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Abstract: Live streaming services that deliver video in real-time are widely used on networks with various
conditions and receivers with different performances, for videos with variety of characteristics. Since the
existing live streaming service controls the video quality delivered to the user device considering available
network resource status, the quality of the delivered video is not always adopted to the receiver’s computa-
tional resource status. This study propose a reinforcement learning scheme to learn the relationship between
video characteristics, available network resources, computational resources, and video quality delivered to
the users. This scheme can provide adopted video quality in accordance with not only the network status
but also the performance of the user device. In this paper, we show design and implementation of a video
quality control method for MPEG-DASH. Also some experimental results show that our proposed method
can provide high-quality video to users while reducing wasteful consumption of resources.
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Fig. 1 Overview of our proposal.
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Algorithm 1 Resource Learner based on Q-learning

1: Initialize Q values Q(s,a) for all state-action pairs to 0.0.

2: repeat

3:  Get resources (Rcp,, and Ryw,,) from the Receiver i at
time ¢.
Observe a state s; ¢ € S.

5: Determine an encoding parameter a; € A according to the
policy 7.

6: Send a; to the Encoder.

7:  Get resources (ARcp,,,. and ARNw,, ) from the Re-

Stk
ceiver at time t + 7.

8: Get a quality degradation AD; ;4 from the Encoder.

9: Calculate a reward r;; according to Eq. (5).

10: Observe the next state s; ¢4r.

11:  Update the Q value Q(s;+,a:) according to Eq. (6).

12: Transition to next time ¢t «— ¢t + 7.

13: until the streaming service is finished.
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Fig. 2 Experimental environment.

x® 1 OERTHM L 2ok M

Table 1 Device specifications used in experiments.

BAEH— N LI A
TA27 N7 PC &M A (Nexus 5) E&EFMAE (Galaxy S6)
(O Windows 10 Pro Android 6.0.1 Android 7.0
CPU Core i7-6700@3.4 (GHz) Snapdragon 800 Exynos 7420
AE) 8 (GB) 2 (GB) 3 (GB)
v hT—=2 IEEE 802.3ab IEEE 802.11n IEEE 802.11ac
I P AT i 7 i N/A 28 (Mbps) 80 (Mbps)
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=2 FEECHM LRIENE

Table 2 Streaming data used in experiments.

Big Buck Bunny Football
774NV bbb_sunflower_2160p_60fps_normal.mp4  Samsung_UHD_Soccer_Barcelona_Atletico_Madrid.ts
gk H.264/AVC H.265/HEVC
14 X size 657.4 (MB) 1,298.2 (MB)
FHEREH len 634 (s) 232 (s)
) 1 (% 2160p 2160p
JL—ALL—} 60 (fps) 50 (fps)
x®3 FERTHEHLIRES Fa EH1CHEHLEFT LT A=5 A
Table 3 State S used in experiments. Table 4 Encoding parameters used in experiment 1.
INT A =4 INTG A =%
R CPU | {0, 25, 50, 75, 100} (%) CRF {18, 23, 28}
MEM {0, 50, 100} (%) FPS {60, 30, 24, 20} (fps)
Ryw BUF {0, 50, 100} (%) RSL | {2160p, 1080p, 720p, 360p, 180p}
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INTG A—F a, FD fps, (€ FPS) 2k L CE AT
EMLE % 1B CHIEICFRR L7 L — 2 80%EE Afps,
s W L TREmADEAGEE % 1 B TR IoRE
TRy TL72T7 L= 2 EOEE Adrop, TRET OFLE M
%D SSIM TH % Assim & AVTLUTOATRD 72

AD = Afps+ Adrop + Assim (8)

5.2 FEE1:3DCG 74— a3 MEEHAAEER
5.2.1 EE1OBE
BLEWLE & LT 3DCG 7= A —3 3 VW% BBB # {1

L72ER1OFEIDTFTOEBY)TH A,

(1) =¥ a—FIEEMRG T MBI L7 2 v b
ftL, $RTOFBEDOLT 2V b (= |A ) %EK
5. JER L ERTT L% O SSIMAssim DAY
T Z I ER SRR RET 5.

