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Abstract 
Motion-induced artifacts on LCDs appear as blurred 

boundaries and/or color aberration between the moving 
objects and background. Perceived degree of the motion-

induced artifacts depends on the blur width as well as color 

difference. This paper presents a quantitative measure for 

the motion-induced artifacts on LCDs. Performance of the 

proposed measure is verified by calculating correlation 

coefficients between the proposed measures and the results 

of human visual tests performed on the 240 Hz and 120 Hz 

scanning LCD TVs. 
 

 

1. Introduction 

 

As a hold-type display, LCD exhibits undesirable 

motion-induced artifacts. Various techniques have been 

proposed to reduce the degree of motion artifacts on LCDs. 
They include the frame rate up conversion, black insertion, 

field sequential color techniques or their combinations [1-3]. 

In order to compare performance of the motion artifact 

reduction techniques, quantitative evaluation of motion 

artifacts is needed.  

Motion-induced artifacts appear as blurred boundaries 

and/or color aberration between the moving objects and 

background. Degree of blurriness depends on the luminance 
levels of the objects and backgrounds. Color aberration is 

caused by differences in the luminance levels of RGB 

channels. For example, when red-blue patches are moving 

from left to right, unintended magenta color is visible in the 

boundary between two neighboring patches.  

Even though motion-induced artifacts consist of two 

aspects, blurriness and color aberration, most of previous 

works on the motion-induced artifacts are mainly focused 
on the blurriness only. One of the most popular blurriness 

measures is the motion picture response time (MPRT) [4,5]. 

Literatures on motion-induced color aberration are scarce. 

Color deviations from the desired colors of the objects and 

background are integrated over the blurred interval and 

serve as a measure for color aberration [6,7]. In this paper, 

this will be called as ‘sum of ∆E’. In [6], the luminance 

transition curves for achromatic patches are measured using 
color pursuit camera. ‘Sum of ∆E’ is determined based on 

the reference white. In [7], RGB transition curves are 

estimated based on the temporal step response. Possibility 

of utilizing ‘sum of ∆E’ to characterize the motion-induced 

color aberration is discussed in [7]. However, ‘sum of ∆E’ 

has its limitation because the perceived levels of color 

aberrations depend on the ‘sum of ∆E’ as well as blur width. 
This will be described later in detail when the proposed 

measure is explained.  

Objective of this paper is to propose a quantitative 

measure to describe the motion-induced artifacts on LCDs. 

Both of blurriness and color aberration are considered in the 

proposed measure. In order to quantify the motion-induced 

artifacts, color coordinates in the boundary area should be 

obtained first. In this paper, color coordinates in boundary 
areas are determined based on a small set of intensity data 

measured from achromatic patches using a pursuit camera 

and the displayed color coordinates measured by 

spectroradiometer. Performance of the proposed method is 

verified by comparing with the results of human visual test 

on a 240 Hz and a 120 Hz scanning LCD TVs.  
 

 

2. Simulation of data for quantification 
 

Motion-induced blurriness can be determined based on 

the luminance transition curve in boundary area between the 

moving object and background. In order to quantify degree 

of the motion-induced color aberration, values of color 

coordinates, for example, CIEL
*
a
*
b
*
, in boundary area are 

needed. Boundary between the object and background is 

often simulated by two neighboring color patches.  

For a given pair of color patches, necessary data for 

quantification can be obtained by direct measurement. 

However, number of all the color patch combinations of 24 

bit color displays becomes astronomical figure. In this paper, 

necessary data for quantification are simulated based on 

small set of direct measurements by color pursuit camera 
and colorimetric measurements by spectroradiometer.  

First, RGB intensity transition curves for 9x8=72 

achromatic patch combinations are measured by the color 

pursuit camera. Combinations of color patches that can be 

generated using 72 measurements are 72x72x72. Objective 

of the proposed simulation method is to obtain necessary 

data for 72x72x72 color patch combinations. Unlike LCD 

modules, LCD TVs may have embedded color processing 
that changes input RGB color coordinates. Thus, the 

displayed CIEXYZ color coordinates for 9x9x9 input RGB 

combinations are measured by spectroradiometer.  
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Based on the intensity transition curves for 9x8 B/W 
patch combinations and the CIEXYZ data, luminance 

transition curves and CIEL
*
a
*
b
*
 color coordinates at the 

sampled locations in blurred area are determined for each of 

72x72x72 color patch combinations. Contrast sensitivity 

function [8] is utilized in simulation to account for the mach 

band effect in visual perception. Figure 1 shows the 

diagram of the proposed simulation method.  

 
Figure 1. Flow chart of the proposed data simulation method. 

