——

Lot work on

Theme Name Neural network algorithm that evaluates and outputs image quality

with the same precision as human subjectivity

Organization Name Prof. Tetsuya Shimamura, Graduate school of Science and Engineering,

Saitama University

Technical field IT

Overview

Up to today, the evaluation of image quality was performed by statistically processing and
quantifying the subjective assessments of a large number of people, which requires many work
processes. In our laboratory, we have developed an algorithm that uses neural networks to
output image quality evaluation with the same precision as human subjectivity. On top of the
immediate output, it is also possible to analyze image quality degradation factors such as light
effects (shadows, lighting, etc.) and compression. Moreover, the technology may be applicable
to video and audio quality evaluation also. For example, applications to image inspections,
onboard cameras, robot vision, etc. could be possible. We welcome companies that are willing

to develop business and applications that utilize this technology.
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(Applications)
- Quantitative evaluation and factor analysis of the influence of light effect
(lighting, shadow, etc.) during image inspection
- Applications that require high image quality (medical images, etc.)
- Narrowing down only the images with good quality when dealing with a large
amount of image data
+ Applications on cases where the shooting environment changes dynamically
(mounting on an onboard camera or attaching to a robot (robot vision))




Background

Up to today, the evaluation of image quality was performed by statistically processing and
quantifying the subjective assessments of a large number of people, which requires many work
processes. For example, the left image on the bottom shows high quality and the one on the

right has low quality. However, such work requires many processes.

In this study, we are developing an algorithm that uses neural networks to output image

quality evaluation with the same precision as human subjectivity.

We welcome companies that are willing to utilize and commercialize this algorithm.

Technical Content

We have established a technique that can output image quality when a certain image is
inserted by using a database formed of a large amount of image quality evaluation results
performed by human subjectivity and a neural network learning. The following is a demo
standard screen.

1)Press the “Load Input Image” button to specify the image file you want to evaluate.
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2) After selecting the file, click the “Quality Estimation by CNN” to output the image quality value
by the algorithm. Note that clicking "Quality Assessment by Human Obervers" outputs the values
that were subjectively evaluated by humans for demonstration purposes.

The following is a high-quality image case.
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Below is a case of low-quality images.
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Strengths of the technology and know-how (novelty, superiority, utility)

The advantages of noise reduction/removal technologies developed in this laboratory are as
follows.
1) An image quality evaluation equivalent to human subjectivity can be outputted immediately.
The following is the output value when the image is degraded from left to right (the highest is 8
points, and the score decreases as the quality is degraded.) MOS is the human subjective value,

and Proposed is the output value of the proposed algorithm. Almost the same numbers are

outputted.

MOS =9.00 MOS =3.43 MOS =4.08 MOS =2.190
Proposed =9.00 Proposed = 3.48 Proposed = 4.07 Proposed =2.22

MOS =3.93 MOS =5.02 MOS =3.00 MOS =3.37
Proposed =3.94 Proposed = 5.03 Proposed = 3.04 Proposed = 3.32

You can also create a degradation list of image quality (24 types) and identify under which list
the subject falls under. For example, you can identify deterioration factors such as whether the

image has noise or is quantized, or whether if it is blurred or compressed.

Additive Gaussian noise

Additive noise in color component
Spatially correlated noise

Masked noise

High frequency noise

Impulse noise

Quantization noise

Gaussian blur

Image denoising

JPEG compression

JPEG2000 compression

JPEG transmission errors
JPEG2000 transmission errors

Non eccentricity pattern noise
Local block-wise distortions of different intensity
Mean shift (intensity shift)
Contrast change

Change of color saturation
Multiplicative Gaussian noise
Comfort noise

Lossy compression of noisy images
Image color quantization with dither
Chromatic aberrations

Sparse sampling and reconstruction
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PSNR is the most well-known technique for image quality evaluation, and other techniques
are available as well. The following is a diagram showing how the evaluation indices such as PSNR
are consistent with human subjective values such as PLCC and SROCC. The closer the value is to
1, the more consistent. In PSNR, both PLCC and SROCC are 0.639, but in the proposed method,
PLCC is 0.981 and SROCC is 0.977, which are very close to human subjective values.
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Image of Partner Companies

We are willing to cooperate with the following companies for example.
1) Companies or research institutes that require image quality evaluation.
2) Companies or research institutes that require video quality evaluation.
3) Companies or research institutes that carry out research and development of cameras.
4) Companies or research institutes that carry out research and development of inspection
systems using image processing.
5) Companies or research institutes developing systems that use digital cameras and video
cameras (such as onboard systems and robots.)

6) Other companies or research institutes that are willing to utilize this technology.

Utilization of the technology and know-how (images)

The technology can be used to evaluate image quality. Also, in addition to still images, it can
be applied to the evaluation of video, audio, and so on.

For example, it is possible to quantify the degree of light effect (e.g., lighting and shadows) at
the time of imaging and analyze its reasons, apply on the uses that require high-quality imaging
(e.g., medical images, etc.), and monitor whether there is a problem with the image taken during
infrastructure periodic examinations.

It is also possible to narrow down only the images with good quality when dealing with large
amounts of image data.

Moreover, for videos, it can be applied to the case where the shooting environment changes
dynamically, such as when mounted on an onboard camera or when attached to a robot (robot

vision.)

Flow of the technology and know-how

If you are interested in the use of this technology or product development, please feel free to

contact us. We will provide explanations with demonstrations.

Description of the technical terms

[PSNR]

Also referred to as the peak signal-to-noise ratio, PSNR is an engineering term for the ratio of
the maximum power a signal can take and the noise that causes degradation, which affects the
reproducibility of image quality. As many signals have a very wide dynamic range, the PSNR ratio
is usually expressed in base 10 logarithm.

PSNR is most commonly used as a measure of the reproducibility quality of codes that use

lossy compression, such as image compression.




