D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= TR mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

tOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH0l [E 0l8Ke als 2o ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

FERAAL SR

FMSE AH&sh= w2 E 74k
2ALdHE YL HEFHLE 7|

Utility—Based Scalable Video Multicast using

Flexible Multicast Service

20143 8 €4



FMSE AH&sh= w2 E 74k
2ALdHE YL HEFHLE 7|

A% 25 o] ¥ 7]

o] £EL T HYEFOT AZY
2014 @ 8 €

WS FHAAL SRS AT

9493 (]
4% (]




3 =
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heterogeneity) A& 34st7] 9 A2ALdelE vy 29 FMS (flexible
multicast service) & FHEHEAZ A= HHARE 7IHS  Absich
2AGEE HYe s Aula FEe] wet IS WHIAlA Rz E
b o® ARES = e Bl e AMu]Aoln, FMSE FAISAM A o
HENAE AE"Ho] o2 Jid wf HEPIAE AEYHS 47 sk
AE sk AMu| 2ol

HT e HEFIAEA AREAES AHE 874, AF87Fssh oluAe] <,
Htl e F43 oA ARF Alo]d] Ao w Fo] th=7] wite HEHAE
AME|AE W AREAF B
A2ALHE vy e 7|EA % (base layer, BL)¥ 37AF (enhancement
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W BL AE®3} EL AE#S FMSOA 247] A A7|7F vh=v AR§A7}
Aeirior sizls FAE F vk oA o AREAbE ARl sk
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YANAE HAF A dibr oz AHdFo] glo] Aol dojilves e
aHst] EYA H353}(network coding) & AREsle] H S 3kst H7l s
AE et
delEl= HYes #43% oquA AR

2 T UAEF Fogsit. AFEASAIA = EL
el AE Aol FoIX MFAS aeste] Al FEEEE Hujrt

boAbgAe @%S stebsta

kit
Ju
o
offl
o
iy,
o
o
=
ofy
>
|\
2
2
rlr
o
i)
o



o
B

AgAS fULE Fo] At HES ELY A& 4
A4 gt

(lr

4
i
o
o

Algdoldel oshd Qe 7ol 7]E=2 "EIFNAEC] HIsiA 15 ~

34 %o FRYE ol50] flo AHEA HlEAA TAE MaTe AP

AT

Foo] 1 AR A wFAAY. AL E HT e, FMS, fEE
8 W :2012-23218



FB i
A LA AE - 1
A2 WA A - - 4
A3 A AARE T . . 9
A4 A AX IR 17
A5 A AEHe)A AT - - - - - 23
A6 A AR - - 40
TR R B - - e e 49

iii



A1 ME

A2 2vbEES BE3 PCE oiEE weked @] Zwxel Frbe)
g mulel gue olgslel wred Ay £est A1 Frhehn

Tt AEA mwel MESAE el $AA7 shtel ARl 4
22 A%sE fUAAE AuAE dAste] AAHUT of AP, AT
T= Td ATALt 2ol #4E BH S oY AREATE Tl AETY A
WA A dols BU Ve ofe] W W Addol 57 WEol
HEAA 2AHdS AF A dulstA d.

ojof ®kste], BTl e HENAE: T HIHLE ofg] ARgAtolA AF
2o ddEe agdow Ag & 5 vk a2, AeR vtk Age
A A 5ol AR tr2Y] wEe] oudt HELSE(PHY rate) 2 MY
2% A% T A AAAE 2L W o
E oM BE HEAAE ALAEY £4 A5 HAHFT] A
Aol 7HE FA &2 AREAbel gHHA AFEHETE AP 1
B AL WSS YT obd AW AHAL 2 AEAEY 4G, A2

A AZEo] Aooldor Fkete] ouA AR7E AXA "ok A7 9

vt e HEAAE MHIAE fsiM = aLgdiol & T3 e4aFo] o
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W sEY uted) Fdo] AHgAulth sl tehd 5 gk w9,
Hhel we] oA e A HEAAE 7 54 Alzke] wheps
AR A o] ThE 5 Gtk WEAAE AHAZ Wi ASAE

Zho HIT) @ FA T oyx] AR ATL7} AR tE7] i AMEAE &
FE WEA17]7] o]ee, AR H]5 A A (user heterogeneity) wA|7F £
=

B =R FA Ao FMS (flexible multicast service) & AF8-3}¢]

2AId Y& vt 2 (scalable video) & YHANAE ot 7S Aldeeh &

A o
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FE,
!

