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@® Vint Cerf: We Still Have 80 Per Cent of the World
to Connect. 2009
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! Global Internet Users = 3B @ 42% Penetration...

+9% vs. +9% Y/Y...+7% (Excluding India)

Global Internet Users, 2008 - 2015
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Global Smartphone Units Slowing Dramatically...

After 5 Years of High Growth @ +10% vs. +28% Y/Y

Smartphone Unit Shipments by Operating System, Global, 2007 — 2015
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5 § Global Smartphone User Growth Slowing...

g e L Largest Market (Asia-Pacific) = +23% vs. +35% Y/Y
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Demand for Video and P2P Creates Pressure

And the network just can’t cope...

Network Congestion

\ 7 &

\ a o

A T Existing Infrastructure [

—
yd VN
Internet TV HTTP Video P2P l \ ]
(Hulu, NBC etc.) (YouTube etc.) Downloads \ )

(BitTorrent etc.) POOR User Experience

Bandwidth Demand
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MC R FN{A 56 (perceptual experience) (I E 14

@ Providing high-quality streaming services over a best
effort and shared infrastructure such as the Internet iIs
nontrivial.

@ This is increasingly placing loads on network elements
to deliver streaming content with high perceptual quality,
Including content delivery networks (CDNSs), overlay
networks, video on demand (VoD), and Internet television
(IPTV) Infrastructures. Network service providers need to
Infer, predict, and improve perceptual experience to
ensure long-term success.

Inferring Video QOE in Real Time
Mainak Chatterjee, University of Central Florida

IEEE Network * January/February 2011 12 {ynh, cxh}@ustc.edu.cn
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€ QoE, Quality of Experience

ITU-T SG121) %€ X : “the overall acceptability of an
application or service, as perceived subjectively by the end
user”’

& 175 T 2% 1 i
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M’ QoE (Quality of Experience)
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@ QoER] L5/~ 2 il 7€ 11 4 5 e
.75 (excellent: imperceptible)
4f(good: perceptible, but not annoying)
— % (average: slightly annoying)
#(bad: annoying)
% % (terrible: very annoying)
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QoS and QoE
Management in UMTS
Cellular Systems

QL= T T

SHINA MACHENTE
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M QoS vs. QoE

mQuality of Service
@ Network-centric
@ Delay, packet loss, jitter
@ Transmission quality
@ Content agnostic

21

mQuality of Experience
# Content impairments
@ Blockiness, Jerkiness, ...
@ End-user quality

@ Application driven
{ynh, exh}@ustc.edu.cn
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Same network impairments

Packet Loss: 1%
Delay: 10ms
Jitter: 50us

Bandwidth: 500kbps

Different perceived quality!
22 {ynh, exh}@ustc.edu.cn
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SNR =10 Ig [(Vsignal)? / (Vnoise)?]
=20 Ig (Vsignal / Vnoise)
::EII:
Vsignal &/~ {5 5 FL I ;
Vnoise& 7 M 7= Fi I
SNRIFJEAL A7 U (db) -

F1: R Vnoise=1, EAKEEINIELRFKRVsignal
=21, BR{E"LSNR=6%7 1.

12: fRxVnoise=1, EALKEE NI6LLEFK RVsignal
=216, IS " L SNR=9643 D1
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€ MOS(Mean Opinion Score)
& i WIS A FIMOS/HE W

Coder MOS
Quiet room 48 KHz 16 bit linear sampling 5.0
PCM (A-law/mlaw) 64 Kb/s 4.1
G.723.1 @ 6.3 Kb/s 3.9
G.729 @ 8 Kb/s 3.9
ADPCM G.726 32 Kb/s 3.8
toll quality [ 5PSTN—FE) i &£ )
GSM @ 13KDb/s 3.6

VSELP 1S54 @ 8KDb/s 3.4
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Figure 1/G.114 — Determination of the effects of absolute delay by the E-model
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LR AMBITE AR BTN, NERZRZMKR
HACRE I, Peanudiy e, #lah, METIE.