(2) ZEHEIIEET - NP REETLES AV N EHE
T4, ZokE, BREV—NIHEREEZITDTIC,
—EDMEDE T AV M aREETAH. INETRTO
mE DT (= Al H) EREL, S L72EIRER
ARcp, ARyw DWRERENT — & 13 B B (2%
59%.
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EERFIE (3) 12BWT, RSO FARER L TFH
FITTRE 7 5538 bwt & CPU =R cpu ZHIR$ 2 Z &2 &
D, SZAEuA CHHRE 2 EIRISEIL L 72f5 5 k8T 2 —
Y R RETRETH B 0% il T 5. BARRY I BRI PR
&, BIRFERERED AEZ HIBREICE SR THFET 5.
bwt [FHIREEICER 1 IR TFIHTRE 2825 3G & v +
7 — 7 DR RZIERETH S 14.4Mbps (2 SR 2, FIF
THE R WD LB T 5. cpu IZHIBRERIZ 100% 12 (&
Sz, WMERAE SO R 2D CPU i HROLH) % M $
. WZOREBEERIZIL U THIBR L 72 bwt & cpu DX
PUToEB)TH5.
(3-1) 50 Bt 5 100 FHR, FIFH 0T RE 7 7 18 % Il BR
(3-2) 200 25 100 B, ZEiwmAKD CPU M=%
Hhn
(3-3) 350 #iah 5 100 # 1, FIH A RE Zrii iz HIR L,
CPU i = % B
Db X912, BFRFEEREICAEN 87 A — 5 %2 A ))
T52LT, ZEWMATHREEZEIRICHIRA S % KEE
THBL7.

T4 WERITHERALFFIT A=Y ADIXNT A —
YR RNT. BIRFEENL, CRF, FPS, RSL D%
EREMAEGDEIIFEST A=Y 2 RET 5.

5.2.2 EER1DKER

X 3 ICEEFmA, K4 ICHmEFmEERAVLED
FIHW B2t & CPU RO A 2R . SO
IZHER (time) TH 5.

MO (a) B & O (b) Ot % E JF AR AEI L 7
g5 A =212 ind A5 ¥y b L— b (bitrate), 5%
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Fig. 3 Experiment 1 results using the low-resource device.

1 1 1 | Faa
30 e cpufﬁﬁ%@ﬁ | CPUGEFI I8!
T | A
! 1
= 251 1 | .
5 : l
= |
2 20 1 |
23 | |
$3 15} ' '
55 ;
=3 10}
K] 1
= i
s ol | |
1
1
0 . L i
0 100 200 300 400 500
time (s)
(a) FU A RE R RO L) (HT-5)
‘7bitrate —CPU usage (total) —CPU usage (proc.)‘
1 1 1 1 | R gg'
i CPUfERIE ICPU FIZ= 381
30 wlma | [z iE! ' @' i 120
| Vol
25 W ' ; 4 100
1 1
I <
7 20 1 ] : W 80 &
Qo [} 1 1 =
= 1 1 5
g 15 1 H 1 160 3
5 ! g
< 10 ! ! .F’m 40
1
. L
5F 1 120
1
1
0 i \ . 0
0 100 200 300 400 500
time (s)
(c) CPU =0 Zs) (HATk)
I
Vommm | lcrugmzas!  1ceupmEm)
100 T } t T +
I I 1 | |
: : 1 1
z 8p T 1
I 'l
£% oof :
S 1
o2 1
c3 L 1 ]
52 40 1
o 1
: 20f . 1
I : L
0 : Arvas 4
0 100 200 300 400 500
time (s)

1

bitrate (Mbps)

00

80

60

40

20F

(a) FUHWREZ RO LE) (HALT5)

|— bitrate — CPU usage (total) —CPU usage (proc.)|
1 iR 1
ICPUfEFISEIEI

T T

R \CPUERE

100

=
0%

CPU usage (%)

time (s)

(c) CPU HEH=RDLE) (HALTFE)

bitrate (Mbps)
available bandwidth (Mbps)

bitrate (Mbps)

100

\ , 1 EEE
CPUfEAZE

i ! IcPufEmE

1 1 1
! 1 1
I 3

o

300

200
time (s)
(b) FIM AT il DA H) (RETF)
|— bitrate — CPU usage (total) —CPU usage (proc.)|
I HEER
VR cPuEEE  chummEml
T T

CPU usage (%)

time (s)

(d) CPU fliH# ) (RETE)

X 4 %%ﬁ 1 OfER (FEIEsmA M REOF H T RE 28 & CPU ﬁﬂiT@W@U)

Fig. 4 Experiment 1 results using the high-resource device.
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2 R TR RE 241 (available bandwidth) T# 4.
BT, 2EmAK TR TTRE 2 i8> CPU i #E0°
ZELCH, WIHISHEID L72fF 5 b/ 8T X — & 2 gug Lt
7z, ShUSH LIRETHE, EmK CHHTRE 2 &5
AL L7 A SR R e S R A o A L9 U
B BB T A= BRETL LI ko7,

