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It is well known that communication on the mobile network is very important
because there are many subscribers. Consequently, the performance of the network is
always changed according to the usage behavior. As a result, the service providers have
to improve the quality of signal on the mobile network to satisfy customers. Therefore,
the service providers focused on adjusting parameters of network quality but they did
not consider the real satisfaction of the customer.

In this work, researcher has recognized the importance of quality of service
(QoS) of network and quality of experience (QoE) of customers, which is based on the
ITU-T standard. The study has investigated the relationship between two factors (QoS
and QoE) with feed-forward backpropagation neural network. The data of two factors
are collected from QoS parameters and opinion score of users in different situations, In
term of data collection, researcher-utilizes. 3 main applications. It includes the video
viewing on YouTube application, news awareness from web browser application and
data sending via Line application. The relationships of QoS parameters that affect the
differentiation of QoE models based Neural Network are presented and then the
calculation of the difference between QoE models using the Mean Absolute Deviation
(MAD) method and the Mean Absolute Percentage Error (MAPE) is illustrated. The

outcome of this research is the analysis method to find the most influential factor on



QoE of mobile network. The benefit of this research is that the service provider can
utilize the analysis to manage the QoS parameters to effectively meet the customer's

satisfaction.
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Aw ;, (p) = axy;(p)*5, (p) (2.4)
Furiuan Funounes YuTi00n
(node i) (node j) (node k)
X Wij ,” ' Wik ,r" ‘\l
n —’ —’ r—> ,_>
4—“ ¢ f 4_‘.‘ ¢ | — Y
‘\\ S Y] N K
. 6 R AN 0 L
~ error

1 2.15 nszuIuMsBeuiuununsadoundy (Rumelhart And Mcclelland, 1986)
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FTHIUATDUNUTVDIATAITUNANAA (error gradient) VOITUFI9NT 1A k

0, (p) =y, (p)* [1'y|< (p)] xe, (p)

fammsdduiaaihminay ey
W (P+1)=w , (P)+AW;, (p)

1 1 sol v g‘}/
2) Murumslsumarnmin lusuue U

AWij (p)=oxX; (p)XSj(p)

AUIUAINIUHANAA (error gradient) ﬂlaq%’uuauumﬁiwuﬂj
|
3,(0)=y; (X[ 1-y;(p) [¥D 3, (D) (P)
k=1

1 1 %’ 5
muamsdsumorahminazduy
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[ RN A o T 3 o {
mmmJwuﬂumaﬂwmmmmun Wij nag ij %Wﬂﬁhﬂﬁﬁ (2.4)-(2.9)
A Y Aa 1 =\ axy =) 9 19 [
LW@ﬁﬂﬂlﬂWﬂWﬁTﬂTﬂﬂi?Nﬂl@\iIﬂ3Qﬂﬂﬂﬂﬁ%ﬁﬂ’lmfJiJﬂ'lﬂ’Jﬁﬂ'lﬁLﬁfJung‘UULlWﬁﬂﬂuﬂa‘ﬂ (back
4 H 1 1 901 1]
propagation) A9 MIADOUAIAINANNTU (gradient descent) msasunasvesmnrsiimiin
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!.L‘]JiNuﬂ'ﬂﬂ‘Uf)L}W‘LJ’ﬁGUfJQﬂ1WﬂWﬁ1mﬁﬂUﬂUﬂ1ﬂﬂﬂu1Wuﬂ AN (2.10)

AWao - 8_E
oW

AW=- SE (2.10)
oW

H 1 1 9ol (%3 . . (%3 L}
NU1U0INTLVIUNTIHoUTA18291 140N (weight learning) Tun15Suan

%’ S A 1 1 1 gJ/ 1 [ ZIJ d‘ [ dy
Wnint¥eune ey laseuiesuaIoonnUsUIe LA ij Llﬁ'ﬂ\ﬂugﬂﬂ 2.17 NU

oE
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Aw 0 -

U U % 9 1 o [
miﬂ‘mmmmmuﬂmﬂﬂmﬂch (chain rule) A9EUNIT (2.11)

OE onet
Aw, = -€ ¥ K (2.11)
oy, onet, ow;,
:‘J o s :; :.’J U
FUHUN Funoutel FUTI0ON
(node i) (node j) (node k)
I:’ ------------------ .‘\‘
X Wij i i v
n | - —» Yk
\ 0 ) 0 |
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-«

d‘ 1 9J [ g’/ 1 % g’/
g'ﬂ‘ﬂ 2.17 fﬂiLL‘Wiﬂi$ﬁanLl']J']Jﬂ@uﬂﬁﬂ%@ﬂ%uﬁﬂ@ﬂﬂqﬂENGHHLE?J‘]JLWJQ
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N ' = 1 & = v 1 1 aE
TasmsoyriusmanuAanaamsaou (E =—Z(tk-yk)2)msmﬂummaaﬂ — 'ld
243 Y,
1 2
OE 8(§(tk_yk) )
= :'(tk'yk):'ek (2.12)
Y Y,
& o o ) Y A o A8 ayk Y
FIMTOYWUTTINFUNTZAUNIUNUNATINNTUAI0DN wla
onet,
ayk _ a(1+e—netk )-1 _ e_netk (2 13)
-net, \2 .
onet, onet, (1+e™%)
. 1 .
e du Aa d A v A ]
o Yk (T+e™) mnlansusnuoss nlFlumsaaaulag ldn
. _
=¥ (1Y) (2.14)
onet, T
v J g’/ [ = o L % o d’g’/ U 1 g’/ anetk 9
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Aw,, = _8[_ek][yk(1'Yk)][Yj} =gey, (1-y,)y; (2.16)
A Y (v 1 ao’ o 1 3}/ 1 A A 1 o g}/ FI
Iﬂﬂﬁllﬂ”li‘ﬂiﬂfﬂi‘llﬂ”ll!”lﬁ1!ﬂ5$W31Q%uﬁQﬂ@ﬂ‘VILGIf@ll@@ﬂﬂ%uuﬂﬂuﬁhﬁ]gqﬂjq

AW, = €8, Y, (2.17)
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Furiuan Funouuel ¥ua3oon
(node i) (node j) (node k)
oo T =\ LOTTTEEETTEEEEE S N
1 ‘I I" \I
Wi I Wik | !
Xn | I’ —p '—» Yk
| A S *
8 ’, l\ e ll
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LU 1ATIVOFUFIDDNAVFULD VLA Wij muﬁﬂﬂugﬂﬁ 2.18

. onet.
Aw,a- z@E oy, onet, | 9Y; ,

(2.19)
< Oy, onet, dy; |onet; ow;

Y 1 =3 U 9ol % 1 g}/ 1 gIJ o 1 v
NIERSUU ﬂ”lﬂ’J‘iJf’]iJ’]J31]”I’EL!ﬂ”li’]Ji‘ULl”I‘H‘L!ﬂﬁ$f,’fiJﬁgﬁ’JTQGHULL?JiJLLFJQqGHuuTHBJ}W ISNINY
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Aw;=¢ ZekYk(l‘Yk)ij y;(1-y;x; (2.20)
k

3

Awij:8|:28kwjk:|Yj(1'Yj)Xi (2.21)
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d' Y (o 1 % Y] 1 g’/ d' :ﬂl 1 (% g’/ ) 9 Y
IﬂEJmeiﬂﬁlﬁlf‘lJi‘UﬂmmuﬂizﬁﬂwuLL@ULLNQ%L%@M@’OﬂU%umHﬂ ﬂgulﬂ')’]

Aw=¢ 8in (2.22)
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w;; (p+1) = wy(p) + aw;(p) (2.23)

4 1 g 7 g’/ 1 { o )
o W (p+1) Ao AnhvtinuesrudIeeniliulgelui
C 2 A (v .
w; (p+1) Ap Anivtinvesrutouudnl Ul elnw
' D [ %’ % . . J ?J
Aw (p) Ao muaulSuansUsuiinaz @y (weight correction) 38 ©I19FU
9
A99DNUALFULD UL
1 = v 9ol o . . ' glz
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g o 9
ueUUR LA FU A
A %o oA . = A
W, (p) v MUHUNANTZHINTUFI0DNLAL FULD UL
A Lk v A 1 R ) o 9
w;(p) Ao R RV L VA B R NE AT TN NTGER VIR TR
A ] a g’/ 1 ~
3,(p)  AD AIANUAANAIAYDIFUEIDON N 11 UA k (error gradient)
A 1 a g}/ d' . .
6;(p) ~ fO AMANUAANAIAVDITULD VLA 71 11 UA j (error gradient)
1 a 1 @ a’d'gl.z 1 1
e.(p) femanuAanaasEINaans nsuaIeennuithrune