W dmfERS (Encoding and Decoding of Voice)

Wz (Time-Clipping, t#% A Dropouts)

TEF R} BhJitter)

PR 15 18 2 (Environment Noise)

{55 %)% (Signal Attenuation)

{545 18 A5 (Transmission Channel Errors)
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Primary VolP Quality Metrics

MC

U 1E S B AT Decreasing Clarity
HETEWE (Voice Clarity)
17 (Echo)

T 4E (Time Delay)

Voice/Conversation
Quality Space

[ = R Sk m] DA i 21 =2 R0 )
AR, ESLPRVE T A=
AAFUG A, AT TG
FERRAZEH WA, BELE, ok
= R g WP A bR

Increasing
Delay

Figure 4: Voice Quality Metrics
(Copyright 2000, Agilent
Technologies, Inc.)
Increasing Echo
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MOS-LQ : Mean Opinion Score-Listening Quality
DMOS: ZZ 15 5 Mg PP {5 5 MOSIE 2 %

FAM PR R eI & SRE, H AR 2 2R 2 [k
Zm . 1Q. EQ. LH., JHHIEE. ..

@ =W 71
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& 5T - 7 U 2P 7 VA

NRRAERNZ(Intrusive)iE & P . @i @ N BT AR A, F50 R
g o6 o MR EIG S 6 5T IREN LERIRGHHNM IS5, R

S BONTE & P E VP 70 EC [ B ¢ RS Bl A PR 45 2R
PSQM (Perceptual Speech Quality Measurement), ITU-T P.861, 1996
PAMS (Perceptual Analysis Measurement System)
PESQ (Perceptual Evaluation of Speech Quality), ITU-T P.862, 2001

O 5T BB PR 5k
NHxAAER A A (Non-Intrusive) ih & PP . AGE RS RSt S
M T KRGV ZBORPHE1E & BN FIA AT E RS
B THSE5 T T RAE LN TGS R By . BT IEESEE L
BT, AN - T VR AR LK SRR PR U B TR B
E-Model, ITU-THJG.107, 1998
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MC ITU ETES P RARR

@ P.563, Single-ended method for objective speech quality assessment in narrow-
band telephony applications

4 P.800 Methods for subjective determination of transmission quality
#P.800.1 Mean Opinion Score (MQOS) terminology

€ P.861, Objective quality measurement of telephone-band (300-3400 Hz) speech
codecs

®P.862 Perceptual evaluation of speech quality (PESQ): An objective
method for end-to-end speech gquality assessment of narrow-band telephone
networks and speech codecs

®P.862.1 Mapping function for transforming P.862 raw result scores to MOS-
LQO

®P.862.2 Wideband extension to Recommendation P.862 for the assessment of
wideband telephone networks and speech codecs

€ G.107, E-Model, a computational model for use in transmission planning
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6% 5PCM MOS%x %

Subjective

PESQ

MOS-LQO MOS-LQO S0

G.711 no PLC 3.23 3.14 0.09

3% Packet Loss G.711 Appendix | 4.02 3.75 0.27
G.711 + NetEQ 418 3.26 0.92

G.711 no PLC 2.74 2.94 -0.20

5% Packet Loss G.711 Appendix | 3.80 3.48 0.32

G.711 + NetEQ 4.04 3.25 0.79

G.711 no PLC 1.99 1.93 0.06

10% Packet Loss | G711 Appendix | 3.50 2.58 0.92
G.711 + NetEQ 3.83 2.34 1.49
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M. VOLTEIESEREMOS