IR e e mid 2 HIR L, CPU {25t L 729285 T
JIE (3-3) BRIZ BT, HpTia A 7R &R U, Wi
13345 0.054 Mbps (0.188%), i AT 0.421 Mbps (1.462%)
SN 7. IRFETFHETIE, P 2.565 Mbps (8.905%),
KT 23.018 Mbps (79.923%) OF&HAFE L7z, BT
B W EEERR TIE, 0.490 Mbps (0.612%), KT
44.542 Mbps (55.677%), #RFFETIE, ¥ 4.100 Mbps
(5.124%) , F KT 76.382 Mbps (95.478%) DEHEHE L 7-.

XD (c) B L O (d) DHED EE— LB IRF T HEHE AN
L7-F 5 b8 A= 12xind Ay b L— b (bitrate),
HEDHE "ML CPU flifI% (CPU usage) TH 5. HAIT
L, ZEWmED CPU MM L T b Mg L T 1
£ A0 CPU HFIEWIREN A O N, Sl 2571t
INT A= 8 R Ll 72, SRS LIRETHEE, 2E
AR O CPU RS I L 7235 8 S5 R AT 7 A v
N EEAT A AN T BT 5 720 IR E 255 kYT
A= FEPRETDHE) ko7,

FEBRTFIE (3-3) BFIC BT, BUF % 7R E I A
TlE, CPU fEHERIZ Y 43.450%, I KT 94.897T%AHH
HE U7 BEFETIE, P 68.677%, AT 90.571%D
BHFE L7z, BT 2 VS EERRTIE, Y
46.715%, AT 94.080%, F—ETFHETIE, F¥ 76.861%,
KT 93.380% DA DA U 72,

R 5 [IRHIEHEE 2 H W CHAMF L L REFE LB L
MRERT. KEFREKICB 5 HATH:0 SSIM 1%
0.101%A L 725, P 7L —2 L — bid 122.525%84 00
L7z, BEt7 L —2 Fu vy 713 66.932%, 7 CPU £
FRIL 45.257% A L7z, 72, RETHOF SSIM 1%
0.202% A L7295, 7 L —2 L — M3 92.408%H4 00 L
2. BEt7 V=24 Fo v 7 63.329%, P CPU
L 47.605% A L7-Z & 2R L 7.

5.3 FER2: XKR—VBUGEZE BV /-ER
5.3.1 EER2OBE

FBAEMLE L L C AR — Mg, BARMIZH v o — g
Football i L7-928% 2 O FNEIZFERE 1 L FEETH 505,
WU O FEREH AR 2 2 7280, FEBRFIE (3) 1I2BWT, Mg
DOFEEIE R IE ©CHIFR L 7R ol g 72 4538 bwt & CPU
R cpu DXEIZLIT & L7z,
(3-1) 25 Bt & 50 Fof, FIHTRE 2% IR L, CPU

i I 22 % B0

(3-2) 100 B a2 5 25 B, =fFEWmAD CPUHHE%
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&5 FEE1 OFRK GHOTFEZ VL)

Table 5 Experiment 1 results using evaluation metrics.

(a) A

HAF REFE B (%)
SSIM ayg 0.990 0.989 —0.101
FPSavg (frames/sec.) 9.375 20.862 122.525
DROPota1 (frames) 7028 2324 —66.932
CPUavg (%) 72.192 39.520 —45.257

(b) e B il K

AT REFE BEEE (%)
SSIM v 0.990 0.988 —0.202
FPSavg (frames/sec.) 9.912 19.072 92.408
DROPgta (frames) 7660 2809 —63.329
CPUavg (%) 71.980 37.714 —47.605

6 FEhp2 CHEHLAFTNT A2 A

Table 6 Encoding parameters used in experiment 2.

INT A —%
CRF {18, 23, 28}
FPS {60, 25, 20} (fps)
RSL | {2160p, 1080p, 720p, 360p, 180p}

B
(3-3) 150 Btz & 25 F4H, FIH W] RE 2 i b8 2 il B

K6 WER2 THHALFFTA=F ADIXNT A —
YRR .

