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which is expressed numerically as:

30 ROTATE = .8660254 5 0
-5 .8660254 0
0 0 1

We now perform a CONCATT operation to produce:

T = .8660254 S 0 0 300 0
-5 8660254 0 -300 0 0
0 0 1 1350 900 1

which multiplies out to produce:

T= -150 259.808 0
-259.808 -150 0
1350 900 1

Finally, consider the point 2,1 expressed in this last local Master Coordinate System, and apply
the current transformation, T, to it thus:

2 1 1 -150 259.808 0
-259.808 -150 0
1350 900 1

The product of the one-row matrix by the transformation T is:
790.192 1269.616 1

This corresponds to a point which is located 790.192 1/300ths inches from the lower left hand
corner of the paper along the short edge, and 1269.616 1/300ths inches up from the bottom of
the page on a line parallel to the long edge of the paper. Converting to inches produces the
point 2.634 inches, 4.232 inches. Thus, it corresponds to a point which is 2.634 inches from
the lower left hand corner of the paper along the short edge, and 4.232 inches up from the
bottom of the page on a line parallel to the long edge of the paper, and that is precisely
correct. The exact expressions for the location of the referenced point, expressed in 1/300ths
inches, is:

x = 300*3 + sqrt(5)*(cos(tan™0.5 + 30))) = 1269.615 1/300ths inches
y = 300%(8.5 - (4 + sqrt(5)*(sin(tan’’0.5 + 30)))) = 790.192 1/300ths inches.

In summary, then, the sequence of Interpress operations which would appear in the master to
create the final local Master Coordinate System is:

.0254 SCALE
CONCATT

8.5 0 TRANSLATE
CONCATT

90 ROTATE
CONCATT

3 4 TRANSLATE
CONCATT

30 ROTATE
CONCATT
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D.8 Normalizing pixel arrays

A scanned image of an area xPixels by yPixels is defined in a Standard Coordinate System
using the following conventions.

1. The first pixel on the first scan line is located at the origin.

2. The subsequent pixels on the first scan line proceed up the y-axis, with the last pixel on
the first scan line being located at 0, yPixels-1.

3. The first pixel of the second scan line is located at (1,0), and subsequent pixels on the
second scan line proceed up the line x = 1, with the last pixel on the second scan line
being located at (1, yPixels-1).

4. The first pixel on the last scan line is located at (xPixels-1,0), and subsequent pixels on the
last scan line proceed up the line x = xPixels-1, with the last pixel on the last scan line
being located at (xPixels-1, yPixels-1).

Thus, the orientation of an image as it appears in the Standard Coordinate System is a
function of the starting point of the scan, the direction of the "fast” scan, (i.e. which direction
each scan line goes), and the direction of the "slow" scan, (i.e. the direction in which the
sequential scan lines appear). Figure D.2 shows the orientations of a large letter "J" as it
would appear in the SCS for the eight possible scanning sequences.

The definition of a PixelArray includes a transformation, m, which "normalizes” the scanned
image. A scanned image is said to be normalized when it has the following characteristics:

1. The image appears in its "desired" viewing position (i.e. the position in which the image
user desires it to be viewed. If I wish you to view an upside down "J” then upside down
is its desired viewing position. )

2. The origin is in the lower left hand corner of the desired viewing position.

3. The upper left hand corner of the image in the desired viewing position is at the point
(0,1), i.e. the image is scaled so that it occupies a rectangle whose height is one unit.

Figure D.2 exhibits the Interpress operator sequence together with the resultant transformation
matrix for normalizing each of the eight possible scanning sequences under the assumption
that the desired viewing position is the conventional upright position.

An example will illustrate how each of these normalizing transformations is generated.
Consider the case shown in the lower left hand of Figure D.2. The scanning sequence is
assumed to start in the upper left hand corner of the rectangle bounding the "J". The fast
scan is from left to right, the slow scan from the top to bottom. The figure which results in
the SCS is a counterclockwise rotated "J" with its smaller leg resting on the x-axis, and the top
of its longer leg lying on the y-axis. We use the same technique we have employed in the past
to "back” the MCS coordinate system into this configuration. Consider that we have the "J"
upright in the MCS with origin at its lower left hand corner, and the upper left hand corner of
its bounding rectangle located at (0,1). Now, perform the operation 0 1 TRANSLATE. This
creates a coordinate system with origin at (0,1), and provides the transformation that will
convert coordinates from that system to the MCS from which we started. Next, perform the
operations -90 ROTATE, and left concatenate it with its predecessor transformation. This
creates a coordinate system that is properly rotated with respect to its predecessor, and
concatenates this transformation with its predecessor. The resultant transformation is one that
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will carry coordinates from the translated/rotated coordinate system back to the MCS. Finally
perform the operations 1/xPixels SCALE, and left concatenate it with its predecessor
transformation. This creates a coordinate system whose units are 1/xPixels times those of the
MCS, and provides the final transformation that will carry coordinates from the
translated/rotated/scaled coordinate system back to the MCS. The Interpress 82 statement of
this sequence of operations is:

1/xPixels SCALE
-90 ROTATE
CONCAT

0 1 TRANSLATE
CONCAT

In matrix terms the matrix algebra proceeds as follows:

1/xPixels 0 0
1/xPixels SCALE = 0 1/xPixels 0
0 0 1
0 -1 0
-90 ROTATE = 1 0 0
0 0 1
0 -1/xPixels 0
CONCAT = 1/xPixels 0 0
0 0 1
1 0 0
0 1 TRANSLATE = 0 1 0
0 1 1
0 -1/xPixels 0
CONCAT = 1/xPixels 0 0
0 1 1

The reader can confirm that the resultant transformation performs the desired normalization.

D.9 Pixel array example
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Consider the case where we would wish to print the enlarged image of the capital letter "J"

shown in Figure D.2 on a page described within the coordinate frameworks of our previous
example. Although the MCS has its origin at the lower left hand corner of a landscape page,
the DCS has its origin at the upper left hand corner of a landscape page. In most printer
implementations the image scan sequence must match the printer scan sequence. If we assume
this to be the case in this instance then the image must be scanned beginning in the upper left
hand corner of its enclosing rectangle, fast scan left-to-right, slow scan top-to-bottom. The
orientation of such a scanned image in the SCS is shown in the lower left hand corner of
Figure D.2.

Let us assume that the image of the "J" is 3 inches wide by 4 inches high, and that it is
scanned at a resolution of 150 black-white pixels per inch in both the fast- and slow-scan
directions. Let us further assume that we wish to create an image that is also 3 inches wide by
4 inches high, with its lower left hand corner located at the point (1,2) in the BCS.
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As Figure D.2 shows, the transformation matrix representing the normalizing transformation,
m, for this scanned image is given by:

0 -1/xPixels 0
m = 1/xPixels 0 0
0 1 1

Because the original image was scanned at 150 bits per inch, its 3 inch by 4 inch size generates
a scanned array of 450 pixels by 600 pixels. The 600 pixel dimension lies along the x-axis in
the SCS, hence xPixels = 600, and the matrix m for this specific instance becomes:

0 -17600 0
m = 17600 0 0
0 1 1

Now, from our previous development we know that the value of the current transformation, T,
that will carry the BCS to the DCS is given by:

T= 0 300 0
-300 0 0
2550 0 1

In order to image our character at the point (1,2) we must perform the operation 1 2
TRANSLATE CONCATT, which results in:

T= 1 0 0 0 300 0
0 1 0 -300 0 0
1 2 1 2550 0 1
T= 0 300 0
-300 0 0
1950 300 1

Since our normalized character is one unit high, and, in this case, our unit is an inch, and we
wish it to be 4 inches high, we must now perform the operation 4 SCALE CONCATT, which
results in:

T= 4 0 0 0 300 0
0 4 0 -300 0 0
0 0 1 1950 300 1
T= 0 1200 0
-1200 0 0
1950 300 1
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Finally, we concatenate m with T to obtain the transformation which applies when we image
our Pixel Array, which results in:

ml = 0 -17600 0 0 1200 0
17600 1 0 -1200 0 0
0 1 1 1950 300 1
ml = 2 0 0
0 2 0
750 300 1

Let us interpret this matrix, and demonstrate that it is correct. Consider the general
coordinates (XY ) of a pixel in the SCS. To obtain the device coordinates of this point we
transform its vector representation by the matrix mT. Thus:

X, Y, 1] = [Xg Y 1] mT

Xp Yp U=[X Yg 1] 2 0 0
0 2 0
750 300 1

If we expand this latter form into its equation form we obtain:
X, = 2X, + 750
Y, = 2Y; + 300

From this form it is clear that the origin of the pixel array in the SCS goes to the point
(750,300) in the DCS. If these coordinates were scaled to inches they would be (2.5,1) since
there are 300 DCS units per inch. From Figure D.1 it should be clear that the x-coordinate of
DCS (stated in inches) is 8.5 minus the y-coordinate of BCS, and the y-coordinate of DCS is
equal to the x-coordinate of BCS. Now we wanted a 4 inch high image with lower left hand
corner located at the point (1,2) in the landscape page viewpoint of BCS. If we add the 4 inch
height of the image to the 2 inch BCS y-coordinate we obtain the BCS y-coordinate value of 6
for the upper left hand corner of the image. Such a value is equivalent to a DCS x-coordinate
value of 8.5 - 6 = 2.5 inches. Similarly the 1 inch x-coordinate in the BCS corresponds to the
1 inch y-coordinate in the DCS. Hence the coordinates of the upper left hand corner of the
scanned image (its origin in this scanning process) is properly located.

