
raphic arts is notorious for its ambiguous terminology.
Trap can mean a prepress technique or a pressroom
anomaly. PMT describes a variety of scanner or a type of

positive proof. Shadow means one thing to a photographer and another
to a retoucher. A typeface called Gothic is a bold sans-serif—unless it is
a medieval blackletter, such as Old English. Web, to a printer, is quite a
different animal from the worldwide variety. Even red means some-
thing different to a pressman than it does to the rest of the world.

But of all the semantic snares we set for the unwary, the most
insidious has to be the innocent-sounding dpi, which plagues us
throughout our process and sometimes is used as a synonym for a
second bugaboo, resolution.

Consider all the different things that DPI connotes, and understand
why novices—and some experts—get confused. 300 DPI may be a type
of scan or a laser printer. 2,400 DPI may denote a different type of scan
or an imagesetter. 72 DPI may measure the number of phosphors in a
monitor, or a newspaper’s screen ruling. 

In choosing the various flavors of resolution for a certain job, it’s silly
to assume that bigger is better. Unnecessarily high resolutions, at best,

Resolving the
Resolution Issue

Many very different types of resolution are expressed by 
the same ambiguous acronym. At times, a high resolution is
necessary. At others it’s a waste of disk space and computing
power, if not an outright quality-killer.
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eat storage space and bog down networks.
If we are not so lucky, they may bring a RIP

to its knees, or worse, produce poorer qual-
ity than if we had used the proper resolu-
tions to begin with.

And what are these correct resolutions?
They depend on the job, but they also de-
pend upon each other. 

First of all, even defining resolution is
not that easy. It means, more or less, how
far apart the smallest distinct parts of the
subject of discussion are. Frequently, these
small parts are all of the same size, as in the
individual pixels of a Photoshop file. But in
nondigital parts of the process, they aren’t,
as in the case of film grain, which is, one
might say, the resolution of film, or the
halftone dot, which might be termed the
resolution of a printing press.

Figure 14.1 suggests what happens when
we print without enough press “resolution,”
in other words, with a halftone screen that
is too coarse. The grainy-looking center
image is more appropriate for newspapers
than for a book. The smaller the dots, the
less obtrusive they are, and the more the
final product looks like the original photo-
graph it is supposed to recall. 

Anyone who thinks that if a fine screen is
good then a finer one must be better, is a
moron. The finer the screen ruling, the
smaller the dots, but the smaller the dots,
the harder they are to print properly. If they
are on the cusp of what the press can toler-
ate, the following irritating things happen:
• Darker areas start to plug up, resulting
in a perceived lower maximum shadow.
• The minimum acceptable highlight dot
goes up; at some point, a dot simply gets

Figure 14.1 Top, an image printed at press reso-
lution (oops, screen ruling) of 133 dots per inch;
center, at 65 DPI; and bottom, at 300 DPI.
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too tiny for the plate and the blanket to
hold. Overall, detail in the highlight will be-
come inconsistent.
• The image will begin to appear soft as
transition areas become less distinct.
• Dot gain will appear to increase.

Now, at what point does all this unpleas-
antness start to kick in? In newspaper
printing, as a rule it happens at about 100,
so most newspapers print with an 85-line
screen, and 65-line is not uncommon.
Some, however, do use a 100-line screen,
and I know of at least one that has success-
fully used 120 lines.

As paper starts to get a little better and
as we migrate to commercial presses, the
tolerance goes up. Reasonable uncoated
papers can easily hold a 120-line screen,
and there can be some success with 133.
Magazines that use coated paper generally
use 133, and some try 150.

High-quality commercial printing, such
as annual reports, uses more expensive
coated papers and usually is done at 175,
sometimes even 200. And waterless offset, a
relatively new approach, appears to make it
much easier to hold small dots. There have
been reports, which I can’t vouch for, of
success with screens of over 1,000 lines.

The sad truth is that many printers over-
state their own capabilities. A large part of
my career has involved preparing color ads
for reproduction in national magazines.
Most magazines will accept either 133 or
150. My observation is that overall the ads
printed at the coarser screen have had a
quality edge. 

Many people get fooled by their contract
proofs, which are far easier to control than
a press. The bottom version of Figure 14.1
looks just fine on mine. On press, assuming
I can slip it by the printer’s preflight de-

partment, I predict it will look like a car-
toon: all brilliant colors. Where an ink is
heavy, it will in fact print as solid, since the
press won’t be able to maintain dot in-
tegrity. The weakest colors, which would
temper the brightness of these colors, will
be missing altogether, as the tiny dots that
theoretically compose them blow away.

This will be the first of several examples
of how too much resolution can be harmful.
Most people assume that the reason an
excessive resolution would be counter-
productive pertains exclusively to the press.

It doesn’t. All resolutions depend upon
one another. Too fine a screen may cause
more quality problems with the image-
setter than the press.

Out of Spots, Dots
The term DPI stands for dots per inch. In
printing, that’s just what we are describing,
dots. Infuriatingly, this is the one instance
where the term DPI is not frequently used;
most reserve it to describe situations in
which it would be just as accurate to say
bananas per inch as dots. But in talking
about presswork, people don’t say 65 DPI,
but a 65-line screen, and they abbreviate it
as 65 LPI. Yet we have dots, not lines. 

To find out how those dots get there, we
need to discuss another kind of resolution.

