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Value Rating Description

1 Excellent An image of extremely high quality, as good as you could
desire.

2 Fine An image of high quality, providing enjoyable viewing.
Interference is not objectionable.

3 Passable An image of acceptable quality. Interference is not
objectionable.

4 Marginal An image of poor quality; you wish you could improve it.
Interference is somewhat objectionable.

5 Inferior A very poor image, but you could watch it. Objectionable
interference is definitely present.

6 Unusable An image so bad that you could not watch it.
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FIGURE 8.37 (a) and (b) Two views of Earth that are thirteen frames apart in an orbiting space shuttle video.
(c) A prediction error image without motion compensation. (d) The prediction residual with motion
compensation. (e) The motion vectors associated with (d). The white dots in (d) represent the arrow heads of
the motion vectors that are depicted. (Original images courtesy of NASA.)
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FIGURE 8.38
Sub-pixel motion
compensated
prediction
residuals:

(a) without
molion
compensation;
(b) single pixel
precision;

(c) % pixel
preciision; and
(d) § pixel
precision. (All
prediction errors
have been scaled
to the full
intensity range
and then
multiplied by 2 to
increase their
visibility.)
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FIGURE 8.40 Fifteen frames from an 1829-frame, 1-minute NASA video.The original video is in HD full color.
(Courtesy of NASA.)
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TABLE 8.13
Wavelet transform
filter taps and

zeroed coefficients

when truncating
the transforms in

Fig. 8.46 below 1.5.

Feauveau
biorthogonal
wavelets.

Wavelet

Filter Taps
(Scaling + Wavelet)

Zeroed Coefficients

Haar (see Ex. 7.10)

Daubechies (see Fig. 7.8)

Symlet (see Fig. 7.26)

Biorthogonal (see Fig. 7.39)

2+2
8§ +8
8+ 8
17 + 11
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40.9%
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42.1%
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Decomposition Level TABLE 8.14
(Scales or Filter Approximation Truncated Reconstruction Decomposition
SR (G Ons) Coefficient Image  Coefficients (%)  Error (rms) level impact on

1 256 X 256 74.7% 327 wavelet coding

the 512 X 512

2 128 x 128 91.7% 4.23 ‘
3 64 X 64 95.1% 4.54 image of
4 32 X 32 95.6% 4.61 Fig.8.9(a).
5 16 X 16 95.5% 4.63
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Highpass Wavelet Lowpass Scaling TABLE 8.15
Filter Tap Coefficient Coefficient Impulse responses
of the low- and
0 —1.115087052456994 0.6029490182363579 highpass analysis

+1 0.5912717631142470 0.2668641184428723 filters for an

+2 0.05754352622849957 —0.07822326652898785 irreversible 9-7

+3 —0.09127176311424948 —0.01686411844287495 wavelet

+4 0 0.02674875741080976 transform.
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FIGURE 8.49 Four JPEG-2000 approximations of Fig. 8.9(a). Each row contains a result after compression

and reconstruction, the scaled difference between the result and the original image, and a zoomed portion of
the reconstructed image. (Compare the results in rows 1 and 2 with the JPEG results in Fig. 8.32.)
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FIGURE 8.51 A
simple invisible
watermark:

(a) watermarked
image: (b) the
extracted
watermark;

(c) the
watermarked
image after high
quality JPEG
compression and
decompression;
and (d) the
extracted
watermark

from (c).
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FIGURE 8.53 (a) and (c) Two watermarked versions of Fig. 8.9(a); (b) and (d) the differences (scaled in
intensity) between the watermarked versions and the unmarked image. These two images show the intensity
contribution (although scaled dramatically) of the pseudo-random watermarks on the original image.
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FIGURE 8.54 Attacks on the watermarked image in Fig. 8.53(a): (a) lossy JPEG compression and
decompression with an rms error of 7 intensity levels; (b) lossy JPEG compression and decompression with
an rms error of 10 intensity levels (note the blocking artifact); (¢) smoothing by spatial filtering; (d) the
addition of Gaussian noise; (e) histogram equalization; and (f) rotation. Each image is a modified version of
the watermarked image in Fig. 8.53(a). After modification, they retain their watermarks to varying degrees,
as indicated by the correlation coefficients below each image.



