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Introduction ments worth noting: the overall hue of small regions (or
large) should not change, regions that need not be
Thermal ink jet (TIJ) printers have a number of advanchanged should be left untouched, and finally, visible
tages over printers of other technologies, but also suffgsatterns should not be introduced into the image. It is
certain drawbacks. Principal among the advantages aegsumed that the page has already had under colour re-
the ability to display single pixels, the saturated coloursnoval applieé, so that most, if not all of the three colour
that are readily available with the right combinations ofplack pixels are gone.
ink and paper, and the low cost. Water-based ink, essen- Technically, ink coverage is the size of a single dot
tial to the process, also brings with it challenges in termgone drop) divided by the area of a pixel (as given by the
of safe levels of ink coverage. Because the ink isnterpixel spacing), times the number of drops printed
water-based, it tends to soak through the page and/@er pixel (up to four for a cmyk printer). For our pur-
run down the page when heavy coverage levels are aposes coverage is simply defined as the number of drops
plied. At levels sufficiently low that the ink does not perpixel. Based on this definition, full binary undercolour
literally pour down the page, there is still a problem withremoval brings coverage to 200% or less. For at least
ink of different colours diffusing rapidly across the one materials combination a coverage level of below
inter-colour boundary. In their lesser extremes, the twa.60% is required for good quality.
main problems are inter-colour bleed, and blooming—
ink of any colour bleeding into a region of white. Possible Alternatives
Here we shall discuss one possible approach to

reducing problems related to excessive ink coveragerhere is very little published about ways of handling
applying image processing techniques to the bitmap. Thighese problems. One method, described by Chan3gt al.
must be done in such a way as to avoid introducing any designed to reduce paper cockle and graininess of ink
artifacts that make it obvious that tampering has beefet prints, using multiple dye loadings. Printing of a given
performed, and with very limited information about the scanting occurs multiple times, with three different dye
desired appearance. Other approaches, such as changadings. Thus, those pixels requirmg the highest dye
ing the materials or print-head design, may in the longoading are printed on one pass, those requiring an
run prove better; in the short term, results may be obintermediate dye loading are printed on another pass, and

tained much faster using software. those requiring the lowest dye loading on another pass.
. Chan’s method takes as input contone RGB and per-
Requirements forms RGB-CMYK conversion with full undercolour re-

moval. Eight bit per colour input is converted to half

The application area puts some constraints on the deesolution output with multiple gray shades available at
sign of a solutin. Given that inkjet technology is inex- each of the four output pixels corresponding to one in-
pensive, itis likely that any processing might be embeddegut pixel. Redundant grey shades are used to maximize
in a lowend machine, with limited processing power andhe ink coverage within the constraint that it must be
a relatively low bandwidth connection to the (typically less than some maximum, printer/ink/paper specific
personal) computer that is generating its page imagegalue. Standard error diffusions is used to reduce the ini-
Very little can safely be assumed about the page imagegil 256 levels to the number of levels of grey obtain-
except that they are the right size and binary. able using three dye loadings and up to four drops per

The input must be binary unsegmented page buffer®ading, and also to handle the error introduced by re-
and the coverage of the output must be limited to somgucing the grey level where there is not a suffficiently
(as yet unknown) value. There are three other requirdow coverage pattern at the required level.

Another method, described by Tréskmits cover-
age to 100%. The coverage is limited by using 2
— : : super-pixels and assigning them one drop per pixel in a
Originally published inProc. ofIS&T’s 46th Annual Confer-  ~ompination that depends on the colour required. As-
ence May 9-14, 1993, Cambridge, Massachusetts. suming one bit per separation input with full undercolour
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removal, there are eight possible colours that could beations are turned off in the same proporation as they
requested (including white). occur in the original image.

Both of the above methods are primarily useful for  An algorithm much like error diffusion can be used
pictorial images because of the use of superpixels. If age set the coverage to the desired level. Suppose all of
plied to normal text or typical business graphics the arthe pixels in two separations are turned on in a subre-
tifacts produced by the use of superpixels would begion. Visit all of the pixels in turn, keeping an error vari-
unacceptable. able for each separation. Turn on pixels that error

