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Determine a Group of Shaded Pixels, Said
Shaded Pixels Being Pixels in Which Said
Mathematical Origin Corrected for Said
Thickness Falfs, Said Group of Shaded
Pixels Having Four Corners.

1102~ !
Choose a Temporary Origin at a Corner of
Said Shaded Pixels.
1104~ 1

Assign a Full Intensity Value to any Shaded
Pixel that Said Mathematical Origin
Corrected for Said Thickness Completely
Covers.

1106~
Determine the Horizontal and Vertical

Distances (xfrac and yfrac) Between Said

Temporary Origin and Said Comner of Said

Shaded Pixels Closest to Said Temporary
Origin.

in What
Direction is
Said Line

135°- 180°

or
-135°--180°
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57 ABSTRACT

Starting and ending caps of smooth line segments may be
drawn on a computer display without complicated calcula-
tions and avoiding the use of inverse square root calculations
by drawing the caps using rectangles. The direction of the
line segment may be determined, and using the direction
certain pixels in a four-pixel grouping may be selectively
illuminated. The normalized intensity values of the illumi-
nated pixels may be determined by computing an x-fraction
and a y-fraction, representing the distance in the x-direction
and y-direction between a sample origin point in a corner of
the four-pixel grouping and the closest corner of a region
covered by the mathematical origin or endpoint corrected for
the thickness of the line segment. It is generally preferable
for only two pixels to be illuminated for each cap, the pixels
chosen according to a formula ensuring that there are no
perception problems when two smooth line segments share
a common mathematical origin or endpoint.

24 Claims, 16 Drawing Sheets
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Assign an Intensity Value of (1.0 - xfrac)*

(1.0 - yfrac) for Said Shaded Pixel Which
1110 Abuts Said Temporary Origin and
N (1.0 - xfrac)* yfrac for Said Shaded Pixe!
Which is at a Same Horizontal Level as Said
Shaded Pixel Which Abuts Said Temporary
Origin but a Different Vertical Leve/.

Assign an Intensity Value of (1.0 - xfrac)*
(1.0 - yfrac) for Said Shaded Pixe! Which
Abuts Said Temporary Origin and
xfrac* (1.0 - yfrac) for Said Shaded Pixel «—
Which is at a Same Vertical Level as Said
Shaded Pixel Which Abuts Said Temporary
Origin but a Different Horizontal Level.

1112~

Assign an Intensity Value of xfrac*
1114~} (1.0 - yfrac) for Said Shaded Pixel Which is
at a Same Vertical Level as Said Shaded
Pixe) Which Abuts Said Temporary Origin
but a Different Horizontal Leve! and xfrac*
yirac for Said Shaded Pixe! Opposite Said
Shaded Pixel Which Abuts Said

Ternporary Origin.

Assign an Intensity Value of (1.0 - xfrac}*
yfrac for Said Shaded Pixel Which is ai a
Same Horizontal Level as Said Shaded Pixel

1116 Which Abuts Said Temporary Origin but a
\Different Vertical Level and xfrac™ (1.0 - yirac),
for Said Shaded Pixel Which is at a Same
Vertical Level as Said Shaded Pixel Which
Abuts Said Temporary Origin but a different
Horizontal Level.

1

i -
——{ Correct the intensity Values of Said Shaded
1118~  Pixels for an Intensity Value of Said Line
Segment.

CEnd )
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FIG. 6
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FIG. 7
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(Begin )

00‘\ \

Determine a Group of Shaded Pixels, Said
Shaded Pixels Being Pixels in Which Said
Mathematical Origin Corrected for Said
Thickness Falls, Said Group of Shaded
Pixels Having Four Corners.

11

11

02 ™  J
Choose a Temporary Origin at a Corner of
Said Shaded Pixels.
04~ v

Assign a Full Intensity Value to any Shaded
Pixel that Said Mathematical Origin
Corrected for Said Thickness Completely
Covers.

11

06\ \

Determine the Horizontal and Vertical
Distances (xfrac and yfrac) Between Said
Temporary Origin and Said Corner of Said
Shaded Pixels Closest to Said Temporary

Origin.

In What

~45° - 45°~ Direction is 45° - -135°

US 6,636,230 B1

Said Line

N
XSegment
45°- 135° \2,/135° - 180°
or
-135° - -180°

FIG. 10A
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.| Assign an Intensity Value of (1.0 - xfrac)*

(1.0 - yfrac) for Said Shaded Pixel Which
1110 Abuts Said Temporary Origin and
""Y™J (1.0 - xfrac)* yfrac for Said Shaded Pixel
Which is at a Same Horizontal Level as Said
Shaded Pixel Which Abuts Said Temporary
Origin but a Different Vertical Level.

