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Outline
● Encoding for adaptive streaming over HTTP
● Perceptual video quality assessment metrics

– The Shifted Gradient Similarity index (SG-Sim)
– Visual quality comparison
– Feature pooling filters

● jVQA: Video Quality Assessment in Java

● Experiments

● Conclusions
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Encoding for adaptive streaming over HTTP

● Narrow bandwidths in Internet limit video 
data rates, and small keyframe intervals 
reduce compression efficiency.

● Efficient lossy encoding is required to 
minimize blurring and artifacts.

● Rate-distortion optimization in encoder 
requires efficient metrics, for low latency.
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Perceptual video quality assessment metrics

● The Structural Similarity (SSIM) index is a relevant 
and efficient full-reference perceptual IQA metric.
– Multi-scale SSIM (MS-SSIM)
– Gradient SSIM
– Gradient-weighted SSIM (3-SSIM, 4-SSIM)
– Fast SSIM
– Gradient Magnitude Similarity Deviation (GMSD).
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Perceptual video quality assessment metrics

● Fast SSIM and GMSD similarity equation for 
source S and version V:

– Stabilized (and distorted) by constant C1.
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Perceptual video quality assessment metrics

● Rouse & Hemami remove the stabilizing 
constant and apply logical treatment:
– If ∇S = ∇V , then SSIM = 1;

– else, if ∇S = 0 or ∇V = 0, then SSIM = 0;

– else, compute normal SSIM (without constants).
– Dynamic range is broader, but distortions are more 

dramatic due to loss of information (zeros).
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Shifted gradient similarity

● Gradient magnitude approximation in Fast 
SSIM:

● Shifted gradient magnitude:
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Feature pooling filters

● 7×7 Box downsampling instead of sliding the 
window:
– 275% faster than 11×11 Gaussian.
– Resulting index is 98% similar to 11×11 Gaussian.
– Significant efficiency gain.
– Optimized with integral image (summed area table).
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jVQA: Video Quality Assessment in Java

● Multi-platform testing suite
– Implements SSIM, MS-SSIM, 3-SSIM, 4-SSIM, Fast SSIM, 

Fast MS-SSIM, GMSD, and SG-Sim.
– Facilitates customization.
– Supports virtually any video file as input (Ffmpeg + 

AviSynth)
– Free and open source software at 

http://sourceforge.net/projects/jvqa/ 

14

http://sourceforge.net/projects/jvqa/


CIn.ufpe.br

Experiments

● Differential mean opinion score (DMOS) 
prediction:
– Spearman rank-order correlation coefficient (SROC);
– Pearson linear correlation coefficient (PLC);
– Root mean squared error (RMSE).

● LIVE Mobile VQA dataset
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Visual quality index SRC PLC RMSE Time

4-scale SG-Sim, 2σ Gaussian 0.917 0.907 0.48 0.37

5-scale SG-Sim, 2σ Gaussian 0.913 0.904 0.49 0.99

4-scale SG-Sim, 5×5 downsampled 0.908 0.901 0.49 0.19

MS-SSIM, 2σ Gaussian 0.840 0.839 0.62 1.40

SG-Sim, 2σ Gaussian 0.823 0.812 0.67 0.69

Fast SSIM, 2σ Gaussian 0.807 0.803 0.68 0.68

SG-Sim, 7×7 downsampled * 0.805 0.807 0.67 0.22

GMSD 0.782 0.804 0.68 0.59

SG-Sim, 5×5 Box 0.781 0.797 0.69 0.43

Fast SSIM, 2σ Gaussian, 
logical-stabilized

0.747 0.773 0.72 0.68

3-SSIM, 2σ Gaussian 0.731 0.761 0.74 1.48

SSIM, 2σ Gaussian 0.708 0.743 0.76 1.00
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Conclusions

● Shifted Gradient Similarity (SG-Sim)
– Requires no additional similarity index stabilization.
– Highest DMOS prediction (subjective quality).
– 45% faster than SSIM.
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Conclusions

● 7×7 Downsampled Pooling
– 98% similar to 11×11 Gaussian.
– 275% faster than 11×11 Gaussian.
– Highest efficiency of all when combined with 4-scaling: 

Fast MS-SG-Sim.
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Future work

● SSIM-based indexes do not scale well
– Lower resolution = low pass filter = blurring
– Worse with cinema film grain noise
– Adjustment for a universal index requires dynamic index 

adaptation to content

● General video and image quality assessment
– Expand DMOS tests to general VQA and IQA datasets
– Verify if SG-Sim is also effective outside of video encoding
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Extra slides...
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Encoding for adaptive streaming over HTTP

● Multiple content versions:
– Display resolutions

● QVGA, VGA, HD (720p), Full HD (1080p), Ultra HD (4K)...

– Decoding capabilities
● H.264 Baseline Profile, H.264 High Profile, H.265...

– Internet bandwidths
● 3G, 4G, DSL, cable...
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Perceptual video quality assessment metrics

22



 



CIn.ufpe.br

Input scaling
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