Whether from a $500,000 platesetter or a
$300 inkjet printer, the halftone dots we’ve
been talking about are made up of tinier
dots. How tiny those tiny dots are governs
how effectively the bigger dots can be
drawn. The size of those tiny dots, which I
will henceforth refer to as spots, represents
the resolution of the device.

We’ve barely begun, and already the ter-
minology is tripping us up. This will never
do. In the first edition of this book, after



griping about it over several paragraphs, I
caved in to the conventional and used DPI

indiscriminately. No more. I am older and
more set in my ways now. This time, as in
the last edition, I’m taking a hard line.
Where appropriate acronyms don’t exist,
I’ve invented them. And, as you can see,
I’m using SPECIAL TYPE to set the various
acronyms off. 

I shall therefore, use DPI to describe a
dots-per-inch screen ruling, but never to
describe measurements that don’t involve
dots. The rest of the world can use sloppy
terminology and be damned, for all I care.
You don’t like it, buy a different book. 

End of rant. Imagesetters made in the
United States usually have a resolution of at

least 2,400 DPI—oops, 2,400 spots per inch.
If made elsewhere, the usual resolution is at
least 2,540, which happens to be 100 spots
per millimeter. Note that spots, unlike dots,
never vary in size. They are either off or on;
they’re either there or they’re not.

The spots are too small for most of us to
see, which may make them just about the
right size to construct halftone dots with,
as Figure 14.2 shows. But it may not: the
size relationship between spot and dot is
critical, and if it’s out of whack, quality will
suffer. To know what “out of whack” means,
we have to consider yet another species of
resolution, the ability of the human eye to
resolve differences in color and tonality.

Nobody really knows how great that
ability is. Some reputable sources have
suggested that typical humans can only
perceive around 2,500 different shades 
of color. On the opposite extreme are
folks like myself who say that some indi-
viduals are capable of differentiating a
million or more.

For realism, whatever printing
method we choose should be able to
portray at least as many colors as typical
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Figure 14.2 Dots
and spots: Below, a
blowup of Figure 
14.1 shows its dot
structure clearly. 
The imagesetter
constructs each dot,
inset, by turning
spots off and on in a
grid. Here, the grid
has 256 such spots
available for each
dot, which is just
right—in theory.



humans can perceive, and preferably quite
a few more, in case we start moving things
around with curves. We need to be able to
make very fine adjustments, therefore, in
the size of the halftone dot. The smaller
the imagesetter spot is, the more flexibility
we’ll have. On the other hand, constructing
dots out of spots is not a trivial calculation.
Having spots that are too small will snarl
the most powerful RIP.

It certainly makes sense to have at least
200 different sizes of dot available, probably
more. If the halftone dots are at 150 DPI and
the imagesetter resolution is 2,400 SPI, this
will be possible.

150 is 1⁄16 of 2,400. The spots that the
imagesetter can potentially paint will be
rectangles where each side is 1⁄2400 of an
inch, or .00042". Those rectangles will be
exactly 1⁄16 of the maximum width of 
the halftone dot. There will be 16 rows of
rectangles across and 16 columns down,
for a total of 256 rectangles. Depending
upon how many of these actually get
painted, there are 256 possible dark-
nesses of the halftone dot, or 257, if you
count zero.

256, is, coincidentally, a key number in
yet another kind of resolution.

The Blind Man’s Eyeglasses
Tonal information also has a resolution,
in a manner of speaking. An original
photograph is said, rather inaccurately,
to be continuous-tone. Digital files aren’t.
They only can portray a certain number
of varieties of tone, frequently 256. Print-
able Photoshop files have 256 VOT per
channel, which is why so many different
colors are possible. A standard RGB file
can accommodate 16,777,216 different
colors, this being 256 to the third power.

To add to the exponential chaos, a sec-
ond term, bit depth, is often used in prefer-
ence to VOT, with different numbers that
mean the same thing. A 256 VOT file is also
known as an 8-bit file. In keeping with the
spirit of the rest of this chapter, it gets a
more precise name, 8 BPC, for bits per chan-
nel. This refers to the computer storage
space required per pixel, in this case eight
binary bits: eight zeros or ones. With eight
zeros or ones the total number of possible
variations is two to the eighth power, which
is, conveniently, 256.

Most scanners and some other devices
can operate at higher bit depths. A 12 BPC
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Dots & Spots: a Glossary
Much confusion is caused by the use of a single term,
dpi, to refer to wildly different genera of resolution. In
an act of rebellion against this practice, different
abbreviations will be used in this chapter. Unfortu-
nately, in some cases, I have had to invent them. Here
is an alphabetical list of the acronyms you’ll find here.
These don’t agree with industry practice, and there is
no suggestion that you should use them. But at least
they are more accurate than calling everything dpi.

BPC Bits per channel, in a digital image file.

BPI Black or white bits per inch, in a bitmapped
graphic file.

DPI Dots per inch, in a halftone screen.

PLD Total pixels in the long direction of a digital file.

PPI Pixels per inch, in a digital file.

SPI Spots per inch, the smallest area that can be
marked by an output device such as an image-
setter or film recorder.

SSPI Scanning samples per inch.

TPC Total pixel count of a digital file.

