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Actual Measurements Based Investigation of Relationship
Between Service Quality Metrics for IPTV Services

Kim Chin-Chol" - Kim Beomjoon™ - Park Jaesung™™"

ABSTRACT

The most important issue for successful deployment of IPTV service is the service quality. In this paper, we first choose critical
quality metrics belonging to each laver of IPTV service transmission architecture and then analyze the relation between the quality
parameters. For this purpose, we implement a test network that emulates the most practical environment in which IPTV service is
provided and repeat measurements on the test network for the chosen metrics. Based on the analysis result, it is shown that packet losses
have greater effect on the video quality of IPTV service comparing to delay and jitter.

Keywords : IPTV Service, Quality of Experience (QoE), QoS Metric, Actual Measurement

1M 8 A2 st FUIME B IS ¥AE o Y
azﬂ 44 AUl AZ Fo ool

42 gAg 4% 7149 48 213t e a9 o IPTV A¥lze 5349 Y408 Agse 7129

As7h dastgel Wt wsh, TV, Aeidle] $¥E TPS x4 5 Ac|RTVeH: 2e) Plntenet Protoco) 2 o

(Triple Play Service)2}al &H= A 2& Fejel vjrjo] Ay 9 F A& 8N dF 71eed 71wstn gl o P
27} S48 9lo{ll, 15-16). 53| IPTV(Internet Protocol E 5% A7 A4 viA 52 HEYA AdE TR
Television)= HEHR! TPS Mu|x 7h&d] sz 7]1&E9) 24 dF A 58S =Y F dvhs Fde] e vk
¢ F& Aol TV Aoz HA4d 44e +4 Mula iz AEste A4 FEE 23 F gde #2
sto] AlAsHAl A Ade od2A IPTV Mulas e A EAIEE 7R Aok webdq IPTV AMuElA #Foj
e Ze O g HuAE AFae Ao 7hedtd ol HAEG FE MulA F2(QoS) Quality of

= HelA AEstEcH10]. 5 IPTV Aujxe AF3Hl Service) A9l 2 7} 7HE 2 ol5FrE F SR ¢4y

o] gkon olg sZA37] H& =o] ITU(International
i'i‘%‘;’{';1;vi”,?‘i;jm'gglﬂg';ﬁlﬁﬁf .:/1%‘ m’oo.h:im" Telecommunication Union)e} #2 =4 EF 7|75 F4
NEE: aﬂ:»ﬂww WAFehat (i A 22 Ax A =950 $toH1-3]. §3] IPTV Auja:

3 8l 9 5ok AHNAN TR} 2ils )
JTgﬂ'ﬁﬂF;;: z‘gi : IPE E3ld dEgdoe HolMdes 7189 dHY Mu|lAE
44 o)1k 2000 991 179 e

HAE 20000 931 179) 3 FdskA gt AAzE Mujzel Aol HDFS 13Hd A



718 BEMEISB=I X C HI16-CH M6z=(2009.12)

H 29| A 4 15Mbps o|4e] nde] Af £57} A%
Hog fAsojof gtk HolM apdstgich by
IPTV AMu]29 4ZFH] A4S sy 7|9 ey
Au) o] HEE T e AFHQ Mulx FA @] wele]
obd A=Al Mul~ FA e wote] 23E 1 9
Mul & FF ge] ks FEEY] daiMe HA Aus
FHol HAAAA oldAE Huhd £ Q= 7|EQ EA
A FE(Metric) &7 T4l 715 gho] vl#Fojo} Fr}, o]
& 98l ITUSH IETF(nternet Engineering Tas$] 3l
Force)& 402 #& 71&3 4 AEEd g 53
7t @as a2 QivH4, 51 ey olv] AF7HA dEA e
TERE MH2 3 NEEL BEF HEsd [PTV Aulx
o] EAg 4N FAstn #Hrksle AL Y 2 vin
Alzko]l daslths A FAHo] ok gt ofi}
IPTV Au]2=9] 79 3td #7 ad w7 A 59 e
AR FFolA FHEHE Mulz FHE 49l EA4siy
o E2| Aol FFolA FAE ok sz AMEA AP FA
(QoE: Quality of Experience)o] AB|A9] wtEHx s A3
o 2ol H& FastA ALsh=d A UEYHZ FFe
Mol 2F AT} AR Az F2 e #AAd disiMe 7
Aoz wre izt o Aok £ o A4 do] ch
tE4 HENA AF T2 AEEQ HzlELE, AY,
A 7b 44 FA-o v A it AT AEHer
olFolx kri1g, 19]. =7 &4 FE 49 dayd
(distortion) ¥} #&le] = whA AAnt e P4 Fof
A3 el oia deid dok e dAZ ol
EfA AF F2 AEEC] 94 FAd vx= gl A
T 3, 94 Zdx 9§ ool S ohdd 8l del
gk = e B e 9n de Aol ApHolth
olg{g FAHAHE FHstE F 7HA W& AA Muz A
T B74L FEsn 4F PuE BT AE5S ke HE B
F oqlEdl 2 ol Hate] oF AFTE ujg sy
o] Folz) 1 gIrH20]. wekH B E=RoME ZE Fulz 3
AE AA IPTV Mul27t des= 8§48 #5382 IPTV
Mula Ad Pze] Al ¥ EFA AEE gsle o5 o
g AZ7|E o) &3 A FHE T FHdAE #AEA
o, B A7E B weA 7 xgEe] AR A F
Ao Wz P FF IPTV Muls F7 det g
o] FElsel st #A M|z FA Age AAA 24
2 283 £ 93 o oz 7hIARe AR ARE M)
2 & HeHSLA: Service Level Agreement)e] ¢ 23