The overall quality target for VOLTE is for voice calls to be perceived as on a par with,
or better than, a 3G call. Using WCDMA as the 3G benchmark, the default target is for
speech quality to be greater than 3.5 MOS-LQSM on a call-by-call basis, as illustrated

i nF | g ure 1. [ETETTH1 Speech quality versus frame error rate
Mean opinion score - listening quality subjective mixed (MOS-LQSM)
; 5.0
VoIP: voice over IP =mg—vwvg;2£5
VOLTE: voice over LTE 45 AMR-WB 6.60

B AMR-NB 12.2

MQOS: mean opinion score 3-5 L
MOS-LSQM: mean '

opinion score — listening 3.0
quality subjective mixed 25
20
15
10

0% 1% 29 3%
frame error rate

48
Validating voice over LTE end-to-end, Ericsson Review 2012
https://www.ericsson.com/res/thecompany/docs/publications/ericsson_review/2012/er-volte-performance.pdf Retrieved: Oct 2017
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Validating voice over LTE end-to-end, Ericsson Review 2012
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M’ E-model ¥

®PSQM. PAMS. PESQ% kBT bINAIE 52
[A] {22 2 R AT Ul = L E ) PP o AN AR S R AT SE I
oA £ 835 2d0E W 2845 7Y 1) L

O 1T W RIXEEE S, 1ITU G.107F5#ESE H T E-model
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R B AL IMOS . AT AT PASRTE 21 9 254 451 107 R 2%

@ The E-model is based on the equipment impairment
factor method, following previous transmission rating

models. It was developed by an ETSI ad hoc group called
"Voice Transmission Quality from Mouth to Ear".
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M’ Reference connection of the E-model

OLR

Send side SLR ! RLR > Receive side

-

0 dBr point

Ds-factor Dr-factor

Weighted echo
path loss WEPL

Room noise Ps Round-trip delay Tr Room noise Pr

., | i A

-

Sidetone masking
rating STMR

Coding/decoding -
!

Circuit noise Ne % Equmpment impairment factor Ie

Listener sidetone
rating LSTR
(LSTR - STMR - Dr)

OLR Overall Loudness Rating
RLR Receive LoudnessiRating
SLR Send Loudness Rating

referred to 0 dBr Packet-loss robustness factor Bpl

Packet-loss probability Ppl

Mean one-way delay T

: Absolute delay Ta
' i Talker echo

loudness rating TELR

A

Quantizing distortion gdu

I
|
1
I
I
i
1
|
I
1
|
1
1
1
[
i
™
[
1
|
I
1
T
I
1
1
|
i
1
I

Expectation factor A G107(08)_FO1
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Table 1/G.109 — Definition of categories of speech transmission quality

R-value range Sp{:ﬁ;ﬂ:?::ﬁ:’:ﬂu User satisfaction
90 <R < 100 Best Very satisfied
80<R <90 High Satisfied
70 <R <80 Medium Some users dissatisfied
60 <R <70 Low Many users dissatisfied
50=R <60 Poor Nearly all users dissatisfied

NOTE 1 — Comnections with R-values below 50 are not recommended.

NOTE 2 — Although the trend in transmission planning is to use R-values. equations to convert R-values
into other metrics e.g. MOS. %GoB. %PoW. can be found in Annex B/G.107.

high medium low Area not
quality quality quality recommended

linear quality scale

| ] ] (AR AT SN TR SN AN SN SN SN SR SN TR SN SR Overall
100 90 20 70 60 30 Rating "R"
T1211030-99

Figure 1/G.109 — Judgement of a connection on a linear quality scale



M’ Speech quality versus mouth-to-ear delay

The focus here is the network, so in terms of transport parameters, this means a frame error

rate (FER) of less than 1 percent and a mouth-to-ear delay of less than 200ms (reflecting a
UE to UE call).

