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Thi s menorandum descri bes digitally sanpled i mages, general techniques for dealing
with them and facilities now available in the 3100 Press printing program for
printing them An updated version of the PRESS File Format meno descri bes

t he new conmands avail abl e for including sanpled inmages in Press files.

A collection of pictures printed with the various paraneter settings avail able
is included as a set of two appendices.

Wiat is a digitally sanpled i mage?

A continuous tone image is a picture (like a photograph) with a range of
intensities fromblack to white. A particular intensity is sonetines called a gray
tone or sinmply tone. A continuous tone imge nmay be stored on a digital
conmputer by sanpling it at sonme resolution. That is, the average intensity
at some nunber of points is determined using a scanner (for exanple, a
tel evision canmera). For a given point, the scaner returns a nunber ranging from
0 for black to some maxi num value for white. That value is stored in a matri x.

That matrix, when conpleted, is the sanpled image. |If the matrix has
m colutms and n rows, and the maxinumintensity value (white) is w, then
the resolution of the sanpled image is given as "mx n log 2 w bit sanples.”

Exanpl e

The i nmage on the
ri ght was scanned in at
the University of U ah
There are 512x512 8-bit
sanples. It is stored on
maxc in AlS format as
<Al S>Ut ah-Bui | di ng. Ai s.
Al S stands for "Array
of Intensity Sanples."
This format is described
in[2].

Hal ftoning is the
general termused to de-
scribe the printing of
conti nuous tone i mges
with only one color of &
ink (black). Thus, this
ki nd of picture is often
cal l ed a hal ftone.

The hal ftoni ng
techni que used here
is error-distribution
with a 65-1ine screen
added. This technique
is described in detai
bel ow.

Ut ah buil ding scanned as 512x512 8-bit sanpl es
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How is a hal ftone printed?

The problem of halftoning is to sinulate various gray tones using only one
ink color (black). Conventional printing acconplishes this by adding a screen to
a negative of the inage. The screen is usually a regular pattern nade up of square
el ements which are graded snoothly fromwhite to nearly black. The continuous tone
negative and screen are printed together on high contrast material, which devel ops bl ack
and white, but not gray.
The screen is usually too
l[ight to print by itself,
so that inage areas which
are entirely white or black
remai n unchanged, but
i nternedi ate gray tones
conbine with the screen
to formvarious size dots,
with size proportional to
the intensity of the imge .
area. Note that any screen
pattern can be used, an exanpl e screen el ement an exanpl e screen
and the square pattern
shown here, while a comobn and useful screen, is not the only one avail abl e.
Various screen angles nay be used. The exanple screen is called a 0 (or 90)
degree screen, because the square elenents are collinear with the paper edges.
Usual |y, the screen is turned 45 degrees. 1In color printing, different screen
angl es are used for each color. The nunber of square elenents per inch is referred
to as screen frequency.

There are many digital nmethods for producing halftone prints froma conputer.
The sinplest technique is to print a black dot for each sanple point bel ow sone
pre-sel ected threshold. This kind of threshol ding does not produce satisfactory results:
while the print may hold some artistic interest, it does not do a good job of reproducing
a continuous tone original

A slightly better nethod is to define a pattern for each gray tone to be printed,
and then printing the appropriate pattern for each sanple point. (The popul ar "conputer
i mge printouts" choose patterns froma set of al phanuneric characters.) One nmjor
difficulty here is in the size of the patterns used. To reproduce 256 gray |levels, the

pattern nust contain 256 dots. |If we print 500 dots to the inch, this allows us only
about 30 sanples per inch, or 240 sanples across an 8 inch page. The large pattern
el enents cause the print to look grainy. |If a snaller pattern is used, the nunber of

gray |levels that can be represented decreases. A 5x5 pattern can only represent 25
di stinct tones.

A close anal og to the photographic screen technique can be achieved
by sanpling a continuous tone screen pattern (or generating a matrix equi val ent
to sanpling the desired pattern), adding this digital screen to a sanpled image,
taking the sumas a new sanpl ed i mage, and doing the sinple threshold operation
This technique is often referred to as partial dotting because the shapes of the dot
clusters printed will be asynettrical whenever a digital screen elenent is added to
an area of the original image containing an intensity contour. An intensity
contour occurs when there is a rapid change fromone gray |evel to another, as
in the edge of a dark object against a |light background (or vice versa).

The partial dot technique is not necessarily optimal. The print may be darker or
[ighter than the original, depending on chance conbi nations of threshold values with
sanpl e points. Mre inportantly, it is difficult to perceive fluctuations in the origina
i mage which are snmaller than the screen frequency. The so-called "Fl oyd-Steinberg"
algorithm (after Robert Floyd and Leo Steinberg) nakes use of the foll owi ng observation
in the sinple threshold technique, once the printing decision for a dot has been made,
the error introduced by that decision is known. |[If a sample is 75% bl ack, and a bl ack dot
is printed, then there is now 25% of a dot too nmuch black on the print. Now, we can take
this error value and distribute it anbng some nei ghboring sanple points. Wen too nuch
black is printed, the error is added to the nei ghborhood, effectively pushing each
dot a little closer to white. Wen not enough black is printed, the error is subtracted.
The choi ce of which points conprise the nei ghborhood, and what percentage of the error is
distributed to different points, will affect the exact pattern of dots printed. So, the f
print reproduces exactly the average tone of the entire picture, and al nost exactly the
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average tone of the picture over |ocal regions.

