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Synopsis

m The advent of Broadband 3G/4G Cellular Technologies
bring the boon of Multimedia over Wireless.

m Inherent nature of the transmission medium makes the
problems of Packet Loss and Delay variance (jitter) are
more severe In Wireless/Cellular networks.

m A Video Quality Assessment (VQA) methodology is
Introduced, that helps analyze and quantify these effects
on the Quality of the received Video.

m Several distinct applications are introduced, that can be
accomplished using this methodology.
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Typlcal MPEG-4 Stream Setup counrtesy: streamingmedia.org
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Determining Packet Loss and Delay Jitter

courtesy: Klaue et al.

n
packet loss PLp = 100 e : where:

NTsent

T : Type of data in packet (one of all, header, I, P, B, S)

nr, .. : number of type 1" packets sent
nr..., - number of type 1" packets received
nr:
frame loss F Ly =100———= | where:
nTsent

T : Type of frame (one of all, header, I, P, B, S)
nr,,, : number of type T" frames sent

ny. . : number of type 7" frames received

Tecu



inter-packet time itp, =0
itp. =tp, —tp,_;
where: tp, : tume-stamp of packet number n
inter-frame time itp, =0

itFm = tFm - tFm—l

where: tp, : time-stamp of last segment of frame number m

N
. : 1 : S 42
packet jitter jp = N E (it; — itn)

i=1
N :  number of packets
ity ©  average of inter-packet times

M
- : 1 ; i 4D
frame jitter jp = i E (it; — itpr)
i=1
where:

M number of frames

itpr - average of inter-frame times
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Quality Analysis of Video Transmission
over wireless networks

Two main approaches to VQ analysis in
High speed networks [3]

m Video Bit stream based Full Reference VQ
Analysis

m Video Traffic Trace based Full Reference
VQ Analysis
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Video Trace Generation

m Commonly used Video format is YUV. The sequences are several
hundred frames long.

m Y=Luminance, and Chrominance (U=Hue, V=Saturation).

m In all our tests we used the luminance ‘Y’ only, as the HVS is most
sensitive to this component.

m Atypical Trace file contains the Frame number, Cumulative Display
time, Frame Type [, P, B], Frame size. The Second (optional)
section of the trace contains the PSNR of the Y, U and V
components.

m Several softwares are available to generate trace files from encoded
MPEG-4 files. A simple trace can be a tcpdump or Ethernet packet
port trace at the sender and/or receiver side.
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(Objective) Video Quality Analysis
of the Recelved Sequences

m In this section we detall several Video Quality Analysis
schemes applied to the transmitted and received video
sequences and analyze their results in light of the VQEG
final report ‘No one objective model outperforms the
other in all cases’.

m \We compare results from RMSE, PSNR, DVQ and
SSIM.

m The VOQA methods need to be mapped to a Human
Perceivable Score (MOS). The importance of MOS
mapping Is discussed
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Root-Mean-Square Error (RMSE)

m It calculates the “difference” between two images. It can be
applied to digital video by averaging the results for each frame.

m For an MxN image, RMSE can be calculated as:

A1

£ pygs = ZZ[f mn f(mﬂ”)]z
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PSNR (Peak Signal to Noise Ratio)

m The most commonly used objective quality metric is the
Peak Signal to Noise Ratio (PSNR). For a video
sequence of frames. The PSNR (dB) of each frame
having N*M pixels can be calculated as:

PSNR =20xlog,, 299
RMSE

Where 255 is the Maximum pixel value in the N*M pixel image



" A
DCT based VQ Evaluation

m The conventional video metrics (RMSE and PSNR) do not take into account
the spatial and temporal property of human visual perception.

m This DCT based VQ Metric proposed Xiao’s [8] is based on Watson’s [7].

m The 8x8 based block based distortion is the ‘atom’ of all current
compression based video processing. This kind of block based distortions
are very eminent hallmarks in all decoded video sequences. Hence a metric

that does the Evaluation in the DCT domain on 8x8 blocks yields significant
results:

—. SCSF

Transmitted Video | Colar Transform ) OcCT p| LoOcal Contrast »| (opacial Contrast o VEighed Pooling L,
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Structural Similarity Approach

m This approach emphasizes that the Human Visual System (HVS) is
highly adapted to extract structural information from visual scenes.
Therefore, a measurement of structural similarity (or difference)
should provide a good approximation to perceptual image quality.

m The SSIM index is defined as a product of luminance, contrast and
structural comparison functions. [8, 9]

m Where [ is the mean intensity, and o is the standard deviation as a
round estimate of the signal contrast. C, and C, are constants. M is
the numbers of samples in the quality map

SSIM(x,y) = (1%, )]" - [ 3))” - s )]

3 = (2ptzpty + C1)(202y + Ca)
’ (p,;—z + ua + Cl) (gg s 4 Cz)

SSIM(x

MSSIM(X, Y) = — ZSS]M(::J y;)

g=1
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MOS Mapping

min Multimedia, the Mean Opinion Score (MOS) provides a numerical
indication of the perceived quality of received media after compression
and/or transmission. The MOS is expressed as a single number in the
range 1 to 5, where 1 is lowest perceived quality, and 5 is the highest
perceived quality.

~ Mean Opinion Score (MO3)

MOS | Guality Impairment
3 .E:-f.n:ellent.Imperceptihle
4 .Gnnd .F'en:eptihle but not annoying
3 .Fair .Slightly annaying
2 .F'cuzur .hnnuying

1 |Bad Very annoying
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MOS Mapping contd.

m Current MOS ‘Mean Opinion Score’ mapping used by most
researches provides good correlation models between a VOQA
method and MQOS for still frames.

m Recent research has revealed that certain temporal aspects have to
be considered for a complete Quality assessment of Videos.

m A heuristic model is presented by Hauske et al. [11]. It combines
spatial quality aspects in terms of PSNR and a temporal parameter
In terms of frame rate FR. This model has been cited and used by

several recent papers for VQA e.g. [12].
Q,, = —0.45(PSNR,.,,) +17.9 - (FR - 5) /10.

m A new Spatio-temporal Quality assessment model is proposed that
accounts for Psychophysical aspects of Human Visual system®*.
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PDSN to Mobile Aircard CIF Clips
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Conclusions from the VQA

m The tests indicate that that MSE Is not a suitable
guality measure for Transmission based video
guality assessment.

m The tests show distinct similarities between
PSNR, DCT based algorithm and SSIM
approach.

m The DCT based algorithm falls out of lines from
other methods in cases when the images have
more texture information than edges.
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Applications and Future Work

m  Aframework for Evaluating the Quality of standard Video Transmissions
over a wireless infrastructure (system/subsystem).

m A new methodology for Wireless service providers, to compare real-time
traces of transmitted videos with that of received videos over a feedback
loop. This will provide the service providers with real-time video quality
analysis over their network.

m Atest bed that can be used to test novel VQA approaches. It can also be
used for new Encoding schemes, compression algorithms, Motion
Estimation methods etc.

m Atest bed to generate training data for Iterative schemes or ANNSs, to be
used by the Vendor to Quantify the Video Quality Degradation over their
infrastructure based on key information regarding the Video Transmission.
E.g. RF fading, total packet loss, flow control, channel bandwidth used,
duration of the transmission, Frame rate, Video resolution (CIF(Common
Intermediate Format), QCIF (Quarter Common Intermediate Format) etc.).
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