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Visual Ergonomics of Motion Blur by Hold-type Display

v" Active-matrix displays, such as AM-LCD and AM-OLED, inherently cause blur on
displayed moving images, owing to their hold-type displayed light. They are also
referred to as “hold-type display.”

v The blur is caused by the hold-type displayed light and light integration in our eye.
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Visual Integration of Hold-type Displayed Light

v" Eye pursuits motion of the displayed moving image.

v' Eye integrates pixels along with trajectory of the pursuit eye movement.

Picture: vertically striped pattern.
It is moving from left to right.

A | <
riensiy /\/\
| /. (dark)

12

(bright)

—> X (horizontal

t (time) \
ime | "\

4
a
L P

position in
screen)

....

/ 1 pixel
pixe
1 frame ‘.\ .
(1/60 sec.) Frredenn NG
\
Eye trajectory =

Motion of the image

The mechanism is referred to as
“Eye-tracing Integration”.

v' It causes motion blur.

Light of pixels on the
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integrated in the
Human Visual System.
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Image quality

Image Quality and Improvement of Hold-type Display

v' The moving image quality was confirmed with a subjective test using a 480 Hz CRT.

v' The motion blur seriously deteriorates image quality. Its improvement is essential.
v Two fundamental methods of the improvement were proposed [6];

1) Setting a temporal aperture on displayed light
2) High frame-rate display
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Improvement Method (1) — Temporal Aperture

€ The integration in the visual system of the observer can be decreased by making
the displayed light intermittent, or setting a temporal aperture.
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Improvement Method (2) — High Frame-Rate

€4 A method which does not reduce brightness is to display the image with a higher
frame-rate. An example is double-rate or 120 Hz.
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Edge Blur and Its Measurement Method

v The hold-type motion blur is also observed as edge blur on edge parts in

moving images.
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v This led to the developments of MPRT (Moving Picture Response Time) and

other moving-edge-blur measurement methods.



Measurement of Perceived Modulation (by 480 Hz CRT)

€ The gray level of the control image is adjustable by the subject.

€ The subjects were asked to adjust the level, so that the level of the control image is
perceived to be the same as that of the white peak and black peak of the moving
target image.

€ The difference between the perceived white peak and black peak is the perceived
modulation at the spatial frequency.

< 432 pixels >

Control image

(adjustable gray
level)
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Effective MTF of Hold-type Display for Moving Images (re.)

v’ Effective MTF of hold-type display for moving images degrades along with a
sinc function or sin(x)/x derived from the hold-type rectangular response of

displayed light.

v’ Perceived MTF was measured by a psychophysical test [5].

v The result agreed well with the theoretical sinc function. The eye-tracing

integration is valid.
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v' It was also confirmed that
the visual integration works
well at a frame rate of or
over 48 Hz [7].

Perceived MTF of hold-type
display for moving images
(defined by peak-to-peak value)
(v: motion velocity (pixel/frame))
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Requirements for High Moving-image-quality

v Motion blur arises not only in display, but also in video camera.

v Motion blur in camera is referred as to “integration blur”, which is caused by light
integration in image sensor in the camera.

v’ Effective MTF of camera for moving images also degrades with a sinc function.
v Two sinc functions are cascaded in a video system, as shown in the figure.
v’ Overall image quality of the system is dominated by the worse MTF.

v Therefore, motion blur in camera and display must be both improved to
obtain high moving-image-quality.
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Motion blur in a video system
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Implementation of Moving-image-quality Improvement

v" Shortening light-integration time in image sensor and the visual system is
necessary to improve the motion blur or moving image quality.

v It is achieved by increasing frame rate and/or setting a temporal aperture for the
light integration within a frame period.

v The latter is implemented by a shutter in camera, backlight flashing in AM-LCD,
and black-insertion driving in AM-OLED.
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A Desired System Parameters

v" What are the target of the common system parameters for good motion-image-quality?
v Our eyes can trace motion objects up to around 30 degree /second.

v Very high-spec parameter values are required to maintain an effective dynamic
response up to the maximum spatial frequency of the system, at 30 deg/sec.

(e.g., 4320 TV lines for 8K)

v F = 300V, A,

F: frame rate (Hz)
v,: motion velocity (deg /sec)
A:: temporal aperture ratio (to a frame)

For the case without temporal
aperture:
An extremely high frame
rate of 900 Hz is required.