Perhaps the most attractive approach is to perforrdiffusion would turn on in a region of constant (correct)
the contone to binary conversion in such a way as tooverage.
keep coverage as close to optimum as possible, either Inthe usual case there will be some coverage in each
through a clever halftoning scheme or modified errorseparation in a window. Assuming the total coverage is
diffusion. (The Chan patent is one such approach). Sudioo high, it is necessary to turn off a fraction of the pix-
an approach presumes the pre-existence of a full colowls in each separation, and the same fraction in all sepa-
continuous tone page image, which is beyond the scopations, except black. The fraction to be left on is simply
of a very low end printer. The method described belovihe ratio of the desired coverage to the measured cover-
is restricted to binary input, and presumes that no segge. This can be exactly retained as a rational number,
mentation of the page has been performed. d/m.A simple algorithm for ensuring thdtof everym

pixels are turned on is:
A Coverage Reduction Technique

f=-m
The algorithm that seems most natural, given the requirder each pixel that is on in the original
ments above, is as follows: f=f+d
if (f>=0)
For each pixel or small region, turn on this pixel
1.Compute the coverage in the neighborhood of that f=f-m
small region
2.1f the coverage is too high The fractionf is the (fractional) number of pixels
2.1. Selectively turn off some of the pixels in the that should have been turned on since the last one was
region turned on relative to m, or alternatively the fraction of

the way to the next pixel that should be turned on. Pix-

At the single pixel level coverage can be 0%, 100%¢gls that are turned on are spaced as uniformly as pos-
200%, 300% or 400%,; if full undercolour removal is em-sible along the (as yet unspecified) path that gives the
ployed, coverages are onl§/® 100% or 200%. In order order in which they are visited. If the control variable
to begin to consider intermediate coverage levels onf) is initialized only at the start of the page, and not in
must use a region of the image and average the coveragach window, the average over a larger region will be
in some way. There is a tradeoff to be made here. Largeorrect.
regions allow high precision in measuring the coverage, The initial setting of to zero is arbitrary; to reduce
but smaller regions tend to be important for intercolouiintercolour correlations it may be advantageous to use
bleed. Preliminary tests indicated ar 8 window to be various values between 0 and m for the initial settings
reasonable for finding the overall coverage inducingof the control variable for the different separations.
bleed in the 4« 4 square in its center. This is by no means  The student of computer graphics will recognize
a carefully optimized value: it seemed sufficiently largeBresenham'’s algorithm for drawing lide#t is also at
for a good starting point, and small enough to be sensthe heart of any error diffusion algorithm.
tive to variations in the density onthe page. It is also  We have not yet discussed the order in which pix-
relatively efficient (the cost of filtering an image being els are visited. Some pixels should be visited first on
proportional to the area of the footprint of the filter). one separation while others are visited first in another
The initial estimate has been sufficiently effective thatseparation. This is to avoid biasing the results in favour
further study seemed of little value. of certain colours. Also, a good path has a high fraction

Computing coverage in an 8 8 window, always of pixels close together on the page being close together
aligned on a 4 bit boundary can be done efficiently usen the path. Considering only four-connected neighbors,
ing some small tables. Coverage should be computed fane can rank a few alternatives. If it is satisfactory to
all of the separations and summed. Computing coveragese a single & 8 window to determine the coverage of
in this way was described by Carpedterthe context an entire 4x 4 region, it is desirable to visit all the pix-
of computing approximate coverage of polygons in suels in that region before moving on to another such re-
per-sampling grids for antialiasing purposes. It is posgion. It saves buffer space, and it reduces the mean
sible that some colours bleed more than others; if saistance along the path to four-connected neighbors (rela-
some separations might be weighted more heavily in théve to using scanting order). Figure 1 shows some alter-
sum. native paths through ax44 window. Of these, (e) is the

Step 2.1, that of selectively turning off some of thepreferred option. It is derived from the Hilbert cufve
pixels, is most important as far as meeting the requireSimilar paths have been used to minimize patterning in
ments of preventing hue shifts. Pixels of different sepaerror diffusions. Besides having the highest fraction
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four-connected neighbors close together on the curve, #how small effects resulting from the discontinuities in
has the added advantage of being the most irregular tiie path, these are the best choices for the discontinuous
the patterns, and therefore least likely to interact wittpatterns. Alternatively one might choose pattern (e) for
halftone or error diffusion-induced patterns in the inputmagenta and cyan, and (d) for yellow and black, yield-
image. From this standpoint, (b) and (d) are most likelying four patterns without discontinuities. While perfectly
to create visible patterns at certain intensities where ongood arguments exist for the various alternatives, the
pixel in four is affected, with (b) being worse than (d). simple choice of rotating pattern (e) for the four separa-
tions has been used with sufficient success to obviate
the need for further experimentation.

Summary

A technique has been described for reducing the amount
of ink coverage in images destined for printing on TIJ
printers. The method avoids hue shifts by removing the
same fraction of ink in all separations. Acceptable re-
gions are left unaffected, in two senses: large regions of
low coverage are not changed in any way, and individual
pixels with no more than one separation to be printed
4 are not touched. After regions of excessive coverage are
found, pixels in such regions are considered for dele-
tion, in an order dictated by a small piece of a Hilbert’s
curve. This reduces the potential for introducing patterns,
while at the same time spreading out the deleted pixels
relatively uniformly over the region.

Simply reducing the maximum level of ink cover-
age in a print has led to substantial improvements in im-
age quality. While it does not fix all problems, for some
materials combinations it makes every page printable,
with the intended appearance.
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