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How nany gray |levels are supported at the various printer resolutions
by the LaserWiter printers?

DI SCUSSI ON = = = = = = = =« = = m x o m e o e

Current laser printers are single-bit devices that can only print
bl ack dots or no dots. To print nmulti-bit (grayscal e) objects,
printers must convert multiple-bit data into single-bit data for
printing using a process called hal ftoning.

The nost popul ar hal ftoning techni que used to performthis conversion
is called screening. Screening uses a matrix of black or white pixels
to sinul ate shades of gray.

There are two key concepts when di scussing screening.

1) A Screen is conmposed of a group of pixels called a halftone cell
The nunber of shades of grays possible increases as the nunber of
pi xel s in the halftone cell increases. The hal ftone nade up of a
single pixel offers two shades of gray, black or white. The four
pi xel hal ftone offers five shades of gray including white and the
progressive filling of the pixels. The chart bel ow depicts a 2x2
hal ftone cell with each asterisk representing one pixel of toner

White One Two Thr ee Four

2) The size of the halftone cell helps to determnmine the screen frequency.
The screen frequency is the maxi num effective image resolution of the
printer for a given size halftone cell. Because nultiple pixels are used
to simulate gray, the effective resolution (the size of the snall est
object that can be resolved) of the printer decreases as the size of the



cell increases. The screen frequency is cal cul ated by dividing the
nom nal resolution of the printer by the nunmber of horizontal pixels in
t he hal ftone cell

If a 300 dpi printer uses a 1x1 halftone cell, a 300-1ine screen

(lines per inch) results which can offer 2 shades of gray. Wth a 2x2
hal ftone cell on the sane 300 dpi printer a 150-line screen is the
result offering 5 shades of gray. Screening is a trade-off between

ef fective resolution and nunber of gray shades achievable. Five shades
of gray is not sufficient for nost inmages so 300 dpi printers nmust use
very large halftone cells which result in a very low effective
resolution. The effect is that individual halftone cells are plainly

vi si bl e.

The default halftone cell on the LaserWiter Ilg has 8 el enents as shown
below. This results in a 106 line screen with 67 levels of gray which
means that the LaserWiter Ilg provides twice the gray levels and twice
the screen frequency conpared to other 300 dpi printers.

Calculating gray levels for any device that inplements halftoning is very
difficult as there are both mathematical calcul ations, as well as actua
measured results that determne the nunber. W are providing you with the
"cal cul ated" gray levels for the LaserWiter Pro 810 at the 300 and 400 dp
settings, however, there are sonme considerations that need to be taken into
account with the nunbers:

e The LaserWiter Pro 810 has native resolutions of 300 and 400dpi
Thus, the calculation for nunmber of grays is accurate for these
resol uti ons. For 600 and 800dpi, resolution enhancenent technol ogy
(RET) is utilized to provide the higher dpi, so the cal culations would
be nuch | ess accurate. The best way to deternine the nunber of grays for
600 and 800dpi woul d be through physically neasuring results via
specific print tests. Engineering has perfornmed sone of these tests and
have cone up with gray |evel values close to that of 300 and 400dpi

 The cal cul ations are based on line frequency and screen angle default
val ues that the printer has been calibrated to. These default values are
al so used with nost of Apple's non-Photograde printers.

 Level of grays is always a tradeoff to resolution, so the higher the
nunber of grays, the Iower the resolution. The line frequency and screen
angl e default values are optinized for a bal ance between grays and
resol ution.

e There are sone applications, such as Photoshop, that enable you to easily
nodi fy the |line frequency and screen angle to increase or decrease the
nunber of grays. These values are sent to the printer when docunents are
printed. This allows for flexibility in neeting specific grayscale
needs. At the nost sinplistic level, here is a formula that determn nes
t he nunber of gray |evels:

(resolution/line frequency)**2 + 1



Thus, for a 300dpi LaserWiter with line frequency set 60 |pi, the
calculation is:

(300/60)**2 + 1 = 26 levels of gray

e There is a threshold where the human eye is unable to differentiate
bet ween gray levels, so there will be a "reasonable" range of |ine
frequency and screen angle values inplicitly defined for each resol ution

Here are the nunber of gray levels for the LaserWiter Pro 810, based on the
default Line Frequency of 60 Ipi, and Screen Angle of 45°.

300dpi 400dpi

26 45 | evel s of gray

Agai n, the nunber of grays for 600 and 800dpi are going to be very close to
these listed for 300 and 400dpi

The Iine frequencies and gray levels for all of our other printers, the
default line frequencies can be found in the respective PPDs for the
printer in the "Halftone" information section. Wth the Iine frequency,
you can use the formula outlined above to determine the nunber of gray

| evel s.
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