We can also see that each pixel of the first scan line will be deposited on every other pixel
along the corresponding scan line in the output image. That is, the pixels of the first scan line
will be deposited at locations (750,300), (750,302), (750,304), and so on. Pixels on the second
scan line will be deposited at locations (752,300), 752,302), (752,304), and so on. Note that the
printer is assumed to print at 300 bits per inch while the image was scanned at only 150 bits
per inch. If the factor of 2 were not present the 600 pixels along the height of the image
would be printed on 600 consecutive printer pixels which would only occupy 2 inches on the
printed page. In the absence of any special hardware/firmware/software combination in the
printer the factor of 2 would cause the 600 pixels along a scan line of the image to be
deposited on every other pixel as shown above. However, most printer implementations will
fill in the missing pixels by means of some interpolation process. In this case a simple bit
replication along the scan line, and a scan line replication of each scan line provides an
example of a possible interpolation process.
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interpress to Device Transformation
Soatom eI 11811 SCALE CONCATT

Units = 1} 300 Inches 11811 0 0 11811 0 0
X 0 11811 0 0 11811 0
0 0 1 0 0 1

First Intermediate to Interpress Transformation
Syatom -] CoCTCInate 254/10000 SCALE CONCATT
Units = ters .0254 0 0 300 0 0

X 0 .0254 0 0 300 0
0 0 1 0 0 1
Second Intermediate to First Intermediate Transformation
First Internediate
v Coordinatg System 85/10 0 TRANSLATE - CONCATT
Units = Inthes 1 0 0 300 0 0
0 1 0 0 300 0
8.5 0 1 2550 0 1
S dli diat: H H
cg‘;‘:gma';‘ ;’;‘;.:‘ e Base to Second Intermediate Transformation
Units = indhes 90 ROTATE CONCATT
0 1 0 0 300 0
X -1 0 0 -300 0 0
0 0 1 2550 0 1
Base Coordinate
System
Units = Inqhes
X
Base Coordinatp First Local to Base Transformation
vy ] System
Units = Inches 3 4 TRANSLATE CONCATT
X 1 0 0 0 300 0
0 1 0 -300 0 0
First Local 3 4 1 350 900 1

Coordinate pystem
Units = Incles
X

Y Second Local to First Local Transformation
30 ROTATE CONCATT
Second Lycal 0.8660254 0.5 0 -150 259.808 0
Coordinafe System .05 0.8660254 0 .250.808 -150 0
Units = Inches 0 0 1 1350 900 1

Figure D.1 Coordinate Transformation Sequence
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1/yPixels SCALE

1 o 0

yPixels

1
yPixels

J

Fast -- Bottom to Top
Slow -- Left to Right

Lx

Fast -- Bottom to Top
Slow -- Right to Left

1/yPixels SCALE

1/yPixels SCALE

-1 1 SCALE2
CONCAT
xPixels/yPixels 0 TRANSLATE

CONCAT

-1 o o]
yPixels

o

1
yPixels

xPixels
yPixels

1/yPixels SCALE

Y Y
1 -1 SCALE2 1 -1 SCALE2
CONCAT CONCAT
-1 1 SCALE2 0 1 TRANSLATE
CONCAT CONCAT
xPixels/yPixels 1 TRANSLATE
CONCAT 1
(o] [v]
-1 o] (o} yPixels
yPixels —1
0 1 o B X . X yPixels 0
yPixels Fast -- Top to Bottom Fast -- Top to Bottom o ; .
XPixels 1 Slow -- Right to Left Slow -- Left to Right
yPixels
1/xPixels SCALE 1/xPixels SCALE
xPixels/yPixels O TRANSLATE 1 -1 SCALE2
CONCAT CONCAT
90 ROTATE M Y -90 ROTATE
CONCAT CONCAT
xPixels/yPixels 1 TRANSLATE
1 CONCAT
0 o 0 -1 (o]
xPixels xPixels
.1 X X 1
xPixels  ° 0 Fast -- Right to Left Fast -- Right to Left Pixets © 0
xPixels o 1 Slow -- Bottom to Top Slow -- Top to Bottom xPixels
—_— 1 1
yPixels yPixels
1/xPixels SCALE 1/xPixels SCALE
-90 ROTATE -1 1 SCALE2
CONCAT Y Y CONCAT
O 1 TRANSLATE .90 ROTATE
CONCAT
CONCAT
-1 1
0 (o] X X 0] o]
xPixels xPixels
. 0 Fast -- Left to Right Fast -- Left to Right . 0
xPixels Slow -- Top to Bottom Slow -- Bottom to Top xPixels
(o] 1 1 (o] 0 1

Figure D.2 Pixel Arrays in the Standard Coordinate System for all Possible Scanning Sequences

Normalizing Operations and Resultant Matrices
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