5.3.2 EE2 DR

5 IIREFNA, B 6 ISHmERmATHVEED
FIHTRE 22tk & CPU R OLB 2R 3. &K Ot
EHEENIEER 1 LR —Th B,

FBR 2 OFFERITER 1 OFR LB O E o7 B
RE9IZIE, WO (a) BL O (b) £V, HAMTHEIIHEIC
HIE L7255 8T 2 — 8 2 gug LT 7201kt L, 2%
FHEIF A TR 2T ISR 2 R0 L) ko7,

FIH TR 272 HIR L, CPU i F=Rstehn L 729285 T
JIE (3-1) REIZ BT, BT % V7B IR AR T, s
135734 0.010 Mbps (0.036%), AT 0.134 Mbps (0.466%)
SHDHE L 72, IRFEFHTIE, P 0.600 Mbps (2.082%),
KT 6.704 Mbps (23.277%) OAEDFE L2, HLF
FEE AW EEFREARTIE, 0.009Mbps (0.012%), A
T 0.134Mbps (0.168%), $2FEFETIE, 144 1.766 Mbps
(2.220%), fix KT 36.086 Mbps (45.107%) DFAEHHL 7.

MO (¢) BLO () &b, HMFEIESLE G551
8T X — % BHE LIFIT 20 L, IREFERZEREK
D CPU =AM L 72356 02 B K S WHE & FAE T
LEMERBT 5 X )12k -7,

FEBRTFIE (3-1) REIZ BT, BT % 7oA B i R
T, CPU i =RIZ 4 22.005%, KT 39.281% 4464
A U7z REFETIE, P95 19.592%, AT 30.337%D
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Fig. 5 Experiment 2 results using the low-resource device.

5
[itst st et
R Icpy "
g !

s
t

1 1
I cPufEm=ig |
t t
1 1

bitrate (Mbps)
available bandwidth (Mbps)

1 1 4
20 | i
1 1
0 ]\W»\J ! i A
0 100 200
time (s)
(a) FIH A A2 D 258 (HLAET5)
|— bitrate — CPU usage (total) —CPU usage (proc.)|
CPUfERE (i =4 L=
100 i L m: 100
: 1 1
80| | 80
! g
w [} P
£ 60 i 60 ©
s [ £
=) [ =]
© o
= 40 40 ©
e
|
20 120
0 h
0 100 200
time (s)

(c) CPU MIBHDLR (MatT)

—bitrate —available bandwidth]
IR

3 lcpy
CPUfEAEIY

ViR
100 (T

1
1
"
1
1
1
80 !
1
60 :
e
20
0
0

(b) FIHWRE A MOLE) (FRETL)

|— bitrate — CPU usage (total) —CPU usage (proc.)|
1 R 1
I CPUREFAZIE |

100
1
80 !
60

40

bitrate (Mbps)
available bandwidth (Mbps)

100

time (s)

lcpy !

Vi il bR |

100

bitrate (Mbps)

20

0 100

time (s)

(d) CPU MO (RETH)

6 FEB 2 OfR (HEENRMEHREOFIHTR 2L CPU M HROLE)

Fig. 6 Experiment 2 results using the high-resource device.
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=7 OFEH 2 OFR GHIHREZ 7z

Table 7 Experiment 2 results using evaluation metrics.

(a) IEZE A

HATFE  RETE BEEE (%)
SSIMavg 0.978 0.976 —0.204
FPSavg (frames/sec.) 10.841 18.104 67.003
DROPiota (frames) 1796 1116 —37.862
CPUayvg (%) 61.530 50.792 —17.452

(b) B &EIIRA

HAFE REFE #EE (%)
SSIMavg 0.980 0.977 —0.306
FPSavg (frarnes/sec.) 10.000 17.846 78.458
DROP;ota1 (frames) 599 751 25.376
CPUavg (%) 53.293 48.546 —8.907

BHRHFE L7z, BT 2 VS EEm R TIE, Y
22.349%, KT 39.281%, IERFHETIE, T 21.801%,
KT 26.138% DAL /2.

R 7 ICEHEEEE 2 W CHMTE L REFEEZ B L
AR R, RERR R 12 B 5 AT 0 SSIM
13 0.204%4> L7255, P 7 L — 24 L — ME 67.003%800
L7z, BEt7 L —2a Foa vy 7§13 37.862%, F¥ CPU £
TN 17.452%8 4 L7z, 72, I—EFHEOTY SSIM 1
0.306%FA L7275, PHT7 L —2 L — Mid 78.458% 30 L
2. BEF7 V=24 Fo vy THUT 25.376%8E N L 7248,
CPU i =813 8.907% A L7 2 & ZHERE L 7-.

