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Abstract. This paper describes a study conducted on 40 human subjects to rate six different digitized vis-
ual images (3 colored and 3 black & white) on a qualitative scale. The results were compared analysis of
variance and pairwise comparison tests. It was found that the subjects responded most favorably to the
highest resolution colored image, hence validating the hypothesis that high definition digitized images are
superior to the conventional ones. Moreover, it was also found that 5 out of 15 pairs of images were not
significantly different from one another, indicating that the images with resolution very close to one
another were not being differentiated by the subjects. The findings of this study are of vitat significance
because it reinforces the objective claims that the high definition images used in high definition television
are superior 10 the low definition images in conventional television,

Introduction

High definition television (HDTV) research is a subject which has gained lot of
momentum in the recent years. Several researchers in the area of digitized visual
images have addressed different issues within the subject. Some of these studies are
described in the following scctions.

Special reports [1;2] on the subject update the status of development and use of
HDTYV in the world. Also, current uses of the system were identified, including the
exhibition of still pictures in art galleries. The articles also describe the various dif-
ficulties being experienced in the development of a world standard for HDTYV.
Another report [3] praises the use of HDTV projetion - CRT systems by proving
them to be cheaper, less bulky and lighter in weight as compared to the large direct
- view CRT’s,
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Some researchers [4-8] have shown concerns and addressed different issues per-
taining to the international standards on HDTV and universal interchanging of all
kinds of images and image sequences [9]. . Some of the more advanced aspects such
as broadcasting techniques have been addressed. These include: digital HDTV com-
pression techniques [10}, digital HDTV terrestrial broadcasting systems [1 1], tests of
the terrestrial broadcasting systcm [12], methods for accommadation of HDTV ter-
restrial broadcasting [13], HDTV studio standards [14].

On the human factors side a psychophysically justified bit allocation algorithm
for use with subband image coding system was presented [10]. £t was found that this
algorithm was superior to the minimum mean square algorithm at low bit rates,

Human factors in imaging display designs

Rescarchers have addressed different aspects of imaging displays, image size
[2;15], image quality, target acquisition performance as a function of operator, target
and electronic imaging system characteristics [16], image legibility, visual search
{171, perception and movement [18;19], and color [1;20;21].

However, visually the main objective of the observer is to rcognize distinctive
target patterns against different backgrounds. Some of the factors that help the
observer include increased target size, reduced number of irrelevant targets, high
contrast, color, large display area, magnification, viewing time etc. Factors relating
to the visual system of a person include: their state of adaptation, their spatial acuity
and their line of sight. All these factors interact to produce a response of an indi-
vidual affecting both the speed and accuracy of human performance. An understand-
ing of these factors and their consideration in the design can help predict the system
performance more effectively. A recent article v[22], identified the human visual 5y5-
temn as the key to creating or developing outstanding displays. The critical factors
from the visual standpoint relating to display design as described by Rogowitz
include the need to recognize the capabilities and limitations of the visual system,
luminance perception, spatial vision, flicker and color recognition. The purpose of
this study is to decompose an image and then to test the visual quality of each imagc
using human subjects.

Image Decomposition and Reconstruction Procedure
The original image is decomposed into four bands using the sub-band coding

(SBC) technique as shown in Fig. 1(a). This technique consists of using two different
fitters, H, a low-pass filter, and G, a high-pass filter, to decompose the image.
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Fig. 1. Sub-band coding of image.
(a) Image decomposition to four bands.
(b) Image reconstruction of the four bands.

The relation between the analysis filters (H and G) and the synthesis filters (H
and G) for the system shown in Fig. 1 could be given by the following formulas:

G(Z)=H(-2)
H(Z) = 2H(Z)
G(Z) = —2G(-Z)
where H(Z} is a symmetrical finite inpulse response (FIR) filter of even order. The
two filters, H a low-pass filter, and G, a high-pass filter are used to reconstruct the

decomposed image. For a more detailed analysis on the quadrature mirror filtering
{OMF) and the decomposition of images see [23;24].
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For the original image, we used one level of decomposition. The G and H filters
are applied to the image in both horizontal and vertical directions as shown in Fig.
1(a). Then, the filter outputs are subsampled by a factor of two, generating three
selectively oriented high-pass sub-bands, GG, GH, HG, and a low-pass sub-band
HH. The four-band SBC decomposition is shown in Fig. 2.

0,0 256 512 >0
HH GH
256
HG GG
312
'
Wi

Fig. 2. Sub-band coding image decomposition listed for the four bands in the time domain.

Fig. 3. Original image.
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Fig. 4. Sub-band decomposition of original image. The four sub-bands (HH, HG, GH and GG).