=T
AdME Fzd F A& Aoz oddrt

1.110

2. IPTV MH| A

2.1 IPTVEl AfHl& HE 2HY

IPTV Aul 2t Alda 29 ds
2% $A5E 482, MR 39 4
STBIZH AlQIA7H Agat: Edzsh Au a8 $43h: o

= (Head End)7} 8]

4l 58 2= (Set-Top-Box;

& st 1 Fe] [P MEYA7 A4 €k IP YE
$129} STBtol = HAIZE ad o] 7§l Heajx
E 45 VoD(Video on Demand) A¥]AE fuya|~E
WA S olfste] ZHxE A4S HeEd o9& (ag D)
ol+= IPTV Mu]~ g +2& vehidch

o= Zelx 11]-‘-3]- HE g ZHxE 54 7}
T, FE, B, HAEE A% V15 S A= 25 wej A
e, kEos) ﬂﬂl‘ﬂ”"l"%(@ndztlona} Access System:
CAS), MOC(Media Operation Core)5 22 #7F2 4 ok

edfjo] amie: x| 4da} FF gk WAl JAAwEAL Aol E
WAL Fo 2HlE AFAREE BE ZdzxE 4
=l
dEEA 28 A GANEE MESYZY ES
o gtA skEsta dlolg AlZel tFsd F g5
2 [P fj7 38l df
FAA A 28 A Ade] o 4E3 2 VoD
Zelze] ALAGEstE Fste] AlA A Ao ¥ &
= W3

*MOC: W4 4E9 MOCAA 7+ AlaglExte] dA%5S

T8 A BES T BEse 98 3

ez iy o P HlEL IP 34 vESa §
Azt iRl Al AEEA =g o] W 74 xEoA g
3 7] ¥ (classification), -4 (priority control), %
(queueing) 53t #dE WEHNA FFoA QoSE BAs}]
213 ogd 71Eso] AHEE

| HERORK S =2 § oy
-.:. I.....................

(3! 1) IPTV MH|A2| Mgt 7=

22 IPTV Mb|A2] EF X35 292l
(27 Dol vebd IPTV Mula "Ag P32 glejA A
27k dubdog ¢z [PTV Mulx F3 A3 8Ud%
&gt o] prz rErebA A" £ ok
o Zelx A FAte} H=d= FH FA A5 89
- Algi b W AlE] o] FEF o1 gk 2 obFsE A,
BHoMA A" VoD MW, 718} ESa e A58}
T hdE gl wet 3 As b
s ARk A3 FH Ask 29l
- Ak Abe) 3 ol f g3k 9 whe| 48 Gl el
A A8 ke
- AgiAbEe]l QoS EA 7lE, P HEHANZE V)&,
MPEG #4 ~E#(Transport Stream; TS) @7l A4



%4, 915 Aa Al AAA(Authentication Authorization
Accounting) Mg x4, Aqd HE A7 Ad, ez
B3E % Al 28, o A9 A2 2] (Digital
Rights Management; DRM)2 1% 2dg= n|& 5
g 2ol wet FH A 7t

o 7H4A g 7 EF As a9l

- Agutae] 3d dgAzdde], FAAEA A,
A2} 2 33 7}o] E(Electronic Program Guide; EPG)%S
$4x2ady Aedstd we 3 A3 s