VOT Varieties of tone, sometimes called levels of gray,
the maximum number of shades of gray in a
single channel of a digital file.



scan has 4,096 VOT. Some manufacturers
would have us believe that a greater bit
depth implies better scan quality. Don’t
believe it. If a scanner can’t see detail in
shadow areas, a 12 BPC scan won’t help. We
may have 4,096 VOT, but in this case, VOT

stands for varieties of trash. To see why,
let’s compare the work of three very expen-
sive pieces of hardware.

For the past quarter century, drum scan-
ners have been the standard for those
desiring the highest quality. They continue
to be the best today, but not by much. Their
photomultiplier tubes have certain ad-
vantages over the charge-coupled device
technology used in flatbed scanners and
professional digital cameras. CCD devices
are particularly vulnerable to a loss of detail
in the darkest areas.

They’ve been getting better, though.
Seven years ago, no scanner costing less
than $10,000 was even remotely in the same
quality league as a drum scanner. Today,
$2,000 buys a very strong desktop unit that,
if not capable of the same enlargement, is
almost as good otherwise.

To assess the state of the technology, in
1996 I arranged a shootout between a drum
scanner from the early 1980s and two pro-
fessional-level (i.e., they cost about $50,000

apiece) CCD units. I refrain from naming
the products, because all three vendors
make better scanners today.

Anyway, the idea was to have expert
operators of each scanner try to milk the
most from a dozen moderate-to-difficult
chromes. They were given identical print-
ing and sizing specifications. If they did
not like the scans for any reason they could
do them over. When they were satisfied, all
36 versions would be assigned random let-
ters and proofed next to one another. The
proofs would go to a panel of ten experts
who, working in separate light booths,
would evaluate which of the three versions
of each original was the best, without
knowing which ones came from where.

I expected this exercise to prove that the
CCD scanners had basically caught up. It
didn’t. Of 120 first-place votes, Brand X

(you and I know it’s the drum scanner, but
the jurors didn’t) got 98, Brand Y 12, and
Brand Z 10. In 7 of the 12 contests, Brand X
swept all ten votes.

Figure 14.3 is one of those in which the
vote was unanimous. I’m showing a piece of
it, then enlarging it, and then applying a
drastic contrast-enhancing curve to it, so
that we can evaluate just how well these
three beasts are holding the shadows.
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Figure 14.3 The ability to retain shadow detail is a major test of a scanner. Opposite, normal-size repro-
ductions of scans of the same original by, left to right, Brands X, Y, and Z. Above, the shadow areas magnified
(left) and with contrast in the shadows greatly enhanced (right). Top to bottom, the Brand X, Y, and Z scans.



This is easiest to judge in the three right-
hand versions. The problems are the center
of the tree and the car beneath it.

Brand X is the only one that is having any
luck with the car. If you look hard, you can
even see that the taillights are red. In the
tree, which is darker still, it’s a lot more of a
struggle. Brand X is obviously at its wit’s
end, but it is still a drum scanner, and a cut
above the other two in such shadow areas.
Brand Y posterizes the inside of the tree,
whereas Brand Z freaks out. The whole
center of its tree is featureless.

The final output of these scanners is an 8
BPC file, but all three interpolate that down
from an original with more data. Brands Y
and Z are 12 BPC scanners. Brand X is ana-
log; its original scan is a series of voltage
readings that in principle carry an infinite
variety of tonality. More modern versions of
this scanner are fully digital, and also give
12 BPC files.

So, Brand Z can portray 4,096 levels of
tonality in each channel. A fat lot of good it

did. In this image, endowing the scanner
with extra bits is like handing a blind man 
a pair of eyeglasses. If Brand X were an 
8-bit scanner, yea, verily, if it were a six-bit
scanner capable of only 64 VOT, it would
still have the best version here. If you’re
buying a scanner or a digital camera, forget
this bit depth balderdash, and look at a few
tough samples.

Comes the Quintillion
The above discussion is no endorsement of
drum scanners. Experts looking at these
images closely found enough difference to
say that Brand X was better. I concur, and 
so do you, presumably. The question is,
though, how much better? Going back to
the real originals, the smaller versions in
Figure 14.3, I’d have to say, a little better, but
very little.

So, while the drum scanners have a
theoretical advantage, in real life it doesn’t
amount to much, at least not in compari-
son to a mid-five-figure CCD scanner. In a
race like this, the difference is going to be
the jockey, not the horse.

Of even less practical significance is the
use of the extra bits in Photoshop. If we
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Figure 14.4 Theoretically, working with 16 BPC
should give smoother transitions, even though
the file must be reduced to 8 BPC for printing. In
practice, it doesn’t work that way. At left, a file
from a high-end CCD scanner, originally at 16
BPC. Opposite page, RGB curves are applied that
are many times more violent than the norm. Top
left: the curve applied to the 16 BPC file, which is
then converted to 8 BPC; top right, the original
converted to 8 BPC first before the application of
the same curve. Bottom: the blue channels of the
two files, which should show the greatest advan-
tage for 16 BPC. A histogram would show the
difference, and if the image is blown up to three
or four times its size, the 16 BPC image looks
better—but can you see the difference here?
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have a scanner that can save files with more
than 8 BPC, Photoshop 6 can work with
them to a limited extent. We can apply
curves, but only a few filters and no re-
touching tools except the rubber stamp,
before converting them to the 8 BPC that all
output devices require.