Measured mouth-to-ear delay

E model rating VOLTE;?IJ\IU
100 . Mouth-to-ear delay
MU-T G.114 (ms)

B Very satisfied users '
B saiisfied users 300 M UE delays (such as, internal
® Some dissatisfied users processing and jitter handling)
B Many dissatisfied users I Estimated encoding/

250 decoding delay

I Average RTP latency
(E2E transport delay)

B Nearly all dissatisfied users

200

70

150
a0

100
50

500 600
Mouth to ear delay (ms) 50
0
Lab Trial
Validating voice over LTE end-to-end, Ericsson Review 2012 54 {ynh’ th}@ustc.edu.cn

https://www.ericsson.com/res/thecompany/docs/publications/ericsson_review/2012/er-volte-performance.pdf Retrieved: Oct 2017



' MESRETFS
M(C MOSTESREATFXAR
. (’)?0 USER SATISFACTION MOS
G.107
Value 90 4.3

80 4.0
70 3.6
60 o 3
Nearly All Users Dissatisfied
50 2.6
Not Recommended
0 1.0
( From R to MOS, from G.107)
MOS =1 for R<O0
MOS =1+0.035R + R(R - 60)(100 — R)7x10"° for 0<R <100
MOS =4.5 for R >100

( From MOS to R, by 3" order polynomial)

R = 3.026 MOSS — 25.314MOS?2 +87.060MOS —57.336
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M/’ Staircase Effect




M’ Blocking artifacts

@ The cause of the blocking effect with respect to block-
based coding Is intuitively obvious.

Examples of the blocking effect; most
evident in the smoothly textured
regions which are of low-to-medium

luminance.
62 {ynh, cxh}@ustc.edu.cn




M’ Blurring artifacts

,
gy
i, VRS
~ Yoo ~
= R B
l.‘ »: "
o 3

Blurring manifests as a loss of spatial detail and
a reduction in sharpness of edges in moderate
to high spatial activity regions of frames, such
as In roughly textured areas or around scene
object edges.

Blurring is directly related to the suppression
of the higherorder AC DCT coeffcients
through coarse quantization
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Straight pen-drawn line color bleeding,
causing jagged edges.

The blurring of the luminance information, results in the smoothing of spatial
detail. The corresponding effect for the chrominance information results in a
smearing of the color between areas of strongly contrasting chrominance.

Color bleeding results from the quantization to zero of the higher-order AC
coeffcients, resulting in the representation of the chrominance components
with only the lower frequency basis images.
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M’ False edges

T
[
_|
| | | | |
L L1 ]
| | | [ A
I R o it sl . 1Y

N
Blocking effect

with false edges

Predicted macroblock il
1

L)
-

Shoflnput "SI of Output

False edges are a consequence of the transfer of the block-edge
discontinuities(of MC reference frames) formed by the blocking effect into

the current frame.
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M. MC mismatch

MC mismatch can be generally defned as the ‘
situation in which a satisfactory prediction cannot b
found for a particular macroblock, resulting in a
prediction whose spatial characteristics is
mismatched with those of the current macroblock.

MC
Reference

Frame n+k

Frame n

- ——— - - N e o e - - o e e e - e e e e e e e b Ee em e e e e mm e e ol e e . -

+
_ pred.
>< >_>- error

vy {ynh, cxh}@ustc.edu.cn
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The use of only the luminance
information for the block
matching operation results in the
selection of the macroblock-sized
region within the search window
which has the highest luminance
correlation to the macroblock
currently being coded. This
correlation may not extend to the
chrominance information, and
may even be totally disparate to
the chrominance information of
the current macroblock.

M/(’> Chrominance mismatch

JPEG2000 Original

JPEG




M’ Ringing effect

JPEG2000 Original JPEG
928 bytes 389 bvtes 398 bytes

The ringing effect is fundamentally associated with
Gibb’s phenomenon, and, as such, it is most
evident along high contrast edges in areas of
generally smooth texture in the reconstruction, and
appears as a shimmering or rippling outwards from
the edge up to the encompassing block’s boundary.
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Before Posterization