-71e} dule 3o w53t 2 Fojo BE FF A3}

23 IPTV MH|& E3 X &

A% 725 7|82 IPTV Myl £ XEEL AT
Aol F4& Jehle A7 FF A E(perceptual quality
metric), ]2 ~EY F2 A E(video stream metric), H
4 2~y £72 A HE(transmission stream metric), Y E S 2
3 A E(network QoS metric)2] ] 7}x] A& €2 2
& o 9ok gf (2 e 2ezr) dzgEo] P A
% VESHIE AA 71dAe] AFezdAM dagd s 774
o] }A& OSI #z 293} v wste] vehyic

Azt FH AHE Qo] AL 7HA3 FHH o 7]
€ AEE yEste AMulxe FHE FAE7] 1% Aol
ot @A g2 vi2E 7)€ A AHulzd HEHE F
A #E MOS(Mean Opinion Score)E H|t]9o] X4
Video MOS, 3@ Yehts 944 &4 =& Jehll7]
9% Blocky, Blurry, Jerkiness S| 2ltH21). Azt £4 A
Ee AHEA Al F2€ 78 3 gdE £ s Aol
Al EFsta QB4 FHE7)7 Yk FAH
adcH2].

e 2EY 3 AEE gAY g4 248 743
= 7 AHH9 842A Hg ~E9 dE Y9
A Ao wg AA T2n dE 2EY @A A4

2F 7189 IPTV MulAg HICI2 EEXES 2t 422 718

IPTV Services
Application (Audio/Video) . Perceptual Quality &
" PES (Packetized | Video Stream Metrics
Presentation ,E"'—m}f—a““‘l_—_i
MPEG TS {— Decodability
Session RTP ]
Transport UDP -
po N QoS
Network P Metrics
LLC
Data link
MAC
Physical Physical

OSI Reference Model IPTV Service Model

(22 2) IPTV 2HIZS| M4 Z2ESE 7T

A 2AE ok HEAS HYe 2EY F2 A
Ee2e T &4ES & T ded &449 Tyl I
ZH Y, P Ze4, B ZAYAA wety i o 9%
< v A7 fch

14 2EY F2 ARE AF 2EY HIo] ==
A RBE AE HENIE AHA 7M1 AFe2
A qoFstd o 24E F e dF 2EY U@ 2 F
& F3%7] A Aol

vpAlge 2 YEND FE AEE P H3lo] AdsHe
Aol wAste= AHAELE, Ad, AH F9 ARHA A
EEoth

3. MY &3

31 A" 2 X|E

g <E >dE IPTV Aulx9 A
5 7he] AuaA BME 9so 23
A%F 4 ¥4 AEES AHelsdd

EDAS 8 AE O 228 Xz

2zt A% Video MOS

Aoz v ee] $48 vdehlle MOSE ag 9 dEss] A v
22 FA3 AF el wYste vide #zle] &4 9 sy A%
w4 Asks iy

Impaired I-Frame

7l Edolu A7|2 skl Eake -xa9le] AF

W ~eg A= Impaired P-Frame

A &ALt A7 2 Astel £48 P-ZaAAS] AF ARV o A
Qlsfo} E4E Tefgle YA ehg

Impaired B-Frame

7] Edolut syl Qdste] £ B-Za9lel s dsdse) o5 A
o] E4bd Teele EFeA 4

Continuity_count_error

A7 F5 FAot EAZ Aste] FAH AA ¢W HNEE k9] L

=4

PCR_repetition_error
Af 228 AT

A ~EYE vladsta A4¥s] 918 PCR(Program Clock Reference) 7+7o]
st ol 29 24

PCR_discontinuity_indicator_error

AE7H7 S PCR gkt A #49 PCR @l A917F 0914 100msece]
WelE Yol 315

v T00msece]v}ell PTS(Presentation Time Stamp)7} =#ab#] %= 7249 ofab

iy %S4 AYaol & AU AN 5 gons o] Al WES 37
AAEAE P Azlel A% AN s &4 i

MEdz Az A% A9 P A7e 1% o1 washe 4% A9
AE itter) IP A9 A% Aol s A




720 EEMelSE=2X C M16-CH HM6=(2009.12)

32 Al HESf3a

(28 3)2 ANEE H8tq 758 AP JESIE By
ok 29l Jehd vigl 2ol Alg HESAE By g
+8 59 JEYA FH|Y IPTV MUAE AAFs7] 98
2EZY A¥, VoD MH, MFux YEHI o B ol
2 4F ASF PR FAEAT

