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Introduction

Study Group 9 has been working on finalizing Draft New Recommendation J.redref which specifies
Reduced Reference (RR) methods for performing video quality measurements of digital television
systems. The U.S. National Telecommunications and Information Administration (NTIA) recently
submitted two Video Quality Models (VQMs) to the recent Video Quality Experts Group (VQEG)
RR Television (RRTV) evaluation tests. One of the VQMs (i.e., the Fast Low Bandwidth VQM)
was in the top performing group for both 525-line and 625-line video systems and also significantly
outperformed Peak Signal to Noise Ratio (PSNR), a full reference VQM. This contribution
describes the NTIA Fast Low Bandwidth VQM algorithm and provides reference code for its
implementation. While NTIA holds multiple U.S. patents on this algorithm, NTIA/ITS has made
and is willing to make these freely available to all interested parties for both non-commercial and
commercial purposes.

Proposal

We propose that this contribution be included as a normative Annex in Draft New Recommendation
J.redref.



1. Background

In the 2003-2004 time frame, the U.S. National Telecommunications and Information
Administration (NTIA) developed two video quality models (VQMs) with a Reduced Reference
(RR) bandwidth of approximately 12 to 14 kbits/sec for ITU-R Recommendation BT.601 (Rec.
601) sampled video [1]. These models were called the "Low Bandwidth VQM" and "Fast Low
Bandwidth VQM". The Fast Low Bandwidth VQM was a computationally efficient version of the
Low Bandwidth VQM. The Fast Low Bandwidth VQM is about 4 times faster since it extracts
spatial features from video frames that are first pre-averaged, rather than extracting spatial features
directly from the Rec. 601 video frames. Additional computational savings for the Fast Low
Bandwidth VQM resulted from computing temporal information (i.e., motion) features based on a
random sub-sampling of pixels in the luminance Y channel rather than using all pixels in all three
video channels (Y, Cb, and Cr). Both VQMs have been available in our VQM software tools for
several years and may be freely used for both commercial and non-commercial applications.
Binary executable versions of these VQM tools and their associated source code are available for
download [2].

Since NTIA wanted to submit both the Low Bandwidth and Fast Low Bandwidth VQMs to the
Reduced Reference TV (RRTV) tests for independent evaluation by the Video Quality Experts
Group (VQEG), NTIA choose to submit them to different bit rate categories even though they have
identical RR bit rate requirements. NTIA chose to submit the Low Bandwidth VQM to the 256k
category and the Fast Low Bandwidth VQM to the 80k category since the performance of the Low
Bandwidth VQM was expected to be superior to that of the Fast Low Bandwidth VQM. Both
VQMs utilized the NTIA RR calibration algorithm which is included in ITU-T Recommendation
J.244 [3]. This calibration algorithm requires approximately 22 to 24 kbits/sec of RR bandwidth to
produce estimates for temporal delay, spatial shift, spatial scaling, gain, and level offset.

An interesting result from the VQEG RRTV evaluation tests [4] was that the Fast Low Bandwidth
VQM outperformed the Low Bandwidth VQM for both the 525-line and 625-line test. This is an
interesting result since it implies that extracting spatial features from averaged frames is superior to
extracting them from non-averaged frames. Whether or not this result will prove true for other data
sets is an area for further research. At this time, NTIA does not see a reason to standardize both
models so this Annex only describes the Fast Low Bandwidth VQM.

2. Introduction

This Annex presents a description and reference code for the NTIA Fast Low Bandwidth VQM.
The NTIA Fast Low Bandwidth VQM utilizes techniques similar to those of the NTIA General
VQM, a description of which can be found in both ITU-T Recommendation J.144 [5] and ITU-R
Recommendation BT.1683 [6]. The Fast Low Bandwidth VQM uses RR features with much less
bandwidth than the NTIA General VQM, but the feature extraction and comparison process is
similar for both. For ITU-R Recommendation BT.601 sampled video [1], the Fast Low Bandwidth
VQM uses RR features that require approximately 12 to 14 kbits/sec of transmission bandwidth.
This Annex only describes the Fast Low Bandwidth VQM since its complementary low bandwidth
calibration algorithms are fully documented in ITU-T Recommendation J.244 [3]. However, for
completeness, the reference code in this Annex includes both the Fast Low Bandwidth VQM and its
associated low bandwidth calibration algorithms. The reference code also contains example
quantization functions for the features used by the low bandwidth calibration (these quantization
functions are not part of ITU-T Recommendation J.244).



