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ABSTRACT 

Video streaming has become the main application of the Internet. In order to provide 
better network services for video users, operators need to understand and guarantee the 
user's viewing experience. The user's viewing experience, QoE (Quality of Experience), 
is the user's subjective feeling of video service quality. If there is no cooperation with the 
end users, the operator cannot directly aware the user's subjective QoE. Even for objective 
QoE parameters of the application layer, such as video frame rate, bitrate, initial delay 
and stall, are difficult for operators to obtain. Therefore, operators often monitor network 
traffic to estimate the QoE of video users. 

However, this solution is currently facing new challenges due to the use of HTTP 
Adaptive Streaming (HAS) and the increasing popularity of encrypted video streams. In 
the HAS mechanism, the Adaptive BitRate algorithms (ABR) can adapt to network 
changes and select the video chunks that match the network states for transmission, which 
will obscure the user QoE information brought by network traffic fluctuations. This will 
make it impossible for the operators to judge whether the user's QoE is improved because 
the result of ABR adaptation or the improvement of network conditions. In addition, more 
and more HAS video streamings are beginning to adopt encrypted transmission services, 
which makes operators unable to continuly use deep parsing methods for network traffic 
analysis. 

This paper focuses on the problem of fuzzy traffic characteristics caused by the ABR 
algorithm on video client. At the same time, it is also noticed that the ABR algorithm uses 
the video chunk as the basic unit for adaptive rate adjustment. Therefore, different from 
the traditional methods use 'package' as the granularity, this paper proposes video traffic 
analyzing and mining at the granularity of video 'chunk', and then evaluates the user QoE. 
Specifically, the main work of this paper includes the following two parts: 

The first part is how to reconstruct a video chunk series from encrypted HAS video 
traffic. Firstly, based on the network measurement method, the transmission 
characteristics of the HAS encrypted video streaming are analyzed. Then, based on the 
analysis result of the video traffic transmission mode, a chunk series reconstruction 
algorithm for the HAS video streaming is proposed. The experimental results show that 
the root mean square error of the video chunk series reconstructed from the network traffic 
by our algorithm is not higher than 0.132, which has good fitting accuracy. 

Since the player's states directly affect the user QoE and it can be characterized by 
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the application layer's objective QoE parameters, the second part of the work is to infer 
the player's states based on the characteristics of the video chunk series. Specifically, the 
thesis first proposes a new application layer objective QoE metric, buffer comprehensive 
state, to characterize the player's states. Then, using the two-way video traffic between 
the HAS client and the server, the video chunk series is reconstructed, and the time series 
data mining technology is used to establish a prediction model between the network traffic 
characteristics and the new application layer objective QoE parameter for real-time 
estimation. The video playback state is predicted and measured in real time according to 
the established model, thereby achieving cross-layer preception and prediction of the 
video user's QoE. The experimental results show that our method can obtain better real-
time prediction results. 

 
KEYWORDS�QoE; HAS video streaming; ABR; operator; encryption; time series data 
mining; chunk series 
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Ƞɾϲ΅ʄЖcƳȀÕϐɈϐĉ三�Ďϱ˾ƹ��
ϭͺÿͯƼȳȸȒďəǴ͎́

ʄЖǾʆƇˋŨ˚ŏΓ QoEÍȖ
ϲ͖ŎˀˋǇ QoE˚ΩP
ŤпΑ˾ȳĴď
ΕΘúȠɾ� 
Іǁďȫ
Ť、D˟¡Ƿȁ˚χȚɈˣ
́ ʬˀȸ˚Ќ�˭̇Ų̽ƌķ˦˥1

>ϭͺÿ˚ΘƉě1ªŔΕюʄΩPˋǇ QoE
RȫÈЎɻȸʁƽ�
Ď>͎́
ʄЖ�ǮǹˋǇ QoEȦ
ŏǇ̓ ABR̝ɾǈŸɈ˚ʄЖʵƝƭɤ̧˚Сё�ϭ
ͺÿͯƼΑȳĴ˚ƾ˨ˋǇ QoE
ƂȸȒ˚ǫŚ͎́χʕθƉ
јvпΑ͠ĩ>
͎́ʄЖ�Ǯǹ�ŏǇ̓˚ ABRθǽcƳ
ΔЇć  ΕЕʸ̌úͽͿ�ǈŸɈ
˚ QoEθͬȒɎβ�˚Сё�、Dʁƽ�
HASΕюNϥɀ��
ȹ«ă̓ŘΕ
ю�ŒǬʭ ĕ�˚̣Ɖϲ΅��úŁp
ŏǇ̓]Ǵ ABR̝ɾǬʭ ĕ�˚̣
ƉŘΕю�Œϲ΅δɹ
Rȫ
ƗΕюĕȖǴĎ͎́�ϲ΅Nϥ˚Ȧg
̩ 1͎́

Nϥ¿s˚ŒЖб�
ΕюĕMΌ�Ιǂ�� TCPȖǴ³ϲ΅Nϥ
ϱ˾Ĥ（
ȠƐMĎŋ̅Ɖ�ɤ̧ˉͥ˯ēǶ͎́ʄЖƅ��ȾɈ³ð˚ŏǇ̓ABRθǽ
cƳ�[ĵΕюĕδɹȦ �ˬʼ̗̲�ˬʼ�ǳɷƀ̗	
ƛýϭͺÿě1͎́

ʄЖΩPˋǇ QoE�ćɮ
ȾȘ˚̖Ќ�ŭX
˭̇-ĵV>ªŔ˚ HASΕю
ʄЖ�ДƋΕюĕƅ��、Dјvě1͎́ʆЖ˚ȠɾŘ HASªŔΕюʄ˚Nϥ
ʵƯϲ΅�Ɍ
ʬëě1ΕюʄЖNϥɤƐ˚�Ɍ̾Ɏ
Ȁ�˾ HASΕюʄ˚
ĕƅ�ДƋ̝ɾ� 
ɮħ
、Dϰʁƽ�
ĎБˋƇˋŨŏΓ˚ QoEÍȖɈΉƝˋǇ!Γ QoE˚

ˡ~ŭX�
ΒÍ͔Șʻ[9-31]
Ќ�˭̇΄ʬ)ƽΪ�-ˋǇĎ�é˚ȇȏʶƭ
��[ĵÃы��ķƊϵ	Mȸ�é˚ΕюΓˣU个
ϽǥЀϬΩPȇȏăʶƭУ

Ǽďƾ˨ˋǇ QoE�Rȫ
?DÈЎ̜¿ďŝ͉�¸ÂȸЖ̗F ȇȏăʶƭ
ɻ
ȸ͔�ŏǇ͉̓�¸˚ƭ×´Řȇȏăʝȇʶƭ˚ƛý�、D˚˭̇ŭXÔ

ˀ
ĎΕюʝȇϬ̅�
͉�¸ÂȸЖM̽Ê�»-�一˚øȻƯǯͶ
ˌ1͉�
¸ÂȸЖ»一×´˚“ƻƯ”
Ç`ȫ�ȸˡé˚ÂȸЖ
Ɨ͉�¸Ĥ1�é˚×´
Ϭ̅�
ÇĤ1�»。ȫ�一Ϭ̅
ȇȏă˚ʝȇʶƭȫ�é˚
ŸɈ˚ΕюΓˣ

U个)ȫ�é˚�ě1ɮΓŖ
ȾȘ˚̖0Ќ�ŭX͇è͉�¸ÂȸЖúń˚×´

ϑ±
Ȁ�˾ȟ˚ƇˋŨŏΓ QoEƉЖǫɓ�͉�¸͇èʶƭ
ɈΉƝȇȏă
˚ʝȇʶƭ�éȦ
、D�ˋ HASŏǇ̓�ȹ«ă&У˚ÒíʄЖȖǴ
ě1Д



µ 9 6 Ѐ Ī Ń ˲ Ģ Ń S Υ Ș                       Ƒ Λ 
 

3 

Ƌ˚Εюĕƅ�
ZˋȦУƅ�ȖǴǮǹǓȿ
Ƌ̎-͎́ʄЖʵƝ�ȟ˚ƇˋŨ

ŏΓ QoEǫɓ&У˚东ʆɤĘ
ˋ1ŎȦPʆΕю˚ʝȇʶƭ
>͖ŎˀΕюˋ
Ǉ QoE˚ϖŨƾ˨ú东ʆ��Ųȸ˚Ƞɾ�é
、D˚ȠɾÝˋ�-ΕюʄЖ˚
̓ΝcƳ
ĎŎЮЌ͑Ȧ�пΆ͎ś³˚ȧȘȖǴúΕюʝȇÍȖ
ćɮ
ίȠ

ɾĎƇˋȦȣ�пΑŏǇ̓/ȹ«ă˚Í�
)àCŭX1ʄЖªŔ˚ƹ��
�
ȸŏΓ�Ȩˋ˚ʵʧ�ɮħ
、D˚Ƞɾ�Zˋ-ϼˋ1ȦУƅ�˚ɤĘúΡ̷Ǔ

ů
u��ˋ- HASΕюʄ˚ȦƅʵƝ
Ĥ（ȠƐȳσϮίȖǴ̡Ę˚ʵʧ� 

1.2  oqfa 

Ⱦͬ!Α>ΕюʄЖ˚ʵƝ�ɌúΕюˋǇ˚ QoEΩP��Ќ�
ΰ̹<̼
ȾȘ�ˡ~ŭX˚˭̇ˀʶ� 

1.2.1 ��]�j`3�U 

ȾŞͬ!ΑɣϷΕюʄЖʵƝ�Ɍ˚˭̇ˀʶ� 
Șʻ[32]�ǿϷ- HASȇȏăĎ Steady-StateʶƭȦ͎́ʄЖ˚�ĘʵƝ�?

DÔˀΕюʄĎɭżʝȇȦMõˀ�øȻƯ˚ ON-OFF ʵƝ
Ď ON ʶƭ�
͎
́�͆Ǫȸ�ϠʄЖ
ɮȦ˚ȇȏă͉�¸ÂȸЖMǪͅġПͥȶĪЦi�ʬëϲ

y OFFʶƭ
ɮȦŏǇ̓M�ȝȖǴʄ˚δɹú�Ϡ
ˠ͉ͥŁПƉϾʓ一T�
ȶŞЦi
ȇȏăДȟϲy ONʶƭ
ĵɮƜĦ� 
Șʻ[33]�>ΕюʄЖĵVĎȹ«ă�ˊǂ˚ΘƉǿϷ- YouTube ˚Εюȹ

«ʵƝ�?DÔˀ YouTube MĎɳɧΕюȹ«˚ȶƌķ
Ć͎ȶĪàˋNϥŸ
œNϻ 40sŮã˚Εю�Œ
ɮȦ˚ȹ«ăϲy“�ķ̊ÔЫɲ”�ʬëȹ«ăMŝ
ȖǴÔϻЁʼб� Εюĕˬʼ˚ 1.25 f
ˋ1ͬ�Εюχʕ˚NϥЁƉ
ɮȦ
˚ȹ«ăϲy“ͬʄЫɲ”
ίЫɲ�Εюʄ˚ˊǂЁʼĎ250kbps-1.25Mbps&У� 
Șʻ[34]�Ȁ�-˾专_yƐ˚ʄЖ�ɌΙ�Ƞɜ
ˋ1ΓŖě̏�ϩ͋ϗ

ˌă。͎~�˚ȼªŔ HASΕюʄ�ЀϬΕюʝȇȦ͎́^ TCP�ϠîìЖ�ŏ
Ǉ̓ˬʼ&УŰiȲ̶˚țʼʵƝ
ŝHASȹ«˚ŭXʶƭ�ǂ��Ыɲ�u˛�
̆ƭ�Ί�
ƂĎ¿ˬʼ˚ƹ��个Ψ-ϱ˾ŰiȲ̶țʼʵƝ˚ȸȒƯ� 
Șʻ[35]�~ʁΕюʄȹ«�˚ TCPǽ�̙˓
ЀϬ�Ɍ YouTubeú Netflix

˚ΕюʄЖʵƝ
ÔˀʄĽU˚ TCPNϥǽ�̙˓ćƇˋ̅ƅ�[ĵWebʈΖă�
̃̓Ƈˋ̅ƅ	úŒă�[ĵ Sliverlight�Flash�HTML5	̡Ę˚�éŁĎ�é
˚ ON-OFFʵƝ� 
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Șʻ[36]���Ď̜¿úĦɁ˚͎́ʿğ�
Ř�é YouTubeΕю˚ʄЖʵƝ
ϲ΅-�Ɍ�ЀϬŘɴȇȏă˚ŎȦʝȇȤƨÔˀ
ĎĦɁ˚͎́ʿğ�
YouTube
MŘé˾�Œ˚ΕюĕБˋĨ˾ˬʼρЖʳȾƂ΅Nϥ
CϼƇ͎́ƹ�˚×

´
ϱ˾΅ M7ˊ中Ϫ 33%˚͎́�WʄЖ� 
Șʻ[37]ŘɖĈ͎́ʿğ�˚ YouTubeΕю˚NϥʄЖϲ΅�Ɍ
Ǯǹ�Zˋ

ɤƐ�ȘEūƯ�ʄ΅ƉúNϥ΅ ˚ȦУʵƝ�?DÔˀɖĈ͎́�˚ YouTube
ΧСɤƐ�ˋǇ΅ ʃŔ�ˡ~
ΕюʄЖɤƐе˦ȤÊ�øÊúŃȿĪ/Σ̗

ДΑȤ̅õˀ�Ȭͼ�é˚×´� 
Șʻ[38]ŘΕюʧȇúΕю}8ȹ«>Mήδɹ�Ϫʼ�MήδɹȦУУ万�

�ϠʄЖŬi�Εюʄ΅Ɖ�Ŵ�ΕюǪͅȦУ�Ŵ̗ʄЖʵƝ˚ΘƉϲ΅�Ɍ�

?DÔˀϱ5ȹ«˚Mήδɹ�ϪʼƂ�̕è PoissonϬ̅
��Ŵ̕èŘȖɭƭ
�ŴʵƯ
MήδɹȦУУ万̕èƄƊǫȖ�ŴʵƯ� 
Șʻ[39]�ƇˋMinMax K-means�OPTICSú AutoClass̗Ȣ˝˧̡͚̝ɾŘ

DASH ΕюʄЖě1̓Ν]ϊƯϲ΅ˡQƉ�Ɍ
C¸��éΕюȇȏ̙˓�˚
DASHʄЖ̡Ę� 
Șʻ[40]ú[41]�Ř�éȇȏ̙˓�˚ HASΕюʄЖ̾ɋϲ΅�Ɍ�?DÔˀ

HAS Εю˚ʄЖ� HTTP ʓϲƐ�ϠȠƐ�é
õˀνˡ~�ÓǪ#Ư˚ʵʧ

Ƃ�
Бˋˡé。ȫ̡Qȇȏ̙˓˚ŏǇ̓δɹ˚ΕюʄЖ&Уõˀɭˡ~�éɯ

˚~̪�͖ʕͤ�éȇȏ̙˓˚ HASʄЖ&Уõˀνˡ~。ȫ�ˡ~[41]� 
Șʻ[42]�Zˋ GoP�̡�l Sǣè�љŠàĭК̗Ǔȿϲ΅͎́ΕюʄЖƋ

ɤ�ίɤĘàCˋ中ȒďʄUљŠàĭϬ̅ŘGV̡Ę�ПƉ˚ΕюȖǴĎ�é͊

ˬă�7ˊ˚ΕюʄЖϲ΅:ŭƋɤ
ǱǰʄЖʵƝ
̀ CǫŚϭͺÿəǴ:Ђʄ

ЖɤĘ
ŘĨ˾NϥɤƐ�˚ΕюʄЖϲ΅ȗƙúǽ�˚ˡ~˭̇� 
Șʻ[43]�ě1ȹ«ăŘ1 HAS Εю�é˚�ĕ��ЃϤ
ŘȢ̶͎́Εю

˚ʄЖʵƯϲ΅�Ɍ�?DÔˀĪ˚ΕюĕǪͅȦУĎ˓ƤȀ中Εю�ϧʼ˚é

Ȧ
MȬͼ一TΕюȇȏ˚ƀʗƉ
ϱ�ŝΕюĕ͊ˬ 中ˬʼϲ΅Nϥ7ˊ˚ƛ

ýˡé� 
Șʻ[44]���Ř Apple IOSú Andriod̻̓� YouTubeΕюȹ«˚͎̃́

ʄЖʵƝϲ΅-Řɴ�Ɍ�?DÔˀ YouTube ȹ«ăĎɳɧΕюȹ«˚ƌķЎ
ŁĎ�ķ̊ÔЫɲúб�NϥЫɲ
ϱ��Ыɲ�
YouTubeM̀.�é̡Ę˚ŏ
Ǉ̓C�é˚NϥÍȖ
Śͦ�é˚ȖǴNϥЁƉúU个�中̓ Andriod Φĥ˚
YouTubeȹ«БˋÒЦi͉�̙˓
ŏǇ̓àCəǴ͉�¸Âˋƹ�!�ȝúƱ
ĦȖǴ�Ϡ�IOSΦĥ�
Εю�ĕ�Ϡ�MΌ YouTubeŏǇ̓�ȝ
ćɮà͠M
Ďȇȏă͉�¸�̯́ĪЖȖǴ��̓ Andriod Φĥ�
Ďȇȏă͉�¸u˛Ȧ
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TCPǼȌ̍Ù)Mб�Εюʄ˚̈́ͅNϥ� 

1.2.2 ��h: QoEj�� 

 -Ȁ\ȳĴ˚ʄĽU�«
Εюȹ«Ȁ\ÿȸƦΑŘͤű˚ȹ«ρЖϲ΅

ϹϙúΩP
͖ QoEX ˾ƉЖǫɓ
àCˠǼďÓȩˋǇ˚!ΓƾÖ�ćɮ

Εюȹ«Ȁ\ÿàCЀϬƾ˨ˋǇ˚ QoE
ȳè（中ȒďL´Εюȇǽ̙˓ú͎
́χʕθƉ� 
ˠCɈ
HASΕюˋǇ QoEΩP˚ŭXˆ，Ø�
Ȁ�-ΤĨ�ȸAΉƯ

˚˭̇Ƞɾ�ě1˭̇ΘƉúȖǴȌ下S͐˚�é
、Dǔˀȸ˚ˡ~˭̇� �

̡�>ŏǇ̓˚ΘƉΩPˋǇ QoE
>͎́^�ϭͺÿ	˚ΘƉƾ˨ˋǇ QoE�̖
̡˭̇əǴ QoEΩPȠɾ˚�é
ÎàC� �˾�!Γ QoEʆЖúŏΓ QoE
ʆЖ�!Γ QoEʆЖȫɤǣˋǇ˚ˤŎΓˣʿğ
ˠǼЀϬÖʆ:÷ŘΕю�«
˚!Γǋ�
˭̇w̶�ˑх�Εюʄ΅Ɖ̗!Γć̫ŘˋǇ QoE˚ƛý[45]
ϱ

˾ȠɾàC�˴˚ÓȩˋǇ˚!ΓƾÖ
RȫŎȡ三ƉĪ�à̃ɡƯŰ
Ƃ�ŒȨ

Ö�ɗȾͤϚŰƍƯ˚ƛý
γȹ¨ϡƔ�ŏΓ QoEʆЖȫě1ŏǇ̓˚Εюʝ
ȇÍȖ
ɋƋŏΓ QoEƉЖǫɓ
ĵ�ķƊϵ�Ãыʼ�ˬʼ�ǳ�͉�¸Âˋ
ʼ�ϲƉɇǢǨ΅ ̗[45]
Ƌ̎ŏΓ QoEǫɓ�!Γ QoE�Ȗ&У˚ȖŃ�Ȗɤ
Ę
^хǾʆˋǇ QoE� 
�̡̖˭̇�é
̖ 0̡˭̇�ˌ1ϭͺÿǈĤS͐˚ŧбƯ
ȢɾˠǼ

Õ��ˋǇ QoE ƕˡ~˚ȇȏă^ƉЖǫɓ
Ϻ͖ɹ�ɧ
ϭͺÿÝơЀϬǮǹ
͎́ʄЖʵƝÕΕюȇȏ˚ˡ~cƳ
�Ɍ͎́ QoS ÍȖ
ϖŨƾ˨ΕюˋǇ
QoE�əǴŘ͎́ʄЖ�Ɍǉɲ˚�é
ϱ̡˭̇)àC�ǂ�˾�_yƐ QoSʆ
Жɾú专_yƐ QoS ʆЖɾ�_yƐ QoS ʆЖɾȫě1ʐƉ³ɞʆ[5-6]。͎́Ǻ

И[7-8]̗Ƞɾ
ˠǼÕΕюʄЖ~НǛȘ�ΣƘ˚ΕюȘEˡ~cƳĵˬʼ�Ź

ʼ��ϧʼ̗
ϱ̡Ƞɾˠǆ-Ɨ
RȫÈпΑĦɁ˚ȖǴĤ（
Ȣɾʄ̅´ŎȦ

Ď̶�Ɍ
Ƃ�ȸ̋ñˋǇж˽˚两д[9]�专_yƐ QoS ʆЖɾȫЀϬŘ͎́ʄ
Жϲ΅̓Ν�Ɍ
Ď�˯ēʄЖ̾ɋ˚¡Ȁ�
ÕεĵîìЖ�ДNʼ�Ɗϵ̗

QoSÍȖ[45]
Ƌ͎̎́ QoS�ˋǇ QoE&У˚ϖŨȩŜ~̪� ȾȘ˚˭̇ΘƉ
ū1̖0̡�>͎́^ϖŨƾ˨ΕюˋǇ QoE�Ϯ�Ɓ
ϱ�Ƞí˚˭̇ŭXϐɈ
ϐĨ˚ƑyɀăŃ*�ʐƉŃ*�ȖǴǮǹ̗:ŭȰ͠˚ȠɾƋɤ QoS-QoEȩŜ
~̪
ΒÍ͔Șʻ[9-31]� 
Șʻ[14]�Ȁ�-˾ĎªŔΕюʄ�
ZˋɀăŃ*ǓȿPΝΕюĕˬʼ˚