® PacketStorm IP Network Emulator [22]

IP YlES]29] AejE Al Unconditional e 2 of &)
ol dgtez M et dA A AlEdo)ld T AFAA
A 87& 5317 A% FuE 53] Aeulgold wA
e g IP HEYAY 548 Adstd O AP
7bs8Al g

» Witbe Mobile Robot [23]

IPTV AMu]29] vt & F¥ao] 4 2 AHY dHo|
H & AA0oz A AL A7 F3 SN
g 2 AxE FH37] S A4S0 2 AS LTE
o2 £ =%9 ANE AAME F2 Video MOSE 3
a7l 9iste] AMEEULE o]F AFA AHEA G Al
otz F=dl=e] Witbe RobotE ¢ 7+ dAsn
Witbe L2 A¥d £3 do|g & d$ah.

® Shenick IP Triple Play [24]

No Reference®}# 3} Full Reference®4] & &&3lo JE
A3 AZFH A AFAA A AFel dDss S
3 ARE A7 A% ASVIR F2 HEYA 74
A QoS Tetvlgel] A Fadd i EFE =
Aot F2 7Hdate] AlFurs sidel] Ax) g

o HP DL380G5 Server

FY9dE zEY Yoz HFs] A M9z
MPEG-2 A% ~E#3} MPEG-1, MPEG-2, H.2649] ¥]t]
& 39S 48y SD £& HDH9 vt 2E 300kbpsel
A BMbps7tAle] AE £x2 #4458 F otk

e Value VE-IS2100 STB

G Az £4 L WgS = AN & § g 2
Aol AlgEE AlFErAQ Value VE-IS2100 STBE
128Mbyte?] wl22l& FE3a glo] o]& HHZ E43to
HESA dF A 245 izl A% A9 2 AH
o og 44 F2 &£4& WA F AH2E 5 #=R).

{ T \
6 40 Oy

(38 3) Al HIEST 74 & ZH| 4F

® Cisco 2500, SmartEther SH2024, Dummy Hub, Switch
Hub 5 YEA #y|
o LCD t]AZ4g o)

33 MY ALzl
AL AF IPTV Mul29 $94& 1280x 7209 HD
Ho2 ¥ge ¢4% :YogE MPEG-2 24 ¢& 39
223 AC3x 2 channeld AME3algon 23 Ty 4
23976 (fps)elck. MPEG-2 ¥4 #4 ~EYL UDP
M A HEQINeR A$HEE sgn YEY
A JgdolE S o]&std HAEHE, AF A, AHE
HSA7|EA 2 4 X Eeo] WsE R B A
A A A3 o923 2.
1) %94 2848l A3¥ MPEG-2 B4 2EY ¥4
o] HDF 94¢ 2EJ9 Avd d4
2) HE2E 94 2EW A8(HP DL380G5)2] v
28 7F ¥ AFH2(Value VE-IS2100)0] 4 AH] A
& Mg 43
3) VESIZ dE#HlHA HA2ENN HAAEHE, A
% A, AE F UEAR detrlgE WA A 44
8737 go] A o)A
4) 48 EHFE YEHNZ AZF7|(Witbe Mobile
Robot, Shenick IP Triple Play Tester)E %3] =3
e A
5) AlF9A(Value VE-IS2100)2 53] LCD Displayel
Uehve JAstES S35k ot BAsie 94
A 715
6) o W A% A%} AEE 0710000ms Akole] e 7}
AEE 9 H7 A& 072% Alo)9 #e 7HA
=2 gt 283 IPTV AMulAE 948 Ego)
A= e Foto dE HEHA EfYL IS 44
&tk

M o

4. NE &3 A 24

Adofl A HuEg AF EYA 2 AF Adged g
HrEFH AlFS M VIEYZ AF9 HAA&4E, AE
A4, AE, A AEe Wsle] W & Yoz A AF9
Age] W3lE AAsg