 

 

3. Measure of motion-induced artifacts 
 

The proposed measure of motion-induced artifacts is 

derived from the following three assumptions of visual 

perception. First, when ‘sum of ∆E’, that will be referred as 

S∆E, keeps constant, perceived level of motion-induced 
artifacts (PMA) depends on the blur width. Figure 2(a) 

shows three ∆E profiles having the same value of S∆E but 

different blur widths. ∆E profile represents colorimetric 

deviations from the ideal color reproduction. In the Case I 

of Figure 2(a), the narrow blur width makes it difficult to 

perceive the color artifacts. In the case III, blur width is 

wider. But, very low ∆E will decrease PMA. Thus, the 

relationship between PMA and blur width for a constant S∆E 
can be assumed as shown in Figure 2(b). PMA will increase 

until blur width reaches a certain level and then decrease. 
 

 

Figure 2. Assumption I: constant S∆E case. 

Second, when blur width remains constant, PMA will 

increase as ∆E increases. Figure 3(a) illustrates this 

assumption by three cases of ∆E profiles with the same blur 

width but different levels of ∆E. It is assumed as in Figure 

3(b) that PMA increases as dE increases when the blur 

width remains the same. Third, when ∆E keeps a constant 

level, PMA will increase as blur width increases. This 

assumption is illustrated in Figure 4.  
 

 

Figure 3. Assumption II: constant blur width case 
 

 

Figure 4. Assumption III: constant ∆E case. 

 

Based on the above assumptions, the measure of artifacts 

is defined as  

2
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where BW represents blur width. In Equation (1), both of 

blurriness and color aberration are considered. When color 

aberration is not dominant, ∆E will be mainly determined 

by the luminance differences. Smaller value of PMA 

denotes less visible motion-induced artifacts on LCD. 

Actual shape of ∆E profile does not appear as triangular 
shape as conceptually shown in Figures 2-4. In this paper, 

∆E profile is divided into three different subareas. In Figure 

5, values of ∆E in Pl and P4 have 10% of ∆EMAX. P2 and P3 

are defined to have 10% of ∆E between two neighboring 

color patches. Equation (1) is applied to each subarea. The 

proposed measure of motion-induced artifacts on LCDs is 

defined as the sum of the three values of PMA.  
 

S L C R
PMA PMA PMA PMA= + +  (2) 

 

4. Experimental results 
 

Two LCD TVs are utilized in the experiment. LCD1 is 

240 Hz VA mode and LCD2 is 120 Hz scanning IPS mode. 
For easy discrimination in visual tests, two pairs of color 

patches are designed as shown in Figure 6. For each pair of 
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color patches, there are two edges, vertical and horizontal. 
When the test pattern moves in horizontal direction, 

motion-induced artifacts occur only in the vertical edge. In 

visual tests, test pattern in Figure 6 moves from left to right 

at the speed of 6ppf (pixel per frame). 

 

 

Figure 5. Shape of ∆E profile in actual case. 
 

 
Figure 6. Example of two color patch combinations for visual tests. 
 

Visual experiments are performed in dark room. Number 

of human observers is 15. The distance between the 

observer and displays is 1m. Instructions given to observers 

for the paired comparison are as follows; “Compare the 

differences between vertical and horizontal edge areas of 

two pairs of color patches. Choose one of color patch 

combinations (above or bottom) that yields larger difference 

in vertical boundaries”.  
 

A. Verification for simulation of transition curves 
In order to verify accuracy of the proposed simulation 

method explained in Section 2, actual luminance transition 

curves are measured by the color pursuit camera. Also, 

corresponding luminance transition curves are estimated by 

the proposed simulation method. Figure 7 illustrates four 

different examples of the measured and estimated 

luminance transition curves. Correlation coefficients are 

calculated between the measured and simulated luminance 
values. The value of correlation coefficients for 22 pairs of 

S(start)-E(end) combinations is 0.98. High value of the 

correlation coefficient indicates that the proposed 

simulation method faithfully generates the luminance 

transition curves.  
 

B. Performance for color patches  
In order to examine the performance of the proposed 

measure of the motion-induced artifacts, the values of the 
proposed measure PMAS are calculated for all of 72x72x72 

color patch combinations. The calculated values are sorted 

in the order of the values of PMAS. Ten color patch 

combinations are uniformly sampled over the range of 

PMAS values. The selected color patch combinations are 

utilized in human visual tests. Also, three additional metrics, 
the BEW, PBEW and S∆E, are calculated from ten 

combinations of color patches for the comparison of 

performance.  
 

 

Figure 7. Example of simulated and measured luminance curves. 
 

Experimental results performed with LCD1 are given in 

Table 1. In Table 1, the first column represents pattern 

identification number. RGB coordinates of ten color patch 

combinations utilized for LCD1 are listed in Table 2. The 

second column represents the results of the paired 

comparison given in JND(just noticeable difference) unit. 
Smaller values of the JND indicate that there are less visible 

motion-induced artifacts. The last row of Table 1 gives the 

value of correlation coefficients between the results of 

visual tests and the calculated metrics. Among the four 

different measures, the proposed measure yields the highest 

correlation of 0.95. Compared to the proposed measure, the 

BEW and PBEW yield smaller value of correlation 

coefficients. The same experimental procedure is applied to 
LCD2. The correlation coefficients in the experiments with 

LCD2 for the BEW, PBEW, S∆E and PMAS are 0.73, 0.73, 

0.88, and 0.94, respectively.  
 