̝ɾ�ί̝ɾ�ǫ�Ǡ�ͤé�Εюĕ˚͎́ǛȘ˚ ACKåˡé
Ƃě1ίÔ
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ˀϲ΅-ΕюʄЖ͚è�Rȫί̝ɾĎΝ̝ˬʼȦZˋ˚ΕюĕǪͅȦУÍȖɈ

ʕ1?DŘ YouTubeΕюȘE˚ͩ̓Ν̾Ɏ
�ŉzϼˋ1�? HASΕю� 
Șʻ[30]�ˋġƕŃ*͎́
ŝΕюȇȏϬ̅�͎́ QoSÍȖ�Ɗϵ��Ϡî

ìЖ̗	úȇȏăʝȇcƳ�͉�¸Âˋʼ�ȇȏЁʼ̗	X ˹͎̽́ɤĘ˚ϥ

ycƳ
ŝ QoEǫɓX ɤĘ˚ϥ�cƳúÓїcƳ
ˋCL´ŏǇ̓˚ˬʼͤ
ϼƇ̝ɾ� 
Șʻ[26]ŝΕюˋǇ QoE ƾ˨СёˣXǂȦУƅ�东ʆСё
˭̇ŏǇ̓˚

�ͪʝȇʶƭ�[ĵÃы�ˬʼ�ǳю̰̗	ŘˋǇΓˣƾÖ˚ПȦУƛý�X͕

DΡ̷-̪�ƣʿ˹͎̽́ú专̶ƯͤĆƖɤĘ东ʆˋǇ QoEǋ�
ƂƑy-
ΣƧɱ˒�Ȗ
AΉˋǇĎ̽ÊÃы。ˬʼ�ǳ̗�ͪȇȏ/Eë
ϱ˾̨̩U个

е˦ȦУǾ̃˚ʊϺ̅Ɖ�ϱ˾ȠɾΞΪ�ƂZˋ-ΕюʝȇÍȖĎȦƅ�˚Ƈ

ˋFi
͇èϮȻŏǇ̓ȇȏ/EúˋǇ!ΓƾÖ
东ʆƗ¡ʶƭ�ˋǇ˚!Γ

QoE�Rȫ
ίȘʻƂȼΟΥĵVΪ�Ãы�ˬʼ�ǳ̗�ͪ˚ȇȏʶƭ。/E�
�ń�é˚ȫ
ȾΥȘ˭̇˚ȫĵVΪ�ȇȏʶƭ� 
ȾȘĎ¡ȻŭX[10]�Ȁ�-˾ΕюʄÃыΪ�̝ɾ�ί̝ɾ�ˋΕюȹ«

ăúŏǇ̓&У˚ÒíʄЖȖǴ
Zˋ�̙ɔ˚Ƞɾ
Ƌ̎�̡ɤĘ
əǴ͎́ʄ

Ж˚̓ΝʵƝŎȦ东ʆΕюȇȏȦȫïÔˊÃы�ϱ̟Ș̑�Zˋ-ʵƝȀÕǓ

ȿŝΕюʄЖƅ�˚ȦƅcƳƋɤĎɳ��̡ɗȾ�
ȸȒďĎé�ɗȾ�

Ƒy-ȳĨ˚ʄЖNϥʵƝ�Rȫ
Ďί¡ȻŭX�
、D]ʬZˋ-͉�¸˚Ŏ

ȦÂˋЖɈΉƝȇȏă˚ʝȇʶƭ�ȫïÔˊÃы	�ɮħ
Ș̑�Zˋ˚ɀăŃ

*�̡ɤĘ
ǔ�ȸȦƅʵƝ˚ QoS ÍȖƅ��§ǂ��Ȧ ɗȾʧ¿ʷÍ�
Ρ̷
˯ē-Εюʄ QoS ÍȖƅ�ĎȦУ�˚̾ɋ
ƫ˓-��ǈËȾ³ð˚Ȧ
ƅ×´cƳ� 

1.3  �F*��uvwT 

�Uď
ȾΥȘŉǂ-��Ƞх˚ŭX� 
(1) Ȁ�ȟ˚ŏΓ QoEǫɓ���ˠǼZˋ ͉�¸ÂȸЖ�
͖ȫ͇è͉�

¸ŎȦÂȸЖú͉�¸ÂȸЖ˚×´ϑ±
Ȁ��zȟ˚ŏΓ QoEƉЖǫɓ�
͉�¸͇èʶƭ
ɈΉƝȇȏăʶƭ� 

(2) Řѐ̣Ɖ  ǛȘ�˚͎́ʄЖϲ΅ДƋ
ɋЂ�ѐ̣Ɖ  ĕ�˚Εю
͎́ʄ�ДƋΕюĕƅ�àCĎȖǴ东Ĥ（˚Ũх�
Дɋ�͎́ΕюʄЖ�Ј5

 ж�-˚ŏǇ̓ ABRθǽcƳ� 
(3) ZˋȦУƅ�ȖǴǮǹǓȿ
Ƌ̎Εю͎́ʄЖʵƝ�ȟ˚ŏΓ QoEƉЖ
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ǫɓ&У˚东ʆɤĘ
̀ 1ŎȦƾ˨ŏǇ̓ȇȏă˚ʝȇʶƭ�、D˚Ƞɾ�Zˋ

-ϼˋ1ȦУƅ�˚ɤĘúΡ̷Ǔů
ȳu�ď�ˋ- HAS Εюʄ˚ȦƅʵƝ� 
ΥȘ˚̾ɋŇǸĵ�� 
̖̑ ΥϷȾȘ˚˭̇͞Ȯú˭̇ƽ%
<̼-ȾȘ�ˡ~ŭX˚˭̇ˀ

ʶ
ƂŘˀȸŭX�ȾȘŭX˚�é&Ĥϲ΅-�Ɍɴϡ� 
̖0̑ <̼ȾȘ˭̇Ϭ̅�ǈƇˋ�˚Ǔȿ˨Ϊúˡ~˭̇
³Ǧ HTTP

ͤϼƇʄĽUNϥ�ȦУƅ�ȖǴǮǹú͎́Εю QoE˚ɣƪ�ǓȿɣΑ� 
̖�̑ <̼ě1ªŔΕюʄʵƝ�Ɍ˚ĕƅ�Дɋ�Ȁ�-˾ě1 HAS

Εюʄ˚ĕƅ�ДƋ̝ɾ� 
̖ą̑ <̼ě1ªŔʄЖ˚ HAS ΕюˋǇ QoE ˚ƾ˨ú东ʆ�Ȁ�-

˾zȟ˚ƇˋŨŏΓ QoE ǫɓ
ƂZˋȦУƅ�ȖǴǮǹǓȿ
Ŏˀ>ªŔΕ
юʄЖ�ŎȦ东ʆ HASΕюˋǇ˚ QoE� 
̖4̑ ư̾ȾȘŭX
Ƃǫ�-ȾȘ�ˀȸŭX˚�ϓCÐ�ɯ˭̇˚

à΅Ƞí� 
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2  l;P 

Ⱦ̑<̼ȾȘ˭̇Ϭ̅�ǈƇˋ�˚Ǔȿ˨Ϊúˡ~˭̇
³Ǧ HTTPͤϼƇ
ʄĽUNϥ�ȦУƅ�ȖǴǮǹú͎́Εю QoE˚ˡ~ɣƪ�ǓȿɣΑ̗�Œ� 

2.1  HTTP~�.]#
��;P 

HTTPͤϼƇʄĽU�HTTP Adaptive Streaming
HAS	
ȫǫě1 HTTP¾
˚ͤϼƇNϥʄǓȿ�ίǓȿ�;̈́ǒ-N̓˚ʄĽUǓȿú HTTP ʓϲƐ�
ϠǓȿ˚ʵʧ
ȋǪˋǇϩ�ϠϩȇȏΕю�Œ
͖ �Ƒy-ˬʼͤϼƇθǽЃϤ


ZˋĨˬʼ͊ˬʕ�Œúƭˬʼδɹ̝ɾ
�ȸʥʃ˚Mήǽ�©͠úȰ͠˚

ʄЖθͬɀ�[4]�l ɴ1N̓˚ʄƐNϥǓȿ
HAS̀.-ȇȏăȳĨ˚“ͤ!ɂ”

ZơȇȏăàCəǴƗ¡˚͎́ʶƭúˋǇȹ«ÍȖ
ȳè（ďθǽΕюʄ˚δ

ɹρЖ
Ďȸб˚͎́χʕ�ťà͠ďʙϓˋǇ˚ΓˣU个� 
ȾͬŘ HASNϥ˚ŭXɀ��!ʄΙ�Ƞɜ�ˬʼͤϼƇδɹ̝ɾ̗ˡ~�

Œϲ΅<̼� 

2.1.1  HAS��j*�Q� 

 
č 2-1  HASNϥ˚ŭXɀ�[4] 

Fig 2-1  General mechanism for HAS transmission[4] 
 

č 2-1ȫ HASNϥɀ�˚ͩɤĘ�Ď HAS�
ΕюMΌ͊ˬ Ĩ˾ˬʼʳ
Ⱦ
ɳ�ʳȾ˚ΕюǿϷ˚ĽU�Œˡé
R�ȸ�é˚ρЖ̗̲[4]�ɳ˾ʳȾ˚

ΕюMΌϲɯ�Ι ��ǪͅȦУˡé˚ϴͅΕю�ĕ
ȇȏăàCě1ɳ

��ĕĎʳȾУϲ΅ʥʃ�ǳ�Ř1ɳ�ĽUχʕ
ȹ«ă�ЎŁpȸίĽU˚

scƳǿϷȘE
ǿϷȘE�³ð-àȋǪ�ǳ˚ʳȾ̗̲�ĕǪͅȦУ�URLК
Ǽ̗ĽUcƳ�ǿϷȘE˚ŁĎ
ŤˡƗ1̀ȇȏăȀ\-Hΰ̹˚ĽUχȚʒ
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¿
àCΠȇȏăĎɳɧĽUȘEɭƐNϥ&¡ŤȀ¡˨�ίδɹχʕ˚ǈ

ȸΰ̹cƳ
³Ǧɳ�Εюĕ˚�ϧʼúˬʼ̗
ϱɗŤrΤȇȏăĎΕюʝȇ

Ϭ̅�ŎȦÍ͔ĽU˚sȖǴÍȖ
͇è͎́ʶƭúʝȇÍȖÐȦè（ďθȗĽ

U�ĕ˚δɹȠɜ
bΨΕюʄ˚ƀ̆中ρЖȇȏ�ĎɧMήƌķȦ
ȇȏăј

v>ȹ«ă�ϠǈδɹĽUχʕ˚scƳǿϷȘE
Í͔ǿϷȘE�Œ
əǴ͎́

˚ŎȦɇE
Zˋ HTTP/HTTPS¾ƌķ>ȹ«ăǬʭщƅ]ɧδɹĽU�ĕ

ɳ�ĽU�ĕЎпΑŉȗ˚Ό�Ϡ�Ⱦďȇȏă&ëǊàCϲ΅ȇȏ� -ô

Ȍ͎́Ÿœ˚ʀƯ
ȇȏă�Φ͐ȸ“͉�¸”
̀ 1Ȁ¡pĥΕюχʕ
CΔЇ

ʝȇϬ̅�ć͎́ɇEƴ¬
ĽU�ĕȢɾÐȦ�Ϫ͖Śͦ˚Ãы两д�Ďȗ�Ε

юʄƐNϥȻУ
ȇȏă˚ͤϼƇˬʼδɹЃϤM͇è͎́Ÿœ˚PΝƹ�úƗ

¡͉�¸˚ŎȦÂȸʼ
˴ ŋ��ĽU�ĕ˚δɹˬʼ
ȳȰ͠ďϲ΅Mήǽ�

úʄЖθͬ� 

2.1.2  HAS��j�]��HX 

˟¡
HASI�Ι�ȠɜəǴǓȿɓ�˚�éàC� �˾�MSS�Microsoft 
Smooth Streaming	�DASH�Dynamic Adaptive Streaming over HTTP	ú HLS�HTTP 
Live Streaming	�ϱ�˾!ʄɓ�Ўȫě1HASNϥǓȿ˚ͩƮƼʝ´͖Ɉ˚

ĒБˋ-ĨʳȾ�ĕŁpúͤϼƇˬʼδɹ˚Nϥɀ�
RȫĎ�U˚ĽU�ĕ

ЃϤúNϥǽ�̙˓�ŁĎ�é�l ɴ1MSSǓȿ
HLSǓȿú DASHǓȿ˟¡
˚ÿˋͲĊȳƄ�ΦĥȋǪʼȳ中
Ⱦͬΰ̹<̼ϱ�˾Ι�Ƞɜ˚¸�ú͙̪� 

(1) HTTP Live Streaming�HLS	 
HLSȫ Apple|æΦΝ˚ HASȗUΙ�Ƞɜ
ĵč 2-2ǈ˷� 
 

 
č 2-2  HLSȠɜ˚ěȾɛɐ 

Fig 2-2  The basic framework of the HLS scheme 
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HLSÝδɹěȾ˚ HTTPǛȘ
�ŎȦNϥ¾�RTP	�é
HLSàC̉Ϭ
GVrΤ HTTPȖǴЀϬ˚ШʣĠ。͕A（ȹ«ă[9]
ɮħ
ń)ƟŒȨZˋ�Œ

�Ố͎ɈNϥĽUʄ�˟¡
Apple |æŲ̽ǔ HLS ¾X �3͙͎ͳɜ
Ȁ6ͥ IETF̸̺ΟΥ
ǂ ɭƐ˚ RFC� 
č 2-2 ȫ HLS Nϥ˚ěȾɛɐ
!Αˌ��Ќ�̸ǂ�ȹ«ă̸E��Ô̸

EúŏǇ̸̓E�Ď�Ę˚ HLSЏ͐�
ȹ«ă�˚ĽU͊ˬăǼȌ�цю-Εю
˚ɤǣcåϥy
ŝ�͊ˬúśΎ HEVCΕюú AC-3цю
͊ ˬŉǂë˚ĽU

ȘEMΌʄƐĤ（ MPEG-4 。 MPEG-2 ɚƐ˚ĽUʄϻ̀�ĕ�§ă
ˌ�ĕ
�§ăŝĽUʄ�§ǂĪЖǪͅȦУˡé˚ TS �ĕȘEŁpĎ Web ȹ«ă��
�ɮéȦ
�ÔăM�ƋƂ͆ǚ�³ðĽUȘE�Ή˚ m3u8̬ƑȘE
̀ 1Σ

Ƙ�ĕȘE˚ URL̗ěȾcƳ�ŏǇ̓ϞEЀϬ HTTPȠƐδɹƂηÕ̬ƑȘE

ʬë�ǬʭщƅδɹȘE���˚ĽU�ĕƂȬ˷� 

(2) Dynamic Adaptive Streaming over HTTP�DASH	 
DASH ȫ̖�ě1 HTTP ˚ͤϼƇɴʵʼʄĽUΙ�Ƞɜ
ȫ˾ɭƐɓ

��DASHǓȿˌMPEG!ŚƌÔ
ĵč 2-3ǈ˷� 
 

 
 

č 2-3  DASH¾˚̪̓ɛɐ 
Fig 2-3  System framework of DASH protocol 

 

č 2-3ȫ DASH¾˚̪̓ɐɋ�Ď DASH˚Nϥʄ̅�
DASHŏǇ̓ј
vÕ˚ȫMPDȘE
MPDȘEȫĽUȘE˚ǿϷȘE�Manifest	
Xˋ̡Q
1 HLS˚ m3u8ȘE
MPDȘEC XMLɚƐ̸̺�DASH˚ŭXË（úNϥʄ
̅� HLSěȾˡé�Ç?DЎȫпΑŝΕюʄϲ΅�ĕĤ（
Ƃě1 HTTP¾
ϲ΅Nϥ
ŏǇ̓Ў�ĥͤϼƇθǽЃϤ�� HLS�é˚ȫ
DASHĎ�ĕȦ




µ 9 6 Ѐ Ī Ń ˲ Ģ Ń S Υ Ș                       ˡ ~ Ǔ ȿ 
 

11 

�ȫǬʭé˾�ϧʼ。ȫ͊ˬɚƐϲ΅�ĕ
DASH �éɇĽUȘEMŁĎ
Ĩ˾�ϧʼ/͊ˬ˚�ĕ̸è�ćɮ
ˡɴ1 HLS
DASH˚ʥʃƉȳ中
àCϼ
Ƈ˚ƇˋĐȮ)ȳªœɿ
͠ ĩȢ͌ďϼƇ�ȝ×´˚͎́ɇE
Ƃ�Cɴϡş˚

Ãы。Дȟ͉�/EȀ\中ρЖ˚Εюȇȏ�Ήɚ 2-1�Ř HLS� DASHϱ�˾
HASǓȿΙ�Ƞɜ&¡˚¸�ú͙̪ϲ΅͏�� 

 
Ή 2-1  HLS� DASH˚ƍéʧ 

Table 2-1  Similarities and differences between HLS and DASH 
 

ш˟ DASH HLS 

̡Ę ƌȏ˚
ě1ɓ� Appleǽ� 

ʕΕю͊ˬă H.264̗ H.264 

ʕцю͊ˬă AAC̗ AAC,MP3 

�ĕɚƐ MP4ɚƐMPEG-2 TS MPEG-2 TS 

цюΕюĦˋ ĦˋĎ��ĕ。цΕю�ƌ ĦˋĎ��ĕ 

�ʲúÔϻ ɓ� HTTPʄĽUȹ«ă ɓ� HTTPʄĽUȹ«ă 

ȇȏ 3GPP Rel9/MPEGŏǇ̓ ͱɎ ios/QT X 

DRMbǚ ʥʃ˚�ĵ OMA。 UV	 AES-128ªŔ 

�Ę�ĕȦП ʥʃ˚ 10s 

ͤϼƇǽ� ŏǇ̓ ŏǇ̓ 

2.1.3  HAS��jnd~�.�[t\ 

ȢΥȫ HLS�DASHΙ�Ƞɜ
ϰȫͩ˚ HASNϥɀ�
�N̓˚ʄĽU
Ǔȿˡɴ
ȶȬͼ˚¸�ŤȫȋǪŏǇ̓əǴ͎́ɇEúˋǇȹ«ÍȖƭďθ

ȗĽUχʕ˚δɹρЖ
ϱ˾Ȱ͠´ˬʼδɹɀ�˚Ƈˋ
ȠхƖ©1 HAS�
ȹ«ă̓ŘĽUȘEБˋ“ĨρЖ̗̲�ĕ”˚ŁpȠƐ
ÛȠх
!Αơ˜1
HASĎŏǇ̓�Ƒy˚ˬʼͤϼƇδɹ̝ɾ�Adaptive BitRate algorithms
 ABR	� 

ABR̝ɾŭX1 HASŏǇ̓
ЀϬǪͅ˝ǽ͎́Ÿœ�Φĥ CPUƯ͠�Ε
юȬ˷ρЖ̗̻̓ΦĥÍȖɈΩPΕюˋǇ͎́ϴǼ˚ʶƭ
Ƃ]Ǵϱ5ÍȖŎ

Ȧ˚θȗΕюʄ˚δɹρЖ
>͖ͤďϼƇˋǇ͎́úȇȏɇE˚GV×´�

ABR ̝ɾБˋ“ť¨͖ �Жy ��ȶLΔ�”˚ΦΝƮƼ
>ˋǇU个�Ô

Ďˀȸχʕ˚ɇE�ťà͠˚ʙϓˋǇ˚ΓˣU个
ϱŤƽù˦ŏǇ̓ĎƇˋ

ABR ̝ɾȦδɹ˚�ŋưȫȶ中ρЖ˚Εюʄ
RȫÈŋȫΦĥĎƗ¡˳E
ɇEú͎́χʕ�àCȇȏ˚ȶ中ρЖ˚ʄ� 
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ˀȸ˚ ABR̝ɾ˚ΦΝЃϤ!Α� �Ī̡�ě1͉�¸Âˋʼ[47,48]�éȦ

ě1͎́îìЖ东ʆú͉�¸Âˋʼ[49-54]�Ďϱ�̡ЃϤ˚ě˱�ΦΝ�˚ ABR
̝ɾ�ȶ�ȸAΉƯ˚Ι�Ƞɜȫ�MPC�Model Predictive Control	�BOLA�Buffer 
Occupancy based Lyapunov Algorithm	�HYB�HYBrid	� 

(1) MPC[54]�ě1îìЖ东ʆú͉�¸Âˋ�ЀϬɹΙȶL´СёϽǥΕюĕ

˚ɴʵʼ	�MPC CȶϮδɹ˚4�Εюĕ˚�ϠîìЖX ɗȾ
东ʆ��
ĕ˚͎́îìЖ
Ƃě1ίîìЖ˚东ʆiϽǥΕюĕ˚δɹˬʼ�Ďϱ˾ƮƼ˚

ě˱�
Άˊ�-��MPCʳȾ�FastMPCú RobustMPC�FastMPC̝ɾ�Ƒy
-“θúƀĒ东ʆă”PΝîìЖ�RobustMPC̝ɾЀϬΊ�ćľ1 + #б�îìЖ
˚东ʆi
��#ȫϬÌ4�ĕ�ϠȦîìЖ˚ȶĪ东ʆβŰ� 

