
Downloaded From: http://electronicimaging.spiedigitallibrary.org/ on 08/27/2015 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



Parker and Cheung

can be used to render a halftone rapidly with the desired
dispersed dot, unstructured pattern of black and white pix-
els.9 Because a fixed, unique halftone screen exists and can
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4 Simulation Results
Figure 2 shows four gray-scale pictures used for computer
simulations. The halftone image statistics are compared in
two ways: the run-length and the line redundancy of the
picture. The run-length statistics is further represented by
the classical run-length entropy equation [Eq. (1)], de-
scribed by Netravali, Mounts, and

E=wwbb (1)rN + rbNb

where
E = entropy in bits/pel
rw,rb = average white and black run-length (pels/

run), respectively
Nw,Nb number of white and black runs,

(a) respectively.

Also, E and Eb are the entropy of the white and black run
statistics (bits/run), respectively, and E is computed using
the formula

E=—log2 , (2)

where n is the number of white runs of length i, and N is
the total number of white runs. Line correlation (Table 1)
is defined as the average percentage of pixels in each line
that have the same value as the previous line above it.

Tables 1 and 2 show that the improvement in line-
redundancy and run-length by the proposed technique is
significant. It can also be noted that the proposed technique
is most powerful for documents composed of low-frequency
smooth pictures such as the ''teddy bear' ' and ''brain"
images. The distribution of the line-redundancy is also shown
in Fig. 3.

As mentioned above, when the median operator is used
(b) instead of the mean in step 2 of the transmitting algorithm,

some improvement is gained in terms of decreased entropy.
Using the median operator, the final entropy (bits/pixel) of
"teddy bear" would be 0.19; "Lena," 0.32; "USC girl,"
0.24; and "brain," 0.21.

5 Use of Other Halftone Screens
It is possible to use other halftone screens in the ToneFac
algorithm, and we have evaluated the use of 8 x 8 pixel
kernels of Bayer's dispersed dot dither and 45-deg clustered
dot The entropies of the test pictures using different
dithering are shown in Table 3 . While it is possible to use
other halftone screens, the BNM has the advantages of a
nonperiodic , isotropic, unstructured, dispersed dot pattern
that is visually pleasing.

6 Fax Transmission Experiments
In a preliminary test, the original and error halftone images
of ' 'teddy bear' ' obtained from the BNM, clustered dot,
and Bayer's dithering were sent between Sharp F0-420 and

(c) Sharp F0-330 facsimile devices. The images were enlarged
by a factor of 4 (75-dpi equivalent print output) and the fax
was set to fine resolution. The resulting transmission times

Fig. 1 (a) Original halftone, (b) block halftone, and (c) error halftone. are shown in Table 4. (Note that the transmission timeof
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Fig. 2 Test pictures: (a) "teddy bear," (b) "Lena," (c) "USC girl," and (d) "brain."

Table 1 Comparison of line correlation.

Test File mean line-to-line correlation (%)
BNM

Original ToneFac
Teddy bear 67.90 93.41
Lena 48.63 88.14
uscgirl 61.21 91.96
brain 80.14 93.27

Table 2 Comparison of the run-length statistics.

Original ToneFac
Test File mean run-length

(pixels)
entropy

(bits/pixel)
mean run-length

(pixels)
entropy

(bits/pixel)
Teddy bear 3.17 0.76 15.82 0.22
Lena 1.93 0.94 8.49 0.34

uscgirl 2.60 0.75 12.72 0.25
brain 5.07 0.43 15.06 0.22
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a white paper of the same size is deducted to eliminate the
overhead time required. Transmission time may vary with
different fax devices.) The BNM error images required the
shortest transmission times of the three halftone schemes.
We have not added the transmission time for the mean values
of the subregions because a variety of methods could be
used to encode and transmit these values. Nevertheless, the
time needed to transmit the mean values of the ''teddybear"
with 8 x 8 subregions would be roughly equivalent to trans-
mitting 8 additional lines of a busy image.

7 Conclusion
A new technique for compression, transmission, and de-
compression of halftone images has been presented. The
technique assumes that transmitting and receiving locations
have the same halftone screen, such as the blue noise mask,
which produces an unstructured and visually pleasing dis-
persed dot pattern. Images are encoded by subdividing the
original image into subregions, or blocks. Transmission of
the mean gray level of each block and of a sparse ''error"
halftone image is sufficient for reconstruction of the halftone
at the receiver. Compared to the transmission of typically'
'busy'

' halftone images, the substitution of mean values
and a sparse ''error' ' image reduces entropy and increases
average run-lengths by a factor of 4 to 5. This makes pos-
sible efficient transmission using conventional CCITT tech-
niques and should increase the speed and quality of FAX
halftones compared with current practices.

Compared with the recently proposed JBIG standards for
bilevel images,6 the ToneFac algorithm is simple to imple-
ment. The ToneFac, however, requires the use of an iden-
tical halftone screen at both the transmitter and receiver.
Although the JBIG method would not require knowledge
of the halftone screen, it is more complicated. Comparisons
of the compression ratios obtained with each method on the
same images is warranted.
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Table 3 Comparison of entropy using different halftone screens.

Error Image Entropy (bits/pixel)

Test File
BNM

original ToneFac
Cluste

original
red Dot

ToneFac
Bayer's

original ToneFac
Teddy Bear 0.75 0.22 0.40 0.19 0.35 0.19
Lena 0.94 0.32 0.56 0.33 0.46 0.32

uscgirl 0.75 0.25 0.42 0.23 0.33 0.20
brain 0.43 0.22 0.30 0.18 0.27 0.18

Table 4 Transmission time forthe original and the error
halftone images using different halftone screens.

Transmission Time

Original
BNM

126
Clustered Dot

97
Bayer's

131
ToneFac 32 52 46
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