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Overview

Brief Description

MSU Video Quality Measurement Tool is professional software that is used to
perform deep comparative objective analysis of video quality. The main
functionality of this software is to calculate objective quality metrics for digital
multimedia content (video or image) using reference (when comparing
several processed/compressed/distorted video sequences to original one) or
non-reference (when analyzing content and getting mark of its quality) types
of analysis.

The main application areas for this tool are:

9 Videol/picture codec quality analyzing (developers, quality
assessment experts or even users can perform comparative quality
analysis using some other codecs as reference, or to compare
different releases of the one codec, etc.)

0 Moscow State University, CS MSU Graphics&Media Lab
performs many codec analysis using this tool, some of them
you can find here:
http://www.compression.ru/video/codec_comparison/index_en.html

0 See also x264 Codec Capabilities analysis from YUVsoft Corp.
http://yuvsoft.com/pdf/x264_parameters_comparison.pdf

1 Video/image processing algorithm comparison (when analyzing
objective quality of different processing algorithms). See Video
Denoiser Comparison (Comparison of Different Noise Reduction and
Removal Solutions) from YUVsoft Corp for example:
http://yuvsoft.com/pdf/video_denoiser_comparison.html

9 Different algorithms for image and video analysis (when analyzing
unknown algorithm from other company to understand which pixels of
the video or image it changes and how strong this change is)

1 And many other tasks

MSU Quiality Measurement Tool uses more than 13 objective quality metrics,
has special SDK for objective metrics development and implementation,
handles with different video formats and color spaces. Also it has options to
visualize objective metrics value with internal visualizator for every metrics (it
is internal option of each metric) and other useful features for complete, fast
and accurate objective quality assessment for multimedia content.

APRO Cons olixaspeeial edition foroT companies. It helps them to
carry out massive comparisons of their technologies using batch processing
of big numbers of files and flexible options for measurements.

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 5
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Change Log

['17 Known bug
[+] T New Feature
[*]7 Other

3.0
[+] Added stSSIM metric.
[+] Added Ay4maoraw video internal support

[+] Added Autoupdate feature for free version (our PRO customers receive
updates automatically)

[+] Added CUDA realization for SSIM-based metrics (SSIM, 3-SSIM,
MS-SSIM. Requires CUDA-capable device)

[*] Added subjective comparison for the most popular metrics (see metrics
info)

[*] Added 64-bit version of MSU VQMT

['] Program crashes due memory lack when -metr ALL specified with large
(i.e. 1280x720) video frames.

2.7.3

[*] Fixed bug with MSSIM metric causing source frame change.

[*] Fixed some metrics inaccuracy causing different metric values by
enabling\disabling visualization.

['] Program crashes due memory lack when -metr ALL specified with large
(i.e. 1280x720) video frames.

2.7.2

[*] Fixed bug causing incorrect metric values, when using 3SSIM and
MSSSIM

[*] Fixed bug causing incorrect PSNR metric values in CSV files
[*] Fixed bug causing no metric calculation for large (>4gb) files

[*] Not existing directory specified in "-cod" parameter will be created now and
processing will not cancel.

['] Program crashes due memory lack when -metr ALL specified with large
(i.e. 1280x720) video frames

2.7.1

[*] Fixed bug in CVS file generation. Sometimes first frame metric value was
empty.

[*] Fixed bug causing incorrect MSE metric values after calculating SSIM
metric.

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 6
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2.7

[+] MSSSIM (fast and precise) metric implemented.

[+] 3SSIM metric implemented.

[*] Fixed bug in calculation of VQ M metric under Windows 7.

[*] Fixed bug during program launch on some computers.

2.6 (Windows Vista & Windows 7 support)

[*] Fixed bug in Scene Change Detection plugin when working under
Windows Vista or Windows 7.

[*] Fixed bug in saving visualization video when running on Windows Vista or
Windows 7.

[*] Fixed dependency with vcomp.dll

25

[*] Fixed bug in processing of *.YUV files with non-standard resolution.
[*] Fixed bug in loading the mask from *.YUV files.

[*] Fixed bug in masking of L (LUV colorspace) component.

[*] Fixed bug in processing of non-standard resolution *.AVS files.