AdeE v s MRl Fefol weh WS v A Ad=E 7}
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Fes 4 Qe ulte Aulsoln FMSE $AZ04 44 @ WEAAE
sEo] ofg A W WEALE AEAS 47 Bestel Ashs Auls
ot A/ E A HE o
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(enhancement layer, EL)S Z17] & AEZ o7 Rydly s AEEE
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o

s 7 8 Aol dganh o W BL A2 Mo Agd B4
o)7] wWie] WE AgAE] A EL AR AgAT AN EE
(utility) o] 27 AR FAHY 5 BE ASAEE vHe FA
VA 2me) el B weiste] A2 HEs s Ak o] 0 u
oo FAQ, U4 AR, AR AL B HES F9eHE Fo
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Base layer

Enhancement layer

User B
Iy 1. 2AYYE vy e JEIAE

704 x 576

362 x 288

2ALYE YL FE FdS ATEA B o] FolXn B wiAl=

274 ## (spatial scalability) o]t =, 3o H]

TR HAY S webdd o £ sEe

’

Jtt. F WA= AlFAQl &F (temporal scalability) ©]th. =, @ Al7F

feie}
i A

2.2 FMS

FMS (flexible multicast service)+=

34 (quality scalability) o]t} =,

A R o] AR HHeE AEYTY @ 5 Stk

I[EEE 802.11vell

OFz}3}  (quantization) I o|

Jojupi=d| o] w] ¥ #& QP (quantization parameter) = AF&3}o] <kz}3}
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cCELREE



Aoz 7BH =BHLe JUAZT Aokt Aotk FMSE AHgshd
FAZA AFor st HEALE 2EYe] o2 ALY 1] o] AEYES
Felstol AT 5 AUt

Interval = M*DTIM period
| |

| S0 = 5 |

DTIM DTIM DTIM DTIM DTIM DTIM

Group A

Group B

Group A | Active - - Active
GroupB [V - - - Adtive

- Multicast stream A - Multicast stream A

Multicast stream B Multicast stream B

< multicast w/o FMS > < multicast w/ FMS >

I3 2. FMS f5° W& HE|NAE

gy ~EY #9 A% F719 e A3 glon o

g
Ll
rlo
k=

o] uj,
X = DTIM (delivery traffic indication message) S Ea|A AFEAE Al
defdn. I% 200 FMSO ARE el whE "HEIAES] w25 YER
Zolty, I Av HEIIAE AE” AE FAEE e AFHEAEY JEelH,
1% BE WEHAAE AEY BE FAlstE s AHEAREY Adeold FMSE
ARESHA s A HEIANAE AE"o] Ao AFo] HI| i IF

A°t 1% B REF EE AFol dElA Active HHEHIE EASHA ®r
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T8AW FMSE 8% F¢olE DTIMe] o= ~Ee] 458 Ao
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AR7F Qomzg o] it AEZH HAE AT Active AEHZE

EAse] AL Faskn A AzelE Sleep FEE EAISt] ofUAE
Aop & & gk

2.3 MEHA H323(NC)

YE YT F 353}t (network coding, NCO)+= K719 #7 & 3o E50=
A3t FHAGFE o|gsle] HI3se= Ves Letth = g9
Fo3tE gFlel= KNS & #Flef oist JRE xZshslar v 18Tl

ol Fa3td s HEsely] feiM= ZEASFTE AR 53 KA

O 3604 B 5 e AW REAREAAE 7 ALgA] FAFA
ore oelzh WA 5 Atk Z AER 1e R WA SRel delAd AR
A el el et SR st T oA B