The image used in this paper is a digitized color NTSC image with dimensions
of 512 x 512 pixels and 8 bits per pixel (bpp). Figure 3 shows the original image
decomposed in this manner. The filter used for decomposition is from the QMF fam-
ily, given in [25], known as (QMF 16A with 16-taps). Figure 4 shows the four bands
listed as given in Fig. 2 for the same image. These bands contain 1/4 of the original
samples (i.e. 256 X 256 pixels each).

QMEF sub-band coding algorithms for images have been explored by Vetterli
[26], and for use in compression, by Woods and O'Neil [27] and Gharavi and
Tabatabai [17]. We have used the QMF and the generalized QMF for sub-band cod-
ing of HDTV images [28;29]. In this paper, the main objective is to study the human
visual quality and compare it with the quantitative measure. Therefore, we did not
design the coding scheme required for compression. We only reconstructed the out-
put image from the base-band HH, which had the most information about the origi-
nal image. Then, we added all or some of the high-bands GH, HG and GG into HH
band. The overall quality of these images was then studied. The reconstruction
scheme of the image is presented in Fig. 1(b).

Subjective Evaluation Procedure

It is common to use some form of subjective evaluation to ascertain the quality
of the reconstructed images. A number of methods exist, including, binary decision
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methods and mean opinion scores (MOS), The MOS method as used in this research
consisted of 40 university students (21-23 years) rating the quality of images. Each
observer was asked to rate the image on a scalc of 1 to 5, and the average of the scores
was used as the MOS rating of the image. The five point scale, the associated quality
and impairment scales, and the evaluation form used by the observers, are shown in
Table 1.

Table 1. Subjective evaluation rating scales and evaluation form

Evaluator’s Name: Date:

Subjective evaluation rating scales

Numerical Qualitative Impairment description
5 Excellent Impereeptible
4 Good Perceptible but not annoying
3 Fair Perceptible and slightly annoying
P Poor Annoying
1 Bad Very annoying

Procedure: As each image is displayed, circle the number which best describes the quality of the image.

Image 1 1 2 3 4 5
Image 2 1 2 3 4 5
Image 3 1 2 3 4 3
Image 4 1 2 3 4 5
Image 5 1 2 3 4 5 =
Image 6 1 2 3 4 5

/

Six images (3 colored and 3 black and white) were selected to represent several
classes of images. Three images (either colored or black and white} were presented
separately. The observers were seated at a distance of six times the picture height (to
maintain a constant visual angle) and were asked to rate the quality of each image on
the scale of 1 to 5 as it was presented on a screen through a tachistoscope, with equal
interval and exposure times for all slides. The sequence of the presentations wds ran-
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dom except that no image was repeated in a given sequence. Sequences of colored
pictures were presented separately from the black and white sequences to avoid bias.
The interval between the colored picture testing and black and white testing was
approximately five minutes.

Simulation Results

Objective results

Although the final measure of performance of any algorithm is the subjective
quality of the processed picture, it is convenient to use a quantitative measure during
the development phase of the algorithm. A commonly used quantitative (objective)

measure for processcd images is the peak signal to noise ratio (PSNR) and the mean
square error (MSE) [28;29].

Table 2 shows the objective results of reconstructed pictures from different
bands. The base band (HH) which has the most information has been used to recon-
struct the original picture. Also, this band {(HH) is combined with other bands to see
objective and subjective quality. From Table 2, it can be concluded that GH band has
the significant color information of the image. Also, it can he seen that the informa-
tion in GG band can be neglected since the difference in the SNR between the recon-
structed image from HIT + GG bands and from HH band enly is 0.0603 dB. The fol-
lowing section describes evaluation results using human subjects.

Subjective results

Table 3 represents the data collected on six images and Table 4 is a frequency
table indicating the occurrence of each rating for each image. Figurcs 5 to 7 respre-
sent black and white images used in testing the subjects, whereas, Figs. 8to 10 are the
colored images used to test the subjects. It also gives the standard error and 95 per-
cent confidcnce intervals for mean. The analysis of variance results are presented in
Table 5 indicating that there is a significant diffcrence among the means i.e. the
model is significant at a confidence level 0f 95% (a = 0.05). Therefore, Ducan’s mul-
tiple range test to compare individual means is conducted (see Table 6). The com-
parison indicates a significance between colored images 1 and 3 and black and white
images 4 and 6 in the separate categorics. Another factor which is evident from Dun-
can averages is that the colored image 1 is clearly superior to all other images tested.
For the colored images, image 3 is the one closest to the conventional TV and image
11s closest to the HDTV. This supports the objective measures.
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Table 2. Simuiation results show the reconstructed band(s)

Band(s) to Number of Percelved  Has significant

be recon- samplestobe  Meansquare . tnnoise  colorinfor.  Revomstructed
structed send error ratio (dB) mation image
HH 1/4 of the origina! 76.4405 29.2075 No Image 4
samples