£ Ageld 548 292 dojxE Video MOSE 1%
E] 5 Alele] & 7HA A gk a¥d 2& Video MOS #
oltjzte A Alo] mebr &teg B vges FAL
ogE 5 2tk g2y A" Video MOSS| AuAE 3n
3t7] flsked wkEH A|FL Fdte] Video MOS ke W
glo] wg vljee FHL s o g Video MOS
o] z 388 7]Fo2 {etoz QIE £ 9 HLe E
Ao &4o] Yeldtis AL ¢ F St o]F 17
&t (29 4)el= MZ o Video MOS & 7= F
Mol FYg 444e Jehiioh



(b)
(32 4) C}2 Video MOSE 7HXl= S Y4 Bl

(2% 99 9% 1YL Video MOSS] kol o 409 o
o Joln e&% YL oF 38d o Jdolt. 2EF
agel vepd 4de] steie] Fdo] 433 wWel &49
2L B 4 Sloh WAL S FHH £ AP A
¥ Shenick IP Triple Play2 374 ¥ Video MOSE thef
38% 71€2z olun Werte F¢ F4e Fdol At
H7] AlRste Ag Ao FAF 4 AU

(28 9l A4, A8, 2z fA &40 BE Video
MOS9| #3tE Jepsich. 29l vehd vhe} 2o] Video
MOSE A4, AE, AAEHE0] F7HEFE Fase 3
HE 8ok ot Aoy AEe] 3¢ dAE e f7A
sitprl 128 dolMe € 33 F2E B wd 4
AELEL oliTE gustA T FEF Z2ME YeERAR
t}. o] Ed2 Video MOSE A <doly AHdA diajx:
o= Ax WS 7IAZ oy @A &Ad dEixE 2
F2 @i #dd F o

(28 6= A4, #E, a2z 7 &dd #E
Impaired I-Frame, Impaired P-Frame, Impaired B-Frame
o ®zE dehglch  Impaired I-Frame, Impaired
P-Frame, Impaired B-Frame®| 532 Alg°] I¥H = &
ol &4d ZHYY A jFE dEHAey AY, A
B, #A &40 Sl mety &4se ZHdde AF
94 F7ete AL B F Aok AR AHY B o 1
28 dolMe €7 &£49 ZHd9 #7 24300 St
£ AL £ F dud ot (¥ 5 veid AN 1

&5 7

Pio| IPTV Md|AQ| HICI2 ERXIEE ZF AREAH 721

r

Video MOS

3 " I
10° 10° 10*
Delay (msec)
ta)
5
N\
45
- :
g A
N
o 4} A 1
L
he]
= \
3.5 1
3 i i
10° 10° 10*
Jitter (msec)

(b)

Video MOS

107 10™ 10°
Packet Loss Rate (%)

(c)
(38 5) X, X|e{, I3l &Mol| oE Video MOSS| H3}

2% 71F22 Video MOS7t 33 doj#]7] Al&sle=
Anole YA g} opR AR AAELES] FE 01%S
doleA 49 Zade 71 AM3 F7ksr] Al&s
£ o] 94 (2’ 5l Jebd Video MOSe] A3teh 43
g},

(28 Dol A, AE, 2232 AR &2 WE A%
2EY AZY A A9

A2l continuity_count_error



722 ZEMc|S2=E2X C MI16-CH M6=2009.12)

== |mpaired |-frame
—=+- |mpaired P-frame
—— Impaired B-frame

19

B

Average Number of
Impaired Frames
L

™

1 ‘Z ‘
0 g MR e R
107 10° i
Jitter (msec)
(b)
2.5 -
- |mpaired |-frame _,f/
~=- |mpaired P-frame /
p (. Impaired B-frame ’ ]

—
(%3]

—_

Average Number of
Impaired Frames

o
w

o
e S

10° 10° 10°
Delay (msec)
(a)
4 o
------- Impaired |-frame
~=- |mpaired P-frame /
3l —— Impaired B-frame

Average Number of
Impaired Frames
[a%

—_

- 1 S ia]
107 10” 10° 10
Packet Loss Rate (%)

(c)

(32 6) X%, X|E{, mjzl £Alof| uhE Video Impaired |-Frame,
Impaired P-Frame, Impaired B-Frame2| &i%}