H
AAS £As WA E glolth 1FAW NCE AHgste] 1709 of 29

7S gt dES i F AR B P2 S 243 553t & &
Attt S NC2 A FEAS =ol=d &4 wyolzgta & 4 st
NCeo+&= ZA A<l (systematic) NC& H]ZZA A2l (hon—systematic) NC
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y Sl Sl

w/o Network coding w/ Network coding

9 3.NC f¥ol me 7 54

Sirayx + by =¢ Ssrasx + by = ¢4
Sziazx -+ byy =y
Syrazx + byy = ¢y

®
@/ \@ @/ N\

S el k@

St Sy x

52 57 y

$z S ST l
Non-systematic network coding Systematic network coding

29 4. W24 A9 NCsh 2449 NCo| Aol 3
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HH e HEYANAEES FMS9 HA5AZ 71l whelfA  Agksith. Alqksh
ZIHelAs AAldeE vtlee] BLS} ELS /e ~EZOoR Fste
AFstt, F 2EYH AFF7)E EF M-DTIM (M2 429 #AAp) o=
#or AF2 DTIMe wpel Wdopriy o] Foj Xt} o] wj, BL¥} EL K%

2A 29 NCE A3t R33 & 5 A5,

User A User B

e ﬁm

| Active Tt | e DEAGEl] | Actve| 704 « 576 352 x 288
Active. Sleep | Active W Sleep [ Acti
SNR: high SNR: high n . I :n . h
Battery level: high Battery level: high
Prefers high quality video Prefers low energy consumption
User A User B

2% 5. A A AFEAe] B
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el
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BLE vitioe) lRHel Aae g8 A 2aoe
FAlgtaL 7H S 8he, ELO A$ol ARgAE Az T Apale] Adtel] upel
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T &= DTIM F7]o]H FMSeA 3 AEZHS HFo] wHHgH

A7 o, k, ok Kk, =

—
KJ)
to
-
1o

M-Tolt}, S n 9 n & A3 B
BL9} EL] d& #71¢] olth. R, R = 2% BL¥ EL9 H|T L rate,

m, ¢ m, = BL¥ EL #AFe]l AFE-%:= mcs (modulation and coding

scheme) levelo]™, r(m)< mcs levelo] m & @ e] PHY rate®]tt.
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- Base layer packets

| Interval = M + T | El] Enhancement layer packets

DTIM DTIM DTIM DTIM DTIM
k;, original packets K, original packets 7 - fMT(n /&)

rim,)
I LT lﬁ I TR

Y

n, — k;, coded packets n, — k, coded packets

e
r RMT(n k) L
} rin,)
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-

7] WellA BL3} EL #3 S FAlsh=u dg= A7kl

3.2 TR E o

3.2.1 vre #4 »dd

PSNR (peak signal—to—noise ratio)< H|H 2.9 #=4S H7}sl= 39
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BL 7S oz flo] #3tvkar 7P S w PSNR2 EL®| bit—rate]
el HEel Few Uehd [

Q(Be)=Qq + 6B (p(M,), N, . k., ) @

o

1o

3%
e

o] w, By & ELS bit-rate, Q, ¥ BL #Z& EF F23

=

PSNRel™ 6% R-D 45, p(m) = mcs levelo] med wo] g7l =41 &&,
p+ ELY AF u Active EHIZ EAste] #ARS 41T ZAJA] Sleep
AEE EAete] RS FAlsHA] s AJAE YER= Axolth. I9)

EL 9)7 Apoleli oj&4o] EAlstel & 2efeld ool #e FA8

R KA olgel Re sk Eoko] Rasel AMBE A FEY

F e AR AN A% k, = A ()37 2ok

Zn*{p(l 0)* Z( ]'(1 S I S

2 (28 24 3)= AFste]l EL9 7 4 &E p Ut Foldle W d=
Fole AR A0 & k, 2 T 4 W9 2o
k,, =Kpy +k (4)
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webd, F b e rateola Lol #2le] Aol w By =k,Fly & 7%
S Atk ER By & poll U@ wx SEFYL B F 5 AT