0 10 20 30 40

Motion velocity, v, (deg /sec)
Frame rate required for good dynamic response.

For the case of 60 Hz frame rate:
An extremely small aperture
of 1/15 is required.

v' These requirements seem not to be
realistic on system design.

v" An adequate compromise will be
necessary

16




A Compromised Quality Based on Acceptable Limit (1)

v" An idea of the compromise:
 Setting the target to acceptable limit (AL) of motion-image-quality deterioration.

v" New relation is derived by extracting the pairs of motion velocity and “aperture
time” T, (= At/F), corresponding to AL.
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Aperture time T, (msec.)

A Compromised Quality Based on Acceptable Limit (2)

v' The data for the acceptable limit were extracted from the several results of subjective
evaluation for motion-image quality.

* Set the frame rate as F = a*30ev,°A, (a=0to 1)
 Select the a adequately.
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Required Parameter Values

v Required frame-rate and temporal-aperture to achieve acceptable moving-image-quality
were derived from previous results of subjective tests on moving image quality [11].

v Those depend on motion velocity of moving images. Human eyes can trace moving

objects up to around 30 degrees per second [8].

v Possible sets of the frame rate F and temporal aperture A, to achieve good motion-

image-quality are obtained from the figure.

480
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©
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120 — -
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Motion velocity of images (deg/sec)

Examples of desired system
parameters

System 1: F =120 Hz, A, = 1/3.
System 2: F =240 Hz, A, = 2/3.
System 3: F 2 360 Hz, A, = 1.

v Setting a temporal aperture at
a frame rate below 100 Hz is
not acceptable, because
stroboscopic motion and/or
flicker may be observed on
displayed picture [9] [12].
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Moving-image-quality Evaluation with an 8K 120Hz LCD

v' CRTs, of which pixel count is 2K or below and screen size is 24-inch or below, were
used as the display for the subjective evaluation in the previous researches.

v Conducting a subjective evaluation test on moving image quality, using a latest FPD
with a high pixel-count and large screen, will be meaningful. We conducted it.

Apparatus used in the Test

v We used 8K 120 Hz equipment in our test.
v Video Recorder: Four synchronized Keisoku Giken UDR-40S

v’ Display: 55-inch 8K 120 Hz IPS-LCD [13]. The LCD used in our test was customized
to enable backlight flashing.

- - l

Keisoku Giken UDR-40S x 4 Panasonic LD
55” 8K 120 Hz IPS-LCD
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Vertical direction

Vv

Bottom

Backlight Flashing to Set a Temporal Aperture

v There are two backlight flashing methods as is known, blinking backlight and
scanning or scrolling backlight.

v' Data lines of the IPS-LC panel are separated into upper and lower halves, and they
are driven or scanned simultaneously.

v The figures illustrate those examples of the temporal-vertical relation between the
split panel-scanning and backlight flashing.

v The blinking backlight was used in our test, because of practical limitation of the LCD,
although the scanning backlight was preindicated to be better on moving image quality.
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A
&
.g
° 1
T(g I
s :
=V |
I
Bottom , "
Time—> "~1/120 sec. Time —> 4,120 sec
(a) Blinking backlight (b) Scanning backlight

Methods of backlight flashing (examples)
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Test Picture and Evaluation Method

v’ Test picture used in the test is an 8K (7680 x 4320) picture. The picture material is
extracted from an 8K still picture of a landscape of Dubai city.

v The upper half of the picture is the part for evaluation. The part is horizontally
scrolled.

v The lower half is the part for reference in the evaluation. It is not scrolled or a still
picture with the same material as the upper half.

v’ Subjects evaluated image quality of the upper half, compared with the lower half.
v The evaluation scale was Five-grade Impairment Scale.

—

Evaluation _J
(scrolled)

Reference
(still) ]

Test picture (a scroll of “Dubai”)




Test Conditions

Subjects

14 video experts

By practical limitation of the test

Relative viewing
distance

1.2 H
(H: picture height)

Absolutely 82 cm

0.75H was felt too much close to the
557 display.

