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Contents Scheduling Method for Push-VOD over Terrestrial DTV
using Markov-Chain Modeling and Dynamic Programming Approach
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Abstract

After starting digital terrestrial broadcasting, there have been a number oftrials to provide new services like data broadcasting on
a spare bandwidth of a DTV channel. Recently, the Push-VOD service, which provides A/V contents on that bandwidth, gets more
attention and is being standardized as NRT(Non-Real-Time) by ATSC. However, it is highly probable that the contents transmitted
in this way contain many errors due to the DTV receiving environment. Thus, in order to improve the reliability of transmission,
the contents should be transmitted repeatedly several times, considering the unidirectional property of DTV terrestrial network. In
this paper, we propose a method to calculate the optimal number of repetitions to transmit each contents in a way that minimizes
the number of errors occured, when trying to transmit several contents to the receiver in a restricted time, using Markov-chain
modeling and dynamic programming approach.
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a) KBS Fo|t]o] HlFE2A] B 7|EdTh WEr)ed Ty
Broadcast Technical Research, Technical Research Institute, Division
of New Media & Technology, KBS Push-VOD&EF DTV W t]93Z 3 vbdol 242210 1)
~ - 5 T
t AR : 26 (lasttrial @kbs.co kr) . PR o
2591201094 91490), 5792201016 218D, A A9 (2010136 D182 AEE AT Ao dR-S 28 =)



556  WEEElsi=EA] 2010 A15¢ A4

Ak A& duist, AL dske Zdxs A
ato] AgH= pull B3 Wil2 Zel= Al gAp7) Ak

Iy
I
o
|

o] F417] BI=E Push ok WS U=t} o
7BE- = ATt $EFE Be RS AL
A3h= AL ofd 4 9lomz ukA el Push-VOD2] A

Hl2 Alyg] Qo= oWl ZH=Z AA) $ETHd| gk
AW, = Push—VODA 2 AET GH(d. o U5 7k
Push-VOD &% 279 Vg AREAIAl deato] AR
A7F dohs FRERRS A 5 s AT 5 gl
7)%50] E3HE) Push-VOD MHAE Al51i7] M
’“*171011 A% FJL TR=E Ak A% LM e

%Eﬂza frﬁ% T MOM dﬁ} Push- VODb oYl &
T} 28 95 Y|EYo] gl Aol M ) A aku of

SR T T ECPR A Rt
VS 7 Qi BAA Arlsek el o
7 ik

Push-VOD AJH| 204 &85} toZe
= dol B} v R 4 e 3
=0] 97)%= dlo|H o] L7 %@r Wik 2= 98

LR A7) wigo] HlolE AzeAda 2 iow 54
FRI=E Fglo] v AFsly l o= ek dvk &g
DTV 2849 AL 721719] ik 58 5 502
o]-fZ Push-VOD ZEl == 4241 Hh= T3 of2j7} akajst
SHgo] FolA o o] AFow Felx dfo] 4ud
7Fs/d0] #A etk 19F vEo] Wde] Wik A% &
437 Go-back-N7} 22 WLE Al 57 o glen
2 Zd= JAE i AEste] A% AFEE Y
1 21tk Push-vOD *Mi% 2 Azl e}t FH=E
S3llof sh= 7I3te] dAE o] glou R Y ~AE V)
cIR=e]

7hH°ﬂ o= 8 A% 958 99 oo 9% 4T 48
Ao oo} A}, %, o] TElzg Fel &
Z% 7%, 2470 Tezd g H40] A0 248 2
Aofe] A% AHEES o2 ol Aol 2
].