919 9E %3 PSNRE R 94, PSNR A4S vlrle F30

g3t N Ex2 2dE 7Rt o= threshold 7|22 3+ MOS (mean

opinion score)® H&3sle] RdlE] 1t PSNRIY} MOS Aele] #A+= %
Lol veralnt. [2]
¥ 1. PSNR to MOS A 33
[PSNR [dB]|MOS |
> 37 |5 (Excellent)
31-37 |4 (Good)
25-31 |3 (Fair)
20-25 |2 (Poor)
<20 1 (Bad)
MOSE vtECo® AT vt Fdo tis 2de 2 (5) 2 Zroh
MOS(BEL(p(me)lne’ke’ﬂ)):
MOSO +1 BEL(p(me)ynevkeﬁ)ZBELJm—i_1 BeL (P(Me ) Ne ke, B)2BeL_thr2 (5)

byl ] = X 5
ARl = BT FAE

MOS &

W By, WU AW MOS @S

uj el MOS kel 724 % BL

3OE, Be, o] Q(BEL_thrl)zsldB =

A= BEL °] Q(BEL_thrz):37dB =
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(6) 2 2ot

Etot(r(me)’ ne’ ke’ﬂ)=

BT, + (MT =T, ~ AT)P,, + AT.P,] ©
o W, T, B W2 A4 Aeln, B, Active Aeeld ARE

FAsEd ardt oUA, P, & Sleep AHOIA ARt oiAol),

23 62 Fustel @ T UelA WUl oux 2RE nw RE
=

BL #7l& FAEH. =

<

MT T, - AT, <l

AIZEREES Sleep AEIZ EAEH B 7 1olgkd T, o AIxFwES EL

W& FAdek aerE & F7] deA TP, +(MT =T, - 4T,)P,, + AT.P,

e’ rx

o oA 2L o B FE oW wnge o

i

SELE
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3.2.3 e g+ 2dd

a8y s AR 585 Uehdls AREA V2SR HYe
FAH oy ARE BT ol sty AW EE AREAE HH e
w4 ovA AEE FEstAl Az A2 oldth ojwgh AREAR=
A Ax7E g ustdE vy s AAsks Ae Adssks wkdel
T2 AREARE 71E2Q1 48 mite s Agsi et & oA 2RE
oA B Qlrh o3 ARRAESY HMILEE wger] fsiA R
Al (weight factor) (o, @,) & =93t FEEH 45 FA AT [3]
Utility =, *MOS, (B, (p(m,),n,. k., B) — @, *E ,(r(m,),n..k,, B, E,) (7

FEYE 45 2Y vge FH 2P geA ouA AR Rde
= wE FEE Hska vk 2¥AW BiYe FA4% dUAE fFEE e
A= A= FeotA ®kgstrl flsiA Aafrsh(normalization) & &F3iHh
A FAe Aol MOS Ed& AREFY] witel MOS RdelM 714
7 Q= HAdigel MOS,, = darst T, U AR Agels
B8kl Sl ouAl E, o8] ouAE ART  §7] Wi E o=
Aarsk & FArh AarsE i vide 4 Rda ouA Ax Bde
o3 2o

15 -
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MOS(BEL(p(me)' ne’ ke'ﬂ))

MOS, (B (p(M,), N, k., B)) = MOS, .,

Etot(r(me)’ ne’ ke’ﬂ)
E

r

Etol_n(r(me)’ ne’ ke’ﬂ’ Er):
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A 4 & Ak 7

oM 7hed 7P Bl Ao deols BL dZle 533 & #E0

A4 71% oletold AFeAE AdolA A @) o] A9 AR e 2

o

| A2 = Sl

Initialize m, =0, n, =n,,. (M,),k, =GOP size
for node i
If Prdec(nb’ kb’ p(i)(mb)) <PI’.thr then

