FROM LARGE-SCALE TO
SMALL-SCALE DATABASE



OBJECTIVE

|dentify significant HRCs for:

" Subjective experiments
* Machine-learning-based VQA

How combine datasets?
How to select contents?
How to select HRCs?
How to evaluate your HRCs subsets?

Introduction to “Improved Performance Measures for Learning-based Video Quality
Assessment Algorithms”
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LARGE-SCALE DATABASE

Different correlation scores may be obtained when testing an objective video quality

(VQ) measurement using two different databases (and cannot really be averaged)
Lack of content variety in the databases.

Lack of different HRCs in the experiments.

Go for Large-scale?

To evaluate objective measurements that is difficult to achieve in subjective assessment due to
Limited HRCs.

Agreement of objective measures.

Not convenient for frame-based analysis¢ Consistency within a video sequence.

The impact of source contents and the encoder parameters are studied.
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SMALL-SCALE DATABASE

After Analysis: go for small-scale?
|dentify significant HRCs for:

Subjective experiments

Machine-learning-based VQA

What we need is to choose HRCs that cover a good variety of targets.
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FIRST PART: HRC SELECTION ALGORITHMS
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Rank (PSNR)
Rank(log(Rate)) ;3

Kmeans++ clustering
Clusters=K 2.2

l

Find HRCs that
distribute sources to the
same clusters and assign

them to a group

#Groups=G 5 3

!

For each group
=1

g+=1

Compute the magnitude
of the rank for each src
in each hrc

24

Select the HRC that has
the highest stdv

14
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SECOND PART: IMPROVED PERFORMANCE MEASURES

After we have these subset, how do they perform?
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HRC subsets from large-scale
database (VQM Annotated)

Content-based || Quality/Bitrate-base
HRC subset HRC subset
EX P E R I M E N TS ST E PS Random1 Random2 Random3
HRC subset || HRC subset || HRC subset

Feature Extraction

Training Phase (SVM) |

To test the goodness of the elected

HRCs subsets. Video Quality
Assessment (VQA)

Not to evaluate the prediction models

> Testing :
¥
Performance Evaluation

Cls of Cls of the s rt
PLCC Predicted || models linear ‘;':tp"
Data fitting MEEEEES
¥
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SHORTCOMING WITH PLCC AND RMSE

RMSE & Correlation

cannot tell us exactly which
HRC set is better
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Trained on

Quality/bitrate-based Content-based

Random 1
subset HRC3 subset HRC2

Random 2
subset HRC4

Predicted VQM

Random 3

subset HRCS
Predicted VQM

subset HRC1

Predicted VQM Predicted VQM

Predicted VQM

0.5

Content-based subset HRC1
PCC=0.98006, RMSE=0.028603

Fitted for test
Fitted model F

0 0.2 0.4 0.6 0.8
Measured VQM
PCC=0.9715, RMSE=0.034228

o] 0.2 0.4 0.6 0.8
Measured VQM
PCC=0.96494, RMSE=0.039446

0 0.2 0.4 0.6 0.8
Measured VQM
PCC=0.95696, RMSE=0.042024

0 0.2 0.4 0.6 0.8
Measured VQM

PCC=0.96762, RMSE=0.036266

o] 0.2 0.4 0.6 0.8
Measured VQM

Predicted VQM Predicted VQM Predicted VQM Predicted VQM

Predicted VQM

Quality/bitrate-based subset HRC2
PCC=0.9728, RMSE=0.035566

0.5

0.2 0.4 0.6 0.8
Measured VQM

PCC=0.98218, RMSE=0.028684

0.2 0.4 0.6 0.8
Measured VQM

PCC=0.97412, RMSE=0.035327

0.2 0.4 0.6 0.8
Measured VQM
PCC=0.9709, RMSE=0.037648

0.2 0.4 0.6 0.8
Measured VQM
PCC=0.97598, RMSE=0.033203

0.2 0.4 0.6 0.8
Measured VQM

Predicted VQM Predicted VQM Predicted VQM Predicted VQM

Predicted VQM

Evaluation on
Random 1 subset HRC3
PCC=0.9742, RMSE=0.036299

0.2 0.4 0.6 0.8
Measured VQM

PCC=0.97866, RMSE=0.033037

0.2 0.4 0.6 0.8
Measured VQM
PCC=0.98456, RMSE=0.029213

0.2 0.4 0.6 0.8
Measured VQM

PCC=0.98048, RMSE=0.032568

0.2 0.4 0.6 0.8
Measured VQM

PCC=0.97693, RMSE=0.034602

0.2 0.4 0.6 0.8
Measured VQM

Predicted VQM Predicted VQM Predicted VQM Predicted VQM

Predicted VQM

Bitstream-based NR VQA

Random 2 subset HRC4
PCC=0.97515, RMSE=0.043059

0.2 0.4 0.6 0.8 1

Measured VQM
PCC=0.98121, RMSE=0.037537

0.2 0.4 0.6 0.8 1
Measured VQM
PCC=0.9842, RMSE=0.039315

0.2 0.4 0.6 0.8 1
Measured VQM
PCC=0.99035, RMSE=0.027797

0.2 0.4 0.6 0.8 1
Measured VQM
PCC=0.98384, RMSE=0.035121

0.2 0.4 0.6 0.8 1
Measured VQM

Predicted VQM Predicted VQM Predicted VQM Predicted VQM

Predicted VQM

0.5
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Random 3 subset HRC5
PCC=0.97745, RMSE=0.0361