Theoretically, this is tempting. When we
apply a curve to an image, we reduce its
VOT, for the following reason. Suppose we
have a B/W file with 256 VOT. It happens 
to be a picture of a white cat, so we jack 
up the center point by, say, 10%. Originally,
128 of our tones fell below the midpoint,
and 128 above it. But now, we have
stretched the light tones, and compressed
the dark ones. Only about 115 real tones
now fill the first 128 available spaces. On
the other hand, there will be 141 real tones
competing to fill the second 128 spaces.
The surplus has to be discarded. Hence,
only 243 real tonal values remain of the
original 256.

If we work, instead, with the extra bits,
this criticism will not apply. Photoshop’s
two options (under Image: Mode) are 8 or
16 BPC. While no scanner extant gives 16
meaningful bits, if we start to fool around
in LAB or do various other things, it’s pos-
sible that we may fill those extra bits up
with something other than garbage.

This makes our file size twice as large. It
also gives us, er, a bit more information. To
be precise, each channel now has a resolu-
tion of 65,536 VOT. How many discrete
CMYK possibilities can this produce? The
answer is so impressive that I can’t bear to
use numerals, I have to just say it. Eighteen
quintillion, 446 quadrillion, 744 trillion, 73
billion, 709 million, 600 thousand, that’s
how many.

If we apply a curve to such data, we still

throw away a few of these possibilities. We
will miss this about as much as Bill Gates
misses the quarter he spends on his morn-
ing newspaper. 

For those calibrationists to whom a
good-looking histogram is more important
than a good-looking image, this cinches it.
We must work in 16 BPC whenever possible,
to avoid that fearful bogeyman, data loss.

To be honest, I used to think that there
was merit in this belief. I thought, if the
curves we apply are extreme enough, that
extra information could help.

The more I’ve played with extra-bit files,
unfortunately, the less I’ve been able to
justify the extra processing time and disk
space. In fact, I’ve been unable to see any
practical difference at all, even under
extreme testing conditions.

The left half of Figure 14.4 is an 8 BPC file;
it has to be or I wouldn’t be able to print it.
But it was originally a 12 BPC file produced
on a high-end CCD scanner.

In the right half, the image goes through
a torture test. This is not a color correction,
but a drastic curve applied to open every-
thing up much was done in Figure 14.3. I
did this with two copies of the 12 BPC RGB

file, which became a 16 BPC file in Photo-
shop. In the left-hand sample, I applied
(and saved) the curve to the 16 BPC file, and
then converted it to 8-bit CMYK for print-
ing here. In the right-hand version, I first
went to 8 BPC, then applied the curve, then
converted to CMYK.

Theoretically, the version on the left
should be superior. But as a practical mat-
ter, is it? The detail-filled blue channel
should show the difference more than the
composite original.

The calibrationist response to this is that
the difference can clearly be seen in the
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image’s histogram, and it can. That of the
left-hand image is smooth and beautiful.
The one for the right-hand image looks like
a comb. (As a matter of policy, I refuse to
include histograms and similar irrelevan-
cies in a serious book, so you’ll just have to
take my word for it.)

When we start printing histograms
alongside our final work, then the eventual
viewers will know for sure how bad our
work actually is. Until then, they will have
to rely on how the images look. To me, they
look the same.

Incidentally, not all channels are created
equal: we can get away with murder some-
times. The JPEG format saves so much file
size with so little loss in quality essentially
by bulldozing the B channel of LAB into
around 6 BPC. That sounds pretty draco-
nian, but it works. 

Quality, Not Quantity
In the 21st century, we are all photogra-
phers, we are all scanner operators, we are
all retouchers. 

If you’re buying a digital camera, you
should consider the same points that you
would if you were buying a desktop scanner.
They use, after all, the same CCD tech-
nology. The digital camera is little more
than a portable scanner with a variable
focal length and a flash mechanism.

I tortured the $800 digital camera I pur-
chased in early 2000 (I won’t name it, as
again the manufacturer now makes even
better models) with the image of Figure
14.5. This is from Capitol Reef National
Park. It is a gypsum sinkhole some 200 feet
deep. I know this, because I almost fell in,
which would have saved you the trouble of
reading the rest of this book.
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Figure 14.5 The quality of the data is much more important than the number of bits per channel. This image
contains only 20 to 25 values per channel (called VOT in text) but, with the exception of the blown-out fore-
ground areas, it’s acceptable for printing.



Well, actually, what it looked like origi-
nally was Figure 14.6—utterly black. That’s
what the camera saw. Figure 14.5 is what
happens when the image is opened up as
much as possible with curves.

When I first saw this result, I flipped. I
could not believe that the camera was get-
ting data this good. The image looks nat-
ural—yet there are only around 20 VOT in
the red and green channels and 25 in the
blue. This file, then, only needs five BPC, let
alone eight. It’s the quality of the capture
that matters, not the number of bits. If you
don’t believe this, flip ahead to Figure 17.3,
which is a digital capture of about the same
darkness but is catastrophically noisy when
the range is opened.

The obsession that some have with the
extra bits matches their paranoia about
switching from one colorspace to another.
Both are cases of Bill Gates worrying about
losing quarters. 256 VOT is more than
enough for practical color work. 100, or
even 80, is quite sufficient, although one
would like more in black and white. Re-
member, in an RGB file, even 100 VOT pro-
duces a million different colors. That may
not be 18 quintillion, but let’s not be piggy.