ol

o

2 =Tl A= olgdt AIE Sl s g WS A
orsit), 240 A= Push-VOD A4 Sk sl Ame}ar,

3 M= nfE S A (Markov chain)E ©]-&38Fo] A%
Sl W}t A% AE G55 Akl S Agsi
Ao 3d 2 WS B3l dojRl 7+ Zel=9o] W5 3]

T i AF e FES ol&stol 4 A2 (dynamic
programming) 2% A £

@ % g TH= S 948 Ager Pe Aud
th 5ol e AR oy Zelx 1
Push-VOD AH| 25 &

Axvet A

l'U

5]~ =
948

ﬁ‘
m
;°§
o

Il. Push-vOD & =tA

= 1 of] H/Jsto] Hl**sﬁ &401
éT‘E'E IMbps ©]s}2 7PAsit) =
Yo|EE 7Zotste] H|T)e =8 3
=l ¥ J MPEG-2 2213} 2] H264% 7}
Aot} o] 4 3k A7 Bl HD W ZHl=E H.264

o

flo

ro

2

©
o o

2 AHYS A% ahol 28 AR 22D A5 @ 5
SItk. 717k 2 VoD ZelxE shte] sz A%
0 A% Ale] oe] o] vhat tA ) ofed7] wge]
site] VoD 1% ofe] el mER U dbets
Hol mrh bgHoleh. webq sibe] BES 10MB 9]
2 sgele] shfe] ZalAs A% Aol oe] BER Ui

T Agsl= we asr?.

7
3] s Aol BE 2l Ve & A Tl DTV
IS B dgHE FU=ES Aok 517] witel 9
S ER=) o}wwﬂ Moz Faksc) ey gi-Ee] 4=
27159 A4t FE o] UWAQl peoll Hlsl] Ex "o =



AEE 9]« vlEaE Ay mdY A AF 7S o8& A3 DTV AdAIX9] Push-VODS] 2dl= 2AEY WY 557

7 ofg] 7] oAl A5 (el TV Y AH|2)0] 4241 & 53 petal &, nole] EaR 7Y shel Zdl

710 sAE B Has 5 o o] frE AE RE =5 13] AE A BE Ego] dedor ded e
AR HAES A 4= glrk B3 DTV 4189 #Al= (1—p)" olt}. Bk 23] A4 X BE BEo| Ao
el WEollA $E = EE0] 7 249 5 Sk HAEE S5 od HE Aol & et dlE 0] 1
ATSC2] NRT®l| 4= FEC(Forward Error Correction)= ©] 3] A% Aol k9] BEvE Adedos AEEal 23] A
g3lo] si7l W ol E BT RS Sk AR Al MRA BE BB AEdon AddE }ES
olg] 7 o] AgHHoln® AAZt= o7} TS Cr e p e (1=p)f e 7 Fep’ o (1—p)" Folt}. n
A o] selt k7} 3% wle] a7k 713 19} vhebt Qe 3w
2 =wolA= al7]e] A9 DTV 4241 87 9] 4] A A Qoo 37t AR o AdEs Aol s
= RIG e BR8] 2AE s7)= offdy] wheell ol sojm 2k A9 88E 2 . (1-p)?olT) % A
5 A0SO THsle] 8 WES AL ubS ) wbalsl 2
J_— %‘TE’.E 5]_{;‘:‘10}‘04 J_—E—EE 78‘0 E]:E qu HE/@—GE T ;ﬂ% A‘loﬂ_t__,_ XﬂEHE 78‘_%: 13:1—7(] %1_27}]51] U‘Erﬂ] EH'?SHH‘?}
9= o7 BE o] 5193 HFaE 22A] BLATRS
R O S p 2 BB, PR SR AANE 00w gme sk Wik A9 i doln
7MetE R P Bl Thee v o] HE 1

B e (1—p)?olvh ofAs A4 el 44
Ecnl | al

= AFA & Push-VOD AH|2E AFHE = IS

37 SlalAfol. *

o T«
£2 7% gonz 4wl ek selst v

Zolshm AF o RE REo A2 ] gk
], Ol23 = oA U = Aefshd g 5,2 A= 2% ] &
FHE orT) ol ol vigeR A4 dH 5 &
FAZNE BE=] 7} BEES Ao Age AT A S 57 Aol S8 £ et 2ol v
o] Bujjrjele Sk A4 Ehd 4= 9ot