0.2 0.4 0.6 0.8 1
Measured VQM
PCC=0.98199, RMSE=0.032191

0.2 0.4 0.6 0.8 1
Measured VQM
PCC=0.98016, RMSE=0.035738

0.2 0.4 0.6 0.8 1
Measured VQM
PCC=0.98349, RMSE=0.032657

0.2 0.4 0.6 0.8 1
Measured VQM
PCC=0.98849, RMSE=0.025857

0.2 0.4 0.6 0.8 1
Measured VQM
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SHORTCOMING WITH PLCC AND RMSE

Another Model
RMSE and Correlation can

Trained on

tell us something
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subset HRC1

Quality/bitrate-based Content-based

Random 1
subset HRC3 subset HRC2

subset HRC4
Predicted VQM

Random 2

subset HRC5S
Predicted VQM

Random 3

Predicted VOM Predicted VQM

Predicted VQM

Content-based subset HRC1

PCC=0.98791, RMSE=0.027052

0.5

Fitted for test
— Fitted mode!

0 02 04 06 08 1
Measured VQM
PCC=0.98275, RMSE=0.03637

Measured VQM

0 02 04 06 08 1

PCC=0.97775, RMSE=0.045666

Measured VQM
PCC=0.95145, RMSE=0.060619

Measured VQM
PCC=0.62725, RMSE=0.15223

o 02 04 06 0.8 1
Measured VQM

0 0z 04 06 0.8 1

0 0z 04 08 0.8 1

Predicted VQM Predicted VQM Predicted VQM Predicted VQM

Predicted VQM

Quality/bitrate-based subset HRC2
PCC=0.9708, RMSE=0.041484

Predicted VQM

0 02 04 06 08 1
Measured VQM
PCC=0.98808, RMSE=0.025677

Predicted VOM

0 02 04 08 08 1
Measured VQM
PCC=0.96048, RMSE=0.062859

Predicted VQM

0 02 04 06 08 1
Measured VQM
PCC=0.98149, RMSE=0.031087

0 02 04 08 08 1
Measured VQM
PCC=0.60021, RMSE=0.15679

Predicted VQM

0 02 04 06 08 1
Measured VQM

Predicted VQM

0.5

Evaluation on
Random 1 subset HRC3
PCC=0.96257, RMSE=0.05727

02 04 06 08 1
Measured VQM
PCC=0.98794, RMSE=0.027615

Predicted VQM

Pixel-based NR VQA

Random 2 subset HRC4
PCC=0.96585, RMSE=0.066861 _

Predicted VQM

Random 3 subset HRCS5
PCC=0.96501, RMSE=0.054348

o 02

04 06 08 1
Measured VQM
PCC=0.99128, RMSE=0.028304

0 02 04 06 08 1
Measured VQM
PCC=0.98938, RMSE=0.028522
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02 04 06 08 1
Measured VQM
PCC=0.98667, RMSE=0.034999

02 04 0.8 08 1
Measured VQM
PCC=0.68587, RMSE=0.14181

02 04 0.6 08 1
Measured VQM
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Predicted YQM

Predicted VQM

0 02 04 06 08 1
Measured VQM

PCC=0.99271, RMSE=0.027363

Predicted VQM

0 02 04 06 0.8 1
Measured VQM
PCC=0.99002, RMSE=0.031005

o 02 04 06 08 1
Measured VQM

PCC=0.91911, RMSE=0.0773

0.5

H

Predicted VQM

0 02 04 08 08 1
Measured VQM
PCC=0.99243, RMSE=0.0294

o 02

04 06 08 1
Measured VQM

0 02 04 06 0.8 1
Measured VQM
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(1) RESIDUAL ANALYSIS USING PCA

Pixel-based NR VQA

Evaluation on

Content-based subset HRC1 Quality/bitrate-based subset HRC2 Random 1 subset HRC3 Random 2 subset HRC4 Random 3 subset HRC5S
B
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(2) CONFIDENCE INTERVALS OF PREDICTED DATA

Pixel-based NR VQA

Evaluation on

Content-based subset HRC1 Quality/bitrate-based subset HRC2 Random 1 subset HRC3 Random 2 subset HRC4 Random 3 subset HRC5
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(3) CONFIDENCE INTERVALS OF TRAINED MODELS

