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1. Introduction

In ARIB of Japan, a Task Group on Flat Panel Display (FPD-TG) was established to set up the user requirement for flat panel display, using it as an HDTV master monitor in a TV program production environment (example: studio, editing room, outside broadcast van, etc.) in June 2004. This is not only because the picture quality of flat panel displays has recently greatly improved, but also because CRT master monitors will no longer be supplied in the near future.
FPD-TG had the fundamental idea that a master monitor is a measuring instrument of picture quality in TV programme production at the start of discussion. That is, rather than displaying beautifully, a master monitor should display a picture as it is, performing as little signal processing to the input signal as possible. FPD-TG has deliberated setting up the user requirement for flat panel display on the basis of this concept with the assumption that flat panel display will be used in the same way as a CRT master monitor.
As one of its activities, FPD-TG conducted comparative subjective picture quality assessment between a CRT master monitor and an LCD-TV on the market to examine the current performance of LCD in picture quality. This document reports the results of this subjective assessment test.

LCD-TVs using an OCB (Optical Compensated Birefringence)-type panel were used for evaluation. Needless to say, the result described here shows only the current performance of the LCD-TVs under test, in addition picture quality changes depending on design concept or adjustment as well as characteristic of LCD panel module. It should be recognized that the result here shows no universal relationship in picture quality between CRT and LCD.
2. Outline of subjective test

Subjective assessment method:  paired comparison method with simultaneous repeated presentation
Number and type of observers:  36 people, video experts only

Date of assessment test:
    2005 April 26     10:30 – 15:30

Place of assessment test:
    NHK science & technical laboratories

Test materials:



    30 samples (15 sec material x 25, 60 sec material x 5)

3. Methodology for comparative subjective picture quality assessment test

1) Viewing condition

The viewing condition of this test was set up fundamentally based on “Viewing conditions for the subjective assessment of HDTV image quality” specified in Table 1 of Recommendation ITU-R BT.710-4. There were two differences: one is that the room was made very dark and the other is the colour temperature of CRT and LCD was set to 9300K (D93). Because it was thought that the subjective assessment test should preferably be conducted under the same viewing conditions as those in the actual TV programme production environment at Japanese TV stations, considering that the purpose of this test was to evaluate the adequacy of picture quality of LCD as a master monitor. 

2) Screen size and model name

A type of about 24 inches was selected as the screen size of CRT and LCD taking into account the size of the master monitors actually used at HDTV sub-control rooms of Japanese TV stations. The following models of CRT and LCD were used for evaluation.

CRT monitor   BVM-D24E1W (produced by SONY, 24-inch model)  


2 sets

LCD-TV          FORIS.TV  VT23XD1 (produced by EIZO NANAO, 23-inch model)   
2 sets

The two CRT monitors used in the test were for professional use, and are used as master monitors at HDTV sub-control rooms. On the other hand, since there was no LCD professional monitor such as a master monitor on the market, one LCD-TV model currently sold as a home electronics item was selected, comprehensively considering the purpose of this test. (Regrettably, there was no LCD-TV that has a resolution of 1920x1080 with a screen size of about 24 inches. The above-mentioned LCD-TV has a resolution of 1280x768).
3) Selection of test materials

Thirty materials were selected from mainly “the standard moving pictures for subjective assessment of ITE (Institute of Image Information and Television Engineers)” in Japan, which are listed in Table 4 “Test materials for 1125/60 HDTV and 525/60 television” of Rec. ITU-R BT.1210-3, taking into account that the selected materials should have different features such as quick or slow movement, tone reproduction in the dark or bright portion, a colour-saturated portion, basic tones with flesh colour, special movement like a swinging pendulum or rotating disk, special effects such as flicker by fluorescent/mercury lamps and so on. In addition to the 22 materials from the standard moving pictures of ITE, eight materials were selected, which were shot with the latest HDTV camera and recorded in uncompressed or low-compressed format (about 1/5 compression ratio).

The test materials (total 30 samples) used in this test are shown in Table 1. Presentation of 15 seconds was performed twice for materials No. 1 to 25, and presentation of 60 seconds was performed once for materials No. 26 to 30, respectively.

4) Evaluation method
The paired comparison method with simultaneous repeated presentation was employed as an evaluation method. 