3. Fast Low Bandwidth VQM Description

3.1 VQM Overview

The VQM description will encompass three primary areas: (1) the low bandwidth features that are
extracted from the original and processed video streams, (2) the parameters that result from
comparing like original and processed feature streams, and (3) the VQM calculation that combines
the various parameters, each of which measures a different aspect of video quality. This description
makes use of readily available references for the technical details.

3.2 Feature Description

3.2.1 Feature Overview

Three types of features are used by the Fast Low Bandwidth VQM: color, spatial, and temporal.
Each of these feature types quantify perceptual distortions in their respective domains. The
reference code subroutine “model fastlowbw _features” provides a complete mathematical
description of the features used by the Fast Low Bandwidth VQM.

3.2.2 Color Features

The color features are the same fconer coror features that are used by the NTIA General VQM.
These features are described in detail in Annex D.7.3 of ITU-T Recommendation J.144. The
[coner coror features provide a 2-dimensional vector measurement of the amount of blue and red
chrominance information (Cg, Cr) in each S-T region. Thus, the fcomer coror features are sensitive
to color distortions. The fconrr coror features of the NTIA Fast Low Bandwidth VQM are
extracted from spatial-temporal (S-T) region sizes of 30 vertical lines by 30 horizontal pixels by 1
second of time (i.e., 30 x 30 x 1s) whereas the NTIA General VQM used S-T region sizes of 8 x 8 x
1 frame.

3.2.3 Spatial Features

The spatial features are the same fs;;3 and fy;3 features that are used by the NTIA General VQM.
These features are described in detail in Annex D.7.2.2 of ITU-T Recommendation J.144. The fs;;3
and fxy,; features measure the amount and angular distribution of spatial gradients in spatial-
temporal (S-T) sub-regions of the luminance (Y) images. Thus, the f5;;3 and fyy;; features are
sensitive to spatial distortions such as blurring and blocking.

The fs1;3 and fpy;; features of the NTIA Fast Low Bandwidth VQM are extracted from spatial-
temporal (S-T) region sizes of 30 vertical lines by 30 horizontal pixels by 1 second of time (i.e., 30
x 30 x 1s) whereas the NTIA General VQM used S-T region sizes of 8 x 8 x 0.2s. In addition, to
save computations, the 1 second of luminance Y images are first pre-averaged across time before
applying the two-dimensional 13 x 13 edge enhancement filters given in Annex D.7.2.1.

One additional spatial feature is extracted from the 1 second of pre-averaged luminance (Y) images.
This feature is the mean luminance (Y) level of each 30 x 30 x 1s S-T region (denoted here as
fuean). The purpose of the fyz4v feature is to provide a luminance-level perceptual weighting
function for spatial information (SI) loss as measured by the fs;;3 and fyy;; features. This will be
described in the Parameter Description Section.



3.2.4 Temporal Features

Powerful estimates of perceived video quality can be obtained from the color and spatial feature set
described above. However, since the S-T regions from which these features are extracted span many
video frames (i.e., 1 second of video frames), they tend to be insensitive to brief temporal
disturbances in the picture. Such disturbances can result from noise or digital transmission errors;
and, while brief in nature, they can have a significant impact on the perceived picture quality. Thus,
a temporal-based RR feature is used to quantify the perceptual effects of temporal disturbances.
This feature measures the absolute temporal information (ATI), or motion, in the luminance Y
image plane and is computed as:

Fazr = rms{rand5%|Y (1)~ Y (- 0.25)|}

For computational efficiency, Y is randomly sub-sampled to contain only 5% of the image pixels
(represented here by the rand5% function). The sub-sampled Y image at time #-0.2s is subtracted
from the identically sub-sampled Y image at time ¢ and the root mean square error (rms) of the result
is used as a measure of ATI. Using the convention found in Annex D.8 of ITU-T Recommendation
J.144, this will also be denoted as:

Sarr =Y rand5% ati0.2s_rms

The feature f47; is sensitive to temporal disturbances. For 30 fps video, 0.2s is 6 video frames while
for 25 fps video, 0.2s is 5 video frames. Subtracting images 0.2s apart makes the feature insensitive
to real time 30 fps and 25 fps video systems that have frame update rates of at least 5 fps. The
quality aspects of these low frame rate video systems, common in multimedia applications, are
sufficiently captured by the fs;;3, fuyi3, and fconer coror features. The 0.2s spacing is also more
closely matched to the peak temporal response of the human visual system than differencing two
images that are one frame apart in time.

Figure 1 provides an example plot of the f;7; feature for a original (solid blue) and processed
(dashed red) video scene from a digital video system with transient burst errors in the digital
transmission channel. Transient errors in the processed picture create spikes in the f;7; feature. The
bandwidth required to transmit the f;7; feature is extremely low since it requires only 30 samples per
second for 30 fps video. Other types of additive noise in the processed video, such as might be
generated by an analog video system, will appear as a positive DC shift in the time history of the
processed feature stream with respect to the original feature stream. Video coding systems that
eliminate noise will cause a negative DC shift.

Before extracting a transient error parameter from the f7; feature streams shown in Figure 1, it is
advantageous to increase the width of the motion spikes (red spikes in Figure 1). The reason is that
short motion spikes from transient errors do not adequately represent the perceptual impact of these
types of errors. One method for increasing the width of the motion spikes is to apply a maximum
filter to both the original and processed feature streams before calculation of the error parameter
function between the two waveforms. For the f;7; based error parameter, a 7-point wide maximum
filter (which will be denoted here as the max7pt function) was used that produces an output sample
at each frame that is the maximum of itself and the 3 nearest neighbors on each side (i.e., earlier and
later time samples).



120

100 oo e - ]

Magnitude

0 100 200 300
Time (frames)

Figure 1. Example time history of f7; feature.

3.2.5 Quantization of Features

Quantization to 9 bits of accuracy is sufficient for the Yiean, fsi3, fuviz, and fconer coror features,
while the f;7; feature should be quantized to 10 bits. To have minimal effect on the video quality
parameter calculations, a non-linear quantizer design should be used where the quantizer error is
proportional to the magnitude of the signal being quantized. Very low values are uniformly
quantized to some cutoff value, below which there is no useful quality assessment information.
Such a quantizer design minimizes the error in the corresponding parameter calculations because
these calculations are normally based on an error ratio or log ratio of the processed and original
feature streams (see the Parameter Description Section given below).

Figure 2 provides a plot of the 9-bit non-linear quantizer used for the fs;;3 original feature. The
reference code subroutine “model lowbw compression” provides a complete mathematical
description of the recommended quantizers used by the Fast Low Bandwidth VQM. If the features
fall outside the range of the recommended quantizers on the low or high end (highly unlikely), then
the S-T parameters derived from these features are zeroed so they do not influence the overall
VQM.
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Figure 2. Non-linear 9-bit quantizer for the fs;;; feature.

3.3 Parameter Description

3.3.1 Parameter Overview

Several steps are involved in the calculation of parameters that track the various perceptual aspects
of video quality. The steps may involve (1) applying a perceptual threshold to the extracted
features from each S-T sub-region, (2) calculating an error function between processed features and
corresponding original features, and (3) pooling the resultant error over space and time. See Annex
D.8 of ITU-T Recommendation J.144 for a detailed description of these techniques and their
accompanying mathematical notation for parameter names, which will also be used here. The
reference code subroutine “model fastlowbw parameters” provides a complete mathematical
description of the parameters used by the Fast Low Bandwidth VQM. For simplicity, the
description of the parameters in this section does not consider the effects of feature quantization
(e.g., handling feature values that might lie outside of the recommended quantization ranges).

