A W, v H]

Al

N

oL
)

N

P Aefelnt d3E berha 7psted, s md
4 PHE vt o] A

:
N
rl
<
<
O
o
o
o,
o
2
<
mlm
>
o_>L
n
2
o
£
Ak
o
o 4

(
(
A

Oy

2 6]75}*1:‘ Muluphcatlve coefficient ©|c}. 3L
3 [3lolAE VS vV AS A Auls 753
A AR AT 7 Agel 4]
Weight factorZ HF33l (2)9] 418 A|~H2]
=2 Aejgir)

o [ b oo

D( V,) = Z qudu( u’ u)+ Z qquax
ueU uEU

Lor ’ r ’
uiv,v,EV withEV

@2 g, AA 84 T A well B3 24e] A}
A8 v, *Vd ull W=sE =3, D,
A Ao] AAE)R] B3

sk, spA A [(3]eldE A5 2ol i
*E et LFE ﬁqém 8 e & gl

F39) 05 edslel AFA Akl 52

(3)4 7tk
e'D .. forue v
dt(?)itﬂ)u,el er) = du (’UZ,UL) .
— otherwise
(1—e')(1—e")
©)]

el ere u SRR AR Al A oo
7} AR A o sk AA AF 3] 2R
2 a3 [15][16] SolA] A”keE 7S B4 A}
Aol 30] 7Psalel. 2 el A5 342 5
71 %= (collision)?} §41 A'de] BER (Bit Error
Rate) 59 <d¥on sh=s AL HE e,
0<e=1 hw gojaiet o= = A4 gl
©=0] of8ke FAI= Algoll 84 vk o]
A AL 7S, Hade) e A% AR 4
A31 D, ol Sk A] A% o] 25T wede

min

V)= 3 qd,(v,v,ee)
us U (4)

! ,
u v, v, E V'

A= (4)—2‘ E5 Au|asls BE AA vol| wkA)
3= A=s 7:“/‘]'6‘}@:] ol Hid s VvV,
Vi<V, = A¥sta, voe Vo sldshs 7]
7ol o Age LRk

42 7|7] MY &1
Algorithm)
Hagke] D(V)E weEs A4 AFe Ag
V' s THeh Ro] 8 sPssil.

2|& (Device Selection

V'Upt =argminy . - D(V')

5)
suchthat i<, Ve

ol¥d ARV, 5 e P e w2
Brute-force &aE|Zo|c}. gol we} V'[9 Z}
D(V')e] 7131-’1‘—3 BASA] ke A EAE]
D( V’)% 74]’&’5]'-% i]ﬁ:%,}% THA s VT
Aldlgljo} gt

Algorithm 12 V', & 2= Brute-force %322]%
ol i = 1,20 A%l 2% (V)2 vel gue

= AAsl, wE Vel dis D(V')E Axkact
D(V') el Axlelli= 2E A we U 9] 52 T4l
of stz O(VK)2| ibe] Hosjr). i < ol

77lUT

st e 2 (V) distel g Aol
sl g, A7kEA = O( 1)) 7} Eo] Playback delay

ﬂl

Ag

549

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-05 Vol.41 No.05
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