M’ False contouring

The artifact is a consequence of the inadequate
quantization of the DC coeffcient and the lower-
order AC coeffcients in smoothly textured
areas. The effect appears in the reconstruction as
step-like gradations in areas of originally smooth
transition.
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M’ Typical video quality degradation factors

Type of degradation Degraded appearance d eg?ad:;;‘lsilon TJ:;;'E':;;%"
Reduced Fine patterning, blurred edges, reduced Yes
resolution, blurring | picture resolution
. ; . Distortion in the form of a mosaic or
diilt}::;l?;n Block distortion geometric pattern Yes Yes
False outlines appearing in parts where
False outline there is a gentle change of color or Yes
brightness
. Smoothness of movement is lost and the
Jerkiness picture appears jerky Yes Yes
. Fluctuations in the intensity level cause the
Temporal | ' Icker picture to flicker Yes
distortion
Motion blur Moving regions appear blurred Yes
Interruptions and . .
frozen images Intermittent playback/frozen picture Yes
Mosquito-like buzzing can be heard when
Mosquito noise the picture contains abrupt edges or Yes
. changes of color
Spatio-
temporal u :
distortion Busy” edges Edges look rough and flickery Yes
Disturbance Original image is irrecoverably lost over v
(failure) some or all of the screen =8




M Mosquito noise

Mosquito

Mosquito noise Is produced in image regions
with sharp edges, such as in the lettering.

The mosaic pattern, typically, coincides with the blocking effect. Coarse quantization
will result in the truncation of a significant proportion of the higher-frequency AC
coeffcients to zero. Consequently, upon reconstruction, the blocks will contain
textures constructed only from the lowerfrequency AC basis images, which may be of
a dissimilar texture or contour than their neighbors. {ynh, exh}@ustc.edu.en
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Figure 1 Examples of compression artifacts. Blockiness resulting from MPEG-2
compression is evident in (a). blur/loss of detail is the main distortion in (D).
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MC EimtEiRslERNKE

Figure 2 Examples of transmission error effects:
Lost blocks and slices in an MPEG-2 bitstream (a), smearing in an M-JPEG2000 clip (b).
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(Table 1.3.1) Principal ITU-T/R recommendations relating to subjective video quality assessment methods

Recommendation No. Title
BT.500 Methodology for the subjective assessment of the quality of television pictures
P.910 Subjective video quality assessment methods for multimedia applications
J.140 Subjective picture quality assessment for digital cable television systems
BT.710 HDTV Subjective assessment methods for image quality in high-definition television
BT.1129 SDTV Subjective assessment of standard definition digital television (SDTV) systems
BT.802/BT.1210 Test materials to be used in subjective assessment
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Table D.1 — Definitions of video classes

TV 0 | Loss-less: [ITU-R BT.601]. 8-bit per pixel. video used for applications without compression.

TV 1 | Used for complete post production. many edits and processing layers. intra-plant transmission.
Also used for remote site to plant transmission. Perceptually transparent when compared to TV 0.

TV 2 | Used for simple modifications. few edits. character/logo overlays. program insertion. and
inter-facility transmission. A broadcast example would be network-to-affiliate transmission.
Other examples are a cable system regional downlink to a local head-end and a high quality
videoconferencing system. Nearly perceptually transparent when compared to TV 0.

TV 3 | Used for delivery to home/consumer (no changes). Other examples are a cable system from the
local head-end to a home and medium to high quality videoconferencing. Low artifacts are
present when compared to TV 2.

MM 4 | All frames encoded. Low artifacts relative to TV 3. Medium quality videoconferencing.
Usually = 30 fps.

MM 5 | Frames may be dropped at encoder. Perceivable artifacts possible. but quality level useful for
designed tasks. e.g.. low quality videoconferencing.