[+] Video with any resolution is now supported by all metrics. Video with
resolution which is not appropriate for some metric is now expanded (via data
duplication, separately for each metric) to make resolution acceptable.

[+] 1.95 times speed up of command line tool multiple metrics calculation on
average (PRO version only)

[+] YUV files with size more than 2Gb are supported now
[*] Fixed bug in calculation of SSIM (precise) for second reference file

[*] Fixed bug in conversion from RGB32 to YUV color spaces for video with
non-standard resolutions (affects calculation of metric for *.AVI files)

[+] Output directory for *.CSV and visualization files is automatically set to
folder of last specified reference file

2.01 beta

[+] 1.5 times speed up of command line tool multiple metrics calculation on
average (PRO version only)

[+] Masking is added
[*] Fixed bug in 4:2:2 raw files with more than 8 bits per component support
2.0 beta

[+] *.MOV, *.VOB, * WMV, *.MP4, * MPG, *.MKYV, *.FLV formats support
simplified

[+] HDTV support (PRO version only)

[+] Raw files with more than 8 bits color depth per component are supported
(PRO version only)

[+] Alternative SSIM and PSNR are added for compatibility with other
implementations.

[+] New version of *.CSV files with average metric values (PRO version only)
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[+] Minor acceleration

[+] Preview buttons are added

[+] Options save is improved

[+] All MSU plugins are renamed (hames are now more correct in GUl and
simpler to call from PRO console)

[*] MSU Noise Estimation plugin bug with incorrect (identical) values for some
videos is fixed.

[*] MSU Noise Estimation and MSU BI-PSNR plugins provide correct
information about their home pages now.

[*] MSU BI-PSNR plugin crash during visualizing a metric for video
seguences with dimensions less than 255 is fixed

152

[*] Error in saving CSV file for comparative analysis fixed

151

[*] Error at the opening YUV-files fixed

[+] YUV10, YUV16 formats for YUV files added
[+] Improved codecs support

1.5
[*] Set of interface fixes

14
[*] Bug fixing in BMP processing (visualization saving, etc)

1.3
[*] Bug with YV12 yuv files fixed

1.2

[+] Now it is possible to compress visualization
[+] Plug-in mechanism released

['] Problem with some DV codecs

1.0

[+] More YUV file types are supported, including YV12, YUY2, YUV
[+] Supports Unicode

[+] Visualization dialog was extensively reworked

[*] Interface is more user-friendly

0.81

[+] New AVI Reading system (support large AVI Files, VP 70)
[*] Bug fixing in final dialog

0.8

[+] New dialog with visualization of the comparison and for comparison of the
selected frames added.

0.75

[+] Improved codecs support (x264)

[+] Now data from YUV-AVIfiles is extracted without convertion

[*] Bug fixing: #NAN in VQM calculation, calculation of RGB-metrics for YUV-
files

[*] MSU Blocking Metric changed

0.74

[+] MSE, MSAD metrics added

[+] Saving of average value of the metric added

[+] Improved codecs support (DivX3, WMV, mjpeg2000)
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[*] Delta metric was changed
[*] Bug fixing (AviSynth - wrong result for comparison of three files)

0.73

[+] All color spaces from AVISynth are supported
[+] 420 (IYUV) support added

[+] XviD and B-frames support added
[*] Bug fixing (YUV-files, SSIM)

0.72

[+] AVS Support added

[*] Bug fixing

['] Doesn't work with XviD

0.71

[+] First public beta

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 9
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Main features

E |

E

MSU Video Quality Measurement Tool PRO version provides many features
for users. Here are some of them:

Two types of User Interface:

)l
il

Command-Line Interface
Graphic User Interface

Various input video formats:

il
il

il
il

AVI-container (for any installed Video for Windows decoder)

Raw files with 8, 10, 14 and 16 bit color depth (YV12, UYVY, YUY2,
YUV, IYUV, PXXX color spaces)

AviSynth scripts i it can be very useful when using VOB, WMV and
other files as input for MSU VQMT

MOV, VOB, WMV, MP4, MPG, MKV, FLV and other know video
containers via AviSynth scripts auto generation

13 base metrics are included:

A=A A8 A8 -8 (AA22408048_4_09_-9_=°

PSNR

PSNR (256)
APSNR
APSNR (256)
MSE

MSAD

Delta

SSIM (fast)
SSIM (precise)
MSSSIM (fast)
MSSSIM (precise)
3SSIM

StSSIM

VQM

additional objective quality metrics from MSU:

MSU Blurring

MSU Blocking

MSU Brightness Flicking Metric (with source code)
MSU Brightness Independent PSNR (with source code)
MSU Drop Frame Metric (with source code)

MSU Noise Estimation Metric (with source code)

MSU Scene Change Detector (with source code)

All metrics can be calculated simultaneously

Every metric can be calculated for its set of color planes
(Y,UV,LR,G,B)

Masking

Results are saved to CSV files, or visualized with GUI

Average values for each metric are calculated and saved

Plug-ins interface with SDK that gives user possibility to create their
own metrics

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 10
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1 Possibility to compare several files in one comparisoni typical
situation when comparing original uncompressed file with several
compressed files with different codecs or presets
T Possibility to save fAbadodo frames for
options T it can be very useful when comparing two (or more) codecs
and user wants to see frames where these codecs have maximum
difference, the lowest/highest metric value, etc.

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 11
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Command Line Options

The main advantage of MSU Video Quality Measurement Tool PRO version
is the possibility to use command-line interface with flexible options for batch-
processing.

The interface of MSU VQMT PRO version is
msu_metric.exe <parameters>

Parameters are described in the next table.

Parameter Description Default
value
-f <filename> File to calculate metric for. For .yuv files YUV

you need to specify color space:

-f <filename> <color_space>, where
color_space is one of

YUV

YV12

YUV

UYuv

Y

YUY2

P010 (10 bit 4:2:0 yuv)
P014 (14 bit 4:2:0 yuv)
P016 (16 bit 4:2:0 yuv)
P210 (10 bit 4:2:2 yuv)

P214 (14 bit 4:2:2 yuv)

P216 (16 bit 4:2:2 yuv)

P410 (10 bit 4:4:4 yuv)

P414 (14 bit 4:4:4 yuv)

P416 (16 bit 4:4:4 yuv)
P410_RGB (10 bit 4:4:4 rgb)
P414 RGB (14 bit 4:4:4 rgb)
1 P416_RGB (16 bit 4:4:4rgh)

More info about *.yuv files can be found
here: http://fourcc.org/yuv.php; P XXX color
spaces are named according to Microsoft
(http://msdn.microsoft.com/en-
us/library/bb970578(VS.85).aspx)
recommendations, but format is treated as

=4 =4 =4 =4 -4 4 -4 -4 -4 -4 -4 -4 -4 -4 4 A 2
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-mask <filename> BLACK |
NOT_BLACK

in H264 standard
(http://wiki.epfl.ch/amin/documents/itu-
1%20h.264.pdf) streams definition.
First file is assumed as original.

NOTES:

1 allinput files should have the same
resolution

9 if files differ in length then the
shortest length is taken for
calculation: metrics are not
calculated for the frames beyond
the shortest file length

Specification of a mask file. Such file is
specified in the same way as described for
fif parameter. It means that if a raw file is
provided the user must specify data color
space. Please read about available color
spaces in the ftf @arameter description.

A mask file should be a two color file: one
color should mark masked area and
another color should mark unmasked area.
One of the colors should be black.

User can specify mask color. Masked
areas are filled with the specified mask
color. User has two choices for mask color
definition.

i BLACK i it means that a black
color is taken as a mask color

1 NOT_BLACK i it means that a non
black color is taken as a mask color

NOTES:

1 we assume the color with three
zero components in RGB and with
zero Y-component in YUV as
Abl acko

1 if, for example, the mask file is
provided in RGB and calculations
are performed in YUV, then mask
color is converted into YUV using
provided conversion settings and
the masked areas are filled with the
color achieved

 When black color is used as a
mask an unmasked area may
contain different colors T it is useful
when the user wants to mark mask

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html
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area on an actual video frame

-metr <metric_name> -cc Metric & and color components for
<color_component> [-cl calculation. Metric name is one of the
configuration_line]

==

psnr
psnr_256

apsnr
apsnr_256

delta

msad

mse

ssim_fast
ssim_precise
3ssim
msssim_fast
msssim_precise
vgm
blurring_metric

blocking_metric

=A =4 =4 A4 4 -4 4 -4 -4 -4 -4 -4 -4 A -2

name of the metric from plug-in
(written with SDK)

