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Abstract 

This paper presents the design and implementation of an 
ASlC for real-time rasterization of characters described by their 
outline based on vertical scan-conversion and flag fiIl algorithms. 
The chip is a coprocessor which rasterizes outline fonts given 
by Bézier splines and straight line segments. It generates high 
quality fonts 30  times faster than the equivalent assembly 
language code on a 16 MHz M68020. 

Introduction 

For several years. engineers and typographers have been 
working on a new generation of fonts. The old bitmap 
description of a character is giving way to characters defined 
by their outlines. 

Research undertaken at the Peripheral Systems Laboratory 
(LSP) at the Swiss Federal lnstitute of Technology (EPFL) has 
led to an algorithm for the rasterization and filling of outline 
characters. This algorithm is the base of an intelligent font 
rasterization program [Hersch891. The fonts are given by 
outlines described by cubic Bézier splines and by line segments. 
The quality of the resulting black and white bitmaps depends on 
two important aspects of the program: the sub-pixel precision 
used during the rasterization and an appropriate control of the 
phase of the contour relative to the pixel grid. 
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Fig. 1 Automatic rasterization of outline fonts 

Motivat ion 

The generation of a whole font (ASCII codes 32  to 126) 
by the intelligent character rasterization program [Hersch90] at a 
resolution of 300 dpi has been evaluated on a 16MHz M68020 
microprocessor. Figure 2 shows that grid outline adaptation 
(phase control) is independent of the sire of the characters. 
However, the scan-conversion and filling times become dominant 
for large characters. Characters are generated at an average rate 
of 5 0  characters per second at 600 dpi. This is clearly not 
sufficient for a high performance raster image processor. Since 
time-consuming parts of the program .are already written in 
assembly language, further performance improvements can be 
obtained by designing an application specific IC (ASIC). 

Given the complexity of intelligent character rasterization. it 
is not possible to implement al1 its functionalities into one M S I  
chip. It was chosen to assign the ASlC the task of the highly 
repetitive part of the algorithm leaving the more complex work 
to the main processor. In other words. only scan-conversion 
and filling were integrated on the ASIC. Phase control is much 
more complex and requires the programming capabilities of a 
general-purpose processing unit. 

This ASlC is mainly intended for high-resolution printers 
(600 dpi). At this resolution, only simplified phase control 
(hinting) is required. This ASlC can also be used for 
average-resolution printers (300 dpi) where good quality results 
can only be achieved with complete phase control. 
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Fig. 2 Average generation time of one character by 
software. 

The Environment 

The ASlC has been designed as a simple coprocessor. It 
has a circular input buffer to which the main processor writes 
the character outline data. Once the coprocessor is ready to 
return the bitmap character, it sends an interrupt signal to the 
main processor which can then request the bitmap words 
sequentially from the ASIC. Synchronisation between the 
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