MM 6 | Series of stills. Not Intended to provide full motion (Examples: Surveillance. Graphics).
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Al

@ Examples of rating dimensions which may be assumed to define factors that
contribute to the perceived global image quality are listed below, together with an
Indication of whether a factor contributes positively or negatively to quality:

— Brightness (positive);

— Contrast (positive);

— Colour reproduction (positive);

— Outline definition (positive);

— Background stability (positive);

— Speed in image reassembling (positive);

— Jerkiness (negative);

— "Smearing" effects (negative);

— "Mosquito" effects (negative);

— Double images/shadows (negative);

— Halo (negative).

@ Recent research has shown that these factors may be combined into a predicted
global quality by giving appropriate weightings to each factor and then adding
them together.
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€ I1TU-T J.140 (1998), Subjective picture quality assessment for
digital cable television systems.

€ 1TU-T J.143 (2000), User requirements for objective perceptual
video quality measurements in digital cable television.

€ ITU-T J.144 (2001) “Objective perceptual video quality
measurement techniques for digital cable television in the presence
of a full reference.”

@€ ITU-T J.149 (2004) “Method for specifying accuracy and cross-
calibration of video quality metrics (VQM).”

€ ITU-T P.910 (1996), Subjective video quality assessment
methods for multimedia applications.

€ ITU-R BT.1683 (2004) “Objective perceptual video quality
measurement techniques for standard definition digital broadcast
television 1n the presence of a full reference.”

{ynh, exh}@ustc.edu.cn



T AT SUEUE ER Y SR =

5| B

5 [B BN R &2 B T - A I LIVE SRR =
http://live.ece.utexas.edu/

1ZSE 56 = ) A% 2 Alan Bovik. Zhou Wang. Hamid Rahim Sheikh.
Kalpana Seshadrinathan £ Anush Krishna Moorthy £ ) 1E 1% 40
ijiﬁ 5O TAE, #lin Zhou Wang #2 H EI’JT @I@ff’i %ﬁrﬂ')l
7 B EWESE BT SSIM Jiidk, %S0 = 5 —(H 5
DTk TRt 1 L 5 4 1) BEAG SE WI at 25 9 22 DA R A = W

B
®EWN e

VG 22 B RS ORS8N 5 B R B A s e =

http://see.xidian.edu.cn/iiip/
Feb 9, 2006

SenTinan Lrcrores oN
89 Ianeace, Vineo & Morynunie PROCESSING




X4

TN FARIESS

http://live.ece.utexas.edu/research/Quality/index.htm

=
ML

SIELETES Y
2016

Application-driven no reference quality assessment for dermoscopy images with multiple distortions
F. Xie, Y. Lu, A.C. Bovik, Z. Jiang and R. Meng
IEEE Transactions on Biomedical Engineering , vol. 63, no. 6, pp. 1248-1256, June, 2016.

Temporal Video Quality Model Accounting for Variable Frame Delay Distortions
M. H. Pinson, L. K. Choi, and A. C. Bovik
IEEE Transactions of Broadcasting , vol. 60, no. 4, pp. 637-649, December, 2014.

A model of the time-varying subjective quality of HTTP video streams
C. Chen, L.K. Choi, G. de Veciana, C. Caramanis, R.W. Heath, Jr. and A.C. Bovik
IEEE Transactions on Image Processing, January 2014

Blind prediction of natural video quality
M. Saad and A.C. Bovik
IEEE Transactions on Image Processing, December 2013

Video Quality Assessment by Reduced Reference Spatio-temporal Entropic Differencing

R. Soundararajan and A. C. Bovik

IEEE Transactions on Circuits and Systems for Video Technology , vol. 23, no. 4, pp. 684-694, April 2013
(Winner of the IEEE Circuits and Systems for Video Technology Best Paper Award for 2016).

Video quality assessment on mobile devices: Subjective, behavioral, and objective studies
A. K. Moorthy, L. K. Choi, A. C. Bovik and G. de Veciana
|EEE) Journal of Selected Topics in: Signal Processing, Vol: 6 No: 6, October 2012 {ynh. exh}@ustc.edu.cn



RE VN ARV

http://live.ece.utexas.edu/research/Quality/index.htm

C. G. Bampis, P. Gupta, R. Soundararajan and A. C. Bovik, "SpEED-QA: Spatial Efficient

Entropic Differencing for Image and Video Quality," in IEEE Signal Processing Letters, vol.
24, no. 9, pp. 1333-1337, Sept. 2017.