3.3.2 New Methods

This section will summarize new methods that have been found to improve the objective to
subjective correlation of parameters based on RR features with very low transmission bandwidths



such as those utilized for the NTIA Fast Low Bandwidth VQM (i.e., new methods not found in
ITU-T Recommendation J.144). It is worth noting that no improvements have been found for the
basic form of the parameter error functions given in Annex D.8.2.1 of ITU-T Recommendation
J.144. The two error functions that consistently produce the best parameter results (for spatial and
temporal parameters) are a logarithmic ratio {log10 [f,(s,?) / fo(s,#)]} and an error ratio {[f,(s,?) —
Jo(5,.0)]/ fo(s,1)}, where f,(s,t) and £,(s,?) are the processed feature and corresponding original feature
extracted from the S-T region with spatial coordinates s and temporal coordinates ¢, respectively.
Errors must be separated into gains and losses, since humans respond differently to additive (e.g.,
blocking) and subtractive (e.g., blurring) impairments. Applying a lower perceptual threshold to the
features before application of these two error functions prevents division by zero.

After computation of the S-T parameters using one of the error functions, then the S-T parameters
must be pooled over space and time to produce a parameter value for the video clip. This error
pooling can occur in multiple stages (e.g., over space and then over time). One new error pooling
method that is utilized by the Fast Low Bandwidth VQM is called Macro-Block (MB) error
pooling. MB error pooling groups a contiguous number of S-T sub-regions and applies an error
pooling function to this set. For instance, the function denoted as “MB(3,3,2)max” will perform a
max function over parameter values from each group of 18 S-T sub-regions that are stacked 3
vertical by 3 horizontal by 2 temporal. For the 32 x 32 x 1s S-T sub-regions of the fs;;3, fuy:3, and
Jconer coror features described above, each MB(3,3,2) region would encompass a portion of the
video stream that spans 96 vertical lines by 96 horizontal pixels by 2 seconds of time. MB error
pooling has been found to be useful in tracking the perceptual impact of impairments that are
localized in space and time. Such localized impairments often dominate the quality decision
process. MB error pooling can also be implemented as a filtering process so that instead of
producing a single output value for each MB, each S-T sample is replaced with its MB filtered
value, where the MB is centered on the S-T sample. This is called Overlapped MB (OMB) error
pooling.

A second error pooling method is a generalized Minkowski(P,R) summation, defined as:

N
. . 1
Minkowski(P,R) = R F;'VJP

Here v; represents the parameter values that are included in the summation. This summation might,
for instance, include all parameter values at a given instance in time (spatial pooling), or may be
applied to the macro-blocks described above. The Minkowski summation where the power P is
equal to the root R has been used by many developers of video quality metrics for error pooling.
The generalized Minkowski summation, where P # R, provides additional flexibility for linearizing
the response of individual parameters to changes in perceived quality. This is a necessary step
before combining multiple parameters into a single estimate of perceived video quality, which is
performed with a linear fit.

3.3.3 Color Parameters

Two parameters are extracted from the fconer coror features. One of these parameters, called
color_extreme, measures extreme color distortions that might be caused by colored blocks from
transmission errors. The other parameter, called color spread, provides an indication of the
variance or spread in the color errors. Rather than using the Euclidean distance measure to quantify
distortions (as in Annex D.8.2.2 of ITU-T Recommendation J.144), both of these parameters use the
square root of the Manhattan distance. Following the mathematical notation in Annex D.8.2.2 of
ITU-T Recommendation J.144, where f,(s,f) and £,(s,?) represent the 2-dimensional fcower coror



feature extracted from a S-T region of the processed and original video streams, this feature
comparison function is given by:

sqrtmanhat(s,t) :\/ > j_’p(s,t)—io(s,t*

Cp.Cp

The Manhattan distance measure seems to be better than the Euclidean distance measure and the
square root function is required to linearize the parameter’s response to quality changes. Following
the mathematical notations in Annex D.8 of ITU-T Recommendation J.144, the color parameters
are given by:

color _extreme = color_coher color 30x30 1s mean_sqrtmanhat OMB(3,3,2)above99% Minkosski(0.5,1)

color _spread = color_coher color 30x30 Is mean sqrtmanhat OMB(3,3,2)Minkosski(2,4) 90%