[

A ~ Y
o Y BATINIILTYUY

T H o [l o 2 ' 1A a
ﬂTﬁﬂi‘UﬂTﬂ'NuTﬁuﬂsU’OﬂIﬂi\ﬁﬂﬂ ZMIFIVUNIN ﬂglluLﬂﬂﬂTiNﬂWﬁTmﬁﬂ
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1 a o v J Y 24 v Y = [
W?J"IEJﬂ’J"I?J'J”Iﬂ'J”I‘JJWﬂW6191Uﬂ1§W"If"l"l@“li’)‘]JGU’ENNaaW‘ﬁq@%Tﬂﬂﬂﬂu@ﬂ@]ﬁJllﬂﬂlﬂ HALUADSTOY
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SSE=) > (ex(p)) (2.24)

p=1 k=1
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Y >~ 9 Ty Y . A A A P
GUf’)ﬂSUfNﬂ’]ilﬁﬂugllﬂﬂllWiﬂWﬂ@l‘lﬂaU (back propagatlon) o 1uﬂlﬂl$ﬂlﬁﬂuﬁ
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- LTE 11 PDSCH Throughput all carriers mbps
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a 2y v v a i ' [}
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AN (end parameter) (radio parameter)
Ay download | YouTube YouTube
(MOS) throughput Duration Buffering ... | RSRP | RSRQ | RSSI | SINR | CQI
(kbps) First Play(s) Duration(s)
5 2122.12 1.069 0 -82.34 | -5.55 | -66.43] 10.90 |10.88
5 1909.13 1.66 0 ... | -80.39 | -6.17 | -59.84 | 22.41 | 13.64
5 1997.45 1.03 0 ... | -81.01 | -6.94 |-57.12] 23.18 | 12.64
4 2070.33 3.58 3.52 -85.15 | -4.82 |-62.12 | 24.37 | 14.98
4 1842.64 3.07 2.19 ... | -90.00 | -7.72 | -68.10| 13.56 | 9.57
3 1801.51 8.07 5.71 -98.59 | -4.38 |-78.21 | 15.55 |12.07
3 1724.45 7.23 9.55 -95.46 | -6.65 | -68.51 ] 21.31 |11.50
2 936.80 7.19 11.06 -98.19 | -5.65 |-78.32| 19.24 | 12.07
2 1441.84 4.17 17.59 ... | -106.20 | -7.64 | -78.50| 12.24 | 9.14
1 733.47 11.30 24.34 ... | -121.43 1-12.87|-89.89 | 1.56 6.15
1 439.11 7.31 5.61 ... | -116.27 | -9.35 | -86.97 | 7.15 6.88
1 557.21 14.54 7.48 oo | -117.791-10.11 | -98.63 | 6.44 | 7.94
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GRRTY
- (end parameter) (radio parameter)
AU
LINE Send LINE Load Photo
(MOS) RSRP | RSRQ | RSSI | SINR | CQI
Time (ms) Result Time (ms.)
5 137 116 -77.12 | -5.97 |-52.06| 27.51 | 14.83
5 104 312 -89.31 -7.11 |-62.21 ] 11.55 | 10.27
4 683 458 -91.29 | -6.46 |-64.37| 1598 | 12.74
4 539 377 -78.56 -6.84 |-68.44 | 9.34 11.34
3 750 969 -75.31 -6.97 |-49.21| 20.52 | 20.18
3 873 641 -91.72 -7.14 |-65.50| 19.14 | 17.67
2 984 707 -103.40 | -8.27 |-81.06 | 4.39 8.56
2 922 607 -110.49 | -8.14 |-87.28 | 9.90 8.46
1 972 787 -106.34 | -9.41 |-81.98 | 5.56 8.29
1 995 942 -108.53 | -9.88 |-78.35| 6.20 8.29
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AN
B (end parameter) (radio parameter)
AAINU
duration download
(MOS) RSRP | RSRQ | RSSI | SINR | CQI
(ms.) throughput (kbps)
5 3.04 2227.05 -77.12 | -5.97 |-52.06 | 27.51 | 14.83
5 3.05 2328.47 -74.03 | -6.99 |-48.03 | 25.05 | 14.65
4 5.61 2109.51 -83.16 | -3.42 |-60.89 | 23.38 | 15.00
4 6.06 1637.56 -119.81 | -10.70 | -9491 | 4.65 7.32
3 7.14 1383.99 -102.10 | -9.75 [-78.06 | 11.59 9.41
3 6.15 1869.79 -115.29 | -9.98 [-85.25| 3.80 6.30
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AU a da Y v Y a ¢ a v v v
mnfimesiigliannseiul mnfimes gy limanseivg
AN
« (end parameter) (radio parameter)
AU
download
(MOS) | duration (ms.) .. | RSRP | RSRQ | RSSI | SINR | CQI
throughput (kbps)
2 7.29 1305.85 <o [ -114.19 | -13.86 | -84.58 | -2.07 5.73
2 9.04 1637.55 -99.81 | -7.99 |-77.65| 1447 | 9.78
1 15.11 701.21 ... | -103.28 | -12.48 | -76.67 | 2.34 6.71
1 9.19 1470.14 . | -111.63 | -7.99 |-84.88 | 12.62 | 11.13
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. @ ] 1 o a £ % 1 a < 1 a
A1519% 3.5 m@mqmﬁuﬂizﬁmﬁﬁﬁﬁuwuﬁiz‘H3Nﬂmuummmmmmzmwnmme%

AUNNYDIVTMIN IFNULONNEATU YouTube

d
MNUABIAMMNYDIVINS

MmN aNSanduiuE sz HNIRZIUUA NN Y

HazMINNTIND IAUMNUBILIMS

Throughput DL Application (kbps) 0.803
YouTube Play Duration (s.) -0.434
YouTube Duration to First Play (s.) -0.778
YouTube Buffering Count (time) -0.395
YouTube Buffering Duration (s.) -0.797
RSRP 0.242

RSRQ 0.210

RSSI 0.263

SINR Rx 0.093

CQI 0.095

LTE BLER -0.134

LTE SINR 0.092

LTE Tx power -0.226

LTE MCS index 0.035

PDSCH Stream Block Size 0.146
PDSCH Traffic to Pilot Ratio 0.0013
LTE PDSCH throughput all carriers mbps 0.298
LTE PUCCH Tx Power -0.255
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AUNNUBIVTMIN1FNUUONNAATY Line

M IAuMNYLIUITMS

' v a ci v v d v a 1
MaN s AN anaUNHETEHNIASUUUANNAAITY

AT AL UMV ILIMS

LINE Send Time (ms) -0.297

LINE Load Photo Result Time (ms.) -0.094
RSRP 0.0095

RSRQ 0.0081

RSSI 0.0078

SINR Rx 0.0007

CQI 0.0050

LTE BLER -0.0013

LTE SINR 0.0092

LTE Tx power -0.0022

LTE MCS index 0.0035

PDSCH Stream Block Size -0.0014
PDSCH Traffic to Pilot Ratio -0.0013
LTE PDSCH throughput all carriers mbps 0.0012
LTE PUCCH Tx Power -0.00205
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t Table

cum. prob Ls 135 Lgo Tgs Tao g5 Lors Tgg T 995 T 999 T 9995
one-tail 0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 U.DODSl
two-tails 1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001