L. Liu, B. Liu, C. C. Su, H. Huang, A. C. Bovik, "Binocular spatial activity and reverse
saliency driven no-reference stereopair quality assessment", Signal Processing: Image
Communication, 2017.

C. G. Bampis, Z. Li and A. C. Bovik, "Continuous Prediction of Streaming Video QoE using
Dynamic Networks," Signal Processing Letters, to appear.

C. G. Bampis and A. C. Bovik, "Learning to Predict Streaming Video QoE: Distortions,
Rebuffering and Memory," Transactions on Image Processing, under review.

D. Kundu, D. Ghadiyaram, A.C. Bovik and B.L. Evans, “No-reference quality assessment of
high dynamic range pictures,” IEEE Transactions on Image Processing, to appear.

L. Liu, Y. Hua, Q. Zhao, H. Huang and A.C. Bovik, "Blind image quality assessment by
relative gradient statistics and Adaboosting neural network," Signal Processing: Image
Communication , vol. 40, no. 1, pp. 1-15, January, 2016

D. Ghadiyaram and A. C. Bovik, "Perceptual Quality Prediction on Authentically Distorted
Images Using a Bag of Features Approach,™ http://arxiv.org/abs/1609.0473 1, cxny@uste.edu.cn



I~l

i

M ETFPSNRHEJT

& % FHIE{E (=M L (peak signal noise ratio , PSNR) 5§34
J7 %% ( mean square error , MSE) 11 & A5 7 41 B % 5L

M N

MSE — ﬂ;NZZ[J:(m, n) — y(m, n)P

m=1n=1

2552

PSNR = 101logyg r
LS SN Je(m, n) — y(m, n))?

@ 5. PSNR FIMSE Z1% 1 BMG A 256 N HR /Y 5200,
ANRE 5T B Iz et AR ) o =

92 {ynh; exh}@ustc.edu.cn



MC BN SER RN ESR?

e - :-,-'_' A ~—
- ¢

IESEREES

TRl Y- -.';'- £ N
C i WS N g

tb=6.24

ZHe: 1. IHEERIEEES AR5 B3

NS —E !

2, BEIKEMAFEALRNRTRAMNEZNEE T AL

KB N R IEIR R 77 A

93

{ynh, cxh}@ustc.edu.cn



M PSNR vs. QoE

Same amount of distortion (PSNR) — different perceived quality

Understand & model human vision system
Source http://goe.symmetricom.com Sep 2008 {ynh, exh}@ustc.edu.cn




M. PSNR vs. QoE
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€ HVS (human visual system)

O M B ZmF e N, At R BRI 7k
ISP R R G

I FH AR B R B8RS R 2 (CSF)
MPQM(Moving Pictures Quality Metric)

O I AU RO R X AN AU = PP TV
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Contrast sensitivity function {(CSF)
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CSF(f)=2.6 (0.0192 + 0.114 f ) exp(-0.114 f )11
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M (> Moving Pictures Quality Metric (MPQM)

@ seventeen spatial filters and two temporal filters. (34 perceptual
components )

@ using a contrast sensitivity function estimation and a linear
summation model of masking

€ computation of the distortion E, Where e(X,y,t,c) is the masked error
signal at position(x,y) and time t in the current block and in the channel
c; NX,Ny,Nt are the horizontal and vertical dimensions of the blocks; N
IS the number of channels. is a constant having the value 4.

| N N, Ny N, B\ &
E= EE(N,;NFMZEEMEHHC) :

i=ly=1z=1

5
1+ «FE

@ Masked PSNR (MPSNR) MPSNR = 10log 25 Q=
B
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MC Structural SIMilarity (SSIM) Index
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> SSIMAYB R vs. PSNR