(CCE), PCR_discontinuity_indicator_error, PTS_errore &
A A%E zZzh el (2" D@9 (28 DA
2 4 olE vie} o] A3 AE 7L o] Al A A Fe] vl
A= odge oha B ol vhA (23 7o)l JE
W #j7l&AEe] #A$ PCR_discontinuity_indicator_error}
PTS_errorell = 78 9% v]X2 &A% CCES 2%
A&AFo] F7istel weby Zo] dAsA Frtste AS

0.05 = .
= continuity_count_error (CCE)
s PCR_discontinuity_indicator_error
0.04; + PTS_error
0.03; . g
0.02+ a Cand et - - . 1
0.01} *errpam Ao oo °. a4 eyt
1] S —— - a -
10° 10° 10
Delay (msec)
(a)
0.05 —
o continuity_count_error (CCE)
« PCR_discontinuity_indicator_error
0.04; « PTS_error
0.03¢ et ® .
002 = = + & sa st a® N
0.01 LR s *a . LT
0 i i
10 10° 10*
Jitter (msec)
(b)
10 == =
= continuity_count_error (CCE)
- PCR_discontinuity_indicator_error
81 . PTS_error o]
6_
4 °
2- o
IR Q?UTJ et
10 10 10 10
Packet Loss Rate (%)
(c)
(38 7) XA, KE, 3l Mo oE ME AEE AS m2}
O|E{e] B3}

¥ 4 itk CCEx #A8 4% 2EYo d53eR £4
52 gt 25 #eol F7etA HEz HEHI ASAA
IP A79 298 FAAN £471 HupRo] FAde =2
sAY £4HE A7t oo HBY F A AAHHoE
44 2EY AFY AEE 7HEd CCEE A&f@ A
gL AQ, A, HAELE BY 7@ FH9 o
A AuAE BolA 47l WE Video MOSstel 3



A GA] 248k Aol E7MFslgrh ¥HE CCE9Y 7
S HAEAET AT AuAAZS 2 w2t Video
MOSOE oW dAF ARAAES Bd Holgh=s o4E
& F 9dx a1 ARE (¥ 8ol ek

(2% 8)oll vpeb upe} o] CCESt Video MOSE 79
A& dhld #AE HHgE RS ¢ F U 53,
CCE7} 28 wei7}A 519 Video MOS7} 358 W¥& Aol
Ao Ert5esn dutde g WEYA A2 A, AH,
@7 &4 7hed IPTVY Mulx 344 713 28 438$
e ARE Y7 £42 294 Aok olE Adoy AH
© 4% #Ad e T =Eolu YA AlFeaddA
WP g F8lo] ol AE wio] rhFsix|gt &€ 13l
S $2140] ofd T wEoA BE £ ¢7] gl
o HWESA AZdMe A7 &4 A4 2EY A2
CCEE F7H71A H=d 221e] Video MOS7F 748kl
He FFAY d3ge AL (3P 9N ¢ F 9= A
ot}

-
¥

I

Video MOS
L9

48]

0o 2 4 6
continuity_count_error (CCE)

(212! 8) Video MOS2t Continuity__count_ error(CCE)2to| Akm
A

5.d &

=RdME UESZ AZe dEFH] AF A,
A g, izl o] IPTV || 2o ol 432 vz A
E A8 fddte AF 8 dEH) AESS A
olEo g thdd AP ew?‘s}aitk 249 Az o
4 E£2 AHQ Video MOSE A, AH, g&As
o sl 5F @ 7iFew 32‘.3}741 dashe
FeE Btk 53] Aot} xEe] A 2 EA ol
o277 A= A FaskA %3 fFAEHAoY #RELE
of taiM= 54 gholl ol27] Holge HAEA o] 7}
gholl wabd  ghgbalAl ZAastdch HAEAET Video
MOS$te] #AE Hol HE8s ola)ar] Sst] A4 2~
EY A% AEY CCESel Video MOSSHe] AoaAE &
M8t s I A3 CCES Video MOSE whulel] Aol 9l

2= 718 IPTV MUlAgl HICI2 SEXIES 2 af22A 723

£e S

™

At}

gd1gs

[1] ITU-T FG IPTV-DOC-0184, Quality of Experience Requi-
rements for IPTV Services, Dec., 2007.

[2] ITU-T FG IPTV-DOC-0187, Performance monitoring for
IPTV, Dec., 2007.

[381 ITU-T FG IPTV-DOC-0147, IPTV Services Requirements,
Oct., 2007.

[4] ITU-T Recommendation Y.1541, Network Performance
Objectives for [P-based Services, Feb., 2006.