A combined color parameter (color _comb) that contains the optimal combination of both the
color_extreme and color_spread parameters is then computed as:

color _comb =0.691686 * color _extreme —0.617958 * color _spread

This positive valued color comb parameter is then clipped at the low end, which is represented
mathematically by (following the notation in Annex D.8.5 of ITU-T Recommendation J.144):

color _comb = color _comb clip 0.114

This color _comb parameter is included in the linear combination for the VQM calculation.

3.3.4 Spatial Parameters

Two spatial parameters are computed from the fs;;; feature, one that measures a loss of spatial
information (si_/oss) and one that measures a gain of spatial information (si_gain). Following the
mathematical notation in Annex D.8 of ITU-T Recommendation J.144, these parameters are given
by:
si_loss =avgls Y sil3 30x30 std 3 ratio loss OMB(3,3,2)Minkosski(1,2) Minkosski(1.5,2.5) clip 0.12
si_gain=avgls Y sil3 30x30 std 3 log gain clip 0.1 above95%tail Minkosski(1.5,2)

As the mean luminance (Y) level of the S-T sub-region increases (i.e., as measured by the fyzan
feature), the ability to perceive changes in spatial detail (e.g., such as blurring measured by si_/oss)
decreases. This can be accommodated by introducing a weighting function (¥ _weight) as shown in
Figure 3 to the si_loss values from each S-T sub-region (i.e., the si_loss values after the ratio loss
comparison function is performed on each S-T sub-region but before the spatial and temporal
collapsing functions). The weighting function Y weight is equal to one (i.e., full weighting) until an
average luminance level of 175 is reached and then it decreases linearly to zero as the luminance
values increase from 175 to 255. This intermediate correction is applied only to the si_loss values,
not the si_gain values.



" weight

> 04

0 50 100 150 200 250 300

fMEAN Value

Figure 3. Weighting function Y weight for modifying si loss S-T parameters.

Two spatial parameters are computed from the f;;; feature, one that measures a loss of relative
Horizontal and Vertical (HV) spatial information (4v_loss) and one that measures a gain (hv_gain).
Following the mathematical notation in Annex D.8 of ITU-T Recommendation J.144, these
parameters are given by:

hv_loss =avgls Y hvl3 angle0.225 rmin20 30x30 mean 4 ratio loss ...
OMB(3,3,2)below1% _Minkosski(1,1.5) clip 0.08

hv_gain=avgls Y hvl3 angle0.225 rmin20 30x30 mean 4 log gain ...
clip_0.06_OMB(3,3,2)above99%tail Minkosski(1.5,3)

Not shown in the above equations is that the ¥ weight function shown in Figure 3 is also applied to
both the 4v_loss and hv_gain values from each S-T sub-region before the spatial and temporal
collapsing functions (after the ratio loss and log_gain computations, respectively). An additional
weighting function (S weight as shown in Figure 4) is applied to the 4v_loss values from each S-T
sub-region. This was necessary to reduce the sensitivity of 4v_loss for S-T regions that have very
little spatial information (i.e., low fg;;3 original feature values).
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Figure 4. Weighting function S/ weight for modifying v _loss S-T parameters.

The spatial distortion parameters can be crushed (i.e., excessive excursions beyond those found in
the training data are limited or compressed) using functions like the VQM crushing function found
in the VQM Calculation Section.

