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Abstract 
Motion-image-quality of LCD-TVs is discussed by 
dynamic spatial frequency response. Smaller temporal 
aperture or higher frame rate can improve dynamic 
response, but an increase of motion velocity easily 
cancels the improvement. A guideline for deciding the 
desirable temporal aperture and frame rate of LCD-TVs 
is described, under the condition that camera and 
display have the same parameters. Two candidates of the 
desirable parameter sets will be (240 or 300 Hz, 50 to 
100 % aperture) and (120Hz, 25 to 50 % aperture), from 
the viewpoint of “limit of acceptance” on motion-image-
quality-deterioration for critical picture materials. 

 
 

1. Introduction 
 

Motion-image-quality of LCD-TVs has been 
significantly improved in recent years, along with 
spread of LCD-TVs and progress of research and 
development on the improvement. However, the 
motion-image-quality of LCD-TVs is still insufficient 
for pictures containing fast and/or fine motion images. 
Some people are in doubts about the target of motion-
image-quality improvement of LCD-TVs. 

In this paper, a guideline for deciding desirable 
parameters on temporal characteristics of LCD-TVs 
will be described, taking into account the temporal 
performance of another device in TV system, or 
camera, and results of subjective image-quality-
evaluation tests in the literature [1]. 

 
 

2. Motion-image-quality of LCD-TVs 
 

They are well known today that main issue on 
motion-image-quality of LCD-TVs is motion blur, and 
that there are two causes of motion blur of LCD-TVs: 
response time of liquid crystal and hold-type display 
by active-matrix driving. A typical measure of the 
former is LCRT (liquid crystal response time) and a 
typical overall measure including the both is MPRT 

(moving picture response time). Improvement of 
LCRT has progressed in recent years and hold-type 
display has become major factor of motion-image-
quality deterioration on LCD-TVs. An ideal condition, 
LCRT is zero, is assumed for a simple discussion in 
this paper. 

Characteristics of motion-image-quality of hold-
type display and its improvement methods are 
summarized as the following [2]. 
・ Motion-image-quality is simply deteriorated with 

an increase of motion velocity of images by 
motion blur. 

・ The quality falls below the acceptable level even 
for the case where LCRT is zero, at or over a 
medium motion velocity, and deteriorates further 
in the cases with slow response time. 

・ Degree of the deterioration of the quality varies 
with images or contents of pictures. 

・ There are two basic methods to improve the 
quality or motion blur: setting a temporal aperture 
to displayed light and increasing frame-rate of 
display. 

A subjective evaluation test on motion-image-
quality of LCD-TVs was done using two picture 
materials, “Woman” and “Yacht” [2]. Figure 1 
illustrates the effect of temporal aperture on motion-
image-quality of hold-type display for the picture 
material “Yacht”, as an example. The frame-rate is 60 
Hz. An apparent improvement is obtained by the 
decrease of the temporal aperture ratio. The similar 
result was obtained also for “Woman”. 

In Figure 1, the vertical axis indicates subjective 
score on image quality. The five-grade impairment 
scale is used as the scale of the scores. In the scale, 
score 3.5 is sometimes called “limit of acceptance” for 
image-quality-deterioration. The points “a”, “b” and 
“c” in Figure 1 are corresponding to this acceptable 
limit for each temporal aperture. The data of these 
points will be referred in the later section. 
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Fig. 1.  Effect of temporal aperture on motion-
image-quality of hold-type display 
(picture: “Yacht”). 

 
 

3. Dynamic response of video system 
 

Resolution or MTF (Modulation Transfer Function) 
is a common measure to estimate blur or image 
quality of image devices such as camera or display, or 
video systems. It was confirmed by subjective tests 
that perceived dynamic MTF of hold-type display is 
degraded with a sinc (sin(x)/x) function, because of 
eye-tracing integration in the human visual system [3]. 
On the other hand, Klompenhouwer [4] pointed out 
that another motion blur, camera integration blur, 
exists in video system and the both motion blur on 
camera and display should be improved for achieving 
a good motion-image-quality. It has been well known 
in television engineering that dynamic resolution of 
camera is degraded also with a sinc function by the 
integration of incident light in a video frame at 
imaging devices. The integration blur also can be 
improved by setting a temporal aperture, or camera 
shutter [5]. 

Dynamic spatial frequency responses are here 
defined as the following [1]. Horizontal spatial 
frequency characteristic is discussed as an example, 
for simplification. It is also assumed that an image is 
moving in horizontal direction, with a constant 
velocity. But all discussions are the same also for 
vertical direction. 