df|
1 0.000 1.000 1.376 1.963 3.078 8.314 12.71 31.82 63.66 31831 636.62
2 0.000 0.816 1.081 1.386 1.886 2920 4303 6.965 9925 22327 31599
3 0.000 0.765 0.978 1.250 1.638 2.353 3.182 4.541 5.841 10.215 12.924
4 0.000 0.741 0.941 1.190 1.533 2132 2.776 3.747 4.604 7473 8.610
5 0.000 0.727 0.920 1.156 1476 2.015 2.571 3.365 4.032 5.893 6.869
6 0.000 0.718 0.906 1.134 1.440 1.943 2.447 3.143 3.707 5.208 5.959
7 0.000 0.711 0.896 1.119 1415 1.895 2.365 2.998 3.499 4.785 5.408
8 0.000 0.706 0.889 1.108 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 0.000 0.703 0.883 1.100 1.383 1.833 2.262 2.821 3.250 4.297 4.781
10 0.000 0.700 0.879 1.093 1.372 1.812 2.228 2.764 3.169 4.144 4.587
11 0.000 0.697 0.876 1.088 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 0.000 0.695 0.873 1.083 1.356 1.782 2.179 2.681 3.055 3.930 4.318
13 0.000 0.694 0.870 1.079 1.350 1.771 2.160 2.650 3.012 3.852 4.221
14 0.000 0.692 0.868 1.076 1.345 1.761 2.145 2.624 2977 3.787 4.140
15 0.000 0.691 0.866 1.074 1.341 1.753 2.131 2.602 2.947 3.733 4.073
16 0.000 0.680 0.865 1.071 1.337 1.746 2.120 2.583 2.921 3.686 4.015
17 0.000 0.689 0.863 1.069 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 0.000 0.688 0.862 1.067 1.330 1.734 2.101 2.552 2.878 3.610 3.922
19 0.000 0.688 0.861 1.066 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 0.000 0.687 0.860 1.064 1.325 1.725 2.086 2.528 2.845 3.552 3.850
21 0.000 0.686 0.859 1.063 1.323 1.721 2.080 2.518 2.831 3.527 3.819
22 0.000 0.686 0.858 1.081 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 0.000 0.685 0.858 1.080 1.319 1.714 2.089 2.500 2.807 3.485 3.768
24 0.000 0.685 0.857 1.059 1.318 1.711 2.084 2.492 2797 3.467 3.745
25 0.000 0.684 0.856 1.058 1.316 1.708 2.060 2.485 2787 3.450 3.725
26 0.000 0.684 0.856 1.058 1.315 1.708 2056 2479 2779 3435 3.707
27 0.000 0.684 0.855 1.057 1.314 1.703 2.052 2473 2771 3421 3.690
28 0.000 0.683 0.855 1.058 1.313 1.701 2.048 2.467 2763 3.408 3.674
29 0.000 0.683 0.854 1.055 1.311 1.699 2.045 2.462 2.756 3.396 3.659
30 0.000 0.683 0.854 1.055 1.310 1.697 2.042 2.457 2.750 3.385 3.646
40 0.000 0.681 0.851 1.050 1.303 1.684 2.021 2423 2.704 3.307 3.551
80 0.000 0.679 0.848 1.045 1.296 1.671 2.000 2.390 2.660 3.232 3.460
80 0.000 0.678 0.846 1.043 1.292 1.664 1.990 2.374 2.639 3.195 3.4186
100 0.000 0.677 0.845 1.042 1.290 1.660 1.984 2.364 2626 3.174 3.390
1000 0.000 0.675 0.842 1.037 1.282 1.646 1.962 2.330 2.581 3.098 3.300
r4 0.000 0.674 0.842 1.036 1.282 1.645 1.960 2.326 2576 3.090 3.291
0% 50% 60% 70% 80% 90% 95% 98% 99% 99.8% 99.9%

Confidence Level

t-table.xls 7/14/2007
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The Impact of Throughput Fluctuation on Quality of Experience for
YouTube Service

Arisa Vilaikruad ', Monthippa Uthansakul . Peerapong Uthansakul ' * and Settawit Poochaya '

School of Telecommunication Engineering, Suranaree University of Technology, NakhonRatchasima,
Thailand 30000

Abstract. With the massive demand of YouTube service in 4G mobile network. it is the urgent and
important issue for service providers to maintain the satisfaction of all users. Although the throughput in 4G
network 1is typically high but the user cannot avoid experiencing the fluctuation of data downloading. In
general. this fluctuation cannot be predicted due to real-time user environments. For video streaming service
like YouTube. it is expected to have the least fluctuation. Hence. it is interesting to see the impact of the
throughput fluctuation on the satisfaction of users in order to improve the network quality. This paper
presents the novel conclusion on the relationship between throughput fluctuation and the quality of
experience in term of user satisfaction for YouTube service.

Keywords: QoE. QOS. MOS. Throughput Fluctuations.

1. Introduction

Currently, the increasing demand for mobile phones has been exponentially growing since people trend
to reply on multimedia videos nowadays. The report by Cisco [1] estimated that the global mobile video
traffic will increase 13-fold from 2014 to 2019 accounted for 72% of data traffic on mobile devices. As a
result, network providers lately focus on improving network quality in order to provide a higher quality
video to fulfil the satisfaction of customers. So far, most of network providers traditionally focus on only
Quality of Service (QoS) and signal strength to improve the network efficiency. However, some mobile users
cannot access the service. This is because a number of users need to access the service at the same time. For
this case, the network providers cannot meet the user satisfaction. Alternatively, Quality of Experience (QoE)
is an interesting parameter to indicate the real user satisfaction. As long as the network providers know the
QoE from users, they will be able to provide the services according to the user demand.

Therefore, this paper proposes a focus on understanding the relationship between user satisfactions on
YouTube service with the video quality. In this paper, the quality indicator is a Mean Opinion Score (MOS)
which reflects many parameters indicating the service quality such as packet Loss, delay, Jitter, bandwidth,
latency and network throughput [2-3]. Please note that a downlink throughput 1s chosen for this study as it is
widely used and well recognized for the network efficiency monitoring. From literatures, some researchers
have focused on Key Performance Indicator (KPI) to create the downlink throughput fluctuation model from
bandwidth fluctuations to analyse the QoE on the traffic issue of mobile network [4-5]. However, all of them
have been demonstrated only in laboratory. Therefore, this paper further investigates the fluctuation effect on
the real users in real circumstances of 4G mobile network.

The remainder of the paper is as follows. In Section 2, the background overviews of research related to
the system quality indicators such as QoS and QoE is presented. Section 3 discusses on the details of

* Corresponding author. Tel.: +66850865588: fax: +6644224603.
E-mail address: uthansakul@sut.ac.th
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experiments to achieve QoE in real circumstances. Then, the experimental results and discussions will be
presented in Section 4. Finally, Section 5 concludes the paper.

2. Background Overviews

The definition of QoS has been addressed by ITU in 1988 as the effect of service performance which
determines the level of user satisfaction for mobile networks [6] in order to allocate the available resources
for the most efficient networks. The definition of QoE has been addressed by ITU-T in 2008 as the
acceptance of the applications or services which is perceived subjectively by the end-user [7]. The brief
details of these 2 parameters are as follows.

2.1. QoE Evaluations

The evaluation of QoE is divided into 2 methods. The first one is called as a subject evaluation method
which is the quality of the opinion referring to a feeling or satisfaction of users. The second method is an
objective evaluation method. It is a relationship of mathematical equations that have been proposed by ITU-
T P.862 [8]. Please note that this paper focuses on the subject evaluation method because the mobile
networks have the specific environments beyond the formula of ITU-T P.862.

2.2. QoS Parameters

The downlink throughput is an important factor to determine the user satisfaction when users are
watching the video on YouTube service. This is because throughput or data transmission speed creates a
buffer which directly delays the video downloading. The users can directly experience the effect of delaying
while watching YouTube video.

Fig. 1 shows the downlink throughput when watching YouTube videos during 1 minute. This data was
originally recorded using the application named Azenqos on mobile phones. As we can see in the figure, the
downlink throughput changes every second. This change is called as throughput fluctuations. In this example,
the average throughput is 2.28 Mbps while the throughput in each second is varied from 0 — 16 Mbps.

B Downlink Throughput
(17039.836,0)

L Average = 2280.3481

\ A
ot VULIVIA . = AN

0 5,40 15 (20 25 30 35¢ 4045 50 55 60

Downlink Throughput {Mbps)

Time (s)

Fig. 1: Downlink throughput fluctuation is measured when watching YouTube videos within 1 minute.

In order to measure the degree of fluctuations, the Standard Deviation (SD) of downlink throughput can
be the representative of fluctuation variation. The measured throughputs are collected from Azenqos
application which is a popular tool for 4G mobile networks. Then the correlation analysis using SD of
throughputs forms the relationship between Mean Opinion Score (MOS) and SD. Fig. 2 shows the diagram
of subjective evaluation method to find the relationship between fluctuations and QOE on 4G mobile
networks.
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Fig. 2: Subjective evaluation method to find the relationship between fluctuations and QoE.