3.3.5 Temporal Parameters

Two temporal parameters are computed from the f;7; feature, one that measures added random noise
(ati_noise) and one that measures motion disturbances caused by transmission errors (ati_error).
Following the mathematical notation in Annex D.8 of ITU-T Recommendation J.144, these
parameters are given by:

ati_noise=Y _rand5%_ ati0.2s rms 5 ratio_gain between25%50%

ati_error =Y _rand5% ati0.2s_rms max7pt 12 ratio gain above90%

To make the ati_noise and ati_error parameters more robust against temporal misalignments, the
parameters are computed for all temporal alignments of the processed video that are within plus or
minus 0.4 seconds of the best estimated temporal alignment to the original video, and then the
minimum parameter value is selected.

3.4 VQM Calculation

Similar to the NTIA General VQM in Annex D of ITU-T Recommendation J.144, the Fast Low
Bandwidth VQM calculation linearly combines two parameters from the fzy;3 feature (Av_loss and
hv_gain), two parameters from the fs;;; feature (si_loss and si_gain), and two parameters from the
Jfconer coror feature (except that the two parameters have been combined into a single color



distortion parameter called color comb). The one noise parameter in the NTIA General VQM has
been replaced with 2 parameters based on the low bandwidth f;7; feature described here (ati_noise
and ati_error).

Thus, VQME_ g (abbreviation for Fast Low Bandwidth VQM) consists of a linear combination of
eight parameters. VQMgp is given by:

VQMgg = { 0.38317338378290 * hv_loss +0.37313218013131 * hv_gain +
0.58033514546526 * si_loss + 0.95845512360511 * si_gain +
1.07581708014998 * color comb +
0.17693274495002 * ati_noise + 0.02535903906351 * ati_error }

The total VQM (after the contributions of all the parameters are added up) is clipped at a lower
threshold of 0.0 to prevent negative VQM numbers. Finally, a crushing function that allows a
maximum of 50% overshoot is applied to VQM values over 1.0 to limit VQM values for
excessively distorted video that falls outside the range of the training data.

If VQMFLB > 1.0, then VQMFLB = (1 + C)*VQMFLB / (C + VQMFLB), where ¢ = 0.5.

VQMg g computed in the above manner will have values greater than or equal to zero and a
nominal maximum value of one. VQMp; g may occasionally exceed one for video scenes that are
extremely distorted.

To make VQMg g more robust against spatial misalignments, VQMgrp is computed for all spatial
alignments of the processed video that are within plus or minus 1 pixel of the best estimated spatial
alignment to the original video, and then the minimum VQME, 3 is selected.
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calibration, ..

r

delay)

scale,
'Cannot open file to write calibration results.');

1,

y offset,

y_gain,

cvgm save calibration(calibration file,
pvr,
== 0,

cvagm error (error file,
return

shift,

write results.
if sucess

[sucess]

o
]

end

else
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Start Calibration
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’

1)

floor (total sec)

elseif_strcmpi(calibration,'rrcalZscale'),

= dll default vr(

no scaling = 0;

Determine whether or not to estimate scaling.
no scaling

if strcmpi(calibration, 'rrcal2'),
Assume the default low bandwidth valid region as a starting point

[vr]

end
total sec
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Initial temporal registration
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orig is black clip]

vr);

total sec,

This save/load step is not

orig is white clip,

ymean orig,
dll lowbw temporal features(l,

til0 orig,
when saved to a *.mat file).
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cols);

find pvr guess (rows,

[pvr]

function

return the best guess for pvr based only on image size.

o
]

discard overscan.

i.e.,
'fchoice'

%

depending on which is desired.