Horizontal spatial frequency: fx (cycles/pixel) 
Expression of fx in a unit of TV-line: f’x (TV-
line) 
f’x = fx × 2Ny, where Ny is the vertical number 
of pixels or lines in a video frame. 
Frame frequency: F (Hz) 
Motion velocity of the image: vx ((degree in 

viewing angle) /second) 
We here assume that an observer watches a display 

at the standard viewing distance. In this condition, a 
pixel corresponds to a minute or 1/60 degree in 
viewing angle from the observer. Consequently, 

Displacement of motion image in a frame:  
X = vx × 60 /F   (pixel) 

We set a temporal aperture each for camera and 
display. 

Temporal aperture ratio: At (0 to 1, 1 is a whole 
frame) 

Camera temporal aperture: Atc (0 to 1) 
Display temporal aperture: Atd (0 to 1) 

In these conditions, dynamic spatial frequency 
responses are 

Camera response: 
Rc(fx) = sin(π fx X Atc) /(π fx X Atc) 

Display response: 
Rd(fx) = sin(π fx X Atd) /(π fx X Atd) 

System response becomes a multiplication of 
camera response and display response, because 
camera and display are cascaded in a video system. 

System response:  Rs(fx) = Rc(fx) × Rd(fx) 
Calculated responses (absolute values) are shown in 

Fig. 2 for temporal apertures of 1 and 0.5. The 
common conditions are Ny = 1080 line (the system is 
HDTV), F = 60 Hz and vx = 10 deg./sec. Content of 
parenthesis in the figures is a temporal aperture Atc or 
Atd. As an example, “System (1, 0.5)” corresponds to 
the system with Atc=1 and Atd=0.5. 

All responses shown in the figure have null points 
on f’x, or frequencies at which response is zero. We 
denote the first null frequency of each response curve 
as fx1, as shown in the figure. Effective pass-
bandwidth of the system for motion images is 
considered from zero to fx1, because phase of 
response may be negative at spatial frequency over 
fx1. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Dynamic responses for various systems. 

1

2

3

4

5

0 5 10 15 20 25 30

3.5 

Velocity in viewing angle 

Im
pa

irm
en

t 
sc

al
e 

a 
b 

c 

100%

50%
75%

480 Hz
(as ref.) 

(aperture) 
25%

0

0.2

0.4

0.6

0.8

1

0 200 400 600 800 1000

System (1, 1)
System (1, 0.5)
System (0.5, 0.5)

f’x (TV-line) 

R
es

po
ns

e 

fx1

Content of ( ) is a temporal
 aperture Atc or Atd. 



59-1 / T. Kurita 
 

• IMID 2009 DIGEST 

In the figure, the response of System (1, 0.5) is little 
improved compared with that of System (1, 1), 
because of the camera response of Atc=1. Response 
will be significantly improved, if both temporal 
apertures are improved, as System (0.5, 0.5). 

Consequently, they are confirmed on dynamic 
spatial frequency response that the both motion blur in 
camera and display should be improved for achieving 
a good motion-image-quality, and that setting 
temporal apertures of camera and display to the same 
value is efficient on a viewpoint of system cost. 
Therefore, we will set the temporal apertures to 
common parameter At, or Atc = Atd = At, in the 
following sections. 

 
 

4. Improvement of dynamic response 
 

Responses shown in Fig. 2 seem to be quite 
insufficient and improvement is necessary. There are 
two basic methods to improve dynamic response: 
setting At to a small value and increasing frame-rate. 
Setting At to camera corresponds to a camera shutter. 
Scanning backlight (SBL) corresponds to setting At to 
LCDs. High frame-rate (HFR) of camera and display 
is often difficult to implement and has trade-off for 
cost, power dissipation and other performances, such 
as sensitivity and/or noise in camera. Black data 
insertion (BDI) of LCDs also corresponds to setting 
At, but it increases panel driving frequency like HFR. 

System responses for various frame-rates are shown 
in Fig. 3, as an example, for a medium motion 
velocity of vx = 10 (deg./sec.) and a fast motion 
velocity of vx=30. Higher frame-rate can significantly 
improve dynamic response. However, an increase of 
vx easily cancels the improvement. This is the same 
for the improvement by temporal aperture. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  Improvement of dynamic response by high 
frame-rate and its degradation by higher 
motion velocity. 