(2) BOLA[48]�ě1͉�¸Âˋʼ�ЀϬɹΙȶL´�ȖɈϽǥΕюĕ˚ˬʼ	�

BOLAȫ˾ě1͉�¸Âˋʼ˚ ABR̝ɾ
˟¡Ų̽ǂ©Ќ͑1ƌʕ˚ DASH
ʄĽUȇȏă Dash.js[55,56]��BOLA Ďϲ΅ˬʼ�̙Ȧ�пΑϲ΅îìЖ东ʆ

͖ȫǔ�é˚͉�¸ÂˋʼȩŜ��é˚ˬʼ̗̲�Ɉ
>͖ŝΕюĕ˚ˬʼϽ

ǥɤĘϜ´ǂ�ȶL´Сё�BOLA ŝ͉�¸Âȸʼ˚ȶTЦi��ƼΑ͆Ǫ
˚ȶ（ƼЦi&У˚ɴi$X ȗ�ɤĘ˚б�ÍȖ
ˋɈ�ŋɤĘĎƗ¡˚͎́

ɇEú͉�¸ɷƀ�
ƇίϽǥĨĪˬʼ˚Εюĕ
Ǌ͠ĩťà͠˚ŝ͉�¸Âˋ

ʼ͆ǪĎ（ƼЦi&�Ƃ��MÔˊДȟ͉��Ѐaďγ
$AΉ˦ BOLAƼΑЇ
xДȟ͉�/EÔˊ˚ϱ˾ƽǀ˚“ƕʩ̅Ɖ”
$iϐ中
BOLA˚ˬʼ�̙)ϐ
bņ� 

(3) HYB�ě1îìЖ东ʆú͉�¸Âˋʼ�ZˋòÔƐ̝ɾϽǥˬʼ	�HYB
ȫ¿ά hybrid ˚̜̂
éȦě1îìЖ˚东ʆiú͉�¸ÂˋʼϽǥΕюĕ˚δ
ɹˬʼ�Ř1ɳ�Εюĕ˚δɹˬʼ
HYBĎЇxДȟ͉�/EÔˊ˚¡Ȁ�

Ͻǥ͠ĩÕ�˚ȶ中ˬʼΕюĕ��Uďγ
HYB ŝ%&(()ŋ% ˬʼ (˚̖*
�Εюĕ˚ĪŞ
+ȫəǴϬÌĕ˚�ϠʄЖŘƗ¡͎́îìЖ˚东ʆi
,ȫƗ

¡Ȧ ˚͉�¸Âȸʼ�Łp˚ΕюĕȦП	�HYB Ďʙϓ%&(() +⁄ < , × +˚¡

Ȁ�ϽǥȶĪ˚(i
)ŤȫϽǥȶ中˚Εюĕˬʼ�ϱГ˚+ȫ(0,1)&У˚�

Ȗi
+ϐĪAΉàCϽǥ˚(i)ˡŘȳĪ
ɮȦ˚ HYB ˬʼ�̙)ȳ“Ī͝”�
ЀϬθȗɴ[ćľ+
àCĎŋ̅Ɖ�ǝʊîìЖ˚东ʆβŰƂ�Έoί̝ɾ�

ςļɹΙ˚Ə̓
ȸȒďƇŘƽħ˚͎́îìЖќ一̀ȼɈ˚͉�/EŸɈ˚ƛ

ý� 
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2.2  I�-�E>=@ 

ȦУƅ�ȖǴǮǹ�Time Series Data Mining
TSDM	
ȫǫ>ĪЖ˚ȦУƅ
�ȖǴ�ЀϬ̝ɾǮǹж1����ȦУūƯˡ~˚cƳ
ƂŝcƳϜǳ :D

à（Ι˚̾ɋ
̀ 1ϲɯǫŚ:D˸M�́ ʃú̽ʇ̗ʃ˚Ϭ̅�ȦУƅ�Ȗ

ǴǮǹȫ˾ʋÐɀăŃ*�̓ΝŃúȖǴƆ（Υ˚6ÏȠɾ[57]�ćϱ˾ȖǴ̡

Ę�Ŵэę˚ƄɿƯú�ŕƯ
ȦУƅ�ȖǴǮǹ�ȸ�ŕ˚ƇˋĐȮú˭̇ƽ

%
˟¡Ų̽ǂ ȖǴǮǹ˚˭̇ʫʧ&� 
Ⱦͬ!ΑŘȦУƅ�˚ɣƪ�ȦƅȖǴǮǹ˚!ΑG«�Ȧƅ东ʆ˚żΒĤ（

ΘƉ̗ˡ~�Œϲ΅<̼� 

2.2.1  I�-�jY5 

ȦУƅ�ȫǫǬʭȦУщƅǸ�˚̸ȖǴ
ȫ˾ДΑ˚中͆ȖǴ̡Ę�Ë

��
éɇȦУƅ�ȫŘé�ŏΓŘλ˚é�ʴ（Ж
ǬʭȦУщƅϲ΅Б

ɗƂǸ�̸ǂ˚̸ƅ��ćɮ
�'ǈȸǬʭщƅΣƘ˚ȖiЎàCŁp ȦУ

ƅ�
ɴĵ͛˻Fɚ�īɶɇE�ʴ（̪̓ÍȖ×´�7ûρЖ˝ǽ̗[57]
ǈC


ȦУƅ��'ŁĎ1ǈȸ˚˿ŃúŎϘэę��ȦУƅ�àCȫ¿×Ж˚
Ç;Σ

Ƙ�×Ж˚Ȧƅ×´ƹ�
)àCȫĨ×Ж˚
ÇĎéȦУʧŘɈͤ�éɈʕ

˚̸ΓŖϲ΅ΣƘ
̸ èX ί̪̓ίȦ ʧ�˚�ɗȾi
ŝϱɗǬʭȦУ

щƅБ下�˚ȖǴ下̂ ĨsȦУƅ�� 

2.2.2  I-E>=@j���� 

ȦУƅ�ȖǴǮǹ˚G«àCŋ% >ȦƅȖǴʧ下è�ȀÕȸƽ%˚cƳ�

əǴ˭̇˟˚�é
àC� ��̡�̡͚�东ʆ��§úˡQƉ�Ɍ̗�ȾͬД

ʧ<̼ȦУƅ��̡�̡͚ú东ʆ�˾!ΑG«� 
(1) Ȧƅ�̡ 
ȦУƅ��̡ȫǔȗ�ȦУƅ�ƗXϥy
Ƃψ.ϱ�ƅ�ɑ�˼ȕɓΣ˚

Ϭ̅�ĎŎЮƇˋȦ
ȦƅȖǴƜƜȫȢɓʁ˚
ɮȦàCZˋȦƅ̡͚˚Ƞɾ


vŘЌ�ȦУƅ�ϲ΅̡͚�Ɍ
ŝū1é�̠˚ȦУƅ�ϲ΅ʵƝȀÕ˚é

ȦƂŘɳ�̠ϲ΅ɓ̛´
ʬëŝɓ̛̠�˚ȦƅȖǴX Ρ̷下�ĎΡ̷�̡ă

˚Ϭ̅�
ŝȼɓʁ˚ȦƅȖǴX ʆέ下
�Ρ̷下�˚ȦУƅ�ě1ɑ˾ϕ˼

ƉЖǫɓϲ΅ˡQƉ�Ɍ
>͖ŉǂ̡��ȝ�ȦУƅ��̡G«�żˋ�˾�̡
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̝ɾ�K-ȶϮЊ�ȋǪíЖɀ�SVM	úеɀɟɍ�K-ȶϮЊ̝ɾȫŝ˟ɓȦУ
ƅ��Џ̀ȖǴ下���“ȶˡQ”˚ K ɇȦУƅ�ĨȖū1˚̡���еɀɟɍ
ȫ˾ˋ1�̡˚下ǂŃ*̝ɾ
ĎΡ̷ȦɋƋĨɇ�̙ɔ
ЀϬ͇è͔ɳɠ�

̙ɔ˚�̡̾ɎŘȦƅȖǴϲ΅�̡�г-ϱ�˾̝ɾ
:ŭ˹͎̽́�Artificial 
Neural Network
ANN	�μäȞ͎́�П˫ȻΣƧ˹͎̽́�Long Short-Term 
Memory
LSTM	̗ ɀăŃ*�ʐƉŃ*̝ɾ
)àCˋɈŘȦУƅ�ϲ΅�̡� 
ȢΥȫþ˾�̡̝ɾ
ЎпΑŘ˟ɓȦƅ�Ų˨Ȧƅě1ɑ˾ƉЖǫɓϲ

΅ˡQƉ�Ɍ
Ƞàϲ΅ϕ˼“ϳϮ”˚�ȝ
ǈCĎȦУƅ��̡Сё�
ϕ˼Ɖ
Жǫɓ˚ϽÕţ ДΑ�ϱГ˚ǫɓàCȫě1ȦУƅ�˚ƙʶúưU×´ϑ±

˚
[ĵɩƐϕ˼
ƭȦУǎȲ�DTW	�)àCȫě1>ƅ��ȀÕ�˚ʵ
Ɲ
[ĵюʼ�ŽƉ�țʼ̗�ɮħ
ȦУƅ��̡G«˚�ȶ!Αи˵Ťȫί

ȖǴ̡Ę�ȦУ͆ƉϬ中˚Сё
ĪĨȖȦУƅ��̡G«˚јΑɯќŤȫŘȦ

ƅϲ΅一͆
żˋ�˚̝ɾȸĲƍi�Ι�SVD	�!ǂ��Ɍ�PCA	� 
(2) Ȧƅ̡͚ 
ȦУƅ�̡͚˚˟ɓȫŘȖǴ下�˚ȦУƅ�əǴɑ5Ë�ϲ΅�̠。ȫǑ

�ȖǴ下˚ͤʬ�̠ú̾ɋ���̡G«̡Q
é�̠�˚ȦУƅ�Ʀ业əǴɑ

˾ϕ˼ƉЖǫɓϲ΅ˡQƯ�Ɍ�N̓˚̡͚̝ɾȸ̸̺ͤȩŜ�SOM	�жљŠ
àĭɤĘ�HMM	。ȋǪíЖɀ�˟¡ƇˋȶƄɿ˚̡͚̝ɾȫ K-means�K-Ē
i	
K-means јv>ȖǴ下�еɀďϽǥ K �ȦУƅ�X ̡͚�ƥ
ʬëə
ǴȖǴ下�˟ɓȦƅ��ƥȦƅ˚ϕ˼
ŝńD�Џ�ȶ“Ϯ”˚̠�
ϱ˾Ϭ̅п
ΑДĦ˚ϲ΅Ĩɧˠ� K �̠ĒȌȔ
Ç̠�̠&У˚ȦƅȠŰϪ�ȶĪЦi

é�̠�˚ȦƅȠŰϪ�ȶŞЦi�ИŘȦУƅ�ȾϚƯρ˚�é
Ďϲ΅Ȧƅ

̡͚ȦMŁĎ�é˚ȉXȠƐ
[ĵˌ1ȦУƅ�˚中͆Ư
ĎŘȦƅȖǴϲ΅͚

̡�ɌȦƜƜvпΑϲ΅�ʲĤ（
ŝȖǴ��ǂ��̗П˚ľƅ��ĵɎȦУ

ƅ�ŁĎøȻƯ
ŤàCvŝȦƅȖǴ�§ǂПƉ̗1øȻ˚专ДØ�ʲ
ʬë�

ZˋżΔ˚̡͚̝ɾŘ�ϲ΅�Ɍ�ƗȦУƅ���ȸøȻƯȦ
ĵɎéɗZˋ专

ДØ�ʲ˚Ƞɾ
Ɵà͠M�ȦƅȖǴ˚ДΑ̾ɋcƳ
ɮȦŤпΑ>ίG«Ⱦ

Ϛ�Ô
̾ èǈ˭̇Сё˚v个˨ΪŘ专øȻȦƅȖǴϲ΅ДØ�ʲĤ（
[ĵĎ

Řƥˍč�ECG	ƅ�ϲ΅�ʲ�ɌȦ� 
(3) Ȧƅ东ʆ 
ȦУƅ�东ʆG«ȫě1ϬÌ˚ΓŖiPΝϴͅȦУƅ�˚ȼɈi�ɴĵə

ǴϬÌ�ø˚ΣƘ
东ʆȧī͛˻˚Ȍ˞ǫȖ。ȫ͎ƈÿûFɚ�ȦУƅ�东ʆп

ΑƋ̎Γʆ×Же˦ȦУ×´˚΅ ɤĘ�ȶ̜¿ˠΓ˚ɤĘȫĆƖ̝ɾ
Cŋ

˚βŰťà͠ďǣèȦУƅ�˚ȖǴ×´Ȳ̶�ĵɎɑ�×Ж˚��Ȗi̭Ŕ
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ď]ϊ1&¡Ȗi˚×´
[ĵͨ˂Ɗβ�CÐɶλ�̽ʇĐȮ�˚ȦУƅ�
Ť

àCБˋŰ�ȗè̃ͤĆƖɤĘ�Auto Regressive Integrated Moving Average 
model
ARIMA	ϲ΅Ȧƅ东ʆ
Rȫ
ϱ˾ȠɾпΑȦƅȖǴ�ȸƀ̆Ư
ÇȖ
Ǵ˚ĒiúȠŰĎȦУ͆Ɖ��е̪̓Ôˊ×´
ʬ͖ˀŎ�ƟĨĐȮ�˚ȦУ

ƅ�Ў��ĥƀ̆Ư
ɴĵ͎́ʄЖ×´�ΦĥȑиöΜ̗
ɮȦ
àC͔Zˋ

ƣʿ˹͎̽́�Recurrent Neural Network
RNN	̗ʐƉŃ*Ƞɾ
ЀϬͤ´ď
ǮǹȦƅʵƝ�жƐďΉϪƅ�˚¡ë]ϊ~̪ϲ΅Ȧƅ东ʆ� 
ˌ1ȾȘ�!Α˚ȦƅǮǹG«ū1东ʆСё
ȸ~1Ȧƅ东ʆ˚żΒĤ（

ΘƉ、DMĎ 2.2.3ͬϲ΅ΰ̹<̼� 

2.2.3  I-�^j+�"g�/ 

Ȧƅ东ʆСё˚żΒĤ（ƮϗàC!Α� �˾�>̓ΝŃ˚ΘƉ�>̽�ɀ

ăŃ*̝ɾ˚ΘƉ�>É́˹͎̗̽́ʐƉŃ*ɤĘ˚ΘƉ� 
(1) >̓ΝŃ˚ΘƉ 
ɤĘ�Ɍɾȫ̓ΝŃ�˭̇Ȧƅ东ʆСё˚!ΑȠɾ
)ȫÕ��ȦУ

ƅ�ëŘ�ϲ΅�ɯ�Ɍ˚ȶͤʬ�ȶˠǼ˚Ƞɾ�ϱ̡Ƞɾ�ȶ�ȸAΉƯ˚̽

�ɤĘȸ�ͤĆƖŰ�̃ƀĒɤĘ�ARIMA	�Ƅ%ͤĆƖɇEƍȠŰɤĘ
�GARCH	�љŠàĭКɤĘ�MC	̗�ϱ̡ɤĘ˚ȶĪʵʧȫˠǼ>东ʆ×Ж
ȾϚ2˚ΘƉƋ̎ĆƖɤĘϲ΅东ʆ
ɴĵ͛F东ʆСё�
东P3Ȧ ˚͛F4(3)


ŤпΑŘϬÌɲȦУ͛F˚ÊâcƳ{4(1), … , 4(7), … , 4(3 − 1)}
>εĵĨЫŰ

��ͤ ˡ~�Ȗ̗ΘƉϲ΅̓Ν�Ɍ
̀ CΝ̝ĆƖɤĘ˚ˡ~ÍȖ
>͖ЀϬˠ

Ǽǣè͛F×´Ȳ̶东ʆ4(3)�ʬ͖ϱ�ΘƉ˚˭̇ŁĎ��Ȭ͖ȨΒ˚Ə̓� 
1) Ý͠ĩZˋ东ʆ×ЖȾϚ˚Ȧƅ×´ʵƝ
Ȣɾ͇è͔��?�东ʆ×

Жˡ~˚ƛýć̫
ɴĵ͛F东ʆСё�˚Ȑ̙ć̫�I�ͧƹ̗� 
2) Ήх�ȫĎȦУ͆Ɖ�Ƌ̎ĆƖ东ʆɤĘ
Rȫ�ƥƮƼŤȫəǴCƜ˚

ȖǴΣƘ
��东ʆ4(3), 4(3 + 1)…
Ƃɻȸˤɭ͔�ϱ5东ʆ×ЖȾϚ˚ȦУ

ˡ~Ư� 
3) ˌ1ɤĘȾϚ˚ȦУĦɁƉ
Ý͠ĩĤ（ȸбȦП˚ƅ�
àC͔˚Ȧ

У̍Ùȸб� 
(2) >̽�ɀăŃ*̝ɾ˚ΘƉ 
�̓ΝɤĘˡɴ
>ɀăŃ*̝ɾ˚ΘƉϲ΅ȦУƅ�东ʆ
àCéȦ͔�

�东ʆ×Жˡ~˚�?ƛýć̫�ЀϬéȦŘ东ʆ×Жú�?ƛýć̫˚ÊâΣ

Ƙƅ�ϲ΅ʵƝȀÕ
àCĎɳ�Ȧ ʧ�Õ�“Ĩs˚ʵƝ̸è”
>͖ŝ̜
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¿˚sȦƅ东ʆϜǳ ĨsȦƅ东ʆ��̓ΝɤĘˡɴ
ɀăŃ*̝ɾàCЀϬ

�ŕ˚ʵƝŭ̅ǉɲ
ŝȦУƅ�˚ÊâcƳťà͠Ĩ˚ƋɤĎɳ�ɗȾʧ˚

ʵƝ�
�пΑϲ΅̍Ùʗɀ�。ȫͤĆƖɀ�
ΔЇ-̓ΝɤĘ�ć ȦУƅ

�˚中͆ƉƯǈŸɈ˚ȦУĦɁƉ˚Сё�Rȫ
ϱ˾ȠɾŎЮ�ȫ>ȦУ�ǔɳ

�Ȧ ʧ˚ȖǴǋȕ
ŝ�Ȧƅ东ʆСёϜǳ 专Ȧƅ东ʆСё
ĎŘɳ�

ɗȾʧƑyȳĨʵƝcƳ˚éȦ
ŸɈ�ʧƏ̓� 
1) Öǻ1ʵƝŭ̅˚ȸȒƯ
: ď§-ƅ�&У˚ȦУˡ~Ư� 
2) ɤĘ��ȸΣƧƯ
͠ĩĤ（˚ƅ�ȦПȸб
��ȦУϕ˼ϐϳ˚ɗȾ

ʧɱ˒˚ȦƅcƳϐş� 
(3) >ƣʿ˹͎̗̽́ʐƉŃ*ɤĘ˚ΘƉ 
ˡɴ1̓ΝŃȠɾú̽�ɀăŃ*̝ɾ
ϮƁɈʄ΅˚ƣʿ˹͎̽́

�Recurrent Neural Network, RNN	̗ʐƉŃ*ɤĘ�;àCĎɳ�Ȧ ʧ�éȦ
͔Ĩ͆ƛýć̫
ϰàCŘɳ�Ȧ ʧ�ʵƝ̸è˚ȦУ]ϊ~̪ϲ΅ȬƐ

Ƌɤ
ĵƋ̎ȖŃȩŜɤĘ�:;<(1), <(2), … , <(3)> → 4(1), 4(2), … , 4(3)
��

<(3)ȫĎ3Ȧ �˚Ĩ͆ƛýć̫˚ʵƝ̸è
4(3)ȫ3Ȧ 东ʆ×Ж˚Ȗi
ĵ

č 2-4ǈ˷� 
 

 
č 2-4  RNNɤĘG«̡Ę˷ƽ 

Fig 2-4  Common task types of RNN 
 

č 2-4 ȫ RNN ɤĘ˚żΒG«̡Ę
͈ͫɛȫ RNN ˚˹̽s̾ɋ
̱ͫɛ
ȫϥy<
̮ͫɛȫ东ʆ˟ɓ4��� One to OneG«̡ĘàCAǫ̽�ɀăŃ*
̝ɾ˚ɤĘ̾ɋ�ZˋɀăŃ*̝ɾϲ΅Ȧƅ东ʆȦ
�ŎȫŝȦƅ东ʆСёϜǳ

 -专Ȧƅ东ʆСё
ɳ�Ȧ ɗȾʧơ��ϥ�i
ϱ˾Ĥ（ȠƐ�ɤĘˣ

ƞȦУƅ�˚ΕЕȫ¿˚
ÇƋ̎˚ȖŃȩŜɤĘȫ�:;<(3)> → 4(3)�͖Ď

RNN�
àCЀϬMany to Many˚G«̾ɋƋ̎ώ(@ABCADEA<, @ABCADEA2)&У
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˚ȩŜ
ϱГ˚ @ABCADEA<ú @ABCADEA2Ç��Aǫ <(1), <(2), … , <(3)ú