[5] ITU-T Recommendation Y.1543, “Measurement in IP
Networks for inter-domain performance assessment,” Nov.,
2007.

[6] DSL Forum Technical Report TR-126, “Triple-play Services
Quality of Experience (QoE) Requirements,” Dec., 2006.

(7] ETSI TR 101 290, “Digital Video Broadcasting (DVB)
Measurement Guidelines for DVB systems,” May, 2001.

[8] ATIS-0800004, “AFramework for QoS Metrics and
Measurements Supporting IPTV Services,” Nov., 2006.

9] &4k “=d IPTV Adz A3 ZA4u 24" HN
Focus, Vol.21, $F=EUEY 32 3], 2008 84,

[10] S35, “IPTV MulA7]ls @3 € dAd ¢d A9 ITA
T e 59 12865, ARFAATAEY 2007d 34,

[11] #A 84, “IPTV EEEE" FZEA3]A] (FRGEA),
A244, A2E, 2007d 34,

(12] 13714, “IPTV B2 % $-§Au|~ 7]
9, 20073 24,

[13] FA 85, “IPTV S22t 2 347 229" [PTV
EFE7IE 34 244, 20063 114,

(14] elF=4, “TPTV A7 53 58" TTA A4, 4107,
20061 104,

[15] &5 4, “IPTV A £73} F33} ) PTV E338137
A % IPTV PG &% 3" HN Focus, Vol. 10, #3FUE
A48 3, 200613 5.

[16] &4, “TPTV My 2 7]
A7l 3, 20061 4.

[17] 3= BA3] 2 59, hitp://www.nia.or kr/

(18] Mark Claypool and Jonathan Tanner, “The Effects of Jitter
on the Perceptual Quality of Video,” In the Proceedings of
the seventh ACM International Conference on Multimedia,
1999.

[19] J.Shin et al, “Quality of Service Mapping Mechanism for
Packet Video in Differentiated Services Network,” IEEE
Trans. Multimedia, Vol.3, No.2, June, 2001.

[20] EH 4, “nEAe] HE|v|cio] o2 4TS 98 QuSE
9" g AE = E2), 4337, 9%, 2008 99,

[21] ITU-T Recommendation P.910, Subjective Video Quality
Assessment Methods for Multimedia Applications, Sep., 1999.

" HSN 2007 Z24)

%" TTA A, AllME, AR



724 BEMEIE2I=EXC HI16-CH HM6Z=(2009.12)

[22] PacketStorm Commmumications Inc., http://www.packetstorm.com

[23] Witbe, http://www.witbe.net

[24] Shenick Network Systems Limited, http://www.shenick.com

[25] A4, F3H, “CAS7Iu IPTV Heh Al 28" §51 4 8 % g
83 =8 2C, A15CH, 43, 20083 84,

[26] & &4, o|A &, YA, “o]FFolA IPTV Aul2 AF Al &
con A7} AHE n2d 53 vy €% 7|8 §=3AR
# 2|88 =5 2C, A15CH, 5%, 2008 104¥,

[27] A998, H&d, "IPTV GEA2E Mu]2& §1§ ONU & 7]
Bk ME 2AFE 71N, $x AR AL =2AC, A
16CH, 2%, 20099 49,

72 & 3
e-mail : cckim@nia.or.kr
1997'd 3o tal o] A}
19993 AFistu FAFelFea Fetal
20033 AFoistal FieFea Feuta}
20039 ~% A FFARINETY FTA
H AR FANFY g3

28 E

e-mail : bkim@kmu.ac.kr

20034 QAItEkE A7) AR SN 28I

20043 ~20061d LGHA ddd+d

20068 ~8 A Addistu e s

4] ¥-oF  IEEE 802.16 Wireless MAN,
TCP congestion control, TCP
interaction with ARQ

o xf o
; e-mail | jaesungpark@suwon.ac.kr
19959 AAYER AAkE ek}
19979 AAldigta ojshd AAFE
A (FeH4AD
2001 d Mg oiskd A7), WA e
(F&ata
20013 ~2002%d University of Minnesota PostDoc. Research
Faculty
2002 ~2005d LGHA Aga4
200541 ~2008 Uit JH AR FE R AYFA}
2008 ~8 A Fodm JejlAR TN Zas
TRl o] FA B2 71E, AT 371 F4 d4 vEY3
47 F