(Reference)  A study of the subjective evaluation method for moving sequences with different types of impairments  (Institute of Electronics, Information and Communication Engineers, 

Technical Report CS96-125, IE96-94(1996-12) by Narita Nagato (NHK), Sugiura Yukio (NHK))
5) Layout of CRT monitor and LCD-TV

The position of CRT monitors, LCD-TVs and observers is shown in Fig.1. A CRT monitor and an LCD-TV were set up with some angles between them so that the viewing conditions for each observer at different positions could be as similar as possible. More concretely, the LCD-TV was rotated so that the angle between the observer and the screen of LCD-TV could be as similar among three observers as possible, because the picture quality of LCD-TV is likely to degrade when watching from an oblique direction. 
The viewing distance was 3 H (H: picture height). As shown in Fig. 1, the three observers were not placed in a line, but the viewing distance for the central observer was kept at 3 H as well as the for two observers on the right and the left, by leaning forward to the screens. However, there were cases where the viewing distance for the central observer became a little longer than 3 H according to the observer’s posture. The reason that three observers were not positioned in a line was to avoid the situation where the observers on the left and the right watched the screens with a large oblique angle, which causes apparent degradation in picture quality.
To conduct the test effectively, two sets of CRT monitor and LCD-TV were prepared, and they were separated with a central curtain as shown in Fig.1. Two groups of observers conducted the test simultaneously.

6) Presentation structure of test materials

The presentation structure of test materials No. 1 to No. 25 is shown in Fig. 2. 

The presentation for 15 seconds was repeated twice, and the time for score entry was added. One set of presentation structures has a total of 45 seconds.

For test materials No. 26 to No. 30, moving pictures were displayed once for 60 seconds. 
7) Grading scale

A seven-grade scale was used for the test as shown in Table 2.

The picture quality of LCD-TV was evaluated with reference to that of the CRT monitor for each test material with a seven-grade scale.
In addition to voting on a seven-grade scale, the observers were requested to describe what they felt about or were concerned about the pictures of LCD-TV, or what remained as an impression, etc. for materials No. 1 to 25 as a whole. Similarly, observers were requested to describe the above matters for materials No.26 to 30 separately.

8) Observers
Considering that the observers were requested to discriminate differences in picture quality between the CRT master monitor and LCD-TV, and also to judge the suitability of LCD for professional use as a master monitor, 36 video experts were asked to join this test as observers. They were TV programme production staff of TV broadcast stations or display designers of electronics manufacturers, who spend much time watching images on TV monitors or on FPD as their daily job.

9) Analysis of the results

The mean score and 95% confidence interval was calculated for each test material. A psychological scale for each material was calculated from the scores obtained in the test, using the method of successive categories described in Rec. ITU-R BT. 500-11.

Table 1    Materials used in the subjective assessment test

	No.
	No. in Table 4 of Rec.1210-3
	Title
	Contents

	1
	2
	Flower basket
	Picture of colourful flowers

	2
	3
	Woman with bird cage
	Waist shot of a woman carrying a red bird cage

	3
	4
	Entrance hall
	Loose shot of three women chatting indoors

	4
	7
	European market
	Loose shot of a market on a street

	5
	13
	Church
	Scene of a Gothic cathedral

	6
	15
	Yachting
	Frame in and out shot of a yacht with a woman

	7
	16
	Whale show
	Scene of a whale jumping up in an aquarium 

	8
	18
	Wintertime river
	Scene of a boat on a calm river in winter season

	9
	19
	Opening ceremony
	Opening ceremony of an athletic meet

	10
	20
	Soccer action
	Loose shot of soccer game

	11
	23
	Green leaves
	Scene of a tree-lined road with green leaves

	12
	32
	Buddhist images
	Stone Buddhist images covered with moss

	13
	33
	Group game
	A mass game at an athletic meet

	14
	34
	Ice hockey
	Scene of a face-off at a hockey game

	15
	35
	Horse race
	Horse racing at the start

	16
	42
	View from sky with credits
	Aerial scene of a fiord with superimposition scrolling upwards

	17
	43
	Bronze with credits
	A bronze statue with superimposition moving horizontally

	18
	46
	Chroma-key (sprinkling)
	A composed scene of a woman and sprinkling water

	19
	47
	Chroma-key (picture cuts)
	A composed scene of a woman and short cut images

	20
	49
	Character pattern
	Scene of character patterns in various sizes 

	21
	52
	Rotating disk (with 1/1000 s shutter)
	A rotating disk attached with still pictures (in the shutter speed of 1/1000 s)

	22
	55
	Pendulum (with 1/1000 s shutter)
	A pendulum swinging in front of a still picture (in the shutter speed of 1/1000 s)

	23
	
	Rotating test pattern of monoscope (with 1/1000 s shutter)
	A rotating test pattern of monoscope (in the shutter speed of 1/1000 s)

	24
	
	Japanese doll
	Japanese doll with red clothes (almost still picture)