Assign an Intensity Value of (1.0 - xfrac)*
(1.0 - yfrac) for Said Shaded Pixel Which
1112~ Abuts Said Temporary Origin and
xfrac* (1.0 - yfrac) for Said Shaded Pixel
Which is at a Same Vertical Level as Said
Shaded Pixel Which Abuts Said Temporary
Origin but a Different Horizontal Level.

) A
Assign an Intensity Value of xfrac™
1114~ (1.0 - yfrac) for Said Shaded Pixel Which is
at a Same Vertical Level as Said Shaded
Pixel Which Abuts Said Temporary Origin
but a Different Horizontal Level and xfrac™ |
yfrac for Said Shaded Pixel Opposite Said
Shaded Pixel Which Abuts Said
Temporary Origin,

Assign an Intensity Value of (1.0 - xfrac)*
yfrac for Said Shaded Pixel Which is at a
Same Horizontal Level as Said Shaded Pixel
1116~ Which Abuts Said Temporary Origin but a
Different Vertical Level and xfrac™ (1.0 - yfrac)f+
for Said Shaded Pixel Which is at a Same
Vertical Level as Said Shaded Pixel Which
Abuts Said Temporary Origin but a different
Horizontal Level.

Y v
~ Correct the Intensity Values of Said Shaded
1118~ Pixels for an Intensity Value of Said Line
> Segment.

. 108




U.S. Patent Oct. 21, 2003 Sheet 13 of 16 US 6,636,230 B1

1150\ 4

Determine a Group of Shaded Pixels, Said
Shaded Pixels Being Pixels in Which Said
Mathematical Endpoint Corrected for Said
Thickness Falls, Said Group of Shaded
Pixels Having Four Corners.

1 152 ™ L
Choose a Temporary Origin at a Corner of
Said Shaded Pixels.
1154~ v

Assign a Full Intensity Value to any Shaded
Pixel that Said Mathematical Endpoint
Corrected for Sa/Cd Thickness Completely
OVers.

1156\\

Determine the Horizontal and Vertical
Distances (xfrac and yfrac) Between Said
Temporary Origin and Said Corner of Said
Shaded Pixels Closest to Said Temporary

Origin.

135° - 180° l
or % WNB
-138° - -180° " Direction is 45° - 135°

Said Line
-45° - -135° Segment/5° 45°

FIG. 114
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Assign an Intensity Value of (1.0 - xfrac)*
(1.0 - yfrac) for Said Shaded Pixel Which
1160 Abuts Said Temporary Origin and
N{ (1.0 - xfrac)* yfrac for Said Shaded Pixel
Which is at a Same Horizontal Level as Said
Shaded Pixel Which Abuts Said Temporary
Origin but a Different Vertical Level.

Assign an Intensity Value of (1.0 - xfrac)*
(1.0 - yfrac) for Said Shaded Pixel Which
1162 Abuts Said Temporary Origin and
N xfrac* (1.0 - yfrac) for Said Shaded Pixel
Which is at a Same Vertical Level as Said
Shaded Pixel Which Abuts Said Temporary
Origin but a Different Horizontal Level.

A

Y
Assign an Intensity Value of xfrac*
1164~ (1.0 - yfrac) for Said Shaded Pixel Which is
at a Same Vertical Level as Said Shaded
Pixel Which Abuts Said Temporary Origin
but a Different Horizontal Level and xfrac*
yirac for Said Shaded Pixel Opposite Said
Shaded Pixel Which Abuts Said
Temporary Origin.

Assign an Intensity Value of (7.0 - xfrac)*
yfrac for Said Shaded Pixel Which is at a
Same Horizontal Level as Said Shaded Pixel
1166~ Which Abuts Said Temporary Origin but a
Different Vertical Level and xfrac™ (1.0 - yfrac)j+

for Said Shaded Pixel Which is at a Same
Vertical Level as Said Shaded Pixel Which
Abuts Said Temporary Origin but a different

Horizontal Level.

i Y
Correct the Intensity Values of Said Shaded
1168~ Pixels for an Intensity Value of Said Line
> Segment.

‘ FiG. 118
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1200~ 1206
Host Interface | _t Set Up Unit
Unit \  (Optional)
1202~
End Point |
| Look Up Table v 1208 1212
g L Blend Function
1204~, , lterator Unit = > Unit
Line Look Up 1
Table v 1210
Memory Control
Unit

FIG. 13