By all means, if you are planning to apply
20 different curves consecutively to a cer-
tain image, do it with an extra-bit file. And
if you sometimes take images out of CMYK

so as to work on them in other colorspaces,
try to limit yourself to no more than ten or
twenty conversions per correction.

In real life, you are not going to do either
of these things. Don’t worry about his-
tograms. Worry about making the image
look good. 256 VOT is far more than
enough—for photographic images, that is.
But if you are making gradations, you have
to look at resolution in yet another way.

And the Band Played On
Banding in gradients has been a headache
since the first days of PostScript. In the
middle of what seems to be a smooth
gradation, there is a systemic burp, a sud-
den, annoying jump from one tonality to
another, ruining a job.

“How can this possibly have happened?”
shrieks the hysterical artist, “when I speci-
fied 256 steps for the blend?”

Two ways. The likeliest is that the blend
was originally made in RGB and involved
colors close to the edge or outside of the
CMYK gamut. The other is, of course, a
resolution problem.

If a blend goes from say, 10% to 20% in a
certain channel, the output device will only
have about 25 VOT available. It won’t matter
whether the input has 256 or 256 million
VOT. Furthermore, some of the 25 are prob-
ably not available, due to rounding error, so
banding is likely to show up, especially if
the blend covers a wide area on the page.

In principle, an output device that can
create 256 VOT itself has exactly enough
resolution. In practice, that isn’t quite true.
The dots are angled, which can reduce the
number of spots available. More important,
although both file and imagesetter are at
256 VOT, the two 256s won’t line up exactly.
Certain values that are different in the orig-
inal file will result in identical dots, and
certain dots that are theoretically possible
will actually be inaccessible.

So, how many VOT are actually available
at 150 DPI on a 2,400 SPI imagesetter?
Chances are, 220 or so. If photographs are
the only thing we print, neither we nor any-
body else will be able to tell the difference
between 220 and 256 VOT. If, however, we
start introducing fine gradations, it may
make quite a difference indeed.
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Banding can be defeated by adding a
small amount of randomization (noise) to
the digital file. This is why photos don’t
band: there is always enough natural noise
to obliterate the problem. 

Photoshop 6 introduces an anti-band-
ing method into its separation algorithm—
a dither, a very fine amount of noise applied
in areas banding is likely to occur. It’s on by
default, and should be left that way if you
have banding problems. If you don’t, but
you do blend channels from time to time, I
would turn it off. 

With dithering off the seps will match
those generated by Photoshop 5 almost
exactly. I think it’s very unlikely to make a
difference either way, but if it ain’t broke,
why fix it? (To turn the dither option off, the
Advanced Mode box in Edit: Color Settings
has to be checked.)

Other methods of overcoming banding
are to use a higher-resolution imagesetter
or to reduce the screen ruling. 150 DPI

blends on a 2,400 SPI imagesetter tempt fate.
133 DPI blends are more reliable.

Figure 14.7 shows how many VOT are
actually available at normal DPIs for some
common SPIs of laser printers and image-
setters. I’d avoid any number under 150.

This is why photographic reproduction
on laser printers is so lousy, even on today’s
better 600 SPI units. And yet there’s a reso-
lution paradox. This book is imaged on a
2,400 SPI platesetter. If we were to substitute
output from a 600 SPI laser printer, the
images would be a joke—but few people
would notice that anything was wrong 
with the type. How can the same resolution
be so terrible in one case and so nearly
undetectable in the other?
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Figure 14.6 This is the raw capture that was modified to produce Figure 14.5. It comes from an $800 digital
camera purchased in early 2000. Although the depths of this sinkhole are almost completely black, the camera

was able to see an impressive amount of detail.



The Resolution That Isn’t There
Unlike the images we’ve been considering
so far, type contains no grays, only black
letters on white paper. The type still has to
be painted using the same imagesetter
spots, but now it’s much easier. The glory of
PostScript is that it allows certain kinds of
graphics to have an entirely different vari-
ety of resolution, to wit, none at all.

Objects that can be described in terms of
curves or other mathematical shapes (and
typefaces can be so described) eventually
need a resolution. An imagesetter doesn’t
print mathematical concepts, only spots.
But a RIP’s whole function is to map out
those spots.When a file comes in saying, “I
am a bunch of curves, map me however
you think best for your imaging engine,”
not only can the RIP do this, it can do so
much more smoothly than if the file already
carried its own bitmap.

Since type and similar line graphics

contain no grays, only blacks and whites,
Figure 14.7 is not relevant. The only ques-
tion is, how many spots per inch does the
printer need to construct the curves and
fine lines of text type accurately?

Older laser printers generally have a
resolution of 300 SPI and produce type that’s
obviously inferior to what you’re reading
here. At 600 SPI, the type is pretty good—
one has to look closely to see the difference
between it and type output from a 1,200 SPI

imagesetter, which, in turn, is indistin-
guishable from 2,400 SPI without a loupe.

When it’s necessary to scan type or other
graphics because digital versions don’t
exist, yet another kind of resolution comes
into play. We now have a file that can be
expressed in bits per inch, each bit being
either white or black. If a 600 BPI file is sent
to a 600 SPI printer, the printer’s RIP has to
remap it. The results will not be quite as
good as if a resolution-independent file
were sent to the same printer.