Pixel-based NR VQA

Evaluation on

Content-based subset HRC1 Quality/bitrate-based subset HRC2 Random 1 subset HRC3 Random 2 subset HRC4 Random 3 subset HRCS
8 PCC=0.98791, RMSE=0.027052 PCC=0.9708, RMSE=0.041484 PCC=0.96257, RMSE=0.05727 PCC=0.96585, RMSE=0.066861 PCC=0.96501, RMSE=0.054348
Br 1 o 1 ' 1 - 1
RO = = = = =
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LT — Fitted mode! | , = = = =
S o D05 i 2 g T 05 Z
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Vq I | d q"'l on d q 1'0 |S Used? ﬂ PCC=0.98275, RMSE=0.03637 PCC=0.98808, RMSE=0.025677 PCC=0.98794, RMSE=0.027615 PCC=0.99128, RMSE=0.028304 PCC=0.98938, RMSE=0.028522
a = s ! : sz ! : s ! s ! o
g g g ; g g g
N e g e r o e
s5Y Bos 205 205 s 205 2
FX T e e = =
ST B J J v g g
o9 o« 0 e e e [
s é 0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
Cn Measured VQM Measured VQM Measured VQOM Measured VQM Measured VQM
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(4) INTERSECTION ANALYSIS

Case Icon Condition Note

Typical case for validating on the training data, this
is considered the perfect fitting, i.e. all three areas
are identical. Refer for example to the main diagonal

L 1

G = ——— b=r=i X(n,n) in Fig.6. In this case, G = —>—. To
2 ma.x(b,ri
max(b 0 7") compare between different models or data, the lower

the max(b, ), i.e. the smaller the larger CI, the better.

The interaction between

The validation data is better predicted than the training
black lines and red lines? data and the CI lie completely within the boundaries
2 r=41 of the trained model. This is likely to be a default of
. the validation data and thus reduces the goodness as
The higher the overlap the

compared to Case 1. In this case, G = ;3.
better.

The validation data is less well predicted than the
training data but the validation CI covers completely the
3 b=1i training CI. This is considered a case of overfitting of
the model and should thus be penalized compared to

case 1. In this case, G = .
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(4) INTERSECTION ANALYSIS (CONT,)

This is the typical case of slight deviation between

4 bar training and validation. The goodness depends mainly
i on the intersection area. In this case, G = m.
max(b, r)?
The interaction between 5 b>>r These cases indicate a larger misalignment either of
black lines and red lines2 the training CI or the validation CI with respect to the

model fit and thus are a combination of case 4 with the
cases 2 and 3 respectively. In these cases, the smaller

The higher the overl ap the intersection penalizes the goodness compared to the
case 4 as the value of ¢ is smaller in G = m
better.

6 b<<r

This is the worst case, the validation data does succeed

in being predicted by the model, thus G = (. Please
note that this may also be an indication of a missing
7 1=0 alignment between the training and validation data. An
additional alignment step may be required in particular

for models that were trained on different conditions (e.g.
different video encoder).
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(4) INTERSECTION ANALYSIS (CONT,)

G values for pixel-based (Cls of
Predicted data)

o

G values for bit-stream-based
(Cls of Predicted data)

Pixel-based NR VQA

Bitstream-based NR VQA

05/11/2017

Train on Content

Train on RD

Train on Random 1

Train on Random 2

Train on Random 3

Train on Content

Train on RD

Train on Random 1

Train on Random 2

Train on Random 3

Test on Content

o

Test on RD

Test on Random 1

Test on Random 2

Test on Random 3

G values for pixel-based (Cls of

fitting model)

]

G values for bit-stream-based

=
u
-
e
[=]
o
=
(=]
-
d
=

(Cls of fitting model)

Test on RD

Test on Random 1

Test on Random 2

Test on Random 3
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PERFORMANCE MEASURE COMPARISON

Performance measure Pixel-based NR VQA (Proposed) Bit-stream-based NR VQA
Content | RD | Rand 1 | Rand 2 | Rand 3 ||| Content | RD | Rand 1 | Rand 2 | Rand 3
PLCC Cross-dataset 3 1 4 2 5 4 1 3 5 2
PLCC Leave-one-out 2 1 5 3 4 2 4 3 5 |
PLCC Challenging HRCs 2 1 3 4 5 1 2 3 5 4
RMSE Cross-dataset 3 1 4 2 5 5 1 4 3 2
RMSE Leave-one-out 2 | 4 3 5 3 5 4 | 2
RMSE Challenging HRCs | 2 3 4 5 | 3 5 2 4
Paé (=.m), Pas, J(=.m) | 3 1 4 2 5 1 2 1 1 3
Py y(6,n)== 3 1 4 2 5 2 1 3 5 4
Pl 3 | 4 2 5 2 | 3 4 5
Po= 3 | 4 2 5 5 1 2 3 4
Average 2.5 1.1 | 3.9 2.6 4.9 2.6 2.1 | 3.10 34 3.10
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THANKS!

Questions
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