Original, MSE = 0; SSIM =1 MSE = 144, SSIM = 0.988
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7 Wang - 2004 - 4 5] Fx%20168 1: 13161 - *HXI+
ansactions on Image.Processing, jol. 13, no. 4, pp. 600-

MSE = 144, SSIM=.840 MSE = 144, SSIM = 0.694 MSE = 142, SSIM = 0.662



Fig. 2. Comparison of “Boat” images with different types of distortions, all with MSE = 210. (a) Original image (8bits/pixel: cropped
from 512x512 to 256 x256 for visibility); (b) Contrast stretched image, MSSIM = 0.9168; (c¢) Mean-shifted image, MSSIM = 0.9900; (d)
JPEG compressed image, MSSIM = 0.6949; (e) Blurred image, MSSIM = 0.7052; (f) Salt-pepper impulsive noise contaminated image,
MSSIM = 0.7748.



JPEG compressed image
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Original image Image W|th added noise BIurred image Sharpen image

VYIDEO JUALlTY MEA S UREMENT A3 . ':' h i'Y‘Eﬁ":"' LES | VIDEO QUALITY MEASUREMENT VIDEO QUALITY MEASUREMENT
SSIM YYUV: original, original 1 IV YUV ol EL] gl 19 SSIM YYUV: original, blur 0.9225 SSIM YYUV: original, sharpen 0.958917

SSIM =1 SSIM = 0.552119 SSIM = 0.9225 SSIM = 0.958917
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The scatter plots of the subjective measurement (mean opinion score, MOS)
versus the objective predictions (PSNR and MSSIM) are shown below, where
each point represent one test image. Clearly, MSSIM is much better in
predicting the perceived image quality.
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M’ Structural SIMilarity (SSIM) Index
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MSE/PSNR: Wi 7 8] ) 5
Moving Pictures Quality Metric (MPQM)
seventeen spatial filters and two temporal filters
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GTETET#E] Video quality versus video bit-rate for low and medium
motion content

H.264 MOS scores for QVGA
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Validating voice over LTE end-to-end, Ericsson Review 2012
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MOS

Media Loss

Jitter Packet Drop Packet Drop Packet Drop Packet Drop Duplicate Packets Duplicate Packets Reordering Packets
1 to 50ms 1in 500 periodic 1in 500 poisson 1in 500 uniform 1in 500 and Jitter 1in 10 1in 500 1in 500

Source http://goe.symmetricom.com Sep 2008 {ynh, exh}@ustc.edu.cn
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& Rate-Distortion Function
2 A5 B e

@ Distortion -Distortion Function
1999

& Transmission Distortion#ii 74

2006, Transmission Distortion Analysis for Real-Time Video
Encoding and Streaming Over Wireless Networks

2011, Prediction of Transmission Distortion for Wireless
Video Communication: Analysis
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M’ Rate-Distortion Function

@ If we assume that P,(x) is Gaussian with variance 62, and if we
assume that successive samples of the signal X are stochastically
Independent (or, If you like, the source is memoryless, or the
signal is uncorrelated), we find the following analytical
expression for the rate—distortion function:

R(D)

\ : 0 ' D
0 05 1 ;;
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MC Distortiongy E =

& Jifith i Sk H

L i E%lﬁﬁﬁiﬁ

Dy =

L ZEFIENEE]

X Y T

D (i[z,y,t] — elz,y, t])?

’I-:l y=1 t=

T L

XYTLTYT: [z, y,t] — di[z, y,1])?

r=1y=11t=1 [=1

AD =Dyg— D,

126 {ynh, exh}@ustc.edu.cn



Distortion -Distortion Function
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derive the transmission distortion formula as a closed-form function of video frame
statistics, channel error statistics, and system parameters.
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