4(1), 4(2), … , 4(3)�Ƃ�
l Ř1ȭЀ˹͎̽́˚ç�Ν̝̾Ɏ&Уˡ3ʷ̎˚ʵ

ʧ
RNN˚ɳ�жŨ˚Ν̝̾ɎЎ�Ɨ¡ϥyCÐ�ɧжŨ˚̾Ɏˡ~�
ЀϬϱ˾Ƞɾ
RNN˚ĎƗ¡Ȧ �˚ϭ̝`�ĥ-“ΣƧ”&¡�ɧ̾Ɏ˚͠¨� 

2.3  zx�� QoE 

ȾȘ˚!Αͻ͢ʧȫŘ͎́ΕюˋǇ QoEϲ΅ƾ˨ú东ʆ
ʋÐ�͎́Εю
QoEΩPǓȿ˚˭̇úΟΥ
ćɮ
ȾͬјvŘˋǇU个ρЖ˚ɣƪ�͎ ́Εюρ

ЖΩP˚ɣƪ�͎ ́ΕюρЖΩP˚ɤĘ�Ɍɾ̗ˡ~Ƞхϲ΅<̼
�U˚˭̇

Ƞɾú˭̇ǂɎŝĎ̖ą̑ϲ΅ǿϷ� 

2.3.1  h:
���jY5 

ˋǇU个ρЖ�Quality of Experience, QoE	ȫˋ1·ЖˋǇĎU个ɑшȹ«
�ɴĵ͎чʈΖ�ΕюΓˣ̗	ȦĂƸ。ȫʪƵ̅Ɖ˚ǫɓ
Ȁ\-ˋǇŘʵŋÿ

û�ȹ«。Ƈˋ˚ȻȺ�Ξ˨úʙƽƉ˚ΩP[45]� 
QoEɈʕ1 QoS�Quality of Service
ȹ«ρЖ	
RȫÎ� QoS�é
΄ʬ

QoE ˚ΩFŘλżżȫȹ«ȾϚúȋȅȹ«˚͎́
RȫΩF!Uķ̻Ўȫ̻̓
ˋǇ
͖ QoS ɀ�!Αȫ>͎́˚ΘƉϲ΅�«ΩP
�ʋÐ̻̓ˋǇ˚!Γƾ
ÖʆЖ� 

QoE ȫ˾!Γǫɓ
ˋǇ˚!ΓƾÖà͠MÖ�ȗ�ȹ«̪̓�çЌ�Í
Ȗ˚ƛý
ϱ5ƛýć̫əǴȋǪȹ«˚�éŘλ!U
àC� ą̡� 

(1) ̪̓�!Αȫɋǂȹ«˚Ǔȿ̪̓�˚ć̫
ɴĵ͎́�˚�³�ƊȦ

̻̓Φĥ˚Ư͠�ũž˚ĪŞ�ó̫̗	
ȇȏă˚͉�ȠƐ� 

(2) ʿğ�ˋǇǈĤ˚ʿğć̫
ɴĵďʧ�ȦУ̗� 
(3) �Œ�ȹ«ȾϚ˚ʵƝ
ɴĵ͊ˬɚƐ�Źʼ��Œʄ΅Ɖ̗� 
(4) ˋǇ�ˋǇͤϚ˚ƥ（ć̫
ɴĵʈΖĂĴ�ΕΗ˘(Ɖ̗� 

2.3.2  zx������jY5 

͎́Εюȹ«ƄɿďƇˋ1ΕюM�Εюʧȇ�ϳ̅¹：̗эę�QoEàC
>ˋǇ˚ΘƉÓȩȀ\ÿ˚ȹ«ρЖ�ǈC
͎ ́Εюȹ«Ȁ\ÿàCЀϬƾ˨ˋ

Ǉ QoEŘͤű˚ȹ«ρЖϲ΅˝ǽ
Ƃě1 QoEƾ˨̾ɎĎˋǇǖΫ。ȫȏƎȹ
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«&¡ŘŏǇU个ϲ΅ȍϲ�˟¡ě1͎́Εю QoEΩP˚ˡ~˭̇Ų̽ǂ -
�ʫʧȠí� 
͎́ΕюρЖΩPȫИŘ͎́Εю˚Nϥʄ
>ˋǇρЖU个�ÔΩPúʆ

Ж͎́Εюʄ˚ρЖ[9]�ˀȸ˚͎́Εюʄ QoE ρЖΩP!Α� �˾�!ΓΩ
Fɾ�ŏΓΩFɾ� 

(1) !ΓΩFɾ 
!Γ QoEΩFȠɾȫǫЀϬΠˋǇŘ�«l�!ΓΩFˠǼÕˋǇ˚ρЖ

ƾÖ� -ơˋǇ˚ƾ˨
пΑϽǥŋȖЖ˚ʆέˋǇ
ЀϬŘʆέˋǇŎЮ

Zˋȹ«Ȧ˚U个ϲ΅̳Ƙ
ƂŘΣƘϲ΅ QoE�ȖŋЖ
ơ�ˋǇŘίȹ«˚
!Γǋ��ϱ˾ȠɾˠǼ>ˋǇͤϚ�Ô
ɤǣˤŎ˚ȹ«ĐȮ
àCȶĪà͠ď

ÓƇˋǇ˚!ΓU个� 
Rȫϱ˾ȠɾŎȡ三ƉɴϡĪ
�ɚÖǽ˚Ŏ个ʿğ
́ ʬàCȸИŘƯďϽ

ǥɳɧÍ�Ŏ个˚ƛýć̡̫Ę
Rȫ)éȦŸɈ-ŎȡɯќĦɁ�AFĪ�à̃

ɡƯŰ˚Сё[45]
三Cϲ΅ĪΔɤ˚ʆЖú个Ψ
Ƃ�Mˌ1ʆέ:÷ȾϚ˚Ű

ƍƯƛýǋ�̾Ɏ
��ȸЀˋƯ�γȹ¨ϡŰ� 
(2) ŏΓΩFɾ 
�!ΓΩFȠɾǆʬ�é
ŏΓΩFɾ˚ƇˋϬ̅��пΑˋǇ˚!ΓΩF


;ЀϬ�«ϥ��Œ˚ρЖɷƀ。ȹ«˚ËķρЖ˚ĮˤɷƀɈΩF�«[9]
[ĵ


Ď HASΕюȹ«�
�Œȹ«Ȁ\ÿàCЀϬŝΕюʝȇϬ̅�˚ƀĒˬʼ�Ã
ыɧȖ�òƊȦ̗ QoSǫɓ�ˋǇ˚ QoE͙̪ώɈ
Ƌ̎�͕&У˚ȖŃ�Ȗ
~̪
ЀϬʆЖúȌ下ϱ5� QoEˡ~˚ŏΓ QoSǫɓ
УǼŏΓďÓȩˋǇU
个ρЖ� 
ćɮ
ŏΓΩFȠɾ�ȸ̜¿Ȩˋ�Ƞ`Ŏȡ�ЀˋƯƕ˚ʵʧ�Rȫ
 -

ťà͠�˴ďЀϬŏΓÍȖƾ˨!ΓU个
ŤпΑéȦbΨ QoSǫɓ� QoE�Ȗ
&УȖŃ�Ȗ~̪˚�˴ƯúàΙВƯ
͖ ϱ�;пΑϓĩ˚��˨Ϊ
)пΑŘ

ȹ«˚̡ĘúˋǇ͒Ujíϲ΅Ξˤ͔� 
ˀȸ˚͎́ΕюρЖΩP˚˭̇ĪЎБˋO!ΓȠɾ
)ÞɤĘ�Ɍɾ�ȾȘ

̖0Ќ�˚ŭXŝ!Αě1ɤĘɾŘ HASΕюˋǇ˚ QoEϲ΅ƾ˨ú东ʆ
ǈC
Ⱦ̑ŝ͎́ΕюρЖΩP˚ɤĘ�Ɍɾ¿ʷȏĎ 2.3.3ͬϲ΅ΰ̹<̼� 

2.3.3  zx������jZ��U\ 

ɤĘɾ
ÎÞO!ΓΩFɾ
ȫ˾Ď!ΓΩFɾúŏΓΩFɾě˱�ÔŪώ

Ɉ˚下ǂΩFȠɾ
ίȠɾ�;Ƒy-ŏΓΩFȠɾ�ɤĘÍȖȩŜ˚ƮƼ
͖ �
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Mϲ΅ʆέɗȾȌ下
ŝÖʆ:÷Řȹ«˚!ΓΩ�X QoEƉЖɓ�
ˋ1ρ
ЖΩPɤĘ˚Ρ̷ú个Ψ�ǈCϱ˾ȠɾĎ̜¿Ȩˋ˚éȦ
ÎM�ȸϡ中˚ˋǇ

!ΓU个ƾ˨̦Ɖ�ɤĘ�ɌɾƇˋĎ͎́ΕюρЖΩP�˚!Αɯќ
ĵč 2-5
ǈ˷� 

 

 
č 2-5  ͎́Εю QoEɤĘΩPɾ 

Fig 2-5  Network Video QoE Model Evaluation 
 

(1) əǴΕюȹ«˚ʵʧ�ĵˠȇ。ʧȇ	
˴ŋè（˚ŏΓ QoE ƉЖǫɓ
�[ĵÃыʼ�ƀĒˬʼ̗	� 

(2) əǴ�«ЃϤúƇˋɐɋ
˴ŋ�ŏΓ QoE ƉЖǫɓˡ~˚zЌ。ȫ~
Н QoSÍȖ�[ĵ͊ˬɀ��͎́�³�ДN̗	� 

(3) ˴ŋʆέȠɜúЌ͑ʆέʿğ
̸̺Öʆ:÷Řȹ«ϲ΅U个Ω�� 
(4) ȗ（Ƃ̚ϽŸȸ QoEΩ�˚ɗȾȖǴ� 
(5) ЀϬɀăŃ*̗Ƞɾ
Ν̝ QoSÍȖ�ŏΓ QoEǫɓ&У˚ȩŜ~̪


Ƌ̎ŏΓ QoEɤĘ�  
(6) ЀϬȖ（̓Ν̗Ƞɾ
̾ è̽个
˴ ŋ�éŏΓ QoEǫɓ˚ƛýɂД
Φ

ΝŏΓ QoEǫɓ�ˋǇ!Γ QoEǋ�&У˚ȖŃ�Ȗ� 
ˌɮàΒ
͎ ́ΕюρЖΩP˚ɤĘ�Ɍɾ�ŁĎ�˾ɤĘ˚Ƌ̎
��ȫŏ

Γ QoEɤĘú!Γ QoE�Ȗ�ȾȘ�
、D˚˭̇^Д1ŏΓ QoEɤĘ˚Ƌ̎

əǴ HASΕю˚ŎЮʝȇʵƝ˴ŋƇˋŨŏΓ QoEƉЖǫɓ
CÐ�ίǫɓˡ~
˚͎́ʄЖʵƝ
ZˋɀăŃ*�ʐƉŃ*̝ɾ
ŘΕюˋǇ˚ QoEϲ΅ŎȦƾ
˨ú东ʆ� 
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2.4  Or(w 

Ⱦ̑!Α<̼-ȾȘ˭̇Ϭ̅�ʋÐ�˚!ΑǓȿ˨Ϊúˡ~˭̇
³ǦHAS
Εюʄ�ȦУƅ�ȖǴǮǹ�͎́Εю QoE� 
јv
<̼- HASΕюʄ˚ͩŭXɀ�
ЧϷ-˟¡ HASNϥǓȿ��˾

!ʄ˚I�Ι�Ƞɜ�MSS�HLS�DASH
Ƃ>�ĕЃϤ̗ΘƉɴϡ- HLS �
DASH&У˚ƍé
ΥϷ-�˾ȶ�ȸAΉƯ˚ ABR̝ɾ�MPC�BOLA�HYB� 
ʬë
<̼-ȦУƅ�ȖǴǮǹǓȿ
ЧϷ-ȦУƅ�˚ɣƪ
<̼-ȦƅȖ

ǴǮǹǓȿ˚�˾!ΑG«��̡�东ʆ�̡͚
Ƃ�ΰ̹ΥϷ-Ȧƅ东ʆG«˚

żΒĤ（ΘƉ� 
ȶë
<̼-͎́ΕюρЖΩP˚ͩɣƪ
ДʧЧϷ-͎́Εю QoE ˚ɤ

Ę�Ɍɾ� 
ȾȘ˚˭̇�Œ�˭̇Ƞɾ�˭̇ǂɎMĎë̑ͬͅ�ϲ΅ΰ̹<̼� 
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3  ���'��]`3�Uj�-��T 

HAS ΕюNϥɀ��
ˬʼͤϼƇδɹ̝ɾ�ABR	˚Zˋ
̀.-Εюŏ
Ǉ̓ǝƢ͎́ʄЖʀ˚͠¨
rΤŏǇ̓Ď͎́ɇEĦɁ˚ƹ��
ЀϬƭď

θȗΕюĕ˚δɹρЖ��éˬʼ˚Εюĕ	
ŎˀŘȇȏăʝȇʶƭ˚θͬ
à

Cγ
ί̝ɾbΨŏǇ̓͠ĩͤϼƇ͎́×´
ȸȒbи-ΕюˋǇ˚ QoE�R
ȫ
Ř1ϭͺÿɈγ
ŏǇ̓˚ ABR̝ɾƛý-ń>͎́ʄЖ�ŘˋǇ QoE˚ƾ
˨
ŚͦϭͺÿȢɾ�˴¸�ˋǇ QoE ˚θͬȒɎȫɈʕ1ŏǇ̓˚ ABR θǽ
ɀ�
ϰȫͤűŘ1͎́χʕ˚θƉ�ǳÚήγ
ŏǇ̓ ABR ̝ɾ&1ϭͺÿ

ˡƗ1ĎϭͺÿȾŤʸ̌ȸб˚ΕЕ�
ϲɯ ͽͿ-ĳ˚Ò˥��ćɮ
ϭͺ

ÿͯƼΑȳ�˴ďƾ˨ˋǇ QoE
јvŤпΑ͠ĩ>͎́ʄЖ�Ǯǹ�ŏǇ̓˚
ABR θǽcƳ
ˋ1ǫŚ�Ǿʆȇȏă˚ʝȇʶƭ
ΔЇ�ć  ΕЕʸ̌úͽ
Ϳ�ǈŸɈ˚Ř QoEθͬȒɎβ�˚Сё� 
、DÔˀ
ŎЮ�
ŏǇ̓əǴ ABR̝ɾŘΕю�ŒǬʭ ĕ�˚̣Ɖϲ΅

δɹ
ˡϡ1͎́ʄЖ˚ ³�ƅ�
Εюʄ˚ĕƅ�àCȳˠΓďÓȩŏǇ̓˚

ABRθǽcƳ�ćɮ
Ⱦ̑!Α˭̇ĵV>ªŔ˚ HASΕюʄЖ�ДƋΕюĕƅ
�� -ДƋΕюĕƅ�
Ⱦ̑јvě1͎́ʆЖ˚ȠɾŘªŔΕюʄ˚NϥʵƯ

ϲ΅-�Ɍ
ư̾- HASǓȿĎŎЮƇˋȦ˚ʄЖNϥʵƝ
ƂəǴ�Ɍ̾ɎȀ
�˾ HASΕюʄĕƅ�ДƋ̝ɾ� 

3.1  ��A� 

  
č 3-1  HASΕюNϥ̜´ɤĘ 

Fig 3-1  Simplified model of HAS video transmission 
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č 3-1ȫ HASΕюNϥ˚̜´ɤĘ�ĵčǈ˷
HASΕюNϥɀ��
ȹ«
ă̓ŘΕю�ŒǬʭ“ĕ”˚̣Ɖϲ΅Łp
ŏǇ̓əǴ ABR̝ɾŘΕю�ŒǬʭ
“ĕ”˚̣Ɖϲ΅δɹ�Rȫ
ƗΕюĕȖǴĎ͎́�ϲ΅Nϥ˚Ȧg
̩ 1͎́ȶ

ĪȖǴNϥ¿s˚ŒЖб�
ΕюĕMΌ�Ιǂ�� TCP ȖǴ³ϲ΅Nϥ[59]


ϱ˾Ĥ（ȠƐMĎŋ̅Ɖ�ɤ̧ˉͥ˯ēǶ͎́ʄЖƅ��ȾɈ³ð˚ŏǇ̓

ABR θǽcƳ�[ĵΕюĕδɹȦ �ˬʼ̗̲�ˬʼ�ǳɷƀ̗	
ƛýϭͺ
ÿě1͎́ʄЖΩPˋǇ QoE� 
、DÔˀ
l ϡ1“³”̣Ɖ
“ĕ”̣Ɖ˚ΕюʄЖƅ�͠ĩȳĪà͠Ưďb˒

ŏǇ̓˚ ABRθǽcƳ
Ƞ`ϭͺÿ-ΙŏǇ̓ŘΕюĕδɹ˚θǽƹ�
ǫŚ
�ȳȸȒďƾ˨ȇȏă˚ʝȇʶƭú-ΙˋǇ˚ΓˣU个�ćɮ
、DΞ 
Ďě

1͎́ʄЖƾ˨ˋǇ QoE&¡
јvпΑŘΕюʄЖϲ΅“ẹ̆Ɖ”ДƋơ�“Εю
ĕƅ�”�ДƋΕюĕƅ�àCĎȖǴ东Ĥ（˚Ũх�
Дɋ�͎́ΕюʄЖ�Ç
C �̸�。 TCPǛȘ� ѐ̣Ɖ˚ʄЖ	�Ј5“ж”-˚ŏǇ̓ʝȇcƳ

ȸ®1ëȻȀÕʄЖʵƝ�Ƌ̎ QoS-QoE˚ΕюˋǇU个ρЖȩŜɤĘ� 
Rȫ
ĎŘΕюʄЖϲ΅“ĕ”̣ƉДƋȦ
пΑΙ���三ё� 
(1) ˴ŋ�ĕNϥϩˑ�ĎДɋΕюĕƅ�Ȧ
јvпΑ>ǛȘƅ���˴ď

Ǒ�ɳ�Εю�ĕ˚Nϥϩ �ˑÇɳ�Εю�ĕNϥ˚ώķǛȘú̻ɬǛȘ	


ʬëǊàCəǴ�ĕNϥϩˑϲ΅ʄЖ͚è�ŝËȾū1é��ĕ˚ǈȸś³

˚ŀͬȖ̯ª�ώ	
ơ�ɳ�Εюĕ�ćɮ
�ĕNϥϩˑ˚ˑŋË�ˠǼ

~̪�ȶ̻Εюĕƅ�˚ДɋρЖ� 
(2) ¸�цюĕúΕюĕ�HASɀ��
l ϡ1БˋĨˬʼʳȾϲ΅Łpúδ

ɹ˚Εюĕ
é�Εю˚цюĕЀżÝȸ˾ˬʼ�ŘɴΕюĕƅ�
цюĕƅ

�˚×´ƹ�ěȾ�ÓȩˋǇ˚U个ρЖ
ǈC
、DпΑ>ДƋ˚ĕƅ��Ǒ�

Ƃ¢гцюĕ
ơ�̴̥˚Εюĕƅ�
Ƞ`ëȻЀϬȦƅ�Ɍ˚ȠɾŘ�ϲ΅˭

̇�ćɮ
ĵV>ΕюʄЖ�¸�цюĕúΕюĕ)ȫ�пΑ͔˚Сё� 
(3) ͎́ʄЖªŔ�HASΕюʄЖªŔNϥ˚ȭÐ
ĎbǚˋǇж˽˚éȦ


MжǶ͎́ʄЖ�³ð˚ΕюȧȘcƳ�ɴĵǛȘδɹ�Œ˚ĽU̡Ę�ˬʼ

̗	
 £ı�-ËȾàCZˋś³ȧȘcƳǫŚdɭĕƅ�ДƋŭX˚à͠Ư


 >͎́ʄЖ�ДɋΕюĕƅ�ϲɯġĪ-三Ɖ� 
ˀȸ˚˭̇�
Ų̽ŁĎ>ΕюʄЖ�ДƋΕюĕƅ�˚ˡ~ŭX�Șʻ[3]

�éȦŋ%-�ɇΔ��HTTP requestɓƨ��ϠǪͅȦУЦiɓƨ�TCP RST/FIN
ɓƨ	̀ Ɉ˴ŋ�ĕ˚Nϥϩˑ
ƂZˋ̓Ν�Ɍ˚Ƞɾ
ŝɳ�̗̲˚Εюˬ

ʼ�ŋͲĊ˚�ĕĪŞŘƇ
>͖ŎˀəǴ�ĕ˚ĪŞ>ʄЖ�¸�цю

ĕúΕюĕ
Rȫϱ˾Ƞɾ�ɻȸ͔�Εюʄ ÒʄƂN�ú �ĕƂN��3.2
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ͬ�ŘίʵƯϲ΅-ΰ̹ǿϷ	Ř�ĕNϥϩˑΪ�˚ƛý
цюĕúΕюĕ˚¸

���)Ýϼˋ1éɇΕюÓĦȇȏ˚ƹ��
��ȸЀˋƯ�Șʻ[14][15]ú
[59][60]�Zˋ éĕé ACKå�Δ��Ǡ�ͤé�Εюĕ˚͎́ǛȘ˚ ACK
åˡé	
>ʄЖ�ɒǑ�ĕ˚NϥϩˑƂϲ΅ʄЖ͚è
Rȫ
Ç`ȫZˋίΔ

�Ř HAS ΕюʄЖϲ΅ẹ̆ƉДƋȦ
=ʬMć HAS Εюʄ˚ŎЮNϥʵƯ
͖7ˊЬ˵� 
ćɮ
 -ȳĴďΙ��хȀ�˚��!Α三ё
ȳȸȒď>ªŔΕюʄЖ�

�˴ďДƋΕюĕƅ�
、Dјvě1͎́ʆЖŘ HAS ªŔʄЖʵƝϲ΅�Ɍ

ƂəǴ�Ɍ̾ɎȀ�-˾Εюĕƅ�ДƋ̝ɾ� 

3.2  HAS���']�`3�U 

3.2.1  ^�e� 

јvŘȾ̑˭̇�Œ˚ʆЖʿğϲ΅̜¿<̼
ĵč 3-2ǈ˷� 
 

 
č 3-2  Ŏ个ʿğ 

Fig 3-2  Experiment environmet 

 

 -ě1͎́ʆЖŘªŔΕюʄ˚NϥʵƯϲ΅�Ɍ
、DȃƋ-Öǽ˚Ŏ

个ȖǴБ下úʆЖʿğ
ĵč 3-2ǈ˷�、D˚Ŏ个ʿğ!Α³ð��ɤĕ�ʝȇ
ɤĕ�ʄЖ˝ʆɤĕ�Ÿœб�ɤĕ�、DZˋáϭ΅ Ubuntu Kylin 16.04 LTS
ȉX̪̓˚ PC X ŏǇ̓
ЀϬªϠ Firefox ʈΖăŎˀΕю˚ʧȇúȬ˷�Z
ˋWiresharḱ͎ś³�ɌϞEX ʄЖ˝ʆɤĕ
̀ 1ŘΕюʄЖȖǴϲ΅Б下

ú�Ɍ�ЀϬθˋ Linux �ɘ�˚ TC�Traffic Control	̸EX Ÿœб�ɤĕ

ˋCϼȦďб� PC͎Ã˚ʄЖNϥЁʼ
ǽ�ȇȏăΓˣΕюȦ˚͎́ʿğ�、
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D͊�-ͤ´ϭ΅͢Ⱦ
ʄ̅´ďθˋϱ��ɤĕ˚©͠
ŎˀΕюʕ˚Ͻǥ�

ʧȇ�ȇȏȤƨ˚ʯÕ�ΣƘ�͎́ʄЖ˚Б下�bŁȾď̗©͠� 
ɮĤ
пΑѓħƕθ˚ȫ
ˌ1�é˚ HASŏǇ̓ŁĎ�é˚ˬʼͤϼƇδ

ɹЃϤ
ǈCĎŎЮʆЖȦ
Zˋ�éŏǇ̓ʆЖ�˚ HASΕюʄNϥʵƯà͠
MŁĎŋ˚Űƍ�ȾȘ�Zˋ˚ HAS ΕюŏǇ̓ȫƌʕΕюȇȏă DASH 
Reference Client 2.9.3[55,56]� 
żΒ˚ªŔNϥ¾ȸ TLS/SSL�Transport Layer Security/Secure Sockets 

Layer	�PCT�Private Communications Transport	̗�ȾȘИŘ˚ȫě1 TLS/SSL
ú HTTP¾ÔŪώɈ˚ HTTPS�Hypertext Transfer Protocol Secure	ªŔNϥ¾
�HTTPS¾ȫˌ HTTP+SSL¾ɋƋ˚àϲ΅ªŔNϥ�ϚHΞΨ˚͎́¾

ЀϬĎƇˋŨ�HTTP	úNϥŨ�TCP/UDP	&Уªy SSL/TLSŨ
жǶ
͎́� HTTP ǛȘ˚ȧȘcƳ
ŘˋǇÔώ˚ȹ«̡Ęϲ΅ªŔ
>͖ŎˀˋǇ
˚ж˽bǚ� 

 

 
č 3-3  HASȼªŔΕюʄǛȘ 

Fig 3-3  HAS unencrypted video stream message 
 

 
č 3-4  HASªŔΕюʄǛȘ 

Fig 3-4  HAS encrypted video stream message 
 

č 3-3úč 3-4��ȫé�ΕюĎȼªŔNϥúªŔNϥȦ˚δɹǛȘ�č
3-3�Ȭ˷
ĎȼªŔNϥ˚ƹ��
г-ɓ�ȦУ�¾ʳȾ�³ПCħ
δɹ
ȖǴ³˚ǛȘ�ϰ³ð-Ⱦɧδɹ�Œ˚ȧȘcƳ�、DĎɮĤж-ǛȘ˚ʕ

IPďđú˟˚ IPďđ	
[ĵίΕюĕĎȹ«ă�˚Łp̾ɋ�ίΕюĕ˚Źʼ�
�ϧʼ�ˬʼ��ĕƅåCÐZˋ˚ HTTP ¾ʳȾ
Cč 3-3 �˚ 10206#ȖǴ
³ [
Ⱦɧδɹ˚ĽU�ĕȫ� m4vɚƐ˚Εю˚̖ 5��ĕ
ίΕю˚Ź
ʼȫ 30fps��ϧʼȫ 1280*720�ˬʼȫ 4000kbps�ʬ͖
Ř1é�ĽUȘE˚
ªŔδɹ³
ĵč 3-4�˚ 76859#�77199#ȖǴ³
、DàCˣ�
ǛȘ�éɗS
͐Ĥ˚cƳΌ“Application Data”ȵAж� 
Ⱦ̑˚ëͅŞͬ�
、DŘ HASªŔΕюʄ˚NϥʵƯϲ΅�Ɍ
<̼ΓŖ

�˚ HAS Εю˚ą˾NϥʵƝ�ÒʄƂN��ĕƂN�éĕé ACK å��ĕД
N� 
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3.2.2  �],�`3 

ĎéɲΕюʄ�
ŝ�ȸˡé4s �̸Çʕú˟˚ IPďđ�ʕú˟˚̓Ù�
Nϥ¾	˚ʄЖ̂ ɇ TCPʄ�ĎɧΕюʝȇϬ̅�
、DŘǱ�˚Ε
юʄǬʭ TCPʄ˚Ȗ˟ϲ΅̓Ν
ΓŖ� HASΕюĎȗ�NϥϬ̅�vëM�Ƌ
Ĩɇ TCP ʄ
RȫĎéɲȦУ�
͎́�ȶĨÝMŁĎ�ɇ TCP ʄƂ΅Nϥ

Șʻ[60]�ŝϱ˾ˀλÞl HAS Εюʄ˚“ÒʄNϥʵƝ”�č 3-5 ȫ、DŘé
ɇ HASΕю˚¿í͎́ʄЖě1“IP+̓Ùå”˚̓Ν̾Ɏ� 
ĵč 3-5ǈ˷
ȾɧÕ�˚ʄЖȖǴ�
Ɉͤ IPďđ 219.242.247.210˚

ΕюʄЖÂǱưʄЖ˚ 50.82%�č�̱ͫª̤Ƞɛ	
��ȸ 99.87%˚Εюʄ
ЖC TCPʄ˚ȠƐvëZˋŏǇ̓˚ą�̓Ù�33972#�33978#�33980#�33970#	
ϲ΅Nϥ��х˚ǿϷ�
、DZˋŏǇ̓ƌò˚̓ÙåAΉɳ� TCPʄ˚ƅå

[ĵŝЀϬŏǇ̓ 33970#̓Ù�ȹ«ă&У˚ TCPʄЖ̂ 33970#TCPʄ� 

 

 
č 3-5  ʄЖ̓Ν 

Fig 3-5  Traffic Statistics 
 

č 3-6úč 3-7��ȫ 33970#TCPʄú 33972#TCPʄ˚ȦУƅ�
ǿϷ-ʄ
Ж�TCP ś³˚ƅ�å	е˦ȦУ˚×´ƹ��č 3-6 úč 3-7 �ǿ̿˚ȦУƅ
�
Ɉʕ1ŏǇ̓Ďδɹéɇ HAS Εю˚Ϭ̅�ƌò˚�ɇ TCP ʄ�、DC
600̀ ɧǱøȻ
ŘίΕюȘE˚͎́ʄЖϲ΅ǕÕ
ÔˀŏǇ̓vëƌò
-ąɇ TCPʄˋ1ίΕюȘE˚Nϥ
��ɳɇ TCPʄ˚ǪͅȦУ> 65s� 500s
�̗
ЀϬ³ΙɌàCơɳɇ TCPʄNϥ˚ώɬȦУ�̖ 33970#TCPʄ> 2̀
Ǫͅ� 117̀�ĵč 3-6�˚Ĕɓɥϟǈ˷	
̖ 33972#TCPʄ> 2̀Ǫͅ� 67
̀�ĵč 3-7 �˚Ĕɓɥϟǈ˷	
̖ 33978#TCP ʄ> 80 ̀Ǫͅ� 600 ̀
̖
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33980#TCPʄ> 122̀Ǫͅ� 600̀�əǴǈȸ TCPʄ˚ДØNϥȦУà˨
΄
ʬȗ�Εюʄ˚NϥϬ̅�ˡ̈́ƌò-ąɇ TCPʄ
Rȫɳ�Ȧ �Í�Nϥ˚
TCPʄ˚Ȗ˟ȶĨÝȸ�ɇ� 

 
č 3-6  33970#TCPʄȦУƅ� 

Fig 3-6  33970#TCP stream time series 

 
č 3-7  33972#TCPʄȦУƅ� 

Fig 3-7  33972#TCP stream time series 
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 -个Ψȟ TCPʄƌò˚Ëć
、D>ί HASΕюʄ˚˼̶Ǖ³ȘE�ɒˣ
- 80sĤ˚ȖǴǛȘ
ĵč 3-8ǈ˷� 
č 3-8� 59930#³�ǛȘ[TCP Previous segment not captured]Ȭ˷͎́��ˀ

-�³
Ή˷ɮȦɻȸȌ� 59929#&¡˚ȖǴ³
пΑϲ΅ДȟNϥ
&ë˚
59931#³� 59941#³ЎȫŏǇ̓Ř 59929#³˚ДĦƇ̘
Ď̖ 5 ɧДĦƇ̘ë

ŏǇ̓ȶ̻Ͻǥ-̻ɬ 33970#TCP ʄ˚Nϥ
Ƃ�Ď̖ 59942#³ĤƌķƋ̎
33978#TCPʄ�̩ ɮàΒ
Ɨ͎́ɇE×Ű�ˀǪͅ�³Ȧ
ŏǇ̓M�ȝËȸϴ

Ǽ
ЀϬϜǳ̓ÙȟƋɇ TCPʄɈ̈́ͅŉǂNϥ[60]� 
 

 
č 3-8  HASΕюʄДNǛȘƅ� 

Fig 3-8  Retransmission sequence of HAS video packets 
 

͇�ǈϷ
́ ʬ HASΕюĎNϥϬ̅�vëà͠M�ƋĨɇ TCPʄ
RȫĎ
éɲȦУ�
͎́�ȶĨÝMŁĎ�ɇ TCPʄƂ΅Nϥ�HASΕю˚ ÒʄƂ
N�ʵƝ
 、DëхŘΕюĕƅ�ϲ΅�ĕ̡ĘɖɭȀ\-ǫŚ� 

3.2.3  ��,�`3 

HAS ΕюʄБˋ�ĕNϥɀ�
ɳɲΕю�ŒMΌ�ǂΕюĕúцюĕ6
ȵNϥ�͇ è�Şͬ˚“ÒʄƂNʵƝ”
、DÔˀ
éɲ�Œ˚Εюĕúцю
ĕàC��ΌȏĎ�ɇ TCPʄ�Ƃ΅Nϥ
Ƃ�GVɇ TCPʄĒàCNϥΕю
ĕ。ȫцюĕ
Ƃ�ŁĎˀȸ˭̇�ЧϷ˚Εю TCP ʄ。ȫцю TCP ʄ˚¸�

、Dǔϱ˾ˀλÞl“�ĕƂNʵƝ”�č 3-9ú 3-10ȫéɇ HASΕюĎ�éȦ
Уɲ�δɹȠí˚ʄЖč� 
͇èɳɇδɹǛȘ˚ȧȘcƳ
、DÔˀ
č 3-9�
> 11s� 30sϱɲȦУ


33970#TCPʄ�͈ͫ¸ę	̀ 1δɹцюĕ�ЀϬΙɌίɇδɹǛȘ˚ȧȘcƳ

˨	
33972#TCPʄ�ɦͫ¸ę	ˋ1δɹΕюĕ
�� TCPʄĎéɲȦУ�
Ƃ΅ŭX
ŉǂĽU�Œ˚δɹ�͖č 3-10�
Ď 30s-63sϱɲȦУ
͎́�ÝŁ
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Ď 33972#TCP ʄ�ɦͫ¸ę	éȦŘцюĕúΕюĕϲ΅�΅δɹ
ɮȦ˚
33970#TCP ʄ΄ʬɻȸÍ�ȖǴNϥRȫ)ƂȼȝƌϴǼ�Ď�ë˚ 63s-122s ϱ
ɲȦУ
33970#TCPʄÎДȟƌķŭXƂϜ δɹΕюĕ
�ɮéȦ
ŏǇ̓Ƌ̎
- 33978#TCPʄ� 33970#TCPʄЏèŭX
Ƃ΅δɹˡƇ�Œ˚цюĕ� 

 
č 3-9  HASΕюδɹʄЖč 

Fig 3-9  HAS video request flow graph 1 
 

 
č 3-10  HASΕюδɹʄЖč0 

Fig 3-10  HAS video request flow graph 2 
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éɗď
、DϰàC> TCP ʄ˚Ȧƅč�
ÔˀΕюʄ˚“�ĕƂN”ʵƝ�
、DĆˣč 3-6ú 3-7�ɭżƹ��
ĵɎɇ TCPʄ˚NϥЁʼ̆ŋ
Ƃ��Ô
ˊ�ȝ��³�ĪȦƊ˚ƹ�
Ј$ĎȦƅč�ˣ�˚ŝȫɇ̔ˠ�»˚țˠ̶


ț̶˚țʼ̗1ʄЖеȦУ×´˚Ёʼ�33978#TCPʄú 33980#TCPʄĎéɲ
ȦУ�Ƃ΅Í�Εю�ĕNϥ
̀ 16ȵδɹΕюĕúцюĕ
̩ 1�ɇʄδɹ˚

ΕюĕˬʼěȾbǪ�×
ǈCĎȦƅč�Mõˀ�ưU×´ϑ±ˡé˚�ɇț

ˠ̶�ÓΓč 3-6�˚ 33970 #TCPʄúč 3-7�˚ 33972#TCPʄ
̾èϱ�ɇʄ
˚ȧȘś³
¡ 30s
33970#TCPʄ!ΑΌˋɈδɹцюĕ
33972#TCPʄΌˋɈ
δɹΕюĕ
̩ 1цюĕúΕюĕ˚ĪŞ�é
ǈCˋ1Nϥ�˾ȖǴĕ˚ȦУ)

ȸȬͼŰƍ
¡ 30s�
33970#TCPʄú 33972#TCPʄ��õˀ�˚ȫϴ�Ы
ɝƐ�»˚ʧú˫ɥ̶�Ď 30s-60s ϱɲȦУ�
33970#TCP ʄÔˊ�ȝ

33972#TCP ʄΌˋɈ�΅NϥΕюĕúцюĕ
ɮȦ˚Ȧƅčõˀ�ϴ�˫ɥ
̶úʧ6Л�ˀ˚Ыɝƅ��Ď 65s-90sϱɲȦУ
33970#TCPʄϜ͖ƌķδɹ中
ˬʼΕюĕ
ĪÚ˚中ˬʼΕюĕпΑǠ�ǂȳĨ˚ TCP³ϲ΅Nϥ
Ď͎́
�˚NϥȦУ)ȳП
ǈCϱɲȦУ˚ 33970#TCPʄȦƅčõˀ˚ȫɇɷƀ˚
Пɥ̶� 
ˌɮàCˣ�
HASNϥȠƐ�
ȣMŁĎ¿ɇ TCPʄ�΅NϥΕюĕúц

юĕ
)MŁĎéȦƋ̎�ɇ TCPʄ��ŘΕюĕúцюĕϲ΅Ƃ΅Nϥ
Ƃ�
ɳɇ TCPʄŘ1�ĕ˚Nϥ̡�Ƃ�ċŋ�Ĩ˾Ĩɗ˚�ĕƂNʵỪ.- HAS
ΕюʄʥʃƇŘ͎́ĦɁɇE˚͠¨
RȫÈM̀ϭͺÿ>͎́ʄЖ�̦�Ϊ�

ɳ��ĕ˚Nϥϩˑú̡ĘЂǂſǏ
�U�Œ
、DMĎëх̑ͬ�ϲ΅<̼� 

3.2.4  ��� ACK`3 

HAS ΕюNϥɀ��
ȹ«ă̓ŘΕю�ŒǬʭ“ĕ”˚̣Ɖϲ΅Łp
ŏǇ
̓]ʭȇȏщƅɳɧíȹ«ăδɹ�Εюĕ
Rȫć TCPŨȶĪNϥ¿s˚
ŒЖб�
ȹ«ằŏǇ̓ϯĆ˚Εюĕ
Ď̽Ϭ͎́˚ȦgMĎ TCPŨΌǠ�
ǂ��ĪŞˡé˚ȖǴ³ϲ΅Nϥ�̾è HASΕюʄЖ˚ȧȘcƳ
、DΓŖ
�
Ɉͤ1é� TCPʄ�é�Εюĕ˚͎́ś³˚ ACKåˡé
ϱ�ʵƝĎ
ŲȸÍ͔Șʻ[14][15]ú[59][60]�)ȸǿϷ�、Dǔϱ˾ˀλÞl HAS Εюʄ˚
“éĕé ACK”ʵƝ�ĵč 3-11ǈ˷� 
č 3-11 ȫΕю�ĕĎ͎́�Nϥ˚΅ ʵƝ�ć ȹ«ă̓Ôϻ˚ýƇǛȘ

ȫŘŏǇ̓�ɧδɹǛȘ˚ĆƇ
ĆƇ˚ȠɾŤȫЀϬ ACK åϲ΅δɹ˴Ξ�
ACKå(ýƇǛȘ) = Sequenceå(δɹǛȘ) + ³П(δɹǛȘ)�ˌ1 TCPŨŘȖ
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Ǵĕϲ΅Ǡ�˚Ëć
ϱ5ΕюȖǴ³ŎЮ�ЎȫŘé�ΕюĕδɹcƳ˚ý

Ƈ
ǈC（Υ�ϱ5ΕюȖǴ³ЎƇί�ȸˡé˚ ACKå� 

 
č 3-11 Εюʄ͎́Nϥ΅ [14,60] 

Fig 3-11  Video stream network transmission behavior[14,60] 

 

、DZˋHASΕюĎŎЮʝȇϬ̅�Ǳ�˚ś³ȖǴŘϱ˾ʵƝϲ΅-个
Ψ
ĵč 3-12ǈ˷� 

 

 
č 3-12 ΕюʄǛȘƅ� 

Fig 3-12  Video stream message sequence 
 

č 3-12 ˚�čȫ HAS ΕюʄЖ˚ȧȘcƳ
�čȫ�č� 61#³˚ΙɌc
Ƴ�͔�δɹȠíŏǇ̓˚ TCP ACK ȖǴ³�NϥŎρƯ˚cƳ
、DЀϬ
“tcp.len !=0 and tcp.len!= 1”ǫBŘδɹȠí˚ŏǇ̓ TCP ACK³ϲ΅-Ϭʚ
ǈ
C
ϱЌ�˚cƳ�Ďč 3-12 �Ȭ˷�č 3-12 ˚�č�
61#³ȫŏǇ̓íȹ«
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ăÔϻ˚δɹǛȘ
>ί³˚ Info �à˨
ίǛȘȫ 1#Εюĕ˚δɹ³�67#³-
99#³ȫȹ«ăŘŏǇ̓˚ýƇǛȘ
àCˣ�ϱ5ýƇǛȘ˚³cƳȽŦЎʁȧ
-[TCP segment of a reassembled PDU]
Ήȧϱ5ýƇǛȘȫŘé�δɹǛȘ˚
ýƇ³��č˚ΙɌcƳȬ˷
61#³˚ Sequence number = 1
TCP Segment Len = 
439
͖ �č� 67#-99#³˚ ACKåĒ 440
̕ èýƇǛȘ ACKå˚Ν̝Ƞɾ�
͇�ǈϷ
67#-99#³ȫŘ 61#Εюĕδɹś³˚ýƇś³
͖ϱ5ýƇś³Ў�
ȸˡé˚ ACK å�éɗ˚ʵƝ
ϰàC> TCP ʄ˚Ȧƅč�ΓŖ�
ĵč 3-13
úč 3-14ǈ˷� 

 

 
č 3-13  33972#TCPʄȦƅč 

Fig 3-13  33972#TCP stream time series 1 

 
č 3-14  33972#TCPʄϛϸȦƅč0 

Fig 3-14  33972#TCP stream time series 2 
 

č 3-13 ȫ 33972#TCP ʄ˚ϛϸȦƅč�č 3-13 �
�Ƞʅͫ˚̶ΉƝƗ¡
Ȧ ˚ TCP̍ÙĪŞ
�Ƞʅͫ˚̶AΉ-Ɨ¡³˚ ACKå
且Ϯ�Ƞʅ̶ͫ˚
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��ȖǴʧAΉƗ¡Ȧ Ôϻ˚ȖǴ³�č 3-14ȫŘč 3-13� 15s-25sϱɲȦ
У˚ ACK åȲ̶ϲ΅ȏĪ˚̾Ɏ�àCˣ�
�č�˚ ACK Ȳ̶õˀЫɝƐ�
»˚ϑ±
ŏǇ̓ɳÔώɧΕюĕδɹX
ЎMĎ TCPʄ˚ϛϸƅ��ʡÔ
ώ̲“áЫ”˚7ˊ
ɳ̲áЫ�ŁĎĨ�ȖǴ³
Ήȧϱ5ȖǴ³˚ ACKåˡ
é
ˌɮà˨
é�ΕюĕMΌ�ǂĨ� ACKåˡé˚ȖǴ³ϲ΅Nϥ� 
ɮħ
、DϰàCˣ�
č 3-13�˚ TCP̍Ù̶ȗUõˀ�ЫɝƐ�»˚ϑ