N =N \{i}

_1’7_

.-':rx | 'k|:|' 1_-li -"‘.l |



o, Pr.(nkK, p):Z(?] p'(l—p)"'olt}.
i=k
A9 AAE o] gsto] AREALE AlLlst §, U] ARGt tiEA = o

A ARE FHAislels BLY #1749 PHY rates -3¢t} ojw] BL 3%

o] 733} gE5 44 7IE olert HA FEF sk sk 213 S A
Sat=d Fed Azgro] sk Ao A Ao R Folxrt. BLO #HH

N n,
minimize
Ny My r(mb)

subject to Pr,_(n,,k,, p’(m,))>Pr,, Vie N
T, STthr_b

4.2 EL 7 A%

4.2.1 AHEAF A

AEASE BL A2 %4 Fo12 m,n, k ol tiakel el $eg

3 EAT = EL 97 A4 Active AR EAEE

i
By
=
ot
_0|L‘
Ax)

o] £27 Sleep AHE EAstE= Aol ELAE Fdsle] FETEES Hu)
gateh. AHgAE b Al e s Addeis A3 2AE ok 2

.
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maximize utility =
/}J
DMOS. (B- (0 (mn k. BN -oPED (r(m).n k g0 ED 10
a)l n( EL(p ( e)’ e’ e'ﬁ )) C()2 tot_n(( e)' e’ e’ﬂ 1= ) ( )
subjectto E(r(m,),n,,k,, sV)<EY (11)

A DS vHe A4S AT uA AR Bashal 3l oy A9

)
£

SHS 2HshA] gotop stk AlF FHolth. o] FHAE EAoA AREAL
z4d% ¢ Qe W pgoltt. fEdEE HMsely] &M= EL Al=
7] 18l Active AElE A wo] F4 Y Yoy FbE oy A &
REg vlastolol vk S, vte FHo &4 T|ofrt o F Afele
Active ZHIE oA &2E7F o & Aol Sleep HHE A= Z0]
T+EE "ol felsitt FEYE dE FAAH R yehdd obgg 7
t},

utility=ag+b

Wl (1 BEL(pe(m)v”evkexﬁ)ZBEL_thr1+ 1 BEL(Pe(m):”exkevﬂ)ZBEL_thrz)

a=
MOS, .,
RMT (n, /k)
_ tOt e +
E MT [( e ( receive sleep) ]
b:WlMOS W, T, (P R,MT (n, /k, ) 4 Py (MT — R,MT (n, /kb))]
MOS,,, EMT I, r

aHE®R a>0 Q1 Frele wEdEE AU s HAY g 101

a<0 ¢l A%ele= FEYEE A3} sk H2 e = 00lth



4.2.2 MESA A

FASNME AHEAEY FEeE e 2 HU S} sk PHY rated} 97l
TE AAso AEARES FEEE Ak H 23 mes leveld] wWE 7

FA FE, Basta e AU &%, FAATE Aol V] Ao A=

maximize " utility'” =
r(mg),ne. B e

2 [@"MOS, (B, (P (m,),n, k., 7))~ EQ (r(m,),n, K, , 7 E)] (12)
jeN

subjectto EXP (r(m,),n, k., SV)<ED, VjeN
T <T,

enh — “thr

13)
(14)

of w, B AREAbe] thigh o] £3do]l 4 (13)el AAEIUIL EL 3{H

o] g ARbell Wigt o] A (14)ef AN =l

of
e

Al

M FE=EE Hdststr] fsd =2

PHY rate® #{# 2] FFolt}. PHY rateS Z7HA17]4H 97 S FAlet=d &

& Alzko] dolAA ALER SWelA oUXE oA + 9

sl
o
N

Fastol wlH oo FAo] Lhhd sh5Ael 9l

d

T2 vdA 2 Afede WilE 523 FEo] mokdA vt e F4o]