3. Experimental Results and Discussions

3.1. Subject Evaluation Method

The subject evaluation method aims to measure the quality of video [9] based on the viewpoint of users
through their questionnaires. This work surveyed 90 participants who watch YouTube video for 1 minute.
The 40 participants were female and the others were male, whose ages were ranged from 21 to 24 years old.
All participants watched the same YouTube video on the mobile phone at 1080 p quality. After watching
video, users commented on the video whether they were satisfied with the quality of video or not. They can
mark a measure of satisfaction with the quality of video over five levels from 1 to 5, also known as the Mean
Opinion Score (MOS) [10]. Table 1 shows the meaning of MOS levels and their quality.

Tablel: MOS versus video quality.

MOS | QUALITY IMPAIRMENT

5 Excellent Imperceptible

4 Good Perceptible but not annoying
3 Fair Slightly annoying

P Poor Annoying

1 Bad Very annoying

3.2. Throughput Fluctuations

The measured locations are randomly spread throughout the area of Suranaree University of Technology,
Muang District, Nakhon Ratchasima, Thailand. Fig. 3 shows the map of evaluation area which has an
approximate population of 17,000 people (exploration data Friday, August 19,2016 at 3:47 pm.).

Fig. 3: the map of measured are.
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Fig. 4 shows the relationship between MOS and standard deviation(c) by subjective evaluation method
for YouTube service with video quality of 1080p, when the average throughput is (a) 2100-2500 kbps (b)
1900-2100 kbps (c) 1200-1400 kbps (d) 900-1200 kbps and (e) 500-900 kbps. In Fig. 4(a), it is clearly seen
that all users are very satisfied with the YouTube service no matter what the standard deviation is high or
low. This is because the downlink throughput is too large to be impaired by fluctuation. Also the YouTube
service has some buffers that are tolerance to this fluctuation. This buffer can be worked only when the
download speed is fast enough. Otherwise, the buffers cannot help to ignore the fluctuation as seen in Fig. 4

(b) to (e).
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Fig. 4: the relationship between MOS and standard deviation (o) by subjective evaluation method for YouTube service
with video quality of 1080p, when the average throughput is a) 2100-2500 kbps b) 1900-2100 kbps ¢) 1200-1400 kbps
d) 900-1200 kbps and e) 500-900 kbps.

For the results in Fig. 4 (b) and (c), the more standard deviation is the more MOS is achieved. The
results in his are because the throughput is still high enough to play main role on the effect of fluctuation. In
turn, the result in Fig. 4 (d) and (e) show that the more fluctuation is the less MOS is achieved. It is obvious
that the buffer cannot help and also the average throughput is too low to notice all fluctuation effects.
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4. Conclusion

This paper provides the new insight on the impact of fluctuation on the user satisfaction. This work
analyses QoE based on subjective evaluation method for YouTube service in 4G mobile networks. The
measured results show that the fluctuation will play a main role on the user satisfaction only when the
average throughput is low enough. The throughput fluctuation could not affect the satisfaction of users when
the average throughput is too high. This conclusion is very helpful for service providers to neglect the
unavoidable fluctuation by keeping their average throughput higher than 2100 kbps.
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Abstract—Recently, the YouTube service has been one of the most
popular channels to upload and download many video clips. Even
in the mobile networks, the user satisfaction on YouTube service
becomes the key performance index to benchmark the system
quality among various service providers. However, there are
many parameters indicating Quality of Service (QoS) of YouTube
service. This causes a lot of efforts on both money and time to
improve all parameters. It is the fact that users do not concern

any QoS parameters as long as they are satisfied with the
services. The indicator of user satisfaction is defined as Quality of

Experience (QoE). Hence, it would be better if we can know which
QoS parameter has the most correlation with QoE. Then, the
service providers can spend less money and time to focus onsome
but important parameters. This paper originally presents the
effect of QoS parameters on QoE in order to find the most
influencing parameters by surveying the user satisfaction of
YouTube services in 3G and 4G networks. The results indicate
that the download throughput and the duration to first play
provide the strong relationship with user satisfaction while the
buffering duration does not play any influences on user
satisfaction.

Keywords-MOS (Mean Opinion Score) ; Subjective Evaluation
method; Duration To First Play; Buffering Duration; Throughput

. INTRODUCTION

At present, the YouTube service has over a billion users
which are almost one in a third of all people on the Internet.
Every day people watched hundreds of millions of hours on
YouTube channel which can generate billions of views (1)
Moreover, more than a half of YouTube views come from
mobile devices and accounted for over 25% of all videos
viewed on YouTube channel. It can be predicted that these
users are going to increase more and more in the near future.
Therefore, to maintain the Quality of Service (QoS) to satisfy
users is very important for service providers.

In the past, service providers assess the network
performance by monitoring only QoS parameters. These
parameters can be directly measured at the devices as well as
the base stations. However, these parameters cannot actually
reveal the satisfaction of users. For example, the user devices

Peerapong Uthansakul, Monthippa Uthansakul
School of Telecommunication Engineering
Suranaree University of Technology
Muang, NakhonRatchasima, Thailand 30000
uthansakul@sut.ac th, mtp@sut.ac.th

indicate the strong received power but it does not mean that the
YouTube service will be smoothly downloaded. This is because
it depends on the number of users to access network at the
same time. As a result, the best QoS parameters cannot
guarantee that users will be satisfied.

In terms of user satisfaction, it has been defined as the
Quality of Experience (QoE). This is a guideline parameter to
directly inform the network providers to realize the real feeling
of users. The method to realize this satisfaction of users is
called as subjective evaluation method. It is a subjective
approach to divide the satisfaction level of users into five levels
known as Mean Opinion Score (MOS). This value is based on
the standard of ITU-T P.800(2).

From literature survey, there are many factors to provide
influence on the user satisfaction of YouTube services. The
classical and adaptive video streaming are discussed in (3. The
bitrate information of encrypted video streaming is also
investigated in 4. In (51, the authors showed that content
delivery networks improve QoE of YouTube. In addition, the
network flow parameters and the ratio between video bitrate
have a correlation with the user satisfaction [6-7). However, all
above literatures have not yet been studied in mobile networks.

This paper initially presents the effect of QoS parameters
on QoE in order to find the most influencing parameters by
surveying the user satisfaction of YouTube services in 3G and
4G networks. The benefit from this paper is to allow service
providers to monitor and control just only the most influencing
parameters. Hence, it can save a lot of time and money to
improve the network quality. In practice, the QoS parameters
are used to indicate the quality of YouTube services are
download throughput, duration to first play and buffering
duration. These three parameters has been accepted and well-
known used extensively for the QoS engineer (81. In practice,
the user satisfaction assessment on the quality of YouTube
videos employ the indicators by subjective assessment method
for enabling service providers to be confident in the quality of
service. The undergraduate students in the age range 20-23
years old are volunteer to collect the QoS parameters while
watching YouTube video at the quality of 1080p.

978-1-5386-0449-6/17/$31.00 ©2017
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The remainder of the paper is organized as follows. In the
second part, the background overview is presented by giving
the conceptual information of QoS and QoE. The third section
will present the experiments which is consisted of the
experimental design and data collection. After that, the analysis
of measured results are discussed in the fourth section. Finally,
the summary of this research is presented in the fifth section.

II.  BACKGROUND OVERVIEWS
A. QoE (Quality of Experience)

QoE is defined in ITU-T Rec. G. 1080 (9) as the overall
acceptability of application or service, for example perceived
subjectively by the end-user. In general, it includes the complete
end-to-end system effects (client, terminal, network, services
infrastructure, etc). QoE is a measure of the performance from
the perspective of the user and can be indicators that the system
meets the requirements of the user. The value of QoE can be an
indicator of the success of the service and can be used as a tool
to compete with other providers. QoE assessment can be
separated into two methods (10.

e  Subjective assessment method (11 is indicative the
quality of human perception. QoE for video is often
measured via subjective assessment method. Video
quality is determined by the MOS (Mean Opinion
Score). MOS is the result of the satisfaction of users
with the quality which is divided into five levels as
shown in Table 1 OS and video quality.

e Objective assessment method is a measure of quality
by mathematical equations or using instruments to
measure quality such as PESQ (Perceptual Evaluation
of Speech Quality)(12).