So, at what resolution should one scan
type and other line graphics? Half again
the resolution of the output device is my
rule, to a maximum of 1,800 SSPI—scanning
samples per inch.

If you’ve ever wondered why type always
looks fuzzy in a photograph, it’s that old
devil resolution again. In Figure 14.8, you
will observe that 300 BPI is inadequate for
type—and most color images are scanned
at less than 300 SSPI. The type in such
images isn’t quite as jagged as the example,
because screening tends to soften images,
but it still will be pretty bad.

One way to make it better, naturally, is 
to scan at a higher resolution. The higher
the scanning resolution, the softer and
smoother the curves will be. The problem
with that is, so will everything else.
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Spots, Dots, & Tonality:
DPI vs. SPI vs. VOT

IMAGESETTER RESOLUTION (spots per inch)
300 600 1200 2400 3600

65 21 85 256 256 256
85 12 50 199 256 256

100 9 36 144 256 256
120 6 25 100 256 256
133 5 20 81 256 256
150 4 16 64 256 256
175 3 12 47 188 256
200 2 9 36 144 256
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Figure 14.7 Realistic photographic images are impos-
sible if the output device can’t generate enough varieties
of tone. For professional work, one needs at least 100
vot, and many would say at least 200. Here’s how many
levels of tone imagesetters of various resolutions can
theoretically produce at some common screen rulings.



When scanning type only, excessive reso-
lution eats up disk space, overburdens the
imagesetter, clogs up communication, and
is generally a complete waste of time. Other
than that, it doesn’t hurt. But with a photo-
graph, too much resolution, in addition to
the shortcomings enumerated above, actu-
ally does hurt. Which of the two images of
grass in Figure 14.9 do you like best?

If we want something that looks like
blades of grass and not AstroTurf, the
bottom version seems clearly better. But 
it’s the lower-resolution scan! Doesn’t high
resolution equate to more detail?

Of course it does. But here, we don’t want
detail, we want the illusion of detail. That’s
what the bottom one provides. Let me try
to explain how and why.

The bottom image’s resolution is ap-
proximately four scanning samples per
halftone dot. That’s in line with the con-
ventional wisdom, which is that it should
be between 1.5 and 2 times the screen
ruling. The dots are roughly 1⁄133" apart, 
the scanning samples roughly 1⁄266". That
squares up to four samples per dot: two
across, two down.

The top image has three times this reso-
lution. The samples are roughly 1⁄700" apart.
The file is nine times as large. There are
now 36 scanning samples per halftone dot,
rather than four.

The grass, obviously, is predominantly
green. Parts of it are gray, black, yellow, or
brown. But at either of these scan resolu-
tions, probably three out of four samples
will find green.

In the lower resolution image, therefore,
which has four samples per halftone dot,
the chances are that three of them will be
green, but sometimes all four will be, and
sometimes zero or one. In such cases the re-

sulting dots won’t
produce green.

In the higher
resolution version,
with 36 samples per
dot, this is far less likely
to happen. It is conceiv-
able that three out of four
samples may not be
green. It isn’t conceivable
that 27 out of 36 samples—
which is the same ratio—will
be something other than green.
A rule of mathematics: the more
samples, the less variance from what the
law of averages predicts. If we flip a coin
four times, it may well come up heads three
out of the four, although two heads is more
likely. If we flip four hundred times, 300
heads couldn’t possibly happen.

The higher the resolution, the more
uniform the color will be: the closer it will
approach whatever the average color of 
the grass is. There is a lot more variation in
the lower resolution version. That varia-
tion, or action, suggests the blades of grass
that our imagination is telling us are actu-
ally there.

In scanning, moving to a lower resolu-
tion is a move toward action and variability.
This is a fine concept, but if the resolution

Figure 14.8
How much
resolution is
needed for
smooth-
looking type
and similar
graphics? These
letters have resolu-
tions of, top to
bottom, 1800 PPI,
300 PPI, and 72 PPI.



gets too low, the image will become harsh
and jagged.

A higher resolution is a move toward
smoothness and consistency. This is also a
laudable goal, but if it gets too high, the
image will look soft and defocused.

It follows that there is no one “correct”
scanning resolution. A woman’s face gener-
ally should be scanned at a higher resolu-
tion than a man’s, because we accept more
roughness in a man’s face. An image of
furniture requires more resolution than

does grass, because furniture has diagonal
lines that shouldn’t look too harsh. A dam-
aged, noisy, or prescreened original also is
helped by higher resolution. And, certainly,
if you think there is a good chance you’ll 
be upsizing the image, give yourself some
extra resolution in the original scan.

Many people, refusing to believe that too
much resolution can hurt, obdurately scan
everything at 300 SSPI. This explains why so
many newspaper photographs look so soft.
It also makes the vendors of disk drives
very happy. File size increases with the
square of the resolution. If, for magazine
work, you go with 250 SSPI rather than 
300, your files will only be 2⁄3 as large—and
quality will probably be better.

Resampling and the Rogue Pixel
The foregoing discussion concerns scan-
ning resolution, which is expressed in SSPI.
The resolution of the Photoshop file is not
necessarily the same kind of resolution. We
express this in PPI—pixels per inch. A pixel
is the smallest building block of a file. You
can see them clearly in Figure 14.10.