±
Rȫɳ̲áЫ˚œƉ�ťˡé
ϱȫć é� TCPʄàCéȦˋɈNϥΕ
юĕúцюĕ
͖ Εюĕ�цюĕ˚ˬʼ�é
Ƃ�Ç`ЎȫΕюĕ
ˬ ʼ�é˚

Εюĕ˚ĪŞ)MΉˀ�Ȭͼ˚Űƍ
Śͦɳ˾ĕ˚ʄЖ�³ð˚ŀͬȖ	�é


ćɮˋ1Nϥίĕ˚ȖǴǛ˚ȖЖŤM�é
1ȫŤMĎ TCPʄ˚ϛϸƅ��õ
ˀ�“ЫɝƐ�»�áЫ中Ɖˡé
áЫœ̌�”˚ʵʧ
ϱ˾ʵʧ)>^хÆΨ
- HASΕюʄˬʼ˚ƭNϥʵƝú�ͬ�、DÔˀ˚“�ĕƂNʵƝ”� 
ˌɮàCˣ�
HASNϥȠƐ�
͎́Ř1é� TCPʄ�é�Εюĕ˚

NϥMǠ�ǂϴͅĨ� ACKåˡé˚ȖǴ³ϲ΅�ëх̑ͬ�
、DMəǴϱ�
ДΑ˚ʵƝ
ŘΕюʄϲ΅�ĕϩˑΪ�úʄЖ͚è
ŝū1é�Εю�ĕ˚Ȗ

ǴǛȘΪ��Ɉ
ŘΕюʄě1“ĕ”̣Ɖϲ΅ƅ�ДƋ� 

3.2.5  ����`3 

HASΕюȹ«Ϭ̅�
ŏǇ̓MəǴƗ¡˚͎́ʶ�ϽǥΕюĕ˚δɹˬʼ

Ƃŝϱ5ΕюĕȀ¡ŁpĎ͉�¸�
ˋ1ĎȼɈȦ ȀÕ�Ɉϲ΅ȇȏ[58]�R

ȫ
̩ 1͎́˚ʀƯ
əǴϬÌ͎́ƹ�δɹ˚ȶLΕюˬʼ
�ŋĎƗ¡˚

͎́ɇE�)ȫȶL˚� 
、DΓŖ�
HAS Nϥɀ�ĎŎЮƇˋȦŁĎ“ëƶ”˚ȉX
ÇȋǪΕю

ĕ˚ДȟNϥ�ɴĵ
ȾɈ̖��ΕюĕϽǥNϥ˚ȫ 200kbps˚Εюĕ
̩ 1Ɨ

¡͎́Ư͠˚Ȁ»
ŏǇ̓ȸɇEŘˡéΕю�Œ˚Εюĕϲ΅ȳ中ˬʼ˚pĥ


1ȫÎДȟδɹNϥ-̖��Εюĕ˚ 600kbps ˬʼʳȾ
ȶ̻ŏǇ̓ŎЮȇȏ
˚ȫ 600kbps˚�åΕюĕ
Ƃŝ͉Ł� 200kbps˚�åΕюĕˠǼ�ƎǶ
Ďϱ
�Ϭ̅�
́ ʬˋǇȶ̻ĎŏǇ̓�Ýˣ�-中ˬʼ˚�åΕю�ĕ
Rȫ͎́^

˚˴ȫvëNϥϬˡé�Œ˚Εюĕ˚��ˬʼʳȾ[60]�ϱ˾ˀλ̂ HASΕю
ʄ˚“�ĕДN”ʵƝ� 
č 3-15ȫ HASΕюʄδɹǛȘ˚ȧȘcƳ�ŏǇ̓ǬʭͤϼƇˬʼδɹЃϤ

]ǴΕю�ĕ˚vëщƅŘΕюĕϲ΅δɹ�Ϡ� 
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č 3-15  HASΕюʄδɹǛȘ 

Fig 3-15  HAS video stream request message 
 

ĵč 3-15 ǈ˷
ŏǇ̓vȫĎ 58732#³Ĥδɹ- 4000kbps ˚ 21 åΕюĕ

еëˌ1͎́ɇEƴ´
�Ϡ中ˬʼ˚ 21åΕюĕĬϬυȦMŸɈÃыжƷ
1
ȫĎ 59101#³ĤДȟδɹ-ɧ 1500kbps ˚ 21 åΕюĕ�é（
ŏǇ̓)��
Ď 60648#³ú 61010#³Ĥò- 22åΕюĕú 24åΕюĕ˚ 200kbpsˬʼʳȾ
δɹ
&ëˌ1͎́ɇEȀ»
Î��Ď 61562#³ú 62141#³ĤДȟδɹ-ˬʼ
 800kbps˚ 22åΕюĕú 24åΕюĕ
͖ Ďϱ5ДȟδɹX̾Ɇë
͉ �¸

�Ų̽�Ϡ-˚中ˬʼ˚ 21åΕюĕúTˬʼ˚ 22å�24åΕюĕĒMΌŏǇ
̓�ƎǶ� 
ˌɮàCˣ�
ˌ1͎́˚ʀ
HAS Εюʄ˚ƭˬʼθͬɀ�MϼȦ˚

ĎΕюʄЖ�Ήˀ�“�ĕДN”ʵƝ� 

3.3  ���-��0t\ 

Ⱦͬ
、Dě1Ôˀ˚ʵƝ
Ř HASΕю˚ʄЖě1“ĕ”̣Ɖϲ΅ȦƅДƋ

!Α³ð�ĕϩˑΪ��ʄЖ͚è�¸�Εюĕúцюĕ� 

3.3.1  t\%f 

ě1�ͬ�<̼˚“éĕé ACK”ʵƝ
、DàCəǴ ACKåŘʄЖϲ΅�ĕ
͚è
RȫĎŎЮ˚Ƈˋ˚Ϭ̅�=ʬMЄ�5ſǏ� 

(1) ΕюĕϢMΌǠΙ ǂ˙�º� TCP³Nϥ
̩ 1͎́˚�̆ŋƯ
N

ϥȦ̽żM�ˀĪЖ˚�³�ДN
Řě1 ACKåϲ΅ʄЖ͚èЂǂſǏ[60]� 
(2) əǴ“ÒʄƂNʵƝ”
HASΕюʄĎNϥϬ̅�Mˡ̈́ƌòĨɇ TCPʄ


ˋ1Ď͎́ɇE×Ű˚ƹ��
ЀϬ�ǳ TCPʄǼȵv¡ȖǴ˚NϥŭX�Rȫ
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ˌ1ɳɇ TCPʄ˚ ACKåȫ¿ʷΝ̝˚
ćɮ
ɳɧ TCPʄ˚�ǳ
ЎMĎȦ
ƅ�ǋ,Ƕ ACK˚ʵƝ� 

(3) əǴ“�ĕƂNʵƝ”
éȦУ�
цюĕúΕюĕMБˋ�é˚ TCPʄ
�ƌNϥ
ŚͦéɲȦУ�
�˾。ȫĨ˾�é̡Ę�ĕ�é ACKå˚ TCP³
İɁĎώ
ƛý�ʄЖ͚èë�ĕ̡Ę˚�ȝ� 

 

 
č 3-16 Εюʄĕƅ�ДƋʄ̅ 

Fig 3-16  Video stream chunk series reconstruction process 
 

͔�ΕюʄĎŎЮNϥϬ̅�à͠MЄ�˚ś³,ƅ�TCPʄ�ǳ̗Сё

、DC“ACK åX �ĕ ID ϲ΅ʄЖ͚è”!̶Δ�˚éȦ
Ƒy-Ĩɇȋ̶Δ
�
ˋ1ĎŘɑ��ĕ˚Ϊ��ˀ�ɰȦ
ϣ®�ȝί�ĕ˚Nϥϩˑú̡�� 
�Uď
、DȀ� Εюĕƅ�ДƋ̝ɾ�
�ěȾƮƼȫ
јvŘ HASΕ

юʄ˚³ƅ�ϲ΅ʄЖϬʚÌгĄģȖǴ
ʬëě1!̶Δ�“éĕé ACKå”Ϊ
��ĕ˚ϩˑƂϲ΅ʄЖ͚è
éȦΝ̝�цюĕ˚ȖǴЖͲĊ
Řĕƅ��˚�

ĕ̡Ęϲ΅¸�
Ƃě1ȋ̶Δ�ɖɭ�ĕ˚̡Ę
ȶë>ĕƅ��Ìгцюĕ


ơ�>ªŔʄ�ДƋ˚ HASΕюĕƅ��̝ɾЃϤʄ̅čĵč 3-16ǈ˷� 
(1) ΕюʄЖϬʚ�јv
əǴç� IP Ř&УʄЖĎś³ưʄЖ�˚Âɴú

ʄЖȠí
Ϊ�Εюʄ˚ŏǇ̓ IPúȹ«ă IP
ʚг͞ȮʄȖǴ�ʬëě1“IP+
̓Ù”ŘΕюʄЖϲ΅̓Ν
Ϊ�ŏǇ̓ƌò˚̓Ùå
̚Ͻ�!Α TCPʄ�Ƃ�
əǴ IPŘ&УΕюʄ˚NϥȠí
ŝΕюʄ¸� δɹʄú�Ϡʄ�  
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(2) �ĕϩˑΪ��͚è�ŝ ACKåX ĕ IDŘʄЖϲ΅͚è
Rȫ͔�
HASΕюNϥϬ̅�MƌòĨɇ TCPʄNϥΕю�ĕ
ɳɇ TCPʄ˚ ACKå¿
ʷΝ̝à͠MǏ,Ƕ ACKå˚ưUȦƅʵƝ�ɴĵ
ŏǇ̓vëƌò- 1#TCPʄ
ú 2#TCPʄNϥ 100#Εюĕú 101#Εюĕ
̩ 1ɳɇ TCPʄ˚ ACKåȫ¿ʷΝ
̝˚
ʄЖ� 101#Εюĕ˚ ACK åȸà͠ŤMŞ1 100#Εюĕ
ɮȦĵɎ;;
əǴ ACK åŘʄЖϲ΅͚è
ДƋ˚ĕƅ�� 101#ΕюĕŤM�ˀĎ 100#˚¡
х
ǋ,Εюĕƅ�˚vëщƅ�ǈC
、DјvȫŘǈȸ˚ś³Ǭʭ�ϪȦУϲ

΅Ǹ�
ʬë�ě1 ACKåϲ΅ʄЖ͚è
Ƃ�ŝɳ�ĕ˚̖�ś³˚�Ϫ
ȦУX ϱ�ĕ˚ƌķδɹȦУ�ϱɗl
àCȸȒ˚ЇxĨ TCPʄNϥȦà͠
MЂǂ˚ĕƅ�,ƅ˚Сё� 

(3) �ĕ̡ĘΪ��>ʄЖ�ДƋ˚ĕƅ�
ϰпΑŘ�ϲ΅̡Ę�ȝ
¸�
Εюĕúцюĕ�HAS Εю˚ƭˬʼɀ�Zơɳ�Εю�ĕЎMŁĎĨ˾ˬ
ʼ̗̲
�éˬʼ̗̲Εюĕ˚ȖǴĪŞMȸȬͼ�é�Rȫ
éɇ HASΕю
˚ǈȸцюĕÝMŁĎ˾ˬʼ
Ƃ�ˌ1͊ˬ�Œ˚�é
éɇΕю�
Ç`

ȫȶTˬʼ˚Εюĕ)ΑɴцюĕĪơĨ�ćɮ
、DЀϬŘΕюʄ˚ĕƅ�Ǭʭ

ĕʄЖĪŞϲ΅ȖЖǸƅ
əǴĕĪŞ˚KȖ˴ŋΕюĕúцюĕ˚�̡Цi$


ˋ1Ř�ĕ̡Ęϲ΅�ȝ�~1�̡Цi$
ŝĎ�ŞͬΟΥ� 
(4) �ĕ̡Ęɖɭ�Ď͎́ɇEŰ˚ƹ��
ŏǇ̓MЀϬ�ǳ TCPʄǼȵƗ

¡Εюĕ˚Nϥ�Ďϱ˾ƹ��
;;ЀϬ ACKå��ĕĪŞŘʄЖϲ΅͚èú
̡Ę�ȝ
Ј5ȝƌͅN˚�ĕƟȸà͠ŤMͻy�цю�ĕ˚ПƉΪ�ͲĊ�

[60]
Ђǂ�ĕ̡Ę�ȝЛβ� 

 
č 3-17 �ĕͅN˷ƽč 

Fig 3-17  Chunk retransmisson diagram 
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č 3-17ȫ�ĕͅN˷ƽč
��ɥíĔɓϟȫĎȦУ��ɚŘѣ˚ 3ɇ TCP
ʄ�1#�2#�3#	˚ȦУϟ
��̂& 1#�2#�3#Ĕɓϟ�̗У万��ȦУϟ˚
̶Ήˀɳ��ĕ�³ð˚�ŒǪͅȦП�HAS Εю�ɳ��ĕ˚�ŒǪͅȦП
ˡé	�1#ú 3#Ĕɓϟ�ĪŞ�˚͈ͫȠĕAΉΕю�ĕ�[ĵ 100#�101#Ε
юĕ	
Ή˷Ɨ¡Ȧ ίɇ TCPʄΌˋ1NϥΕюĕ
2#Ĕɓϟ�ĪŞˡé˚̢
ͫȠĕAΉцю�ĕ�[ĵ 103#�104#цюĕ	
Ή˷Ɨ¡Ȧ ίɇ TCPʄΌˋ
1Nϥцюĕ�č�丢ͫ6Øʓ×˚ 102#�ĕΉ˷ί�ĕ˚ĽU̡Ę�˴ŋ� 
ĵč 3-17 ǈ˷
ŏǇ̓véȦƌò- 1#ú 2#TCP ʄ��ϲ΅Εюĕúцю

ĕ˚Nϥ
Ɨ 1#TCPʄĎNϥ 102#Εюĕ˚Ȧg
͎́ɇEƌķƴ´
ŏǇ̓�
ǳ� 3#TCPʄǼȵNϥ 102#ΕюĕƂéȦȳȟ- ACKå
ɮȦ 3#TCPʄͅN˚
102#Εю�ĕəǴĕĪŞΌβ� 102#цюĕ
ƂŚͦ 2#TCPʄ�ɭżNϥ˚ц
юĕǬʭщƅΌβ� 103#цюĕ
ŝ 3#TCPʄ�̈́ͅNϥ˚�ĕΪ� 103#Ε
юĕ
7ˊ-Лβ˚�ĕ̡Ę�ȝ� 

3.2ͬ�
、DΓŖ�
ˌ1 HASΕюʄ˚ ÒʄƂN�ʵƝú �ĕƂN�
ʵƝ
éɲȦУ�
͎ ́�ȶĨÝMŁĎ�ɇ TCPʄ��δɹΕюĕúцюĕ

Ƃ��Mϴͅϲ΅�ɧцюĕ˚δɹ�ćɮ
Ɨ͎́��ˀĨɇ TCPʄȦ
、D
àCəǴéɇʄ¡ë˚�ĕ�ȝ̡ĘúƌķNϥȦУϲ΅̡Ęɖɭ�ɴĵ
ĎД

Ƌë˚ĕƅ��
ϴͅ�ˀ- 102#ú 103#��цюĕ
γȧɮĤŁĎβ�ĕ
͖
ĎŘ�ĕ̡Ęϲ΅��ë˚̾Ɏ�
2#TCP ʄĎϱɲȦУNϥ˚Ўȫцюĕ

3#TCPʄĎ&ë˚ɲȦУNϥ˚ЎȫΕюĕ
Ƃ� 103#цюĕ˚ƌķNϥȦУ
Ď 103#Εюĕ&¡
γȧĎ 102#цюĕÔˊ-β�
1ȫŝϱЌ��ĕí¡ƖƂ
̀ 102#Εюĕ
ƂŘȗɇĕƅ�Дȟϲ΅ƅåǸƅ
]ɮ̡Ǿ
Řȗɇĕƅ�˚
�ĕ̡Ęŉǂɖɭ� 

(5) Ìгцюĕ�Ř�ĕ̡Ęɖɭ˚ĕƅ�ϲ΅цюĕ¢г
ơÝ³ðΕю
�ĕ˚Εюĕƅ�� 

3.3.2  %��wV�U 

 ->ªŔʄЖ�¸��цюĕúΕюĕ
ƗɇΕюʄЀϬ“éĕéACKå”

˚ʵƝϲ΅�ɯ˚ẹ̆ƉДƋë
、DпΑŘɳ��ĕ˚ʄЖ�³ð˚ŀͬȖ	ϲ

΅̓Ν�Ɍ
ơΕюĕúцюĕ˚�̡Цi$� 
HASΕюʄ�ΕюĕБˋĨˬʼϲ΅͊ˬ
͊ ˬͲĊ>�˙ kbps��� kbps

�̗�͖ цюĕБˋ¿ˬʼϲ΅͊ˬ
͊ ˬͲĊЀżĎ 200kbpsC��Ƃ�ˌ1
͊ˬ�ŒĦɁƉ˚�é
éɇΕю�
Ç`ȫȶTˬʼ˚Εюĕ˚ʄЖ)Αɴц
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юĕĪơĨ�éȦ
́ ʬéɇΕю�цюĕúΕюĕưȖЖˡé
Rȫć ͊ˬ

̙˓˚�é�ŏǇ̓ĎΕюʝȇϬ̅�Ý͠δɹ˾ˬʼ˚цюĕ
ÈàCЀϬͤ

ϼƇˬʼθͬ
δɹĨ˾�éˬʼ˚Εюĕ	
Zơ�éˬʼ�цюĕúΕюĕ˚

Ȗ˟ŁĎȬͼ˚Űƍ
[ĵɧΕюʝȇϬ̅� 65Kbps ˚цюĕ�ˀ-�˙ɧ

Rȫ 1.5Mbps ˚ΕюĕÈà͠Ý�ˀϬ 1 ɧ
ÓȩĎĕƅ�˚̓Ν̾Ɏ�
цю
ĕMĎɑ�ĕʄЖͲĊ�下��Ŵ
͖Εюĕ�M不ȕď�ŴĎ�é˚ĕʄЖ�


Ƃ�ʄЖϖƉ˚ͲĊ)ΑĪơĨ
ĵč 3-18ǈ˷� 
 

 
č 3-18 �ĕȖЖ�Ŵ 

Fig 3-18  Distribution of the number of chunks 

 

č 3-18 ȫɇΕюʄĎĕƅ�ДƋë
Řɳ�ʄЖ�ŀͬȖĪŞ	�˚�ĕ
Ȗ˟ϲ΅̓Ν˚̾Ɏ�č 3-18 �Ȭ˷˚ϱɇΕюʄ˚ʕΕюȘE³ð�˾Εюˬ
ʼ�2500kbps�4000kbps�˾цюˬʼ�96kbps
ˌčàΒ
цю�ĕ下�ď�
ŴĎ 30KBŮã˚ʄЖͲĊ�
Ƃ�Ď 25KBĤ˚цю�ĕȶĨ
č�Ήˀ �
中͗˚šŬ�͖Εю�ĕ不ȕ˚�Ŵ��šŬЭϮ�625KBú 1022KB
ɮĤàŘ
ƇίΕюȘE�ŁĎ˚�˾Εюˬʼ�>č 3-18 �
、DϰàCΓŖ�
ˌ1ɳ
��ĕ�Œ˚�é
éˬʼ�ĕ˚ŎЮĕʄЖMŁĎŋ˚Űƍ�[ĵ
Ç`ȫ

ˡéˬʼ˚цюĕ)MŁĎŋ˚ʄЖʀ
Ƃ�Ўȫé˾ĕʄЖ	
Rȫ
Ç

`ȫȶTˬʼ˚Εю�ĕ)Αɴцюĕ˚ʄЖĪơĨ� 
͇�ǈϷ
 -Ď¸�цюĕúΕюĕ˚éȦ
ΔЇéˬʼ�ĕŁĎ˚ʄЖ

ʀСё
、DĎɳɇΕюĕƅ�˚̓Ν̾Ɏ�
ĎȖЖȶĨ˚�ĕʄЖȖi˚ě

˱�ǌĪf
X Εюĕ�цюĕ˚�̡Цi$
Cč 3-18 [
ϱɇΕюʄ˚
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�ĕ̡Ę�̡Цi$ = 50KB�Ή 3-1 �͏�-、DΓʆ˚ΕюȘE˚̡Ęúˡ~
ÍȖ� 

Ή 3-1 ΕюȘEcƳ 
Table 3-1  Video file information 

 