FoV: horizontally 73 degrees

Motion velocity “v” or
the scroll speed

8 or 16 pixels per
1 frame of 120 Hz

10.6 or 21.0 deg/sec, respectively,
observed at subjects
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Setting of Temporal Aperture and Conditions

v Motion blur in camera was simulated on the test picture at some test conditions.

v Only the upper half of the test picture was blurred by image processing equivalent
to light integration in image sensor, at those conditions.

v Temporal aperture in camera was set by simulation of camera shutter in the
processing.

v Temporal aperture in display was implemented by the blinking backlight of the LCD.

v' The video recorders and LCD operated with the frame rate of 120 Hz at all test
conditions.

v’ Displayed pictures are simply repeated twice for every odd frame of 120 Hz, at the
condition of “60 HZz".

v Temporal apertures were set at the conditions of “240 Hz eq. (equivalent)” and “480
Hz eq.”. The apertures are 4.17 and 2.08 msec, respectively.

v LC response time of the LCD was around 6 msec and longer than those apertures.
We optimally adjusted the blinking timing, so influence of the LCRT to moving
image quality was minimized.

25



Temporal Aperture “A,” of the LCD and Luminance

Condition At (in msec) Luminance of the LCD for 100 % White

60 Hz 1(16.7) 400 cd/m?

120 Hz 1(8.33) 400 cd/m?
240 Hz eq. 0.5 (4.17) 200 cd/m?
480 Hzeq. | 0.25(2.08) 100 cd/m?

v Luminance of the reference part in the test picture was the same as the evaluation
part in the same picture, at the all test conditions.

v It is therefore considered that difference of luminance among the conditions little
affected the results.
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Scores for Various Temporal Apertures or Frame Rates

w ~

MOS (Impairment scale)
N

Remarks

“‘without camera blur”

The camera blur was not simulated
on the evaluation part of the test
picture.

“‘with camera blur”
The camera blur was simulated.

Bas= 0.534

without camera
blur (v=8)

with camera blur
(v=8)

without camera
blur (v=16)

with camera blur
(v=16)

Pas

Yardstick between arbitrary two
data points in the figure, for significant
difference of image quality with 5%
significant level or risk rate.

60Hz

120Hz 240Hz eq. 480Hz eq.

Frame rate

Result of the subjective evaluation test for various
temporal apertures and frame rates

Five-grade impairment scale
(Deterioration of image quality is)
5: imperceptible,
4: perceptible, but not annoying,
3: slightly annoying
2: annoying, 1; very annoying

Dotted red line

3.5 on the Impairment Scale. It is
referred to as “acceptable limit” of
image-quality deterioration
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Discussion

w ~

MOS (Impairment scale)
N

Bas= 0.534

—o—without camera
blur (v=8)
with camera blur
(v=8)
without camera
blur (v=16)
with camera blur
(v=16)

60Hz 120Hz

Result of the subjective evaluation test for various

240Hz eq.

Frame rate

temporal apertures and frame rates

480Hz eq.

v" The MOS or resultant image quality
increases almost linearly up to “240 Hz eq.”
on all four curves in the figure.

However, image quality at “480 Hz eq.” is
saturated or slightly lower than “240 Hz eq.”.

The reason is probably that the optimization
of the backlight blinking timing had
limitations by the short temporal-aperture of
2.08 msec and the rather long LCRT, so the
blinking caused some image artifacts.

v Some subjects indeed claimed after the test

that they observed some artifacts like
double image or color bleeding at the
condition “480 Hz eq.

v" If scanning backlight and a faster
response LCD were used, image quality
of “480 Hz eq.” would be better than “240
Hz eq.”.

v There is almost no significant difference
between the conditions “without camera
blur” and “with camera blur.
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MOS (Impairment scale)

IS

w

N

Result with and without Blinking Backlight

“with camera shutter and blinking backlight”

with camera shutter and
blinking backlight (v=8)

—+—with camera shutter only

The same as the “with camera blur” in
the previous figure.

‘with camera shutter only”

The blinking backlight was not used or
the temporal aperture of the display was
not set at the condition The hold time was
constantly 1/120 second at this condition.

(v=8) —

120Hz 240Hz eq. 480Hz eq.
Frame rate

Result of the subjective test with
and without blinking backlight

v’ Effect of camera shutter on
moving-image-quality improvement
is small, if short temporal-
aperture is not simultaneously
used in display.
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