Fobd 7hsAol AT AREAE SelM = FAlskE

AAA frh =, EfolE Q37 EAetE F WS
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= UMERA A5 S8llM et

4.3 AQtE 714

ARMIMES SAEE vehdd I3 73 2ok vge 7l Aol Q7

Aol EZZA e dislr shxettt. EE2A sty oA Falxks vt
o F A E AMAFERNA EEFL AR A Al AEEE YEE
AAG, Fobdl= wiE g9 &= = vk £ 72} mes levels AHEE

|

k=]

o] PHY rates olgstol 44 2 7S dAFstal, FA% A7) =&
=

A WA 5 HH3 EAE FHAM skl ol & A &5kl BL S A

stt}. ELS] PHY rate¥ A5 97 = WEYJA TAE FO2H F35taL 9]

il

Agstol EL RS AEdth @ 7719 Aol B AFAEY e
oA g AT O] MEQD BAZ Er] 0% wgow AR A
FoTh o] W AY FRe ANL fste] seh WMEE =YFA oY

H ] @ 9

°©
s

5

B Agsglon dueFe] gt
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START

"

[0))]
Wy

sz

Topology learning: Ty, is given
m, pUd(m), f:';”for all users are obtained

y

§ =5y, M= 0,ny = nmax(mh):
ky, = GOP size,j E N

!

For node i

Node exclusion:
prr.{‘r.nr}:.’w (m, k. Pr'r)(_m;_. N <Pr,,

N=N-{i

A

minimize

subject to

L

My

r(my,), n, decision:

iy
rim,)
Pl g (0 Ky P[":'(’H;, NE=br,

T,<T,

e _b

WeN

a9 7. Ak 7)
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r(m,),n,, B decision:
By solving network problem

ED =g _ g0

s =5—1
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B FAoHE AlEHAS B3 AW Aes AL
AlEd o] MATLABS o]l&3 F3stsltt. s w4 Axis =iwoA

A_ket fFeefE ol AREALSY REEES UEh= A REH ARSI BE

Algeold Aafs AR ZEE 2eElshe] 1003 AAE dxte] ot gholt),
=

L 7129 IEEE 802.11 HEIANAE 7S NCO 8Fo wa
T 7 7 e® vrol ARG AlbZIHel Aedes WESA
getulEE -] Eeta AFgEASAAA B 2-3e= User 71H¥

Aerdt BE Adyg|ES Fd3 User + Network 7oz U9

Algdoldel ] adske 33 setvlE = the 2o

&

ELr
#
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Abstract

The thesis proposes a new multicast scheme which combines scalable
video with FMS (flexible multicast service) for handling user
heterogeneity problem in video multicast. In scalable video, content may
be provided in a variable format depending on the service type. FMS is a
service that the source separates the multicast streams and transmits respective
streams at specific time, when the source has multiple multicast streams to
transmit.

In video multicast, it is difficult to satisfy the requirements of all users,
because they differ in channel conditions, available energy capacity,
preference between video quality and energy consumption, etc. In the
proposed scheme, the BL (base layer) and the EL (enhancement layer)
of the scalable video are separated into different streams and then
transmitted. The BL and the EL streams have different transmission
times and users can selectively receive those packets. As a consequence,
users can receive services that are better tailored for individual users.
Noting that multicast is unreliable in general because retransmission is
not used, we transmit the coded packets by using network coding.

We define the utility function to reflect the video quality, energy

consumption and the preference of users. At the user side, users
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determine their actions to maximize their own utility considering their
situation when EL packets are transmitted. At the source side, the
source determines the PHY rate and the number of EL packets to
maximize the sum of all user’s utilities after determining user’s behavior.

Through simulations, we have confirmed that the proposed scheme
has about 15 % to 34 % gain in utility over the legacy IEEE 802.11

multicast scheme and alleviates the user heterogeneity problem.

Keywords : user heterogeneity, scalable video, FMS, utility function

Student Number : 2012—23218
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