1 ALL key to calculate ALL metrics
(including  plug-ins)  with  ALL
supported color components.

or one of the CUDA metrics (CUDA-
capable device required):

1 ssim_cuda
1 3ssim_cuda
f msssim _cuda
Color component is one of the
T YYUV
UYuv
VYUV
LLUV
RRGB
GRGB
1 BRGB.
Specify ALL key to compute metric for all

=A =4 =4 A =

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 14
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supported color components; specify YUV

key to compute metric for all YUV color
components; specify RGB key to compute

metric for all RGB color components.

If metric is configurable, use 1 cl parameter
to set configuration string. Please refer to
the metric home page to find out applicable
configuration line.

-sc0]1 Save CSVfile (if -sc 1) or not (in -sc 0) 0

-ryt REC601|PC601 (-ryt REC601 or -ryt PC601) i choose REC601
RGB<>YUV conversion table.

-cng CUSTOM <filename> | Gener at e or donot POSTFIX
PREFIX | POSTFIX automatically or use custom name.

-cod <dirname> Directory to save CSV file. <dirname> current
should end with double backslash "\" or directory
without trailing backslash, i.e. "d:\csv"

-sbf 0|1 Save bad frames 0

-bfod <dirname> Directory to save bad frames. current
directory

-bft ORIGPROC | Bad frames type. ORIGPROC

PROCPROC | FIRSTBETTER ORIGPROC: save frames with max

| SECONDBETTER difference between first and second files
PROCPROC: save frames with max
difference between second and third files
(usually these files meant to be processed
files to compare)
FIRSTBETTER: save frames where
second file is better than third
SECONDBETTER: save frames where
third file is better than second

-bfnum Number of bad frames to save

-bfr Bad frame radius i minimum frame O
distance between two consecutive bad
frames. 0 means save bad frames by
guality. 10 means that distance between
any adjacent bad frames should be at least
10.

-Ip <filename> Filef or saving errors donot
fileo etc.).

-af <filename> File for average values (old version, bug donaot
with no reference metrics).

-af2 <filename> File for average values (new version,
recommended).

-yw <width> Width of input YUV file.
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-yh <height> Height of input YUYV file.
-fpd 0|1 Floating-poi nt deliifpdiOtaenrd 0
if T fpd 1).
-ct 0|1 CSV del i mitbaend (-6;1)® ii O
-sv 0|1 Save visualization file (-sv 1) or not (-sv 0). 0
-list _Print information for all metrics and plug-

-vod <dirname>

INs.

Directory, where visualization video files current
will be saved. directory
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Batch files examples

Here are the examples for most popular tasks, which are performed with
MSU VQMT PRO version.

Compare two AVl files using PSNR metric for Y component of YUV color
space, save CSV file "results.csv" to "D:\videotest\csv"

( MSU VOMT command line tool )

results.csv (Y-PSNR)

msu_metric -f "D:\videotest\videol.avi" -f "D:\videotest\video2.avi" -metr psnr
-ccYYUVscl-cng CUSTOM f rcedsuWidedtestcss"v 0

Compare two AVl files with original, save CSV

( MSU VOMT command line tool }

avg.csv (average Y-
PSNR for both processed
files)

original.avi
processedl.avi Y-
PSNR csv file

original.avi
processed2.avi Y-
PSNR csv file

msu_metric -f "D:\ideotest\original.avi" -f "D:\videotest\processedl.avi" -f
"D:\videotest\processed2.avi" -metr psnr-cc YYUV -sc1l-af 2 d¢s&OVv Qg .
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Compare original YUV file and processed AVI file using PSNR metric for Y
component of YUV color space, save CSV file with results to
"D:\videotest\csv"

4 \ 4
( MSU VOQMT command line tool )

original.yuv i
processed.avi Y-PSNR
csv file

msu_metric.exe -f  Wideotest\original. y u v 0 -yWw352)-yh 288 -f
fi Dvideotest\p r 0 ¢ e s s-scdl -caovdi \Willddtest\c s vntetr psnr -cc
YYUV