Setting frame-rate to extremely high, to overcome 
the increase of vx, will make devices and systems 
difficult to realize. 

Setting At to extremely small will cause other 
deterioration on performance and motion-image-
quality. 

There are some dynamic or temporal image 
artifacts except for motion blur, such as noise or 
flicker. All of these artifacts should be negligible to 
achieve a true fine motion-image-quality. It is known 
in television engineering that setting At to a small 
value will causes stroboscopic artifact or jerkiness on 
perceived image. This artifact should be negligible too. 
However, it seems that there were only few researches 
about the artifact [5][6][7]. We should refer these 
researches to decide optimum At and frame-rate. 

 
 

5. Discussion 
 

How should we decide the At and frame-rate? A 
conceivable and desirable condition may be setting 
the first null frequency fx1 of system dynamic 
response to maximum available frequency, or Nyquist 
spatial frequency of the system, to sufficiently utilize 
the system ability also for motion images. We denote 
the frequency as the following. 

Maximum available spatial frequency of system: 
fxm 
fxm=1/2 (cycle/pixel) from the sampling theory. 
This corresponds to f’xm=1080 (TV-line) for 
HDTV system. 

Because fx1 X At = 1 at the first null point, we 
obtain 

F = 30 vx At    (1) 
It is known that our eye can trace motion object up 

to around 25 to 30 degree per second. If we intend to 
improve motion-image-quality up to a motion-image-
velocity of 30 degree per second, an extremely high 
frame-rate of 900 Hz is required for At=1, from 
Equation (1). Concerning At, an extremely small 
value of 1/15 is required for F=60 Hz. However, this 
condition will cause serious stroboscopic artifacts and 
display-flicker on perceived images. These 
requirements seem not to be realistic on system design. 
An adequate compromise will be necessary 

An idea is to set fx1= α fxm (α= 0 to 1), and to 
select the coefficient α adequately. In this case, 
required frame-rate becomes 

F = α 30 vx At    (2) 
Here, we set the target on securing that motion-

image-quality deterioration of LCD-TVs or video 
system is at acceptable limit (AL) or over. We 
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therefore extract the pairs of motion velocity vx and 
aperture time Ta (Ta= At/F), which give the subjective 
evaluation score corresponding to the AL, or 3.5 on 
the five-grade impairment scale, from the result of the 
subjective tests on motion blur reported in the 
literature [2][5][6][7]. Results are shown in Fig. 4. 
Examples of data are points “a”, “b” and “c” in Fig. 1, 
which are indicated as black triangular dots in Fig. 4. 

It is estimated from the figure that image quality 
with AL or over will be obtained for almost all of 
natural pictures, if fx1= 0.4fxm or α= 0.4. This 
condition is thought to be an adequate compromise. 

A point to notice is that the subjective tests referred 
in the figure were done for motion blur on camera or 
display, not including both motion blur. Nevertheless, 
it is thought that the above compromise is almost 
adequate, because system dynamic response is similar 
to the worse response between camera and display, as 
shown in Fig. 2. 

The relation corresponding to fx1= 0.4fxm is shown 
in Fig. 5, from the equation (2). Two sets of 
parameters for camera, display and video system with 
a good motion-image-quality are suggested from the 
figure. 

System 1:  F = 240 or 300 Hz, At = 1 to 0.5. 
System 2:  F = 120 Hz, At = 0.5 to 0.25. 

System 2 has a smaller At, but stroboscopic artifact 
on the system thought to be at AL or lower, from the 
result in [7], and flicker is free at 120 Hz. These sets 
are will be good candidates of future target for LCD-
TVs and video systems with a universally good 
motion-image-quality 

 
 

6. Summary 
 

Motion-image-quality of LCD-TVs and TV system 

was investigated by dynamic spatial frequency 
response, as a measure to estimate motion blur. 
Methods to improve the response were discussed. An 
ideal device or system with perfect motion-image-
quality seems not to be realistic. Two sets of 
parameters for camera, display and video system with 
a universally good motion-image-quality were 
proposed based on a compromise. 

The research described in this paper was done 
while the author was at NHK Laboratories. 
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Fig. 5. Frame-rate required for (fx1 = 0.4fxm).
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Fig. 4. Motion velocity and aperture time, corresponding to acceptable limit on  
motion-image-quality for motion blur. 

fx1: Spatial frequency of the first null point
fxm: Maximum available frequency of the system 
AL: Acceptable limit on motion-image-quality