TABLE 1. MOS AND VIDEO QUALITY

MOS Quality Impairment
5. Excellent Imperceptible
4 Good Perceptible
3 Fair Slightly annoying
2 Poor Annoying
1 Bad Very annoying

B. QoS Quality of Service)

QoS (Quality of Service) is the cumulative effect of service
performance and totality of = characteristics of a
telecommunications service that bear on its ability to satisfy
stated and implied needs of the user of the service (13).
Typically, there will be multiple service level performance
metrics that impact overall QoE. However, QOS parameters
reflect only the network performances which do not directly
indicate the satisfaction of users. Therefore, both QoS and QoE
are important to improve network performance (14 This paper
focuses on the QoS parameters that are related to YouTube
service only as shown in the followings.
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e YouTube duration to first play: it is a duration time to
wait before watching videos or viewing videos. It also
means the time to begin downloading the video or to
start playing the video which is measured in seconds.
Figure 1 shows the screen of YouTube service when it
firstly starts the program. At this moment, there are the
white dots circulating at the center of screen.

e YouTube buffering duration: it is impressions works
along with the processing of applications or watching
continuously and without stop playing video which is
measured in seconds. Users can get to know duration
of the interruption when viewing a video.

e Download throughput: it is the success of receiving
information from one point to another in a given time
period or average received rate often defined unit in
bps.

II. EXPERIMENTS

A. Experimental Design

In this paper, the experiments are designed to determine a
sample group or target group for assessing the quality of
YouTube videos on 3G and 4G mobile networks. As shown in
Figure 2, the collected data to evaluate the satisfaction with
YouTube services and QOS parameters are measured by using
the Azenqos application. After downloading the log files from
Azenqos server, the analysis of the satisfaction of users and all
QOS parameters can be done offline in computer.

B. Data Collection

The authors collected data for analyzing the results from
two sources. The first source is the data from assessment of
user satisfaction. This can be done by asking the users to give
MOS level after watching YouTube videos. In that time of
asking users, all QoS parameters are measured and sent to the
server. Data from the satisfaction assessment come in the level
of assessment based on the principle of MOS. The users are 90
undergraduate students aged 21-23 years old. They watch the
video six times per location. The number of samples in the
assessment of MOS is 1,080. Video length is approximately
two minutes. The quality of video is 1080p. The place of
experimental study is spread throughout the area of Suranaree
University of Technology which is shown in Figure 3.

The second source come from the server of Azenqos.
Actually, more QoS parameters come in the log file but this
paper focuses on only data parameters relating to YouTube
service including with YouTube duration to first play,
YouTube buffering duration, and download throughput. The
example of collected data is shown in Table II. The authors
accumulates the position (Latitude, longitude) to indicate where
the assessment of MOS is undertaken.
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Figure 1. the screen display during duration to first play

A

n QoS and QoE

Figure 2. Experimental Design

Figure 3. The experimental arca for MOS assessment

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

After collecting the data assessment of user satisfaction of
YouTube services by subjective assessment method, the offline
analysis is performed by MATLAB programming. The analysis
is separated into two parts. The first one focus on the
relationship between QoS parameters. This investigation
provides more insight on the basic understanding of YouTube
service. The second part focus on the effect of each QoS
parameter on QoE in terms of MOS. This study will let us
know the most influencing QoS parameters.

For the first part, the authors show the relationship between
download throughput and duration to first play as seen in
Figure 4. The results reveal that both parameters have a direct
relationship to each other. The more download throughput is
the less duration to first play is. This is not surprised because
the more download throughputs provide more potential to

TABLE I EXAMPLE OF COLLECTED DATA

Position QOS Parameter
MOS | Download ;nu T:{be ;"}}T".M
latitude longitude Throughput TZ’;'_'.:‘::' D‘:«r::z’o”:’;’
kbps Play (s) )
14.8678 102.0160 3 1690.4704 6239 1
14.8639 102.0346 4 1861.5074 2718 0
14.8641 102.0345 5 1837.9906 2.759 0
14.8641 102.0350 2 1283.1645 2926 0
14.8643 102.0339 5 1861.4420 1612 0
14.8644 102.0357 3 1068.9347 5523 26
14.8644 102.0358 5 1849.2841 2.801 0

stream more data which cause less duration to wait at the first
play. Figure 5 shows the relationship between download
throughputs and buffering duration. The outcome is just like the
previous result The more download throughput is, the less
buffering duration is. This can be explained with the same
reason as duration to first play.

For the second part, the investigation into the effect of each
QoS parameters on QoE has been addressed. Figure 6 presents
the plot between MOS and duration to first play. This results
surprise the authors because no direct relation between duration
to first play and user satisfaction. It means that the duration to
first play cannot affect any user satisfaction. This investigation
is interesting because users might not pay attention on how
long they have to wait for starting the video. Instead, they
expect to see video as smoothly as possible.

Figure 7 presents the plot between MOS and buffering
duration. The results show that the more buffering duration
convince the users to have less satisfaction. This effect can
explain the feeling of users based on the buffering duration. If
buffering duration is too long, then it seems to be interrupted
during video streaming,

Figure 8 presents the plot between MOS and download
throughput. The direct relationship of MOS and download
throughput is obviously found The more download throughput
makes more satisfaction on users when watching YouTube
service. Among three QoS parameters, it can be concluded that
the download throughput and the duration to first play provide
the strong relationship with user satisfaction while the
buffering duration does not play any influence on user
satisfaction.

V. CONCLUSION

This paper has presented the effect of QOS parameters on
the user satisfaction of YouTube videos on 3G and 4G mobile
networks. The first part of results shows that all three
parameters have a strong relationship to each other. In turn, the
second part indicate that the most influencing parameters are
download throughputs and buffering duration. The duration to
the first play does not play any roles on the user feeling. This
study can help the service providers to concern on only two
parameters for improving the network quality.

570




121

2017 14th International Conference on Electrical Engineering/Electronics, Computer, Telecommunications
and Information Technology (ECTI-CON)

oo 25 ACKNOWLEDGMENT
0
= 20 X The authors feel thankful to Dr Dheerasak Anuntakul,
= . N B
B . X Nalinrat Kiatnamchok, Naree thiengtum Apatsaraphrom and
£ Montakarn Ahkuputra who accommodate the equipment for
210 experiments. In addition, they provided an excellent insight and
g 5 . .
2 5 S expertise that greatly assisted the research.
g
= — X
= 0 T T T o T R 5
EFERENCES
0 500 IIOO 1500 20(%0 2500
Download Throughput (kbps [11  YouTube Press Room - Statistics (Online] , January 2016,
Figure 4. The relationship between download throughput kbps) and duration https::www youtube comyytpresssstatisticshtml
to first play (s) [2] ITU-T P800 - ~ Methods for subjective determination of transmission
quality” July 2006.

50 [3] M. Seufert, F. Wamser, P. Casas, R Irmer, P. Tran-Gia and R. Schatz,
= “YouTube QoI on mobile devices: Subjective analysis of classical vs.
g 40 adaptive video streaming 2015 International Wireless Communications
g 30 and Mobile Computing Conference IWCMC), Dubrovnik, pp.4348,
= August 2015.

20
g [4] Wubin Pan, Gaung Cheng, Hua Wu and Yongning Tang, "Towards Qol?
5 10 2 O . i
=} assessment of encrypted YouTube adaptive video streaming in mobile
20 T T BOK—HK— networks. 2016 IEEE/ACM 24th International Symposium on Quality
0 500 1000 1500 2000 2500 ric 5
Download Throughput (kbps) of Service IWQoS), Beijing, pp. 1-6 , June 2016.

[5] P.Casas, A. D'Alconzo, P. Fiadino, A. Bar and A. Finamore, "On the
analysis of qoe-based performance degradation in youtube traffic." 10th
International Conference on Network and Service Management (CNSM)
and Workshop, Rio de Janeiro, p.1-9, November 2014.

[6] M. Seufert, P. Casas, F. Wamser, N. Wehner, R. Schatz and P. Tran-Gia,

Figure 5. The relationship between download throughput kbps) and
buffering duration ).