'frame'

or 0 for

'field'

is 1 for

%

rows == 480 )
720,

(rows == 486
& cols ==
pvr.top 19;

if

486 - 18;

pvr.bottom

pvr.left = 23

22
576 & cols
15;

pvr.bottom = 576 - 14
pvr.left = 23

pvr.right = 720 -

elseif rows

720,

pvr.top

’

720 - 22

pvr.right

else

pvr.top

rYows;

pvr.bottom

o~

pvr.left =1

’

pvr.right = cols

end
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B cols, max pixels horiz,
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find pvr oroi guess (rows,
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[pvr,

function

Find best guess at PVR and OROI,
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/ fps );

floor( dll video('total frames',2)

’
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= dll video('size',
durration

10;
384,

22;

46

fps]

216,

floor (num sec);
block size

floor (num sec) ;

’

1

1;
y offset = 0
elseif rows <

block size
block size

num sec

[rows,cols,

durration

if durration < num sec,

$figure out block size

if rows <

sucess
num sec
y gain
num sec
end
else
end
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sub-sampled by block size.

(approx) .
(yes!

Search over ALL frames simultaneously.

Use one frame every second

Search original +- 0 second
Use luminance image only,

Algorithm

o
o
o
o
o
o
o
o
o
o\
o
o
o
o
o
o
o
o
o\
o\°
o
o\
o
o
o
o
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\

o° o o



f(T ‘1241041 ‘go ooxad)esdeyssa = go ooad
! (oussk) K ooad = K ooad

{(T “T2x19xTX ‘A ooxad)sdeyssx = X ooad
{(K ooad)ezTs = [11’T0'Ta]

‘(0 ‘znd-dwey ‘,TO0Is,)o8pTa qITED TTIP
utebe YAd 03 IOUS 39S

f(ug ‘,puimeI,)ospTa TIP

pus

pue
{(sd3y/(1-sd3) ‘uy ‘,pIEOSTIP,)OSPTA TTP

‘o35 wnu =~ dooT IT
*09pPTA JO PUODSS STYU] UT SawWeII 2yl JO 1sol oyl Ioao dTYs ¢
(,uesw, ‘9zZTS YD0TQ ‘9zTS ¥OO0Tg ‘I0)DT1sTALAS 300Tq = (dooT’:’:)x0o ooad
(,uesw, ‘22zTS YDOTg ‘©zTS }00Tq ‘gD)DTAsTIRIS ¥0OTq = (dooT’:‘:)go ooxad
{(,uesw, ‘9zTS YDOTQ ‘©zTS YD0Tq ‘A)oTasTaelds yooTq = (dooT’:’:)k ooad
£(ug /,°0T[s3,)09pTA qITED TIP = [I0 ‘g0 ‘4]
SweIJ JO ueaw 23ndwod g

‘oos wnu:T = dooT 107

‘(sdy/0"1 ‘ug \_woﬁamuHuwm_vowﬁﬂ>IHHU
{(uy ‘,pUTMSI 19S,)09PTA TP
sewexl ybnoaya dooT g

°

(09s wnu ‘zZTIOY ‘IIDA) SOIDZ 10 ooad
(oos  wnu ‘zTtIoy ‘3aoa)soxsz = go ooxd
{(oos  wnu ‘ztaoy ‘aaon)soxsz = A ooad

saTnsox 107 ooeds 231BOO0TTE 2

_{(ea3x® ‘TOIS /,TOIS,)OSPTA QITED TTP
!(exaxs’ ,vI3xe, ‘92ZTS DO’ ,22ZTSyU, ‘92ZTS HDOTq‘,2ZTSAH,

©++ ‘dwel) TOxs poisenbaa isnlpe = [ZTI0Y‘1I8A‘TOIS]
3 3 {0 = BIIXD
{(,and,)ospTIA ITED TIP = [JaD dwsl]
{(ug’,ozTs,)09pPTA TP = [STOoD'2zTs obeut dwusl ‘smor-2zTs obewt *dus)

]
9ZTS YDOOTq poTFToads usATh IOYS 39S ¢



rl*Cl*tll l) 7

’
Iz

proc cr(yesng)

reshgpe(proc cr,

proc cb(yesno)

proc_cr

proc_cr

proc cb
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eliminate blocks with clipping
MUST be done second< so that above indicies
cb, & cr

are identical for vy,
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how much of the quality drop was