Compare original YUV file and processed AVI file using PSNR metric for Y
component of YUV color space plus a mask file with a black area as a
mask, save CSV file with results to "D:\videotest\csv"

original.yuv

( MSU VOQMT command line tool J

processed.avi

original.yuv i
processed.avi masked Y-
PSNR csv file

msu_metric.exe -f  Widleotest\s our c e . y w352 -Yh28BW
fi Dvideotest\p r o c e s s-md s & Widebtestma s k . av i eésc Btod CK
fi Dvideotest\c s vnetr psnr -cc YYUV

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 18
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Compare original AVI file and compressed MPG file using PSNR metric for
Y component of YUV color space, save CSV file with results to
"D:\videotest\csv\" (MPG file is opened through

D:\videotest\compressed.avs)
compressed.mpg

{ compressed.avs )

( MSU VQMT command line tool J

original.yuv i
compressed.mpg Y-PSNR
csv file

msu_metric.exe -f \"D:\videotest\original.avi\" -f
"D:\videotest\compressed.avs\" -sc 1 -cod \"D:\videotest\csv\" -metr psnr -cc
YYUV\n");

Compute all possible metrics for two AVI files, save CSV file with results to

"D:\videotest"

MSU VOMT command line tool

csv file with all supported metric
values

msu_metric -f "D:Wideotest\videol.avi" -f "D:\videotest\video2.avi" -metr ALL -
sc 1 -cod "D:\videotest"

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 19
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Compute MSE and PSNR metrics on Y components of YUV color space for
two AVlfiles, save file "avg.csv" with average values and csv file with per
frame values into the current folder

4 \ 4
( MSU VOQMT command line tool J

csv file with Y-MSE
and Y-PSNR

avg.csv (average Y-
MSE and Y-PSNR)

msu_metric -f "D:\videotest\videol.avi" -f "D:\videotest\video2.avi" -metr psnr
-ccYYUV -metrmse cc YYUV-sc1l-a2 fAavdog. csSV

Compute PSNR of all supported color components for two AVI files, save
file "avg.csv" with average values and csv file with per frame values into

the current folder

( MSU VOQMT command line tool )

avg.csv (average
PSNR for all

supported color

components)

csv file with PSNR
for all supported
color components

msu_metric -f "D:\videotest\videol.avi" -f "D:\videotest\video2.avi" -metr psnr
-cCALL-scl1-af HfAa®@g. csv

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 20



MSU VIDEO QUALITY ME ~ ASUREMENT TOOL 3.0 CS MSU GRAPHICS&MED! A LAB
MOSCOW STATE UNIVERS  ITY, JULY 2011 VIDEO GROUP

Compute PSNR on Y component of YUV color space and save visualization
video for two AVl files in current folder

MSU VOMT command line tool

Y-PSNR visualization

msu_metric -f "D:\videotest\videol.avi" -f "D:\videotest\video2.avi" -metr psnr
-ccYYUV sv 1

Compare all AVl files from folderl with file folder2\input.avi with all

objective quality metrics
folderl\*.avi

{ MSU VQMT command line tool )

folder2\input.avi

csv file with all average.csv (all
supported metric supported metric
values average values)

for /R folderl %F in (*.avi) do msu_metric -f "folder2\i n p u t-f.%& ymietio
ALL -sc 1 -cng CUSTOM "%~nF_results.csv" -af2 "average.csv"

Note: if you use it in batch file, please use %%F instead %F and %%~nF
instead of %~nF
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Compute blocking and blurring metrics for all AVI files in current folder in

its subfolders

{MSU VQMT command Iine)

tool

csv file with Y-blurring
and Y-blocking

for /IR . %F in (*.avi) do msu_metric -f %F -metr blurring_metric -cc YYUV -
metr blocking_metric -cc YYUV -sc 1 -chng CUSTOM "%~nF_results.csv"

Note: if you use it in batch file, please use %%F instead %F and %%~nF
instead of %~nF

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 22



MSU VIDEO QUALITY ME ~ ASUREMENT TOOL 3.0 CS MSU GRAPHICS&MED! A LAB

MOSCOW STATE UNIVERS  ITY, JULY 2011 VIDEO GROUP
Information about metrics
Overview

Current version of MSU VQMT PRO contains 14 implemented objective
guality metrics:

1 Universal reference objective quality metrics (for estimation the
similarity between two or several images/video):

o0 Delta

MSE

MSAD

PSNR

SSIM Index

MultiScale SSIM Index
3SSIM Index
Spatio-Temporal SSIM Index
o VOQM

1 Specific non-reference objective metrics for special types of
artifacts (for estimation the desired artifacts)

o MSU Blurring

o MSU Blocking

0 MSU Brightness Flicking Metric
o MSU Drop Frame Metric

O O o O o o o

0 MSU Noise Estimation Metric

1 Special reference PSNR metric edition to compare videos
regardless on the different brightness

o0 MSU Brightness Independent PSNR
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Delta

Brief Description

The value of this metric is the mean difference of the color components in the
correspondent points of image. This metric is used for checking codecs/filters
for errors like losses or growths of luminance, not for quality comparisons.

a (xi,j - Yi,j)

d(X,Y) =" —

The values are in -255..255. 07 for identical frames.

Examples
Here is example of this metric

First frame Second frame Delta

Picture 1. Delta example for two frames
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Here are more examples how different distortions have influence on Delta

value.

2. %es . 74
Original image

Blurred image Sharpen image

Picture 2. Original and processed images (for Delta example)

http://www.compression.ru/video/quality_measure/vqmt_pro_en.html 25



MSU VIDEO QUALITY ME ~ ASUREMENT TOOL 3.0 CS MSU GRAPHICS&MED! A LAB
MOSCOW STATE UNIVERS  ITY, JULY 2011 VIDEO GROUP

And here are the delta values of Yi plane for these images

¥IDEDQ QUALITY MEASUREMENT YIDED QUALITY MEASUREMENT
Delta “¥Y'UV: original, original 0 Delta %¥Y'UV: original, noise 0.0971987

Delta for image with itself, value = 0 Delta for image with noisy image,
value = 0.0971987

VIDEO QUALITY MEASUREMENT VIDEO QUALITY MEASUREMENT
Delta YYUY: original, blur 0.0296287 Delta YYUYV: original, sharpen -0.12271

Delta for image with blurred image, Delta for image with sharpen image, value = -0.12271
value = 0.0296287
Picture 3. Delta values for original and processed images (for Delta example)
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MSE

Brief description

MSE is one metric used to assess how well a method to reconstruct an image
performs relative to the original image. It shows mean square error for two
images or frames.

a. (xi,j - Yi,j)2
d(X,Y)="=

mn
The values are in 0..65025. 07 for identical frames.

Examples
Here is example of this metric:

Original Processed MSE

Picture 4. MSE example for two frames
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Here are more examples how different distortions influence on MSE value.

Blurred image Sharpen image

Picture 5. Original and processed images (for MSE example)
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And here are the MSE values of Yi plane for these images

VIDEO QUALITY MEASUREMENT . VIDEO QUALITY MEASUREM
MSE YYUY: original, original D _ ginal, noise 161.96

MSE for image with itself, value = 0 MSE for image with noisy image,
value = 161.968

VIDEO QUALITY MEASUREMENT N et VIDEO QUALITY MEASUREMENT
‘MSE YY V _original, blur 55.2885, R g MSE YYUV _original, sharpen 33.2083"

MSE for image with blurred image, MSE for image with sharpen image,

value = 55.2885 value = 0.958917
Picture 6. MSE values for original and processed images (for MSE example)
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MSAD

The value of this metric is the mean absolute difference of the color
components in the correspondent points of image.

é‘xi,i - Yi,i‘

d(X,y)="22 —

The values are in 0..255. 01 for identical frames.

Examples
Here is example of this metric visualization:

Original Processed MSAD

Picture 7. MSAD example for two frames
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Here are more examples how different distortions have influence on MSAD

value.

2. %es . 74
Original image

Blurred image Sharpen image

Picture 8. Original and processed images (for MSAD example)
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And here are the MSAD values of Yi plane for these images

ax 7

¥IDEDQ QUALITY MEASUREMENT
MSAD ¥YUY: original, original 0

MSAD for image with itself, value = 0 MSAD for image with noisy image,
value = 10.2417

MSAD for image with blurred image, MSAD for image with sharpen image,
value = 3.77253 value = 2.97572
Picture 9. MSAD values for original and processed images (for MSAD example)
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