	25
	
	Shining sea
	Scenery of shining sea and playing people at shore

	26
	
	Orchestra
	Orchestra with black dresses

	27
	
	Marathon relay race
	Many marathon runners shot from OBVAN

	28
	
	Mountain
	Scenery of mountain and people climbing a cliff

	29
	
	Music programme
	Music programme with hard effect of moving light

	30
	
	Underground parking with the flicker of mercury lamps
	Underground parking with the flicker of mercury lamps
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Table 2    Seven-grade scale

	Score
	Implication to each score

	+3
	Much better

	+2
	Better

	+1
	Slightly better

	0
	The same

	-1
	Slightly worse

	-2
	Worse

	-3
	Much worse


3. Result of the comparative subjective assessment test

The abundance frequency of scores in the test results is shown in Fig. 3.

The mean score, 95% confidence interval and psychological scale are shown in Table 3, and these data are graphed in Fig. 4.

4. Consideration of the results (Scores and comments)

(1) Consideration of the result based on scores

Figure 3 shows that the scores obtained in the test comparatively concentrated in either score –1 or score 0. This means, as a whole, many observers felt that the picture quality of LCD-TV was a little lower than or equivalent to that of the CRT monitor.

The test materials with poor scores in the test results can be classified into three groups according to the mean score of each test material, as marked with the dotted colour lines in Fig. 4, and common features are found among the test materials classified into one group as follows. 

Group 1 with the lowest score:  Test material No. 22

Test material No. 22 is the image of a pendulum swinging in front of a still picture (in the shutter speed of 1/1000 s). Blur in the movement of the pendulum was highly noticeable on LCD-TV, despite there being no blur on the CRT monitor. Therefore, obtrusive motion blur is the clear reason for the worst score.

Group 2 with the second lowest scores:  Test materials No. 3, 12, 21, 26

Test materials No. 3 (Loose shot of three women chatting at dark entrance hall), 12 (Stone Buddhist images covered with moss) and 26 (Orchestra with black dresses) have large black or dark areas in the images. Since the luminance of LCD-TV at the black level was higher than that of the CRT monitor, the difference in vision of the black or dark areas was perceived between LCD-TV and the CRT monitor. The shortage of contrast ratio seems to have lead to the second lowest evaluation for LCD-TV.

Group 3 with the third lowest scores:  Test materials No. 5, 11, 15, 17, 23

Test materials No. 5 (Scene of a Gothic cathedral), 11 (Scene of a tree-lined road with green leaves), 15 (Horse racing at the start), 17 (A bronze statue with superimposition moving horizontally) and 23 (A rotating test pattern of monoscope) have comparatively high-definition subjects, and they are moving, swinging in the wind, or shot with tilt-up movement. It was clearly recognized that the actually visible resolution of LCD-TV becomes lower with motion blur. The observers gave a somewhat lower score for LCD-TV due to the poor dynamic screen resolution.

In the case of test material No.30 (Underground parking with the flicker of mercury lamps), the variation in scores for this material is relatively large.  This seems to be caused by two ways of feeling about how the flicker was displayed on LCD-TV. The flicker of mercury lamps was highly outstanding on the CRT monitor, but not so visible on LCD-TV. Here, one gave a worse score for LCD-TV because it could not display the flicker in the same way as the CRT monitor. The other gave better scores for LCD-TV because it displayed the scene in the almost same way as the visual sensitivity of human beings, namely, human beings cannot perceive the flicker of mercury lamps with their eyes. Due to the combination of the two, the mean score for No. 30 was not very low, but the 95% confidence interval was large. The scores for No. 30 were excluded from the calculation of the psychological scale because these data were too far from the normal distribution.

 (2) Consideration of the results based on comments

In addition to voting on a seven-grade scale, the observers were requested to describe what they felt about or were concerned about the images on LCD-TV, or what remained as an impression, etc. for No. 1 to 25 (each duration: 15 sec) as a whole, and for No. 26 to 30 (each duration: 60 sec) separately. The comments obtained were classified into several items and summarized as shown in Table 4.
An overall brief summary is as follows. 

There were many comments resulting from luminance on the screen at the black level. Since LCD-TV had a higher luminance at the black level than the CRT monitor, it could not achieve the same contrast ratio as the CRT monitor. This resulted in the following comments related to the black level.

·  Especially for black or dark portions in the pictures, the picture looked hazy.

·  LCD-TV gave scarcely any depth-feel or a stereoscopic effect compared with CRT.

·  LCD-TV could not express the delicate differences in the black portions.

·  There was not sufficient tone reproduction of low luminance part, and so on.