7) el ole) W st o

2 A%l WY 1 RES 43HoR Ab Aow 2

F ok olef@ S4B vigoz Fele] v 4

F G50 me Tz A% JFHES veas diflz

=9 @ 4 ik e P, 18] 2% Aol E wEe| 43 HoR
2Hol AIE o2 ZRIe] § wEIA oeh @y S 88w 2k p % dUn el kst ol

N

lo ™

FCE — D]M.-cg

a8 1. & 5749 252 W& mef of

Fig. 1. An example showing the probability of success when sending five modules
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Table 1. Contents used for experiments

ZHxY ZO|(HH:MM) | 8Z(MB) 4 & Azt
Uzl 23| 1:23 4487 | HD, 8Mbps | 35896
SHe A 1:11 4098 | HD, 8Mbps | 32784
F 1:12 4064 | HD, 8Mbps | 32512
ZolM AAZCR 0:57 3863 | HD, 8Mbps | 30904
ek et 0:58 3523 | HD, 8Mbps | 28184
AW 1:22 1822 | SD, 2Mbps | 14576

=2 AA 0:25 1537 | HD, 8Mbps | 12296

HAEME 1:18 1514 | SD, 2Mbps | 12112

| sef ot 1:07 1383 | SD, 2Mbps | 11064

Ttk MEH 1:10 1207 | SD, 2Mbps | 9656

CHebAl AEAERE 0:36 643 SD, 2Mbps | 5144

SELF 0:09 560 HD, 8Mbps | 4480
224 2c/Mo] 0:28 525 SD, 2Mbps | 4200
TVSa =5k AIAY 0:05 96 SD, 2Mbps 768
A 12:21 24262 - 234576

if forall ht;>u

T, 4 ) . . S
“=|r/, which maximizes F(u) if there existsj, t; <u

(5)
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Table 2. Results without giving a weighting on the objective function

= =g NES3| 28 + | US43 | S WS Al
EER=Se 2 449 65.17% 71792
3o A 3 410 99.59% 98352
F 2 407 67.60% 95024
ZojM AASeR 2 387 68.98% 61808
ek et 3 353 99.66% 84552
REY3 3 183 99.83% 43728
=2 AA 3 154 99.87% 36888
HIZME 3 152 99.86% 36336
ol sef ot 3 139 99.90% 33192
Tkt EH 3 121 99.88% 28968
Chebml ARRpR} 3 65 99.96% 15432
SE[LR 3 57 99.97% 13440
Zai|A 2C|Alo] 3 53 99.96% 12600
TVSat B8k MY 3 10 99.99% 2304

Yo oS 43 25 1 92.87%, & TSAIZ : 604416F, AL AlZH40.5F
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Fig. 3. D'(4,j) obtained by giving a weighting on D(3, )
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Table 3. Results with giving a weighting on the objective function

ZH=y WHEss| 28 5+ | HE H3E |Z WS AL
Al 23| 3 449 99.59 % 107688
359 Al 3 410 99.59 % 98352
S 3 407 99.63 % 97356
ZoiM MALCE 3 387 99.64 % 92712
ek ded 2 353 70.55 % 56368
k= 2 183 83.82 % 29152
=2 MA 2 154 86.58 % 24592
HIZME 2 152 86.24 % 24224
o|4E2| #Ct 2 139 89.13 % 22128
Taksh AR 2 121 88.73 % 19312
Crab AERERt 2 65 94.97 $ 10288
CELHR 2 57 96.19 % 8960
2ail4] 2C|Ao| 2 53 95.60 % 8400
TVSat A5 MY 6 10 99.99% 4608

g NE 43 &5 1 92.87%, & MEAIZ: 604416F, AL AlZE 40.5F
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