An interesting observation is that the choice of threshold for the error-distribut
nmethod is only inportant for the first few scan lines, since the error is calcul ated by
nmeasuring di stance fromwhite or black. For exanple, a threshold chosen too close to blac
woul d nake the initial scan lines too |ight, but thereafter the negative error would bias
successi ve sanple points to translate a 50% bl ack sanple point to the chosen threshold val

Printing problens in real-world situations

While the Floyd error distribution technique is nearly optinmal in a formal sense,
still, for a particular image and a particular printing device, other considerations
than preservati on of average gray val ue over | ocal areas are inportant. For exanple,
if there are fewer sanple points than output points, (which is usually the case
for high resolution printers like the 3100) then the array of sanple points mnmust be
expanded. Sinply replicating sanples will eventually lead to a print covered with small
squares of different intensities. |Interpolation will renmove sharp contours and give a
"blurred" print. The printed dot may be so small that a Xerographic printer will not
reproduce it. There may be nechanical effects which are biased against very different
scan lines: on an interlaced CRT display, tw adjacent scan lines with quite different
content will appear to flicker; on the 3100 printer there is a periodic variation in scan
line quality.

To produce pleasing prints in spite of these problens, it is often advantageous tc
conbine the error distribution with the screen technique. By using a screen matrix
with an equal nunber of positive and negative terns, the preservation of average
gray |l evel over small areas is maintained.

One of the benefits of conbining error distribution with digital screening
techniques is that the choice of what screen anplitude to use becones
less critical. Screen anplitude is the nmeasure of the maxi mumintensity val ue
of the screen which is added to the inage. |n the photographic screen process,
hi gher anplitudes |lead to darker prints, and | ower anplitudes approach the sinple
t hreshol d picture produced with no screen at all. The photographer can conpensate
for variations in imges and screens by using several different exposures, and
choosi ng the best result. However, by using error-distribution, satisfactory
results are achi eved over a wi de range of values. The print cannot becone
"too dark", so that as long as the amplitude is above sone nm ni rum val ue, any

increase only tends to snooth or blur the inage. This is illustrated in
Appendi x 2.
The digital screen used by the Press printing programis illustrated on the

precedi ng page. The digital analog of turning the screen 45 degrees is to

form 2x2 array of square screen el enents, where each of the two diagonally
opposed matrices are the sane, and the adjacent nmatrices alternate in sign

Using this 2x2 array as the "45 degree" screen elenent, the effect of using a
rotated screen is achieved. Various screen frequencies at rotations of 0 and 45
degrees are illustrated in Appendix 1

"m

2x2 array of screen el enents 45 degree digital screen
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Present inplenentations

The Floyd error distribution algorithm wth the option of adding a screen of
any anplitude and frequency, is inplenented in the 3100 Press printing program
This programtakes a file in Press format as input, converts it to a 384-dot per inch
bit map on a Trident disk, and prints the bit nap on the 3100, a solid-area devel opnent
Xer ographic nmachine. Press files conbine text and graphics, including sanpled inages.
A set of Press file commands has been specified so that paraneters like the
dynam ¢ range of the inmage (values used for the darkest and |ightest sanple points)
may be included in the file. The default value for black is 0. The default for white
depends on the sanple size. An n-bit sanple size defaults white to 2**n-1 (8-bit
sanpl e defaults white to 255). Press file format is fully described in [1].

I nformati on about the screen to be added may be specified in the file, or at
the time the Press printing programis run. The paraneters set in the file override
paraneters specified at run-time. Screen frequency is specified in lines per inch
Since the 3100 printer has 384 printing dots per inch, there are at nost 384 matrices
whi ch can be used as screens of frequency greater than or equal to 1 Iine per inch
Specifying digital screens in lines per inch is deceptive, since the "ideal screen" is onl:
roughly approxi mated. So, screen sizes of 193-384 lines per inch all use the sanme 1x1
matri x, whose only elenment is zero. Screen sizes of 129-192 use the sanme 2x2 matrix, etc.
Conversion fromlines/inch to matrix size is sinply the integer part of 384/ (lines/inch).
For screens at 45 degree angles, the size of each small matrix is the integer part of
384/ (ROOT2 x lines/inch), where ROOT2 is 1.4. Conversion tables for lines/inch to
matrix size are:

Screens at 0 degrees Screens at 45 degrees
lines/in : matrix size lines/in : mtrix size

1 384 20 : 19 1: 274 20-21 : 13
2 192 21 @ 18 2 : 137 22 ;12
3 128 22 17 3: 91 23-24 : 11
4 96 23-24 : 16 4 : 68 25-27 : 10
5 76 25 - 15 5: 54 28-30 : 9
6 64 26-27 : 14 6 : 45 31-34 : 8
7 54 28-29 : 13 7 : 39 35-39 : 7
8 48 30-32 : 12 8 : 34 40-45 : 6
9 : 42 33-34 : 11 9 : 30 46-54 : 5
10 : 38 35-38 : 10 10 : 27 55-68 : 4
11 : 34 39-42 : 9 11 : 24 69-91 : 3
12 : 32 43-48 : 8 12 : 22 92-137 : 2
13 29 49-54 . 7 13 : 21 138-274 : 1
14 27 55-64 : 6 14 : 19

15 : 25 65-76 : 5 15 : 18

16 : 24 77-96 : 4 16 : 17

17 . 22 97-128 : 3 17 : 16

18 : 21 129-192 . 2 18 : 15

19 : 20 193-384 : 1 19 : 14

Sanpl e images not in Press format files can be stored in AIS format. AIS stands for
Array of Intensity Sanples. A subroutine library for dealing with AIS images i s now
being built. An AISimage is easily transforned into a Press format file. The AIS
format is fully described in [2].
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