In addition, there were many comments related to motion blur.

·  LCD-TV did not have the sufficient dynamic screen resolution because the actually visible resolution of LCD-TV lowered due to motion blur for the moving pictures.

On the other hand, there were comments supporting the picture quality of LCD-TV rather than the CRT monitor. 

·  Colours displayed on LCD-TV are preferred to those on the CRT monitor.

·  LCD-TV gave a better impression in the case of bright scenes than the CRT monitor.

5. Conclusion

FPD-TG in ARIB conducted the comparative subjective assessment test between the CRT monitor and LCD-TV. The evaluation results on a seven-grade scale shows that LCD-TV provided a picture quality almost equivalent to that of the CRT monitor depending on the content of the test materials. Moreover, there were some comments that showed some observers had a better impression of LCD-TV. Judging from these, the picture quality of LCD-TV has obviously greatly improved, and it may be possible to use LCD-TV as a so-called picture monitor at TV stations. 

However, FPD-TG concluded that further improvement is necessary in the picture quality of LCD-TV to be used as a master monitor in a TV programme production environment, especially the improvement in luminance at the black level, motion blur and tone reproduction of low luminance part.
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Table 3     Mean score, 95% confidence interval and psychological scale in the test results
	No.
	No. in Table 4 of Rec.1210-3
	Title
	Mean score
	95% confidence interval
	Psychological scale

	1
	2
	Flower basket
	-0.6
	±0.27
	-0.81

	2
	3
	Woman with bird cage
	-0.7
	±0.28
	-0.82

	3
	4
	Entrance hall
	-1.3
	±0.31
	-1.37

	4
	7
	European market
	-0.6
	±0.26
	-0.72

	5
	13
	Church
	-0.8
	±0.33
	-0.95

	6
	15
	Yachting
	-0.6
	±0.25
	-0.67

	7
	16
	Whale show
	-0.4
	±0.21
	-0.47

	8
	18
	Wintertime river
	-0.6
	±0.24
	-0.75

	9
	19
	Opening ceremony
	-0.4
	±0.26
	-0.46

	10
	20
	Soccer action
	-0.7
	±0.27
	-0.79

	11
	23
	Green leaves
	-0.9
	±0.28
	-1.05

	12
	32
	Buddhist images
	-1.3
	±0.29
	-1.4

	13
	33
	Group game
	-0.4
	±0.24
	-0.47

	14
	34
	Ice hockey
	-0.5
	±0.25
	-0.63

	15
	35
	Horse race
	-0.9
	±0.27
	-0.97

	16
	42
	View from sky with credits
	-0.3
	±0.24
	-0.4

	17
	43
	Bronze with credits
	-0.9
	±0.24
	-1.08

	18
	46
	Chroma-key (sprinkling)
	-0.3
	±0.22
	-0.41

	19
	47
	Chroma-key (picture cuts)
	-0.7
	±0.23
	-0.79

	20
	49
	Character pattern
	-0.1
	±0.23
	-0.17

	21
	52
	Rotating disk (with 1/1000 s shutter)
	-1.4
	±0.25
	-1.58

	22
	55
	Pendulum (with 1/1000 s shutter)
	-2.4
	±0.18
	-2.58

	23
	
	Rotating test pattern of monoscope (with 1/1000 s shutter)
	-1
	±0.3
	-1.18

	24
	
	Japanese doll
	-0.2
	±0.21
	-0.28

	25
	
	Shining sea
	-0.4
	±0.23
	-0.49

	26
	
	Orchestra
	-1.5
	±0.29
	-1.65

	27
	
	Marathon relay race
	-0.3
	±0.23
	-0.43

	28
	
	Mountain
	-0.6
	±0.23
	-0.67

	29
	
	Music programme
	-0.1
	±0.16
	-0.2

	30
	
	Underground parking with the flicker of mercury lamps
	-0.3
	±0.49
	---




	(1) Luminance at black level, contrast ratio
Since LCD-TV used in this test had a higher luminance at the black level than the CRT monitor, it could not achieve the same contrast ratio as the CRT monitor. Due to this, there were many comments that the picture looked hazy, especially for the black or dark portions in pictures. Related to this issue, there were comments such as “LCD-TV gave scarcely any depth-feel or a stereoscopic effect, compared with the CRT monitor”.

Furthermore, generally speaking, the black objects have a variety of slight differences in vision. For example, they may look glossy, they may look only a little lighter black, reddish black, or greenish black. There were some comments that LCD-TV could not express the delicate differences in the black portions. On the other hand, there also were many comments that LCD-TV displayed reddish black in the portion where the CRT monitor displayed complete black, or that the colour-shift from the original black was noticeable on LCD-TV.