(e.g.,

’
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each parameter on the viewer

due to that factor).
if ~exist ('TIME DELTA'"),
TIME DELTA

end
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’

clear hv_feat proc part ati part ati max part ati min part c part c max

’

(...

ati proc,

clear range row si orig si proc y orig y orig2 y proc y proc2

ati:orig,
clear part ¢ min part hv max part hv min part si max partggi min

part hv max,

part ati max,

cr proc,

calc parameters

cr orig,
part hv min,
part _ati min,

si gain par,

cg_proc,
cb orig,

’

error par]

TIME DELTA)

pgrt c,

noise par,

y orig,
part si max,

Y proc,

part c¢ max,

hv feat procT

code ati,

hv feat orig,

part si min,

color comb par,

hv gain par,si loss par,

si prgc,
part aEi,

si orig,
fps,
part ¢ min,

clear extra variables

clear ati orig ati proc cb orig cb proc col cr orig cr proc hv feat orig

[hv loss par,
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hv _gain par']
si loss par']

color comb par']

hv loss par'l;
[color comb par(l)

1)

[hv gain par (1)

& error par don't need a fix -- no macro blocks!

[si loss par(l)

[hv loss par(

noise par,

hv _gain par

si loss par =

color comb par
si gain,

hv loss par
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if do_test print,
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’

’

hold)
color comb par + noise par + error par

’
r

hold)
hold)

noise par (1

color comb par (1l

error_par(l

noise par
error par

DC WEIGHT + hv_loss par + hv_gain par + si loss par + si gain par +

color comb par

Final VOM has clipping at low end and crushing at high end

Clip VOM for values less than zero

end
[e]

vam
o

o
o

No quality improvements allowed

>3
]

o~

0.0

vam (find (vgm < 0))

(c + vagm(crush));

./

’

(1 + c¢)*vgm(crush)

find (vgm > 1)

vam (crush)

0.5;

Compress VQOM values greater than 1 using standard crushing function
crush
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rather

/ 2;

)

hold-1)

’

(a repeat of the first sample)
+ datal (1l

datal)
(1 sample per second to 2 samples per second)

hold)

’

datal
( datal (2

’

my interp (times,

2,
hold*2,1)
hold*2,1)

= datal(1l);

[data?2]

~

2
2

length (datal)

error ('Only implemented for 2');

put extra sample at the beginning

perform upsampling
than at the end.

function
if times
end
hold
data2 (1)
data2 (2
data2 (3
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(...

ati proc,

calc parameters

si gain par,

error par]

hv gain par,si loss par,
noise par,

[hv _loss par,

function

color comb par,

cr proc,

hv feat procT

si proc,

cb proc,

Y proc,

ati orig,

cr orig,

cb_orig,

y_orig,

hv feat_orig,

si orig,

, part hv max,

part hv min,

part si max,

part si min,

fps,

part ati max,

parE ati min,

pgrt c,

part ¢ max,

part ¢ min,

code ati, TIME DELTA)

part_agi,
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to running-collapse
Remove multiple-clip functionality.

Change from collapse all frames,

Model calculation.
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of TIME DELTA seconds at once.

o
]

width of ATI time-difference

tslice conversion

. 2
7 ]

0.2

ATI WIDTH

ATI SEC

fps);

(ATI SEC,
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HV loss and gain parameters
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find (hv feat orig < part hv min)

Zero parameter values whose hv feat orig < part hv (1)

o
°

’

better quantizing threshold for hv loss

0.435 > part hv(l),

find (hv feat orig < 0.435)

hvgain low

o
]

’

hvloss low

Zero parameter values whose hv feat orig > part hv(code hv size-1)

S
]

find (hv feat orig > part hv max)

’

hvloss high

better Euantizing threshold for hv gain

1.90 < hv part(code_hv size-1),

o
]

find (hv feat orig > 1.90)

r

hvgain high

Implement the hv loss block parameter

o
]

ratio loss calculation

o
]

Iz

negative parE calculation
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