When a raw scan is opened directly in
Photoshop, at that moment the SSPI equals
the PPI. That equality does not necessarily
continue, because at some point the scan
may get resampled. Plus, with many desk-
top scanners, what seems to be the raw
scan isn’t any such thing: it may already
have been interpolated.

Photoshop itself allows us to change the
number of pixels in a file, using the dialog
box shown in Figure 14.12, accessed by
Image: Image Size.

When the Resample Image box is un-
checked, changing the numbers changes
only the nominal size of the image, not any
data. A 4"36" file at 150 PPI is exactly the
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Figure 14.9 Does resolution equal detail? The top
version seems soft, even though it was scanned at three
times the resolution of the bottom version, and takes up
nine times as much disk space. In areas of one color, like
the grass, the higher the resolution, the more even the
color will become. 



same as a 2"33" file at 300 PPI. One changes
size without resampling for the sake of
convenience. For example, images in Photo
CD format start at a nominal resolution of
72 PPI. They have more than enough pixels
to use for this book, provided I place them
in the page layout file at a quarter of their
nominal size, which would make their
effective resolution 288 PPI. To avoid this
hassle, I change resolution to 250 PPI, with-
out resampling. That, I know, will make the
image close to the size I need.

Resampling down—that is, throwing
some of the data away—is appropriate
when there’s more than enough for what-
ever use you intend. It’s ridiculous to post a
5-megabyte image file for Web viewing, just
as it’s ridiculous to use a 15-megabyte file
for the top half of Figure 14.9.

To resample down, check the resample
box, and enter a lower size, resolution, or
both. But keep two things in mind. First of
all, unless you’re positive you’ll never need
to print the image at a larger size, save a
copy of the original. Downsampling is a
one-way street.

Second, realize that a downsampled
image isn’t equivalent to an original scan 
of the same PPI. The downsampled version
will be softer, like the bottom third of Fig-
ure 14.10.

The lower the resolution, the more
chance that a rogue pixel will appear, an
area where the scanner picked up really
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Figure 14.10 What passes for detail is often
nothing more than variation. Pixels in the top two
images (blowups of the two images of Figure
14.9) seem to have the same amount of variation,
but this is an illusion. If the high-resolution
version, top, is downsampled to match the 
resolution of the middle version, the result is 
the image at bottom, which is much softer.
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uick & irty
S O M E  R E S O L U T I O N S  A B O U T  R E S O L U T I O N

✓Many different kinds of resolution are often described by one ambiguous term,
dpi. Photoshop users have to know what each kind of dpi means.

✓Excessive resolution is often as harmful as not having enough. This is true in the
screen ruling of a printed image, and in scanning, where too much resolution
yields an overly soft result.

✓Graphics and type prepared in vector programs such as Adobe Illustrator, Macro-
media FreeHand, and CorelDraw, are resolution-independent: the output device
will draw the graphics in the optimal fashion. Once imported into Photoshop,
though, the graphics are turned into pixels and lose this attribute.

✓The choice of screen ruling shouldn’t outstrip the capabilities of either the press
or the imagesetter. If the imagesetter isn’t capable of at least 150 varieties of
tone at a given screen, go to a coarser screen.

✓The industry consensus is that scan resolution for an image that is to be printed
at same size should be 1.5 to 2 times screen ruling. As the screen ruling goes up,
the effect of inadequate resolution goes down.

✓Scanning at a relatively high resolution guarantees smoothness and consistency.
If overdone, however, images become soft. Lower resolution is a move toward
action and variability. If overdone, however, images become harsh and jagged.

✓Type and other line graphics should generally be scanned at 1.5 times the printer
or imagesetter resolution, or greater.

✓Many manufacturers of scanners and digital cameras trumpet how many bits per
channel they capture. This is very interesting but has little bearing on the critical
question, which is how accurately the device sees into shadow areas.

✓Photoshop allows several operations on files that contain 16 bits of information
per channel. Although many scanners can provide such files, it is questionable
whether there is any advantage to working on them in this mode.

✓Inkjet printers, which tend to give softer-looking reproductions than presses do,
don’t need as much resolution in the input file.

Q D



atypical information.
Such a thing usually
translates into a
halftone dot that
looks out of place, al-
most like a speck of
dust. The greater the
density of scanning
samples—resampled
or not—the less likely
this is to occur. And the
higher the screen rul-
ing, the less noticeable
the effect of such a
rogue pixel will be.

The conventional wisdom is that resolu-
tion should be 1.5 to 2 times screen ruling
times magnification. If your images have
been downsampled you really don’t need
that much (1.3 to 1.7 ought to do it). Also,
with screens of 175 DPI and up, or stochastic
screening, you can get by with less.

Inkjet printers as a class don’t require as
much resolution. Images from such print-
ers look a bit soft anyway, and aren’t as
likely to show the harshness of low resolu-
tion as a press would be.

You can also get by with less on certain
types of image. In this early part of the Web
age, when we still have to worry about hold-
ing image size down, this can be a big fac-
tor. This is one reason for the ability to cut
images into slices with the knife tool: if you
can isolate areas of nearly flat color, you can
cut their resolution drastically.

And one can cut corners on certain
kinds of image. Figure 14.9 is a very soft
subject. I’ve printed it successfully with the
scanning resolution as low as .8 of the
screen ruling. For a picture as busy and full
of fine detail as Figure 14.1, that would be
disastrously low.