ȘE̡Ę      ΕюˬʼͲĊ цюˬʼ      ǪͅȦП 

˿ƃʲ 1 4˾ˬʼ(150kbps-750kbps) 72kbps       10min 

˿ƃʲ 2 5˾ˬʼ(386kbps-2773kbps) 131kbps       12min 

ˏʲ 10˾ˬʼ(254kbps-14931kbps) 65kbps       10min 

̳Ƙʲ 2˾ˬʼ(3000kbps-4000kbps) 128kbps       5min 

ϭ下М 2˾ˬʼ(2500kbps-4000kbps) 96kbps       6min 

ƭ�ˤ 6˾ˬʼ(2859kbps-19683kbps) 194kbps       3min 

ˍΕũb 1˾ˬʼ(1144kbps) 191kbps       5min 

 
、DŘ 36ɇ̡Ę�é��Œ�é�ˬʼͲĊ�é˚ΕюȘE˚ʄЖƅ�
ə

Ǵ、DȀ�˚̝ɾϲ΅-ĕƅ�ДƋ
ƂŝДƋ˚ĕƅ��>ŏǇ̓ǕÕ�˚Ε

юĕδɹƅ�ϲ΅ɴϡ�ɴϡ̾Ɏĵč 3-19ǈ˷� 

 
č 3-19  Εюĕƅ��ˬʼδɹƅ� 

Fig 3-19  Video chunk series and bit rate request sequence 

 
č 3-19 ȫéɧΕюʝȇϬ̅�
>͎́ʄЖ�ДƋ˚Εюĕƅ��ŏǇ̓
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˚Εюĕδɹƅ��̱ͫŎ̶ȫZˋ、D̝ɾ>ªŔΕюʄ�ДƋ˚Εюĕƅ�


;ͫŎ̶ȫϱɇΕюʄʝȇȦ>ŏǇ̓ǕÕ�˚Εюĕδɹƅ��、DZˋƉЖ

ǫɓ RMSE�Root Mean Squared Error
ĒȠəβŰ	
ɴϡɳɇΕюĕƅ��ŏ
Ǉ̓Εюĕδɹƅ�˚ˡQƉ
�ɇƅ��ǈȸ·ЏɗȾʧ˚ƀĒϕ˼ RMSE �
中1 0.132
ϱΉȧЀϬ、D˚̝ɾ>ªŔʄЖ�ДƋ˚Εюĕƅ�
ƟĴďǣè
-ŏǇ̓Εюĕδɹƅ�˚×´ϑ±� 

3.4  Or(w 

 ->ªŔΕюʄЖ�ДƋΕюĕƅ�
Ⱦ̑ě1͎́ʆЖ˚ȠɾŘªŔΕ

юʄ˚NϥʵƯϲ΅�Ɍ
ƂəǴ�ɌÔˀȀ�-˾ě1 HASΕюʄ˚ĕƅ�
ДƋ̝ɾ� 
јv
>Ⱦ̑˭̇Сё˚ƽ%�ǭǅú˭̇Ʈϗ˚ΘƉ
<̼->͎́ʄЖ�

ДƋ“Εюĕƅ�”Ř1ϭͺÿƾ˨ˋǇ QoE ˚ƦΑƯ
CÐĎДƋϬ̅�à͠M
Є�˚��!ΑСё�˴ ŋ�ĕNϥϩˑ�̧ �цюĕúΕюĕ�͎ ́ʄЖªŔ�

Ƃǫ�ЀϬǮǹ HASǓȿĎŎЮƇˋȦ˚ΕюNϥʵƯ
àC >͎́ʄЖ�Д
ƋΕюĕƅ�Ȁ\ǫŚ� 
ʬë
<̼-、Dě1͎́ʆЖŘªŔΕюʄNϥʵƯϲ΅�Ɍ˚Ôˀ�ΰϷ

- HASǓȿĎŎЮƇˋ�˚ą˾ʄЖNϥʵƯ�ÒʄƂN��ĕƂN�éĕé ACK
å��ĕДN� 
̭Ǽ˦
<̼-ȾȘȀ�˚Εюĕƅ�ДƋ̝ɾ�>à͠MЄ�˚ſǏ�Ô�

ś³,ƅ�TCPʄ�ǳ̗
Ď�ŋ-C“ACKå �ĕ IDϲ΅ʄЖ͚è”X !̶
Δ�˚éȦ
Ƒy-Ĩɇȋ̶Δ�
̀ 1ĎŘɑ��ĕ˚Ϊ��ˀ�ɰȦ
ϣ®�

ȝί�ĕ˚Nϥϩˑú̡��̝ ɾ!Α³ð 5�ɯќ�ΕюʄЖϬʚ��ĕϩˑΪ
��͚è��ĕ̡ĘΪ���ĕ̡Ę˪ɭ�Ìгцюĕ� 
ȶë
、DȃƋ-Ŏ个ȖǴБ下úʆέʿğ
ΩP-“Εюĕƅ�ДƋ̝ɾ”˚

ȒɎ�Ŏ个̾ɎΉȧ
Zˋ、D̝ɾ>͎́ʄЖ�ДƋ˚Εюĕƅ��ŏǇ̓˚ĕ

δɹƅ�&У˚ɗȾĒȠəβŰ�中1 0.132
ϱΉȧДƋ˚Εюĕƅ�ƟĴ˚ǣ
è-ŏǇ̓˚ĕδɹƅ�˚×´ϑ±
Ψȧ-̝ɾ˚ȸȒƯ� 
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4  ���']�j HAS��h: QoE8m 

Ď�̑�
、DДɋ�C ĕ� ѐ̣Ɖ˚ΕюʄЖƅ�
Ⱦ̑ŝŘɮΕю

ʄ˚ ĕ��ȦУ	ƅ�ϲ΅Ǯǹ
˟ɓȫǾȝΕюˋǇ˚ΓˣU个�ĵ¡ǈϷ


ˋǇ˚ΓˣU个àCБ �̀ƇˋŨ	ŏΓ˚ QoEǫɓ
[ĵȇȏˬʼ�ÃыɧȖ�
ÃыȦУПƉ�Źʼ̗ɈƉЖ�͔ �ˋǇĎ�é˚ȇȏʶƭ�Mȸ�é˚ΕюΓ

ˣU个[4]�ĎȾ̑�
、Dŋ%-˾ȟ˚ŏΓ QoE ǫɓ
̂  ͉�¸͇èʶ
ƭ�
̀ ɈƉЖˋǇ QoE
˭ ̇ĵVəǴĎ͎́^ΓŖ�˚Εюĕƅ�ɈǾȝ͉�

¸͇èʶƭ
ϲ͖ΩPˋǇ QoE� 

4.1  ��A� 

 
č 4-1  ͎́Εю QoEΩP 

Fig 4-1  Network video QoE assessment 
 

č 4-1ȫ>ϭͺÿ˚ΕΘΩṔ͎ΕюˋǇ QoE˚̜ΑɤĘ�QoEȫ!Γƾ
Ö
΄ʬńàC>ˋǇ˚ƾÖ�ÓȩΕюʄ˚ȹ«ρЖ�ĵč 4-1	
Rȫ
ń三
CǱǰ
ȑ͖
ˀȸ˚˭̇�ƜƜБˋŏΓ˚ QoEÍȖΉƝˋǇ˚!Γ QoE
�
�ÎCƇˋŨȇȏă˚ʝȇǫɓȶ żˋ
[ĵƊϵ�ÃыɧȖ�ˬ ʼ�ǳŽƉ�

Źʼ̗�ϱ5ƇˋŨŏΓ QoEǫɓ˚×´ƹ�
Óȩ�ȇȏăĤ1�é˚ʝȇʶ
ƭ��ķ͉��ɭżʝȇ�Дȟ͉��Ãы	̗�ĵč 4-1 ȇȏăʶƭ�	� 
-ǝǘ͎́Ǘ�ЇxΌ�ŹŚͦˏхͭũ。Ãы
HAS ΕюŏǇ̓�Φ͐ȸ
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͉�¸
ȋǪŏǇ̓əǴƗ¡˚͎́ʶ�ƭďϽǥ��Εюĕ˚δɹˬʼ
Ƃ

ŝϱ5ΕюĕȀ¡ŁpĎ͉�¸�
ˋ1ĎȼɈȦ ȀÕ�Ɉϲ΅ȇȏ[58]�͉�

¸�Ų̽Όȇȏ˚ΕюĕMΌ�ƎǶ
ĵč 4-1� 1#ͥ 9#ʤͫΕюĕ�ȼȇȏ˚
ΕюĕпΑĎ͉�¸�u˛�ŋȖЖ
ȇȏăȠàДȟòȇȏ
ĵč 4-1�̖
10#ú 11#͈ͫΕюĕ	
ǈCγ
͉ �¸˚ʶƭ
MˠǼƛýȇȏă˚ʝȇʶƭ�

͖ϭͺÿ
àCĎ͎́�ǱΕюʄЖ
ƂЀϬŘŲ̽Ǡ�ǂȖǴǛȘ˚ΕюʄЖ

ě1 ẹ̆Ɖ�ДƋơ�Εюĕƅ��ĵč 4-1�ǿ̿�͎́�˚ɳ�Εюĕȫˌ
ΤĨ�ʧʶ˚ȖǴǛȘ̸èǂ˚	
̀ CPΝŏǇ͉̓�¸˚ΕюĕδɹúĞuʶ

ƭ
Ç͉�¸˚ʶƭ
ϲ͖ƾ˨ȇȏă˚ʝȇʶƭ�ɮħ
HAS ŏǇ̓˚ Ȁ¡
δɹ�东v͉Ł�̊ Εюĕδɹɀ�
ÎMŚͦŏǇ̓Ɨ¡δɹ˚Εюĕ�ˋǇΓ

ˣ˚ΕюĕŁĎȦŰ
ĵč 4-1 �ȶ�Ũ
ϭͺÿƗ¡Ď͎́�Ų̽vë ˣ��
-̖ 12#ú 13#ΕюĕɭĎδɹú�Ϡ
Rȫϱ��ĕÈпΑ̗�ŉz�Ϡ�͉�
¸�&ë
ŏǇ̓ǊàCĎȼɈȦ ȀÕ�Ɉȇȏ̀ˋǇΓˣ�ǳÚήγ
̀ ǇƗ

¡Ȧ ˚ QoEÖ�͎́�ϬÌ�Ϡ˚ΕюĕρЖ˚ƛý
ǈC
ϭͺÿͯƼΑƾ
˨ˋǇĎƗ¡Ȧ ˚ QoE
пΑ Ćįˣ��Ř1ΕюʄЖ˚ÊâǱƹ�� 
Ųȸ˚˭̇Ήȧ
̀ ǇĤ1�é˚ȇȏʶƭ�Mȸ�é˚ΕюU个[4]�͖ Ď�

̑�
、DȀ�-ě1 HASΕюʄ˚ĕƅ�ДƋ̝ɾ
àC>ªŔΕюʄ�è
（ȸȒďДƋΕюĕƅ��Ⱦ̑
、DŘɮΕюʄ˚ ĕ�ȦУƅ�ϲ΅Ǯǹ
˟

˚ȫЀϬ͎́ʄЖ˚ĕƅ�Ǿȝȇȏă˚ʝȇʶƭ
ϲ͖ƾ˨ΕюˋǇ˚ QoE�
Ď˭̇Ϭ̅�
、D�;əǴ HASŏǇ̓˚ʝȇʵƝ
Ȁ�-˾ȳè（˚Ƈˋ
ŨŏΓ QoEǫɓ
Ƃ�Zˋ-ϼˋ1ȦУƅ�˚ɤĘúΡ̷Ǔů
éȦ
Ď̝ɾ
ŎˀȦ
͔ �-ϭͺÿˣ�˚ΕюȖǴ�Ɨ¡ˋǇˣ�˚ΕюȖǴŁĎ ȦУŰ�

˚Сё� 

4.2  Gj&� QoE<W 

、D˚˟ɓȫÝZˋΕюNϥϬ̅�͎́^ʄЖȖǴ˚̓ΝcƳ
ŎȦ东ʆ

ŏǇ̓˚Εюȇȏʶƭ
>͖ŎˀŘΕюˋǇ QoE˚ϖŨƾ˨�、Dŝ͎́^˚
ʄЖcƳ̂ Εюʄ QoSÍȖ<
ŝŏǇ̓Εюȇȏʶƭŋ% ɓƉ2�ć Ε
юʄȖǴ�ȸvëщƅǸ�˚ȦУʵƝ
ȫ�Ę˚ȦУƅ�
àCZˋȦƅȖǴ

Ǯǹ˚ˡ~Ƞɾϲ΅�Ɍ�ćɮ
、D˚˭̇˟ɓàCɣǦ �ZˋȦУƅ�Ȗ

ǴǮǹ˚Ƞɾ
C< ʵƝÍȖ
2 ˟ɓ
řǑ<�2&У˚ȩŜɤĘM:< →

2
ZơƗ˨Ѕ͎́�Ɨ¡Ȧ ˚<Ȧ
àCЀϬJŎȦ东ʆ�Ȧ ˚2
ÇŎ

Ȧ东ʆŏǇ̓˚ΕюĤ1V˾ȇȏʶƭ� 



µ96ЀĪŃ˲ĢŃSΥȘ                     ě1ªŔʄЖ˚ HASΕюˋǇ QoEƾ˨ 
 

42 

�х
、D!Α<̼Ⱦ̑˭̇�Œ�Zˋ˚ŏΓ QoEǫɓ� 
ĎKĨƛýˋǇΓˣU个˚ć̫�
“Ãы”ȫȶДΑ˚ŏΓ QoE ǫɓ&


ˀȸ˚ŭXĪЎȫБˋ“Ãы”ɈΩPˋǇ QoE�“Ãы”˚Ѐżŋ% �ȇȏă͉�
¸ÂȸЖT1ɑ�Рб��Ɋ̓˚Рбi= 0	Ȧ
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č 4-2 ͉�¸ÂȸЖ×´˚ͩɤĘ 

 Fig 4-2 General model of buffer occupancy 

 
č 4-2˚且�Ќ� ˏ-ɧŉȗ˚ΕюʝȇϬ̅�
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RȫŲ̽T1ȶŞ
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͉ �¸ÂȸЖϾʓ�Ş�不ϲy“ɏ̒”ʶƭ
ŘƇ˚
ɮȦȇȏă)ϲ
y-“Ãы”ʶƭ� 
、D&ǈCZˋ“͉�¸͇èʶƭ”ŘƇȇȏă˚ȇȏʶƭ
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ȏă˚ȇȏʶƭúˋǇ˚ΓˣU个�;;�͉�¸˚ÂȸЖȸ~
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ˋ1ȳè（̹ͦ˚ ˏ͉
�¸ʶƭúȇȏăʶƭ� 

4.3  ��h: QoEj%I�^t\ 

Ⱦͬŝ�U<̼、D˚ΕюˋǇ QoEŎȦ东ʆ̝ɾ
јvM<̼̝ɾ˚ěȾ
ɤĘúʄ̅
ʬëMǿϷʵƝȀÕ˚ɯќú�UȠɾ
ϱ5ʵƝˋ1ȦƅȖǴǮǹ

Ϭ̅�东ʆă˚Ρ̷úΩP
CŎˀŘ1ȇȏăʶƭ˚ŎȦ东ʆ� 

4.3.1  t\s� 

č 4-3ȫΕюˋǇ QoEŎȦ东ʆ̝ɾ˚Īͦʄ̅� 
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č 4-3  ̝ɾʄ̅ 

Fig 4-3  Algorithm flow 
 

ĵč 4-3ǈ˷
̝ɾ˚ϥyȫ HASΕю˚͎́ʄЖȖǴ
ϥ� ȇȏă˚͉
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Řȇȏă͉�¸ʶƭ��˚
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͎́ś³ȖǴ<úȇȏă͉�¸ʶƭ2Ў

ȫǬʭȦУʝ×˚
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Õ�ˋ1ϲ΅ɤĘΡ̷úʆέ˚ȖǴ下�、DĎ 4.3.2ͬ�ŘʵƝ˚ȀÕϬ̅ú̹
ͬϲ΅-ΰ̹ǿϷ� 
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ŎȦ�ȝ
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č 4-4ǈ˷
Ď 10s-35sϱɲȦУ�
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ϱɲȦ
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Ж¶(
ŏǇ̓ -́ȊȖǴĕ
ƌķCTˬʼю̰˚δɹȟΕюĕ
ɮȦ˚͎́

��ˀ-Ŕ下˚ HTTPδɹǛȘ� 

 
č 4-4  ˬʼ�͉�¸ÂȸЖ� HTTPδɹǛȘƅ� 

Fig 4-4  The relationship between bitrate, buffer length and HTTP request message sequence 

 
č 4-5ȫɧΕюʝȇϬ̅�
ŏǇ̓δɹˬʼ�͎́�ΕюĕŰ�ʄЖ˚Ȧ

Уƅ�
��̶̱ͫȫŏǇ̓δɹˬʼ˚ȦУƅ�
;ͫŎ̶ȫ͎́�ˡЊ��

Εюĕ˚ʄЖŰiƅ��Ďč 4-5�
0-40s�140s-180sϱɲȦУ
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ć ŏǇ̓ǪͅĎTˬʼ�ϲ΅ˬʼδ
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ŏǇ

̓ȇȏăΕюĕˬʼδɹ˚XcƳ�[ĵΕюĕŔ下δɹ�δɹˬʼ̗̲×´	


ЎMĎ͎́ʄЖ˚ĕƅ�˚ʵƝ�Ήˀ�Ɉ� 
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č 4-5 ˬʼƅ��ĕƅ� 

Fig 4-5  The relationship between bitrate and chunk flow sequence 
 

ě1ɮ
、D��> HTTPδɹʄú TCP�Ϡʄ�ȀÕ-ą̡ʵƝ�δɹУ
万�ĕʄЖ�ĕɱŰ�͂ŘĕɱŰ
ɳ�ʵƝ˚ǿϷcƳĵΉ 4-1ǈ˷� 

 
Ή 4-1 ĕƅ�ʵƝ 

Tabel 4-1  Characteristics of video chunk traffic sequences 

ʵƝê̂ ʵƝǿϷ Ɉʕ 

δɹУ万 Ɨ¡Εюĕ˚δɹȦ �¡�Εюĕ˚Űi HTTPδɹʄ 

ĕʄЖ �éƅå˚Εюĕ�³ð˚ŀͬȖ TCP�Ϡʄ 

͂ŘĕɱŰ Ɨ¡Εюĕ˚ʄЖ�¡�Εюĕ˚͂ŘŰi TCP�Ϡʄ 

ĕɱŰ Ɨ¡Εюĕ˚ʄЖ�¡�Εюĕ˚Űi
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àCȫɭi�νi。ȫ 0
Űi˚ɭνAΉ-ˡЊ
��Εюĕδɹˬʼ˚»一×´ 

TCP�Ϡʄ 

 
ˌ1�éˬʼΕюĕ˚ĪŞŰƍɴϡĪ
ŚͦɤĘĎΡ̷ȦMȳjí1ϽǥȖ

iŰ�ϡĪ˚ʵƝ�[ĵĕʄЖ	
ƛý�ɤĘ˚�ȝ�ćɮ
ϰпΑŘǈȸ˚ʵ

Ɲϲ΅“Ɩ´”Ĥ（
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、DZˋ˚ȫƖ´Ƞɾȫ“̶Ư�ȖƖ´”
ŝéʵƝ�˚ǈȸȖiȩŜ�
[0,1]˚ͲĊ
ŎˀŘ1ËķʵƝȖi˚̗ɴ͍ȏ�Ɩ´|Ɛ 4-1ĵ�� 
 <TWOX =

< − <XYT
<XZ[ − <XYT

 �4-1	 
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4.4.1  t\%f 
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ˌ1Ƃ�¸�ɳ̸ɗȾ下ĎȦУ�˚vëщƅ
Ťȸà͠�ˀĎȾϝɤĘΡ̷Ȧ


ʆέˋ˚ȖǴ下ĎȦУ�̐ʬΑɴΡ̷ˋ˚ȖǴ下ϰΑ且¡
ɮȦŘ1ɤĘɈγ


Ť�ˀ-Ρ̷ȖǴ下Ȁ¡“ɽʜ”cƳ˚Сё
ć ńˡƗ1ΠɤĘĎΡ̷ȦŤȀ¡
ˣ�-“ȼɈ”˚ȖǴcƳ
͖ ĎʆέȦˋ“ϬÌ”˚cƳϲ΅ʆέ
ɮȦơ�˚ɤĘ
ŤM7ˊϬǣè�Ƃ�
ĎN̓˚ K Ǚ6Ïɞ个̝ɾ�
K Ǚ��ë˚ɳ̸ȖǴ
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下MĎ K ϝΡ̷�]ɧX Ρ̷下。ʆέ下Zˋ
ϱ˾Ρ̷ȠɾËȾȫƼĎɗȾ
ȖЖ�Ĩ˚ƹ��u��ˋȖǴ下˚cƳ
Zɳ�ɗȾЎ͠ĩÍ�Ρ̷úʆέ
R

ȫĎȦУƅ�ȖǴ�
ϱ˾ȉXȠƐȬʬȫ�èϼ˚
ć ńMŚͦĎȾϝΡ̷Ȧ


ĎȦƅ�Ј5Ⱦ�ƇίȀ¡ΠɤĘˣ�˚ȖǴʧ
ÈŲ̽Ď&¡�ϝ˚Ρ̷�Ό

ˋ�
7ˊ-cƳɽʜ
1ȫϲɯª¤-ɤĘ˚Ϭǣè� 
èϼ˚lɾȫ
ɳϝˋ1ɤĘʆέ˚ȖǴ下ƇίȫĎCƜ˚ʆέʿͬ�>

Ɉɻȸˋ�Ϭ˚ȟȖǴ�ćɮ
、DZˋ TimeSeriesSplit˚ȠɾŘΕюʄЖƅ�ϲ
΅�§�ĵč 4-6ǈ˷
ɓ�˚ KǙ6Ïɞ个̝ɾȫǔȖǴ下�� K̸
ɳɧ
Ρ̷Ȧŝ�é˚ȖǴ̸ƣʿX Ρ̷下�͈ͫȠĕ	。ʆέ下�̱ͫɇ̵Ƞĕ	�

͖ TimeSeriesSplit˚Ƞɾ�
ɳɧΡ̷˚ȖǴ下�͈ͫȠĕ	ɸϳȫ¡ɧΡ̷
�ȖǴ下˚Ϗ下�Çëϝ˚Ρ̷下ɸϳ³ð¡ϝΡ̷下	
ʆέ下�ȫĎCƜ

˚Ρ̷�ЎȼZˋϬ˚�ȦУ�且ë˚ȖǴ�̱ͫɇ̵Ƞĕ	� 
 

 
č 4-6  KǙ���Ȧƅ��˷ƽč 

Fig 4-6  K-folding and timing segmentation 
 

˼̶Ρ̷Ыɲ
Ɨеɀɟɍ�̡ăǼȌ�̸ΕюʄЖƅ�
ĎŘίƅ��˚

ǈȸɗȾʧЎ]ɧŉǂʶƭ�̡&ë
ʬë�ŝǈȸɗȾʧ˚ʵƝCÐеɀɟɍ

Řɳ�Ȧ ɗȾʧ˚ʶƭ�̡̾Ɏ
̸èǂȟ˚ʵƝȖ̸
ǬʭȦƅ̓ϻ̀

LSTMˋ1Ρ̷�Ď̶ƇˋЫɲ
еɀɟɍ�̡ăɳŉǂɧɗȾʧ˚ʶƭ�̡

Ťŝ̾Ɏϻ̀LSTM东ʆă
X ίȦ �LSTM˹̽¿s˚ΈuϥycƳ&

ˋ1Ř�Ȧ ˚ȇȏă͉�¸ʶƭϲ΅东ʆ�、Dǔϱ˾Ρ̷úƇˋ˚Ϭ̅Þ

l“˼̶ƍɯΡ̷�Ď̶éɯƇˋ”� 
(2) ɋƋ LSTM东ʆă 
П˫ȻΣƧ˹͎̽́�Long Short-Term Memory
LSTM	ȫ˾ȦУϿƖ͎

́
ńȶȬͼ˚ў¨ȫàCŝC¡˚cƳb˒�Ɨ¡Ȧ ˚G«�
ÇŘϬƜȦ 

˚G«ȸŋ˚“ΣƧƯ”
[ĵĎΕюčó（Ι�
b˒v¡ΕюŹ˚cƳàCȸ
®1ŘΕюƗ¡Ź�Œ˚（Ι� 
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�żΔ˚ LSTM Ρ̷Ϭ̅�é
ȾȘ�
 -͠ĩéȦˋ�͉�¸˚ʶƭ�
̡cƳ
、DŘ LSTM 东ʆăΡ̷úƇˋϬ̅�ƅ�ϥy˚ƙƐȸИŘƯďϲ΅
-ȳȍ�、DʺƼ
ĵɎ LSTM ˚ϥyƅ���;³ðΕюĕ˚͎́ʄЖƅ�

ϰ³ðȇȏă˚͉�¸ʶƭƅ�
̾è�ȾϚŤ�ȸ˚“Ćįˣ”ú“ΣƧ”˚͠¨

LSTMàCȳĴďŘ�Ȧ ˚͉�¸ʶƭϲ΅东ʆ�ĎˀĎ˚˭̇�
Zˋϱ˾
ȖǴϥyƮƼ˚ȠƐ!Αȸ�˾�̖ ˾
͠ ĩŎȦÕ�ŏǇ̓ȇȏă˚͉�¸

ʶƭ
ϱ˾ȠƐŘ1 ΕЕʸ̌�˚͎́ϭͺÿɈγƂ�ˀŎ
ţ�ȫĎ̶ŎȦƇ

ˋ˚ƹ���̖ 0˾
ȫϿƖďŝȶϮ˚东ʆ̾ɎˋXëͅ东ʆ˚ϥy
ϱ˾ȠƐ

�
ëɯ˚东ʆMϬƉ]ϊ¡ɯ˚东ʆ̾Ɏ
ȥĎɑɯÔˊ东ʆЛβ
Ť

MŚͦϱ˾Лβе˦ȦУ̯́
ȒɎʀƯϡĪ�、D˚Ƞɾ�ϱ�˾ŎˀȠƐĒ

�é
ĵč 4-7ǈ˷� 
 

 
 

č 4-7  ɤĘΡ̷ЃϤ 
Fig 4-7  Model training strategy 

ĵč 4-7ǈ˷
、D˚Ƞɾȫ
ŝеɀɟɍ�̡ă˚�ȝ̾ɎŎȦNϻ̀ LSTM
东ʆă
ȋǪ LSTM ͇èĨ�Ȧ �˚͎́ʄЖʵƝú͉�¸ʶƭ�̡̾Ɏ
Ř
��Ȧ ˚͉�¸ʶƭϲ΅东ʆ� 
�Uďγ
、DŝΕюʄЖʵƝƅ�Ǭʭɳ�Ȧ ʧ �ɗȾ�ĵč 4-7

�̖Ũ˚��ʤͫȠɛ	]ɧϻyеɀɟɍ�̡ă
ơ�Ɨ¡Ȧ �˚͉�¸

ʶƭ�̡̾Ɏ�ĵč 4-7�̖0Ũ˚͈ͫȠɛ	�еɀɟɍĎŝ�ȝ̾Ɏϲ΅ϥ�
˚Ȧg
éȦMϥỳ LSTM东ʆă
东ʆăC n�Ȧ  �̍Ù�ĵč 4-7�
n  3
AΉɳɧ“Ćˣ”3 ɯ	
͇èȶϮ n �Ȧ �˚ʄЖʵƝú͉�¸ʶƭ�
̡̾Ɏ
东ʆ��Ȧ ˚͉�¸ʶƭ�ĵč 4-7�̖�Ũ˚̱ͫȠɛ	�Ɨȸ
�ȟ˚�̡̾Ɏ�ϪȦ
LSTM东ʆăMŝί̍Ùíëʗɯ
̃ гƗ¡ȦУ̍

Ù�ȶ¡Ȧ ˚ɗȾȖǴ
ŝȶȟ˚�̡̾ɎúʄЖʵƝΈu�ɗȾȖǴ˚ȶë
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Ȧ 
ʬëŝȗ�̍ÙX �ȟ˚ɗȾȖǴ下ϻy LSTM
̀ 1Ř��Ȧ ˚

͉�¸ʶƭϲ΅东ʆ�ĵɮƜĦ
ˠͥ̍Ùʗ�ȗ�Εюʄƅ�˚ȶëȦ � 

4.4.2  %�e��E>A� 

、DĎȾ̑Zˋ�̖�̑�ˡé˚Ŏ个ʿğ
Ŏ个á˚�UÍȖŲ̽Ď 3.2.1
ͬ�ȸǈ<̼
ɮĤ��ϋϷ�、DΓˣ˚ΕюȘE
³ðXʲ�˿ƃʲ�ȟФ

ǛЅ�ΣƘʲ�ƭ�ˤ̗Ĩ�̡Ę
ɳ˾ΕюȘE˚cƳĵΉɚ 4-2ǈ˷�Б下
�˚ȖǴ下�ư}³ð 32ɇΕю˚͎́ʄЖϛϸúŏǇ̓ȇȏȤƨ�Εю˚ʄЖ
ϛϸȫˌǱ�˚��Εюś³̸ǂ˚
ɳ�ś³˚ÍȖȸ�Б下Ȧ �ʕ IP
ďđ�˟ɓ IPďđ�¾�³П�ěȾcƳ�ŏǇ̓ȇȏȤƨȫΕюȇȏ˚ŎȦ
cƳ
³Ǧδɹˬʼ�͉�¸ÂȸЖ̗ÍȖ� 

 
Ή 4-2 ΕюȘEcƳ 

Table 4-2 Video file information 
 

ȘE̡Ę      ΕюˬʼͲĊ цюˬʼ      ǪͅȦП 

˿ƃʲ 1 4˾ˬʼ(150kbps-750kbps) 72kbps       10min 

˿ƃʲ 2 5˾ˬʼ(386kbps-2773kbps) 131kbps       12min 

ˏʲ 10˾ˬʼ(254kbps-14931kbps) 65kbps       10min 

̳Ƙʲ 2˾ˬʼ(3000kbps-4000kbps) 128kbps       5min 

ϭ下М 2˾ˬʼ(2500kbps-4000kbps) 96kbps       6min 

ƭ�ˤ 6˾ˬʼ(2859kbps-19683kbps) 194kbps       3min 

ˍΕũb 1˾ˬʼ(1144kbps) 191kbps       5min 

 
Ř1ɳɇΕю˚͎́ʄЖƅ�úŏǇ̓Ȥƨƅ�
、DCń˚MPDȘEδ

ɹȦ  ��ƅ�˚}é�ķȦ 
C0.25s˚ȦУУ万Ř��ƅ�ϲ΅ДȟБɗ

éȦZˋŏǇ̓˚Ȥƨƅ�ŘʄЖƅ�ϲ΅ɓ̛´
ŝ��ƅ�ȗè�é�Ȧ

Уϟ�Ƃϲ΅˝˧´Ĥ（� 

4.4.3  wV�U 

、DZˋ�˴ʼ�̦˴ʼ�ßĆʼ�F1 �ȖX ǫɓ
ΩPɤĘ˚Ư͠�̦
˴ʼÎÞɒ�ʼ�ßĆʼÎÞɒzʼ��Uŋ%ĵ�� 
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�˴ʼ = ɭ˴�̡˚ɗȾ�Ȗ / ưɗȾ�Ȗ 
̦˴ʼ = �̡ɭ˴˚ɭɗȾ�Ȗ / �̡ă�ŋ ɭɗȾ˚�Ȗ 
ßĆʼ = �̡ɭ˴˚ɭɗȾ�Ȗ / ˤɭ˚ɭɗȾ�Ȗ 
F1�Ȗ = ̦˴ʼ * ßĆʼ * 2 / �̦˴ʼ+ßĆʼ	 
(1) еɀɟɍ�̡ă˚ʶƭ�̡̾Ɏ�Ɍ 
、DZˋ Sklearn �˚еɀɟɍɤĘΡ̷͉�¸ʶƭ�̡ă
ě1ɳȦ ˚

͎́ʄЖʵƝŘȇȏă͉�¸ʶƭϲ΅ŎȦ�ȝ��Uďγ
јvпΑŝɳɇΕю

˚ TCP �ϠʄǬʭ“ĕ”̣ƉДƋ
ơ�çͤ˚ĕƅ�
ƂəǴɳ�Εюĕ˚ĪŞ
�³ð˚ŀͬȖ	úδɹȦУơ�ΕюʄЖ˚ą̸ʵƝƅ��δɹУ万ƅ��ĕƅ

��ĕɱŰƅ�ú͂ŘĕɱŰƅ�
ȶëŝɳ�Εюʄ�MPDȘE˚δɹȦУX
 ɓ��ķȦ 
ƂC 0.25s БɗУ万
ŝéɇΕюʄ˚ŏǇ̓Ȥƨƅ��³
ð͉�¸ÂȸЖúˬʼ̗̲	�ΕюʄЖ˚ą̸ʵƝƅ�ϲ΅ȦУŘѣ
̸ èǂ

̸ĨsȦУƅ�
ƂəǴ͉�¸ÂȸЖú×´ϑ±
ɓʁɳ�Ȧ ɗȾʧ˚͉�¸

͇èʶƭ�ɮĤ
、DZˋą˾͉�¸͇èʶƭ�0�1�2�3 ɳ�ɗȾʧǋɓ

ϱą˾͉�¸͇èʶƭ��ŘƇ͉�¸˚ą˾ʶƭ�ʯė�ǯͶ�ʢ̈�ɏ̒	


>͖ŝɳ�Ȧ ʧ�˚͎́ʄЖʵƝ�ȇȏă͉�¸ʶƭŘƇώɈ
ŉǂȖ

Ǵ˚ɓ̛´Ĥ（� 
 -ġªɤĘΡ̷ȖǴ˚ĨɗƯ
Ȁ中ΩP̾Ɏ˚γȹ¨
、DĎŘеɀɟɍ

ɤĘ˚Ρ̷Ϭ̅�
ȸƽΪ˚Ƒy-�é̡Ę�é�Œ˚ĨɇΕюȖǴ�、DŝΉ

4-2�˚ 7˾̡Ę˚ΕюȖǴĎ�ȍ×Ȧƅ˚ƹ��јŦǧǼ
ȗèë˚Ÿȸɓ̛
˚ƅ�}³ð 61042�Ȧ ʧ
��ʯėʶƭ 3833��ǯͶʶƭ 51454��ʢ
̈ʶƭ 3761��ɏ̒ʶƭ 1994��ŝɗȾƅ�Ǭʭč 4-6�<̼˚ȦУƅ���
ȠƐϲ΅ȖǴ�§ëƌķɤĘ˚Ρ̷úΩP�Ή 4-3 ȫеɀɟɍɤĘ˚ΩP̾Ɏ� 
>Ή�ȖǴàΒ
“ʯė”ʶƭú“ǯͶ”ʶƭ˚Ϊ�̦˴ �̓ɒ�ʼ	中1 80%


Rȫ
l ϡ1ϱ�˾ʶƭ
“ʢ̈”ʶƭú“ɏ̒”ʶƭ˚Ϊ�̦˴ƉÝȸ 64%ú 71%� 
 

Ή 4-3 еɀɟɍɤĘ˚ΩP̾Ɏ 
Table 4-3 Evaluation results of random forest models 

 

͉�¸ʶƭ ̡� ̦˴ʼ ßĆʼ F1�Ȗ ʆέɗȾȖ 

ʯė 0 0.81 0.95 0.87 1166 

ǯͶ 1 0.99 0.94 0.97 15413 

ʢ̈ 2 0.64 0.85 0.73 1133 

ɏ̒ 3 0.71 0.94 0.81 601 
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、DЀϬ̿�еɀɟɍΩP̾Ɏ˚ʑʏ˩Ъ�Ɍ�Ëć
ĵΉ 4-4ǈ˷� 
 

Ή 4-4  еɀɟɍɤĘΩP̾Ɏ˚ʑʏ˩Ъ 
Table 4-4  Confusion matrix of random forest model evalution results 

 

ˤŎɓ̛ 
东ʆɓ̛ 

ʯė ǯͶ ʢ̈ ɏ̒ 

ʯė 94.59%(1103) 2.83%(33) 1.03%(12) 1.55%(18) 

ǯͶ 1.52%(234) 94.37%(14545) 3.3%(509) 0.81%(125) 

ʢ̈ 0.794%(9) 6.71%(76) 84.73%(960) 7.76%(88) 

ɏ̒ 2.33%(14) 0.49%(3) 3.16%(19) 94%(565) 

 
Ή 4-4�ȫеɀɟɍΩP̾Ɏ˚ʑʏ˩Ъ
��ɳ�Ήɚ�ȖǴ˚ɚƐȫ�ʕ

Ŏɓ̛ A˚ɗȾ�Ό东ʆ B˚ɣʼ
ÇΪ��˴ʼ�ˤŎɓ̛ A˚ɗȾ�
Ό东ʆ B˚ɗȾ�Ȗ	� 
͇èΉ 4-3úΉ 4-4
àCˣ�
΄ʬʢ̈ʶƭ˚Ϊ�̦˴ʼÝȸ 64%
Rȫ

ίʶƭ�˚Ϊ��˴ʼÈ中Ϫ 84.73%�ÇÍ�ʆέ˚ 1133 �ʢ̈ʶƭɗȾ�ȸ
960�ĒΌɭ˴Ϊ�	
&ǈCM7ˊϡT˚Ϊ�̦˴ʼ
ȫć Í�ʆέ˚ 15413
�ǯͶʶƭʆέɗȾ�ȸ 509 �ΌЛβΪ� ʢ̈ʶƭ
΄ʬϱЌ�ΌЛ�˚Ȗ
ǴÝÂǯͶʶƭʆέɗȾͤϚ˚ 3.3%
Rȫ>ŎЮȖ˟�ˣ
ÈěȾˡƗ1ʢ̈
ʶƭʆέɗȾưȖ˚¼C�
ɊĪ˚ƛý-ʢ̈ʶƭ�Ϊ�̦˴ʼ˚ΩP�é（


ɏ̒ʶƭ˚ΩP̾Ɏ�)ŁĎʶƭΪ�̦˴ʼ; 71%
Rȫίʶƭ�Ϊ��˴ʼ
中Ϫ 94%˚ƹ��͇�ǈϷ
7ˊϱ˾Ďǈȸʶƭ�˚Ϊ�̦˴ʼúĎ¿�ʶƭ
�˚Ϊ��˴ʼŁĎϡĪkŰ˚Ëć
ȫć Í�Ρ̷úʆέ˚ɗȾͤϚŁĎɊ

Ī˚�ƀ·
CȾɧɤĘΡ̷ [
ưɗȾȖ 61042
ą˾ʶƭ˚ɗȾÂɴ��
 �6.28%�ʯė	�84.29%�ǯͶ	�6.16%�ʢ̈	�3.27%�ɏ̒	
ˌɮà
Β
ɗȾ下�ǯͶʶƭɗȾȖΑϳϳ中1�?ʶƭɗȾȖ
ǈCǯͶʶƭ˚ΩPʀ

MɊĪďƛý��?ʶƭ˚Ϊ�̦˴ʼ
ţ�ȫ“ʢ̈”ʶƭ
ć  “ǯͶ”ʶƭ
�“ʢ̈”ʶƭĎəǴ͉�¸͇èʶƭϲ΅ʶƭ��Ȧ
ϕ˼ˡŘ�?ʶƭȳϮ
Ď

əǴ“͉�¸ÂȸЖú×´Ƞí”ϲ΅ʶƭǋɓȦ
Ĥ1͉�¸ÂȸЖ�̡�ˑĤ˚
ϱ�˾ʶƭ)ˡŘȳŒȨ7ˊʑʏ� 
Rȫ
>Ή 4-3�éɗàCˣ�
еɀɟɍ�̡ăŘą˾͉�¸ʶƭ˚Ϊ�ß

Ćʼ�ɒzʼ	ͥş 85%
ƀĒ中1 90%
Ƃ�͇èǫɓ F1�Ȗ�̦˴ʼúß
Ćʼ˚θúƀĒi	ͥş 73%
ƀĒ中1 85%� 
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(2) LSTM东ʆă˚ʶƭ东ʆ̾Ɏ�Ɍ 
、DZˋ Keras �˚ LSTM ɤĘΡ̷͉�¸ʶƭ东ʆă
ě1ϬÌɲȦУ

˚͎́ʄЖʵƝúеɀɟɍʶƭΩP̾ɎŘ�Ȧ ˚͉�¸ʶƭϲ΅东ʆ�

4.4.1Şͬ�č 4-7Ų̽<̼-ȾȘ� LSTM东ʆă˚ɋƋ̹ͬ� 
、DŝéɇΕюʄ˚ĕƅ�úеɀɟɍ�̡ă˚ʶƭΩPƅ�̂ ɇΕ

юƅ�
Zˋ 26ɇ�é̡Ę�ΕюȘEcƳĵΉ 4-2ǈ˷	̊ Εюƅ�ɋƋ LSTM
ɤĘ
>�еɀǞÕ 18ɇΕюƅ��³ð 29760�ɗȾȦ ʧ	ˋ1Ρ̷
¥�
˚ȖǴˋ1ʆέ�³ð 13680�ɗȾȦ ʧ	� 

 
č 4-8  accuracy×´Ȳ̶ 

Fig 4-8  Accuracy curve 

 
č 4-9  loss×´Ȳ̶ 

Fig 4-9  Loss curve 
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č 4-8 ú 4-9 ��ȫ LSTM 东ʆăΡ̷Ȧ˚ɤĘ̦˴ʼ×´Ȳ̶úɤĘǲĮ
×´Ȳ̶�ĵčǈ˷
ɤĘĎ϶A 5ɧëÍȖ��Ȁ»
mɬΡ̷
ɮȦɤĘ˚ʆ
έ下̦˴ʼ中Ϫ 98%
ǲĮiT1 0.1� 
、DŝΡ̷下�ɳ�Ȧ ɗȾ˚ΩP̾ɎŚ�
ΓŖɳ�̡�˚Ϊ�̦˴ʼ

úßĆʼ
ĵΉ 4-5ǈ˷� 
 

Ή 4-5  LSTMɤĘ˚ΩP̾Ɏ 
Table 4-5  Evaluation results of the LSTM model 

 

͉�¸ʶƭ ̡� ̦˴ʼ ßĆʼ F1�Ȗ ʆέɗȾȖ 

ʯė 0 0.97 0.96 0.96 1197 

ǯͶ 1 0.98 0.98 0.98 10398 

ʢ̈ 2 0.87 0.88 0.88 1387 

ɏ̒ 3 0.96 0.93 0.95 692 

 
Ή 4-5 ȫ LSTM ɤĘ˚ʶƭΩP̾Ɏ�΄ʬʆέɗȾ=ʬŁĎȧȬ˚ȖǴ�

ƀ·
Rȫą˾̡�˚ʶƭ东ʆ̦˴ʼ�ɒ�ʼ	中1 87%
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