Table 1. Results for color patches (LCD1) 

ID JNDs BEW PBEW S∆E PMAS 

1 -2.06 0 4 13 0.00 

2 -1.23 1 4 19 1.22 

3 -1.93 1 4 86 2.57 

4 -0.36 3 6 58 3.49 

5 -0.75 4 4 61 4.65 

6 0.91 4 7 143 5.90 

7 0.86 12 7 136 6.79 

8 0.83 3 7 133 7.12 

9 1.61 3 6 139 7.93 

10 2.12 8 13 203 10.31 

R 0.65 0.81 0.90 0.95 
 

Table 2. RGB Color coordinates for Table 1 (LCD1) 

ID S E 

1 (128,64,128) (192,128,192) 

2 (96,192,128) (64,255,224) 

3 (96,255,128) (255,160,224) 

4 (224,192,255) (128,96,160) 

5 (96,96,128) (224,128,255) 

6 (96,192,192) (224,96,224) 

7 (224,96,64) (128,128,192) 

8 (160,192,255) (192,96,64) 

9 (192,224,160) (224,64,64) 

10 (64,160,64) (96,64,96) 
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C. Performance for B/W patches  
Performance of the proposed measure is examined for 

B/W patch combinations. Among the 72 (9x8) possible 

combinations of B/W patches, 10 S-E combinations that are 

uniformly distrbuted over the range of PMAS values are 

chosen. Table 2 lists the results of the paired comparison 

and the calculated values of 4 different metrics. The second 
and third columns list RGB (R=G=B) values of the S and E 

patches, respectively. Correlation coefficients are listed in 

the last two rows. The 12th row represents correlation 

coefficients calculated for all of 10 B/W combinations. The 

last row lists the correlation coefficients without Test 

pattern 3 that considerably deteriorates the perfromance of 

the BEW and PBEW.  

The luminance transition curve, PBEW curve and ∆E 
profiles for Test pattern 3 are shown in Figure 8. Test 

pattern 3 exhibits small difference in the luminance, small 

value of S∆E but large BEW and PBEW values. Even 

though wide transition area, small value of PMAS and S∆E 

would reduce the degree of perceived level of artifacts. This 

example obeys the assumption of perception and can be one 

of the reasons why the proposed measure outperforms.  
 

Table 3. Results for B/W patches (LCD1) 

ID S E JNDs BEW PBEW S∆E PMAS 

1 255 160 -1.43 2 5 22 0.97 

2 160 224 -0.96 1 4 17 1.36 

3 160 192 -1.61 7 11 21 2.08 

4 0 160 -0.09 2 4 55 2.70 

5 64 256 -0.41 2 4 84 3.49 

6 96 256 -0.69 1 4 67 4.07 

7 32 160 -0.28 5 4 78 4.82 

8 128 32 1.17 5 5 83 5.58 

9 192 0 1.62 6 9 137 6.11 

10 128 0 2.7 7 10 122 6.87 

Overall R 0.53 0.36 0.87 0.90 

R (without pattern 3) 0.88 0.86 0.85 0.90 

 

Figure 8. Characteristics of Test pattern 3. 
 

D. Comparison between LCD1 and LCD2  
In order to compare the perceived levels of motion-

induced artifacts for LCD1 and LCD2, average values of 

PMAS are calculated for all of 72x72x72 combinations. The 

average values of PMAS for LCD1 and LCD2 are 4.77 and 
3.96, respectively. It gives the ratio of 1.20:1.  

However, arithmetic averages of PMAS do not reflect real 

TV viewing environments. In this study, 300 frames of 

moving images are extracted from each of 9 different TV 

programs. They include sports, drama, and documentary 
programs. From each frame, motion vectors are extracted.  

Probability density function of the extracted motion vectors 

corresponding to the speed of 6ppf and direction of left-to-

right are calculated. For each of 72x72x72 combinations, 

probability of occurrence is multiplied by the values of 

PMAS. The weighted average values of PMAS for LCD1 

and LCD2 are 1.60 and 1.14, respectively. Ratio of the 

weighted average becomes 1.40:1.  
 

 

5. Conclusion 

 

In this paper, a quantitative measure of the motion-

induced artifacts on LCDs is proposed. Both of blurriness 

and color aberration are reflected in the proposed measure. 
Performance of the proposed measure is verified by 

calculating the correlation coefficients between the results 

of human visual tests and the calculated values of the 

proposed measure. For the color patch combinations, the 

proposed measure yields the highest value of correlation 

coefficients among four different metrics utilized in the 

experiments. Also, the proposed measure gives better 

results for the B/W patch combinations. Furthermore, it 
faithfully reflects the perceptual characteristics of human 

vision. Effective way of generating color coordinates in 

transition area is also proposed. Finally, performances of 

two commercial LCD TVs are compared. The weighted 

sum based on the probability density function of the motion 

vector extracted from real images can provide a framework 

for evaluation in real TV viewing environments.   
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