2 T‘ ~Application-layer monitoring of QoE parameters for mobile YouTube
4 video streaming in the field 016 IEEE Sixth International Conference
» on Communications and Electronics (ICCE), Ha Long, pp.411-416, July
g3 * 2016.
5 SRR [7] P.Casas, A Sackl, S.Egger and R. Schatz, "YouTube & facebook quality
of experience in mobile broadband networks.»2012 IEEE Globecom
1 IR MRRIO X X8K- - Workshops, Anaheim, CA, pp. 1269-1274, December 2012.
0 5 Y 10 . 15 20 [8] P.Casas, A Sackl, R. Schatz, L. Janowski, J. Turk and R.Irmer, "On the
YouTube Durationglio First Rlay(s) quest for new KPIs in mobile networks: the impact of throughput
Figure 6. MOS vs. duration to first play fluctuations on QoE . London, December 2015.
[9] ITUT G.1080 -Quality of experience requirements for IPTV services”
5 KK December 2008

[10] ITU-T G.1011 --Reference guide to quality of experience assessment
methodologies* July 2016.

[11] ITU-T P.913 - “Methods for the subjective assessment of video quality,
audio quality and audiovisual quality of Internet video and distribution
quality television in any environment* March 2016.

[12] ITU-T P862 - “Perceptual evaluation of speech quality (PESQ): An
objective method for endto-end speech quality assessment of narrow-

0 10 ﬁ20' ,30 40 50 band telephone networks and speech codecs » March 2016.

buffeciBudtrgiop) () [13] ITUT E800 - - Terms and definitions related to quality of service and
network performan ce including dependability> September 2008.

[14] P. Anchuen, P. Uthansakul and M. Uthansakul, "“QOE model in cellular

networks based on QOS measurements using Neural Network

Figure 7. MOS vs. buffering duration

57 approach,” 2016~ 13th  International ~ Conference on  Electrical
4 Engineering Electronics, ~ Computer,  Telecommunications  and
2 ; = Information Technology (ECTI-CON), Chiang Mai, pp. 1-5, July 2016.
S *
2 X

0 500 1000 1500 2000 2500 3000
download throughput (kbps)

Figure 8. MOS vs. download throughput

571




122

ANALYSIS OF THE MOST INFLUENTIAL FACTOR
ON QUALITY OF EXPERIENCE IN MOBILE
NETWORK

Arisa Vilaikruad", Peerapong Uthansakul', Monthippa Uthansakul',
Patikorn Anchuen’, and Damar Widjaja'*

Received: March 27, 2018; Revised: May 23, 2018; Accepted: May 23, 2018

Abstract

As the quality of service (QoS) on mobile networks constantly changes, the communication
service providers always examine and improve the network performance to maintain the
number of customers. In terms of network optimization, communication service providers
just focus on adjusting the QoS parameters to the standards of the mobile service but that
does not approach the customers’ actual needs. The researchers recognize the importance
of the QoS parameters along with the users' satisfaction or users’ experience which are
evaluated using the principles of quality of experience (QoE). In this paper, the
relationships among the parameters using model creation based on a feed-forward
backpropagation neural network are presented. The same evaluator for all evaluations is
utilized because the locations are alien in different environments. The activities for the
evaluation of the users’ opinions consist of watching the YouTube service, using a web
browser, and sending a message via the Line service. These relationships are analyzed to
get the QoS parameters that have the most impact on changes of the QoE score using mean
absolute deviation (MAD). This study can be used as a guideline for investigation and
management of problematic parameters for communication service providers.
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on the YouTube service, visiting a website
on the web browser service, and sending
a message on the Line service in the various
situations. This data collection is explained
later. The rest of the paper includes 6 sections
comprising: theories and related research;
a description of the experimental approach on
neural networks; a discussion on the results of
the experiments; and the analysis of the results.
Finally, we show the summary of which
parameters affect the differences between the
QoE models on the mobile networks.

Background Overview

Quality of Service (QoS)

The QoS represents the cumulative effect
of the service performance and determines the
level of customer satisfaction (International
Telecommunication Union, 2008a). Mobile
network operators have focused on monitoring
the QoS parameters to improve a network’s
overall performance. This monitoring can be
explored from either the drive test or walk
test approach. The drive test is a method of

Table 1. Description of QoS parameters

measuring and assessing the coverage, capacity,
and QoS parameters on a mobile network
while driving, which is suitable for testing in
open outdoor locations. On the other hand, the
walk test is suitable for narrow areas or inside
buildings (Rahnema, 2008). In our experiments,
we applied the walk test to collect data.
Usually, the QoS parameters are divided into
2 types as follows:

(a) Radio parameters, which are parameters
that indicate the quality of receiving and
transmitting a signal in the provider’s
perspective. In addition, the network engineers
use these parameters to improve the quality of
a network, i.e., the reference signal received
power (RSRP), reference signal received quality
(RSRQ), received signal strength indicator (RSSI),
signal to interference and noise ratio (SINR),
and transmission (Tx) power in long term
evolution (LTE) parameters.

(b) End parameters, which are
parameters that terminal users can recognize
while utilizing the mobile service, i.e.,
throughput download (Kbps), duration to first
play (s), buffering count (n) and buffering
duration (s) on the YouTube service, send time

QoS parameters

Description

Radio parameters
- RSRP

Reference Signal Received Power is the received power

level in a network.

-RSRQ

Reference Signal Received Quality is the quality of the

received reference signal.

- RSSI

Received Signal Strength Indicator is the average total of

the received power.

- SINR

- Transmission (Tx) power
End parameters
- Throughput download

- Duration time
(Web browse service)
Sending time
(Line service)
- Duration of first play
(YouTube service)
- Buffering duration
(YouTube service)

Signal to Interference and Noise Ratio is all the quantities
of signal quality and receiver noise.
Tx power indicates the power of the equipment transmission.

Throughput download is the data that can be transferred in
a given amount of time.
Duration time is all the time used to download a page.

Duration time is all the time used to send messages.
Duration of first play is all the time used to download a video

before it starts.
Buffering duration is all the time when a video is paused.
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(ms) and send duration (s) on the Line service,
and duration time (s) and throughput download
(Kbps) on a web browser service. The description
of the QoS parameters is shown in Table 1.

Quality of Experience (QoE)

The QoE is a parameter that indicates
the overall quality of the system from the
users’ perspective. Moreover, the QoE can also
help operators to understand the customers’
requirements and measure the success of
business communication competition (International
Telecommunication Union, 2008b). The QoE
evaluations are divided into 2 methods as
follows (International Telecommunication Union,
2016):

(a) The subjective evaluation method
which estimates from the users' perspective of
the service overview and is the best method for
the QoE evaluation because it directly accesses
the users’ opinion. However, direct access to
the users’ opinion may not be practical because
it is a complicated experiment that requires
many people and is time-consuming and costly.
The users’ satisfaction score levels in the
subjective evaluation method are divided into
5 levels. These score levels are called mean
opinion scores (MOS), which are commonly
used for the QoE evaluation according to the
International Telecommunication Union’ s
E.800.1 standard (International Telecommu-
nication Union, 2008c) as shown in Table 2.

(b) The objective evaluation method,
which has the principle of predicting the
quality of a network by mathematical methods
and statistical methods from measurement using
a subjective, user-centred evaluation method.

Table 2. MOS rating scale

MOS Quality Impairment
5 Excellent Imperceptible
4 Gisod Perceptlble_ but not
annoying
3 Fair Slightly annoying
2 Poor Annoying
1 Bad Very annoying

Artificial Neural Networks

Artificial Neural Networks (ANNs) are
a branch of artificial intelligence that can
emulate the behavior of the human brain using
information processing and recognizing the
information from the experience of learning. In
addition, ANNs can link various facts for
concluding the relationships among the
information (De Veaux and Ungar, 1997). The
function of a hidden layer is to act as
a processor that receives data from the input
layer and passes it to the output layer. Details
regarding the characteristics, structure, and
algorithm of ANNs are provided in the
following subsections.

(a) Characteristics of Artificial Neural
Networks

The characteristics of ANNs are divided
into 2 types, which are the single-layer (SL)
neural network and multi-layer (ML) neural
network (Psaltis e al., 1988). The characteristics
of ANNSs are presented in Figure 1. The SL
neural network consists of the input layer and
output layer but the ML neural network has a
hidden, additional layer. The function of the
input layer is input data processing, which will
be analyzed with the data appropriate to the
ANNSs. Next, the function of the hidden layer
is as a processor that receives data from the
input layer and passes it to the output layer.
The hidden layer has advantages that we can
use to manage complicated data. Finally, the
function of the output layer is as a processor to
get the final result from a neural network.