5.4 &

FEBR 1 BLOER 2 ORRELY, RETHEFHATEL
AR L7 B, R TTRE 228U R 2 FR 722 5
LOILT =T BAVNE VLT A Y P DRGNS A =5 %
BAIEST B L9124, #& CPU fH =A% L 7- B
i, BUEWME O FERN 2 BRT 2 720K ME L 7 X
VMO AT A= B LAITHRETH L) Ik o7,
Thbb, FHTEEZERZ MR LBy ML —
FOFFFANT A =S LA CRET D L) kol Z
N, FEOMMBERKTERY Y FL— FOF 5 8T 2 —
YRBEIRT LI LTI =TV FOELNLHII KX L
%% (HEEFRE?D 2, BT LROVR S E D%
{EHd) e x2SB L2z0THE. B, Motk
OWEE DOHLEE AD %kDHK (8) &0, 7L —24
Ry 7h%6H4: L T Wiaid, SSIMASKE L, 71—
AL = IHANE MG EIRENL I L H L. 7L —
AL — POEIC L DFHEOHREME (QoE) ~Di
EREWz0 [26], [27], 2 (8) DHIAICHELEEZLET 5
ZER, Afps THELLFFISTA—=F DT L — 4
L—MEOKRESEEZETLZLIZEY, 7L—4L—}
REPLFEPREC R 5.
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FEAMGFEAE 2 WV C I L 72 EBRAER L 0, IR BT
T LD B SSIM 25984 LI DL LS i & 728, F
W7l —2slb—=br3mELZ 5612, RFF7L—24F
Oy 7 e CPU i ERIGRA L, HE G E T I
L7z, HALFEE T CPUM AR EREI 7L —2a Fa Y
TEPRENZ L5, BEWGO AR ITHEIZ N Y
TP ITREEL, AL—RALFENTEL o7 —)
T, BFEFHRE, FHCPUMARLRF7L -4 Py
TEAVNE T2, BUEHMEOFAICHEIZAE L 2 d o 7e.
F72, Ky FL— FOFEALNT A=Y RREL- L
TSSIM 254 L7z, Lo L, ZORARITIEFITNS L,
FE T L= b — M, Bt L —24 Fa oy TR
HLTwB720, FIRAESHRERT 2% MBI EL Tw»
LEEZLND.

Dlozehs, #EFEEHNLZLICLD, BED
ik, ZfEwmATHRATEZER, FoftizorginEo
AR OB Z mL s L2 RETE2 Wb 2 LT,
A AR DB IE DB 7 1 2 0 2 2D i an B 2 W & Al
HBENRETRTHL MR LL. WHEAREYIZ
HIEIZEY, Ay b= OREEFEIHTRETH 572
JT% <, CPUMHELZINZ S Z L TRERY—Ev A%
FIHTReE 5. LapL, AFR—vilfgrs w982 12
BOWTEERBAT WIS ETRET 7L —2 Fay 75H
BNL7-. 24U, &SRS B W TEEDPRERICAT
ATVWHREWEDEEEZONLDT, 5HBFEHTVLITY X
LIZOWTII B VLTI A, BN EHE L T2
DEZHLND.

12HIE, @bPEE BT /551657 X =¥ OUE
HTHENKr DRBETH L. EBRTIE, FIFWRE LA
(L L7z i B 2 IR B R e DA Z [ L 72 e-greedy
R L7z, COBE, FERMEATZRRITICBWTHH
FAWRE 2 W IS BIE L 7o B 2 IR 5 2 &1 5720,
FIH W RE 20 S R B IR S 2ol B R 7 SV A e T
LUREMN D L. D720, FEHOMATIRIIE L Te D
EENSILLTWLZEIZED, QEFREVNE (T4
bbb, FIHWEERRAREFICHEL2WE) 28T 5 L9
IZHIE S A UEDSH L.

2 OHOUM R, QFE % RE SR wLFE [28)
AT LTHL. RIRTHFT LA QFEIE, AA
fiE % BERAL T A LB D L. AJMEZ A < EERL L7235
A, FEHITNE QEMBEENICHERL, FFICEL DY
ATy THLEE R L. LT E L REFE 2 A sbE
5 2 LT QIEDEWBIE % 15 5 g s AL Cld s %
ANTHZEDRETH A, FOd, L) EBETERk
ZanE A EBTRECH L EEROND.

372, EBEDOSATAN) =3I 27— AIRETFE
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