Millions and Millions of Pixels
The concept of PPI is closely related to
another species of resolution: total pixel
count. Film recorders, digital cameras, and
certain types of scans express their resolu-
tion in terms the total number of pixels per
image, not per unit of measurement, prob-
ably because their vendors like to impress
people with a lot of zeroes. A high-end
digital camera may have a resolution of
20,000,000 TPC, but it is less bulky to quote 
it as 5,000 PLD by 4,000 PSD—pixels in the
long (short) direction.

Let’s do the math for one example: A 35 mm transparency is needed to print on a big postcard, 8.75 x 5.75 in.

(landscape orientation). The printing process will be sheet-fed offset at 175 lpi (a high halftone frequency for

smoother tonal rendering). The enlargement rate is 583% (8.75 ÷ 1.5 inch). The frequency (previously noted) is

175 lpi. The Q factor we’ll use for this example is 1.5. Here’s the formula:1.5 x 175 x 5.83 = 1530.375

The Associative Law applies here, so the numbers can be multiplied in any order with the same result. The

product of these numbers is 1530.375—the image resolution we will need to accomplish the task (round to

1530). Now, let’s look at the available upper-range resolutions in the Kodak Photo CD Master Disc’s Image

Pac file:

Base*16 2048 x 3072 pixels • Base*4 1024 x 1536 pixels • Base 512 x 768 pixels

We’re seeking a resolution that accommodates the long dimension of the image at 1530 pixels of data. Curi-

ously, the Base*4 Image Pac element has slightly more, so we can use the Base*4 image to accomplish our

goal. Using the higher resolution Base*16 file would not yield a better image in the final halftone.

Many people familiar with the reproduction requirements of halftones would scoff at the above calculation,

Figure 14.12 The Photoshop resampling dialog box,
accessed under Image: Image Size.

Figure 14.11 Inability to distinguish the many varieties 
of resolution is not an affliction limited to beginners. Here,
Kodak gives users some incorrect, and quality-damaging,
advice on how to use Photo CD, based on a misunder-
standing of two types of resolution.



Throwing around all these types of reso-
lution can be confusing even for experts. If
your head is swimming, take heart: even
Kodak sometimes doesn’t fathom these
distinctions, as Figure 14.11 shows.

This gaffe, excerpted from a Kodak doc-
ument on how to prepare Photo CD images
for press, offers the following example:
given a 35 mm original (11⁄2" wide), which of
several Photo CD resolutions should we
choose, if we intend to print the image 83⁄4"
wide at a 175 DPI screen?

The author of this document observes
that “Many people familiar with the pro-
duction requirements of halftones would
scoff ” at his answer. That is definitely cor-
rect, but not for the reason he thinks. We
scoff, instead, at those who are so busy with
Q factors and associative laws that they
miss the basic concepts. Here, Kodak has
mixed up two kinds of resolution. Let’s try
to help the Great Yellow Father out.

Kodak suggests 1.5 here for the ratio of
resolution to screen ruling. This is certainly
reasonable. The magnification factor is
583%; the screen factor is 175. Multiply the
three together, and the answer is 1,530.

Since one of the possible Photo CD reso-
lutions has a width of 1,536, Kodak con-
cludes that it is nearly a perfect fit, and that
this is the resolution of choice.

But no, as the doctor said to Hercule
Poirot. No, no, and again no! That is an
explanation that will not hold water!

The desired resolution of 1,530 is in pix-
els per inch. The Photo CD alternative of
1,536 is in pixels in the long direction. The
original being 11⁄2" wide, we need to multi-
ply that 1,530 by 1.5 to get an appropriate
PLD. Since Kodak’s choice of 1,536 is too
low, we need to go to the next higher alter-
native, which is 3,072 PLD.

That 3,072 figure gives us the happy ratio
of 2.0 times the screen ruling. 1,536 would
yield a 1.0 ratio, and print quality would go
down the tubes, Kodak’s feelings to the
contrary notwithstanding.

Some Final Resolutions
The genesis of this chapter was a magazine
column I reluctantly wrote in response to
the requests of novices who didn’t under-
stand the difference between the “DPI” of
scans and laser printers. I began with the
idea that it was a throwaway, for beginners
only. Once I read the first draft, however, it
struck me that this is the most baffling and
confusing topic I’ve ever written about—
even though it doesn’t even touch monitor
resolution, the resolution of Web images, or
of film recorders. That was when I decided
to highlight each occurrence of phrases like
yet another species of resolution.

Like many professionals, I had made 
the mistake of assuming that this was all
intuitive. After observing just how many
highlighted phrases there were (and after
reading an extraordinary volume of cor-
respondence after the column appeared), I
had a much better understanding of why
some artists find themselves buried under a
blizzard of soft images, jagged edges, stran-
gled networks, and unhappy RIPs.

The way to resolve one’s resolution diffi-
culties can be simply stated: don’t ask for
too much, don’t provide too little. 

You may find it easier to do that if you
refrain from using that deceptive DPI term.

Declaring that we will never let those
three deadly letters pass our lips is probably
impractical. I don’t really advocate that. But
even if you say DPI, don’t think DPI. Keeping
the true meaning in mind is one of the best
resolutions you can make.
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