This test was conducted in a very dark room, namely, under almost the same viewing conditions as those in the actual TV programme production environment, because the purpose of this test was to evaluate the adequacy of picture quality of LCD as a master monitor. Darkness in the room made the observers notice slight differences in the black portions between the CRT monitor and LCD-TV much more easily. Anyway, the most common comments were related to black as a whole. 

	(2) Tone reproduction
There were also many comments pointing out the degradation in picture quality caused by insufficient tone reproduction in the dark or black areas of the pictures. For example, LCD-TV could not express the delicate differences in the dark or black areas, and no difference in texture could be discriminated among black dresses, black hair and black instruments on LCD-TV. 

	(3) Motion blur
There were a few comments that the characteristics of motion blur have greatly improved, and that there was no problem about motion blur except with very quick movement, but the major comments were that further improvement was mandatory and that motion blur was especially noticeable when objects moved horizontally.

There were also many comments pointing out the difference in vision between when objects were stationary and when they were moving. For example, an object looked very sharp when it was stationary but it looked blurred when it began moving, and a thin line became thicker when it started moving.  There seems to be a tendency that blur on LCD-TV is more strongly recognized when an object begins moving because sharpness for still pictures on LCD-TV is greater than on the CRT master monitor.

	(4) Resolution
There were several comments pointing out that the resolution of LCD-TV was lower than that of CRT. Physically speaking, LCD-TV in the test had a lower resolution of 1280x768 than the CRT monitor, judging from the difference between the pixel pitch of RGB for LCD-TV and the pitch of the shadow mask for the CRT monitor. On the other hand, there were also some comments showing that LCD-TV displayed pictures more clearly than the CRT monitor. It seems that LCD-TV had comparable resolution to CRT monitor for still pictures. But observers felt the shortage in the dynamic screen resolution of LCD-TV for moving pictures due to motion blur, and pointed out this matter in their comments.

	(5) Mura
“Mura” is a defect that looks like a small-scale crack with very small changes in luminance or colour. “Mura” is likely to be noticeable in the flat portions of images even if the size of the mura is very small. There were some comments pointing out “mura” in the following. For example, “mura” was detected in the grey portion, some parts on LCD-TV looked uneven where they looked flat on the CRT monitor, and “mura” was noticed in a close-up shot of a beautiful face and it was annoying.

	(6) Difference in colour reproduction
There were some comments about the difference in reproduced colour. For example, observers worried about how the difference in colour reproduction should be evaluated in the voting, or observers felt that the difference in flesh colour was especially noticeable, or the colour reproduction of LCD-TV was preferred to that of CRT monitor, and so on. 

Even though there was a difference in colour reproduction between the two, about half of the comments showed that they preferred the colours on LCD-TV to those on the CRT monitor. In addition, they had a good impression especially of the pictures with saturated colours such as the music programme regarding the vividness of the colours.

	(7) Overall impression 

There were comments about the overall impression of the images displayed on LCD-TV as follows. The observers felt that there was no depth-feel in the images displayed on LCD-TV compared with the CRT monitor, that images on the CRT monitor gave a natural impression and textures, that images on LCD-TV supplied a unnatural perspective because the image was displayed sharply at full screen, and so on.

Though overall impression seems to be influenced by the black level, contrast ratio, tone reproduction, brightness, resolution, blur and colour reproduction comprehensively, images on the CRT monitor gave the observers a more natural and satisfactory impression.

	(8) Flicker
It was confirmed that the flicking of mercury lamps decreased considerably in the case of LCD-TV compared with the CRT monitor. There were a few comments complaining about losing the expression method with flickering in TV programme production, but the majority felt it was desirable because human beings cannot perceive the flickering of fluorescent/mercury lamps.

On the other hand, there was a comment pointing out this problem as follows. If a TV programme is produced without the strong flickering by fluorescent/mercury lamps being noticed because an LCD master monitor is used , viewers at home may feel annoyed with the strong flickering on a CRT monitor.

Anyway, these are less important problems even if LCD-TV cannot display the flickering in the same way as the CRT monitor because it is similar to the visual sensitivity of human beings.
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Fig. 4     Mean score and 95% confidence interval in the test results
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Fig. 3    Abundance frequency of scores in the test results
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Fig.2     Presentation structure of test materials in the paired comparison method








Fig. 1    Position of CRT monitors, LCD-TVs and observers
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Table 4    Comments on comparative subjective assessment test between the CRT monitor and LCD-TV
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