HH+HG 1/2 63.4726 30.0981 No Image 5
HH+GH 12 142977 36,5781 Yes Image 2
HH+GG 172 75.3867 29.3578 No Image 6
HH+HG+GH 34 1.4927 46.3709 Yes Image 3
Allbands Allthe samples 0.4565 51.5366 Yes Image 1
Table 3. Image ratings (colored and black and white images)

Image type Colored Black and white
Image 1(Original)  2(1/2) 3(3/4) 41/4) 5(1/2) 6(1/2)
Total 149 137 126 111 128 140
Average 3.725 3.425 3.15 2.775 32 35
Table 4. Frequency of ratings for each image (colored and black and white images)

Image type Colored Biack and white

Rating
frequency 1(Original) - 2(1/2) 33/4) 4(1/4) 5(1/2) (1D

1 0 0 1 1 2 2

2 5 7 9 15 6 3

3 11 14 17 17 14 13

4 14 14 9 6 18 17
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Fig. 5. Image 4 (reconstructed from 1/4 of the original samples).

i

Fig. 6. Image 5 (reconstructed from 1/2 of the original samples).
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Table 5. One way anova (rating and image): Analysis of variance

Source of variation Sum of squares d.f. Mean square F-ratio Sig. level
Between groups 21.771 5 4.345 4.989 0002
Within groups 204.225 234 0.873

Total (corrected) 225.996 239

Table 6. Multiple range analysis for RATING by IMAGE

Method: Level 95% count Duncan average Homogeneous groups
IB4 40 2.775 *
IC3 40 3.150 r
IBS 40 3.200 **
IB6 40 3.500 =
IC1 40 3.725 *
Contrast Difference

ICI-IC2 0.300

1CI-1C3 0.575*

ICI-IB4 0.950 %

ICI-IB5 0.525+

ICI-IB6 0.225

1C2-1C3 0.275

IC2-IB4 0.650*

IC2.IB5 0.225*

IC2-I1B6 -0.075

1C3-IB4 0.375

IC3-1B5 -0.050

IB3-IB6 -0.350

1B4-IB5 -0.425

iB4-IB6 -0.725

IB5-1B6 -0.300

*'denotes a statistically significant difference.
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Another important finding is that only 5 out of 15 pairs (Table 6) were signific-
antly different from one another indicating that subjects were not able to fully dif-
ferentiate between certain images.

Discussion and Conclusions

It can be concluded that the guality of image can be detected by the human if it
is significantly different from other images i.e. an improvement in the perception of
the image can be realized if it is significantly different. The results of this study could
be extrapolated to the case of the high resolution televison or HDTV where the resol-
ution or the image quality is greatly enhanced and the human being can clearly distin-
guish between the conventional (low image quality) and HDTV (high image quality)
with later being superior even on the subjective response. This is based on the fact
that among the colored images, image 3 is the one closest to the conventional TV and
image 1 is closest to the HDTV, This supports the objective measures. Hence it val-
idates the improved design of HDTV over the conventional one by the response of
human subjects. It is recommended that in the future work, images be presented on
television (HDTV) instead of a projection screen so as to better evaluate the human
subjects.

It can be seen from Table 6 that the subjects rated black and white imagc 6 better
than image 5 which contradicts the objective quality PSNR. However, since the two
images have the same bit rate and PSNR is also with 2% (Table 2) (PSNR for image
6 = 29.36 and for image 5 = 30.1), it was almost equiprobable to choose either image
5 or 6. The multiple range test on the subject responses indicates that the rating of
images 5 and 6 are not significantly different from one another (Figs. 6 and 7) justify-
ing the objective image data. Subjects clearly rated the black and white image 4 with
1/4 of the original samples and the color image 1, the full size image is the same as the
worst and best espectively in the two groups. Colored images 2 and 3 were also con-
fused by subjects indicating that they were not significantly different from onc
another. This finding would be justified by the fact that image 3 with 3/4 of the orig-
inal samples with GG band in it did not provide additioal information to the subject.
However, the two images have different bit rate and PSNR as indicated in Table 2.
Image 3 is almost 10 dB greater than that for image 2. This will give us a good indica-
tion that the objective quality measure of images is not a reliable measure.

The findings of this study arc of vital significance because it reinforces the objec-
tive claims that the high definition images used in high definition television are
superior to the low definition images in conventional television as the colored image
1, which is closest to the HDTV image, was found to be significantly superior to other
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images. This supports the objective measures. Hence it validates the improved
design of HDTV over the conventional one by the response of human subjects.
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3

Fig. 8. Image 2 (reconstructed from 1/2 of the original samples).
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Fig. 9. Image 3 (reconstructed from 3/4 of the original samples).

Fig. 10. Image 6 (reconstructed from all the original samples).
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images. This supports the objective measures. Hence it validates the improved
design of HDTYV over the conventional one by the response of human subjects.
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