(b) Structures of Artificial Neural
Networks

The structures of ANNs include 2 types,
which are the feed-forward neural network and
feedback neural network ( Belavkin, 2014).
The structures of ANNs are presented in
Figure 2. Both have different types of data
entering them. The feed- forward neural
network is used to get the desired result using
only a forward data process between the layers.
However, the feedback neural network is
different from the feed-forward neural network
because we can use this structure to get a
suitable result for ANNs using the feedback
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loops between layers. In addition, the feedback
neural network is suitable for investigating the
non-obvious relationships between data.

(¢) Algorithms of Artificial Neural
Networks

In this section, we will discuss the detail
of the main algorithms in ANNSs including the
learning neural network, the testing neural
network, and the activation function.

(i) Learning Neural Network

The learning neural network uses
a pattern recognition algorithm to predict the
final outcome of ANNs and is classified into
2 types. They consist of supervised learning
and unsupervised learning. The supervised
learning is a learning function that maps data
from the input layer to the output layer and
repeatedly predicts the outcome from the
training dataset until the correct answer is
obtained (Fritzke, 1994). If the answer is not
correct, the backpropagation (BP) approach is
used to find the error caused by the difference
between the outcomes from ANNs and the

expected results. The unsupervised learning is
a process that has no error detection and
learning of the expected results.

(ii) Testing Neural Network

The testing neural network has a function
to receive parameters from the learning neural
network to investigate the relationship between
the data and to create a model from the
relationship. In addition, the model’s efficiency
can be calculated to reduce error in creation of
the model. The error values are called the sum
of squared errors (SSE).

(iii) Activation Function

The activation function is a function to
judge the results in the ANNs (Specht, 1991).
It is divided into continuous and discrete
functions. The function selection depends on
the characteristics of the data for the input and
output layers as shown in Table 3. From the
literature, there are many popular functions
such as the sigmoid function, linear function,
and tan-sigmoid function.
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Experimental Design

In this section, we discuss details of the
experiment which consists of 3 major steps.
The first step is information preparation for
applying the data to the modeling process.
Subsequently, we present the modeling process.
Finally, we compare and analyze the models to
conclude the factors that affect the differences
between the scores of the users' satisfaction.

Information Preparation

Information preparation is an important
step in optimizing our models because there is
selection and conversion of the QoS parameters
before we apply these parameters to establish
the models as shown in Figure 3. The information
preparation procedures include 3 steps as
follows: (a) information collection from the walk
test approach, (b) calculation of the correlation
coefficients” values, and (¢) data conversion
into the modeling process.

(a) Information Collection

We collected information with the walk
test approach. After that, we divided the
information into 2 sets, which are the QoS
parameters and the opinion scores of the users
(MOS). In terms of the walk test approach, we
utilized 3 popular services which were YouTube,
Line, and the web browser application in
a department store in Nakhon Ratchasima
province. The information obtained from the
walk test approach is as follows:

(1) The QoS parameters which are
values that can be used to monitor the
performance of a mobile network according to
the communication standards. In the collection
of the QoS parameters, we obtained these
parameters from the Azenqos application for
each service on a smartphone. The Azenqos
application is the program used to test the
connection or speed of a network, for which
our work utilized the services on the 4G
network due to it having many mobile
subscribers. Moreover, the application displays
the real time of the QoS parameters and the
route with the signal strength on a map.

(ii) The opinion scores which are
a parameter used to measure the actual usage
of the customers’ experience while they utilize
multimedia services. We assessed the opinion
scores for each service as follows:

In the assessment method for the
YouTube service, we began by assessing the
satisfaction from the start of downloading
a video until the video ended. We employed
1 video content, in which the video length was
approximately 2 min and the quality of the
video was 1080p resolution.

In the assessment method for the
Line service, we assessed the users’ satisfaction
from the duration time of sending an image
(the image size was 1250%1250 pixels) from
amobile phone to another mobile phone. Then,
we began by assessing the satisfaction from the
start of uploading a picture and successfully
sending it to the terminal equipment.

Service source

(\’\'Ai))

QOS Parameters

Azenqos Server

Mobile Network

Relationship between QOE and QOS

Subjective Assessment

Opinion Score

Figure 3. Preparing data for the modeling process
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In the assessment method for the
web browser service, we assessed the users'
satisfaction during the time a webpage was
downloading (www. facebook.com) until the
download was complete.

(b) Calculation of
Coefficients

The correlation coefficients are used to
measure the degree of correlation between
variables in the datasets (Zaid, 2015). In our
work, these variables are the QoS parameters
and opinion scores. The correlation coefficients
have values between -1 to 1. If the values of
the correlation coefficients are less than 0.8,
we do not use these parameters for the ANNs
because there is a weak linear relationship
which means that the datasets have no
correlation. The correlation coefficients are
divided into 3 relationships as follows:

The correlation coefficients that are
approximately -1 indicate a negative linear
relationship and have a relationship between
variables in the inverse direction. For example,
if 1 variable decreases, another increases.

The correlation coefficients that are
approximately 1 indicate a positive linear
relationship and have a relationship between
variables in the same direction.

The correlation coefficients that are
close to 0 indicate no relationship at all. From
the literature, the most commonly used equation
for correlation coefficients (r) is Pearson’s
correlation, which is defined as:

Correlation

ZE:] (xiJ’ o f)(yi,P -y)
\/Z'}i:I (xip = i)z Z:’:l (Vip — ?)2

where

ri s the correlation coefficients’ values
(between the opinion scores and ith QoS
parameters),

P is the total amount of information,

X; is the information from variable 1 (QoS
parameters),

yi is the information from variable 2
(opinion scores),

(M

e =

is the mean of x;, and
is the mean of y;.

<I Xl

(¢) Data Conversion

We converted the data into the learning
neural network for decreasing the complicated
data and improving data to the same standard
as shown in Equation (2).

P
|Zi:] yi.pxi-p
P 2
Zi:l Xip
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where

¢i is the input data converted,

P is the total amount of information,

xi is the data from variable 1 (QoS
parameters), and

yi  is the data from variable 2 (opinion
scores).

Then, we used the data which is
calculated from the above Equation to pass on
to the learning neural network.

Model Creation

In model creation, we established models
from the relationship between the QoS and
QoE parameters using ANNs because ANNs
are based on flexible algorithms for learning
the complicated relationships between variables.
Moreover, ANNs are not restricted regarding
the characteristics of the input variables.
Additionally, we obtained the information
from the previous step to create the models
which have the following steps:

(a) ANNs Configuration

In our research, the characteristic of the
ANNs which we used was the multi- layer
neural network which consists of 1 input layer,
1 hidden layer, and 1 output layer. In terms of
node numbers, the input layer has 1 node but
the hidden node and output nodes have 5 nodes
as shown in Table 4. The ANNSs’ structure is
the feed-forward neural network without
reverse data in the ANNs’ process.
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(b) Learning Neural Networks Process weighting the networks and threshold values,

The learning neural networks are an we randomly set these values between 0 to |
important process for predicting the data used and investigated the relationships of the input
to create the models. In our research, we data, weighting network, and threshold value
adopted the supervised learning method into in Equation (3). Finally, we calculated the
the learning neural networks process because outcome using the sigmoid function, which is
it has validation of the results between the shown as the transfer formula in Equation (4).
target and output values from the ANNs. The

supervised learning steps are as follows: X, (P) = 22 X, (p) X W, (p) =6, 3)

(i) Activation Function
In terms of the activation function,  You (p) = sigmoid (Xne) 4)
we adopted the sigmoid function in the
learning neural network because we needed an ~ where
outcome that is consistent with the results Xpe is the sum value of the input,
shown in Table 3. The output range of the x; is the input value (QoS parameters),
sigmoid function is between 0 and 1. We w; isthe weight network,
proposed the following activation function 6; is the threshold value,
procedure (Figure 4). The first step was to P is the total amount of the information,

choose the input data which are the QoS and
parameters. Next, we adjusted the weighting vy, is the output value.
networks and threshold values between the The you value from Equation (4) will be

input layer with the hidden layer and the adjusted to get the best value for the ANNSs in
hidden layer with the output layer to learn the the next step.
pattern recognition and data correlation. In

Table 3. Activation functions

Function Sigmoid Function Tan-Sigmoid Function Linear Function

Plot

Equation )= 1
I+e

-X

Range [0,1] [-1,1] [-o0,00]

Table 4. The target value of the output node

Quality Opinion Goal (Output layer = 5 nodes)
Score Node 5 Node 4 Node 3 Node 2 Node 1
Bad 1 0 0 0 0 1
Poor 2 0 0 0 1 0
Fair 3 0 0 1 0 0
Good 4 0 1 0 0 0
Excellent 5 | 0 0 0 0
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(ii) Error Detection

We randomly set the weighting
coefficients and threshold value until the
outcome (yk) from the output layers and the
desired results (yqx) were equal. This is called
error detection (ex), which is calculated from
Equation (5).
ek (p) = yak (p) — yk(p) (5)

If the outcome differs from the
desired results, the outcome will be imported
into the backpropagation algorithm ( Rojas,
1996) to correct the discrepancies as much as
possible and learn the new weighting
coefficients from the error gradient formula.

(iii) Recurrent Adjustment

The recurrent adjustment of
weighting the network and threshold value is
repeated until the SSE is acceptable. We
defined the SSE value as 0.001 because we
needed the minimal error.

SSE=Y" 3 (e, ()

where, the SSE is the sum of the square
difference between the estimation outcome
and the desired results. If the SSE is close to 0,
it indicates that the random weighting
coefficients are perfect.

(6)

(c) Testing Neural Network Process
In testing the neural network process, we
applied the complete parameters from the

learning neural networks, both the weighting
coefficient and threshold values. Next, we
examined the accuracy and precision of the
parameters with new datasets of the QoS
parameters using Equations (3) and (4). The
outcome of these equations is between 0 to 1.
However, the users' satisfaction has many
levels in practice. Therefore, we calculated
Equation (7) to get a consistent outcome with
the MOS which is called the QoE score.

)

Zk}’k

QoE=+l—

ZYk

k=1

)

where
yk is the final outcome of the ANNs and
k  isthe number of nodes in the output layer.

Finally, we measured the performance of
the model creation using the correlation of the
model Equation (8):

i(os:, ~0S)(QoE, ~ QoE)

Pr:l e = (8)
Jz(ospfﬁ) JZ(QoE;@E)

p=l pel

Correlation of model =

where

is the datasets of the opinion score
(from the actual users' satisfaction),
is the datasets of the QoE score (from
the ANNSs),

is the mean of opinion score, and

is the mean of the QoE score.
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Figure 4. Functions of the activation function
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Relationship Comparison

After we finished the model creation, we
created graphs of the relationship between the
opinion score and the QoS parameters as
shown in Figure 5. Then, we compared these
relationships between the models with the
information from the walk test for 5 days.

Experimental Results

In this section, we present the comparison of
the relationship between the QoS parameters
and the QoE scores to determine the QoS
parameters that impact the maximum change
of the QoE score for each service used in our
research. We will describe only the models
which have high correlation coefficients
because we can clearly observe the differences
between the models.

The comparison between the QoS
parameters in the QoE model for the web
browser service is shown in Figures 6 and 7.
The QoS parameters include the duration time,
throughput download, RSRP, and RSRQ. The
comparison between the QoS parameters in the
QoE model for the Line service is in Figure 8,
which consists of only the sending time
parameters. From Figures 9 and 10, the QoS
parameters for the YouTube service comprise
throughput download, duration of first play,
buffering duration, RSRP, RSRQ, and RSSI.

When we finished establishing the QoE
models and the comparison, we took the result

into the experiment analysis to conclude the
important QoS parameters that affect the
change of the QoE models in our research.

Experimental Analysis

In this section, we propose the analysis of the
QoS parameters that affect the change of the
QoE models using the MAD as shown in
Equation (9). The MAD of the dataset is the
average of the difference between 2 variables.

- Do X1 -Xx2)
p

(€)

where

X1; is the QoE scores from the first model,

X2; 1is the QoE scores from the next model,
and

P is the total amount of data.

If the MAD value equals 0, this means
that the dispersion of the datasets between 2
variables is not different. Next, we present the
MAD values between the QoE models for each
service in the form of column graphs in which
Figures 11 and 12 show the MAD values for
the web browser service. Figure 13 shows the
MAD values for the Line service and Figures
14 and 15 show the MAD values for the
YouTube service.
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QoS paramcler 1
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QoS parameter n
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Figure 5. Comparison of the relationship between the QoS parameters and QoE scores
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In Figures 11-15, the descriptions of the
symbols are as follows: the QoE score I is the
QoE model as established from the first
collection of the QoS parameters and MOS;
then, the QoE scores II, III, IV, and V are the
QoE model as established from the next
collection of the QoS parameters and MOS.

Figure 11 shows the MAD value which is
a comparison of the dataset dispersion between
the first QoE score with next QoE score. The
difference between the MAD in the end
parameter of the web browser service can be
seen. The MAD value of the duration time is
more valuable than the throughput download
and has a value more than 0.38 but the MAD
value between the radio parameters is not
much different, as shown in Figure 12.

The Line service has only end parameters
because the radio parameters are not dispersed
between the dataset of the QoE score. For this
reason, the authors do not show the MAD
value of the radio parameters. In Figure 13, the
parameter that affects the differentiation of the
QoE model is the “Line Sent Time”.

Figures 14 and 15 show the differences of
the MAD values for the YouTube service. In
terms of the end parameters, the parameter that
most affects the difference of the QoE scores

QOE Score

0 s 10 15 20 25 30

QOE Score

400 600 800 1000

Throughput_Download (bps)

QoScorel  Qol Scorell  QoEScorelll  QokScorelV  Qokl Score ¥

Figure 6. QoE scores’
parameters
service

comparison with end
on the web browser

is the buffering duration. In terms of the radio
parameters, the parameter that most affects the
difference of the QoE scores is the RSRQ. As
mentioned above, this means that it is the
MAD value that indicates the change of the
QoE model.

Conclusions

The purpose of our research was to investigate
the QoS parameters that affect the change in
users' satisfaction for the mobile network (4G)
using the creation of a QoE model using
ANNSs. The datasets in our experiment were
obtained from the exploration of the users’
satisfaction and opinions on actual usage in a
department store. For the data collection, we
used 5 days to collect both the QoS and QoE
parameters. Then, we compared the relationship
between the QoS parameters and QoE score
for each day with that on the next day to
determine the QoS parameters of the 3 services
that have an impact on the differences between
each model. The results are summarized as
follows.

In terms of the end parameters for the
web browser, Line, and YouTube services, the

QOE Score

RSRQ

QoEScorel  QoEScorell  QokScorelll  QoEScorelV Qo ScoreV

Figure 7. QOoE scores’ comparison with radio
parameters on the web browser
service
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QoS parameters that affect the change of the
QoE models for each of these services are: the
duration time for the web browser, the sent
time for the Line service, and the buffering
time for the YouTube service. In terms of the
radio parameters on the web browser and

QOE Score

0 200 400 600 1000

LINE_Send_Time(ms)

QeEScorel  QoE Scorell  QoEScorelll  QoEScorelV  Qok ScoreV

Figure 8. QoE scores’ comparison with end
parameters on the Line service
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Figure 9. QoE scores’ comparison with end
parameters on the YouTube servic

YouTube services, the QoS parameters that
affect the change of the QoE models are the
RSRP, RSRQ (for the web browser service),
and the RSRQ ( for the YouTube service).
From all above- mentioned parameters, we
have concluded these parameters using the
MAD formula.

From the conclusion of the parameters
that indicate the change of the QoE models, we
can use these processes as a guideline to
manage the problematic parameters for
network operators. These parameters can be
adjusted to meet the criteria so that users are
satisfied with their usage of the mobile
network. However, although the exploration
and analysis of the QoS parameters and QoE
score in our research can be used as a guideline
for network improvement, we cannot use the
results to judge users' satisfaction with their
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RSRQ
5
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2
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Figure 10. QoE scores’ comparison with radio
parameters on the YouTube service
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Web browse service (End parameters)
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Figure 11. MAD between QoE models with end
parameterson the web browser service

Web browse service (Radio parameters)
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Figure 12. MAD between QoE models with radio
parameterson the web browser service

Line service (End parameters)
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Figure 13. MAD between QoE models with end
parameters on the Line service

usage of services on mobile networks in
different environments.
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