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here's a revolution happening in photography — the filmless revolution!

Digital imaging technology is moving farther and farther into territory once
the exclusive province of film. The advantages are numerous: Images are immedi-
ately available to incorporate info reports, presentations or other documents. Op-
erating costs are virtually zero. (No film or processing, remember?) Images can be
stored and fransmitted electronically. Finally, digital images can be manipulated
using powerful software tools to enhance their appearance or clarify the informo-
tion they contain.

Until recently, most of the activity in this filmless revolution has been happening in high-
end cameras for studio photography. With price tags ranging from $10,000 to
$50,000, you clearly need a pretty serious application in order fo take the plunge for
one of those! Now though, a number of developments af the “low end” have led to
very capable devices in the “around $1,000" category. While clearly lacking some
of the features and image quality of their big brothers, these more affordable devices
are opening up broad new application areas for digital imaging.

On this disk, we'll take a look at the capabilities and applications of the new
generation of portable, “Pointand-shoot” digital cameras. And we'll take a first
hand look at the latest models from all the key manufacturers.
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What is a Digital Point-and-shoot Camera?

We call the cameras we'll be reviewing here
"Pointand-shoot” because that's about all it takes
fo use them: This is a designation long used to
describe a range of conventional film-based cam-
eras designed for low cost and ease of use by
nonprofessional photographers. The basic idea is
a camera that essentially runs itself: The photogra-
pher need only choose the subject, point the cam-
era, and push the button.

In the film-based world, some Point-and-shoots have
sophisticated features such as zoom lenses and
automatic focusing. The maijority of models sold
though, are very simple devices with “fixed focus”
and a nonzoom lens. So it is with most digital
devices in this category. The devices fested on
this disk generally have fixed-focus lenses, holding
good focus over a range from roughly 4 feet to
infinity, although some come equipped with a
close-up accessory. Most have builtin electronic
flashes, and variable-speed electronic shutters. A
few models have zoom-lenses and/or autofocus,
and we can doubitless expect to see more such
devices in the future.

With the digital devices, the relative paucity of fea-
tures reflects the price constraints manufacturers face.
The sensors and other necessary electronic compo-
nents make even the most basic devices fairly ex-
pensive. If more advanced features were added,
the prices would head beyond $1,000 and
affordability would suffer. As electronic components
continue their inexorable downward march on the
price curve though, it is likely we'll see both less
expensive entry-level units as well as more feature-
packed models.

For now, the main differences between competing
devices have to do with the flexibility of the lens
sysfems, resolution and image quality, amount of
on-board image storage, battery life, flash flexibil-
ity, and ease of interfacing. We'll explore each of
these parameters in more defail later.

What can | do with a Digital Point-and-shoot?

While applications for Digital Pointand-shoot (DPS)
cameras are numerous and varied, if's imporfant to
consider their limitations as well as their capabili-
fies. There's no question their resolution and image
quality are limited, as well as their focusing and
focal length flexibility. Thus, you clearly would not
use a DPS fo create a high-quality marketing bro-
chure, a fullsize poster image, or a digital portrait

meant to be hung on a wall. On the other hand,
their convenience is unmatched for applications
where image sizes will generally be small, or where
image clarity isn't the foremost concern.

To understand different application areas, we find
it useful to think in terms of three different uses of
images, which we'll outline below:

Images as Data

Are you looking for a camera mainly as a way to
capture essential information about people, ob-
jects, or situations? (After all, a picture is sfill worth
a thousand words!) If you are, then your needs fit
info the “Images as Data” category. Digital Point-
and-shoot cameras are finding widespread appli-
cation in real estate marketing, identification (us-
ing image databases to record and store images
of people or obijects), insurance documentation
(ogain, linked to a digital imoge database sys-
tem), and medical/dental environments. We've
heard of at least one oral surgeon using a DPS
camera with close-up and special flash attachments
to document before/after pictures of patients’
mouths. The low cost and immediate feedback
available with DPS devices will undoubtedly lead
to other, similar uses in the near future. We ad-
dress several of these uses in our test images, con-
tained elsewhere on this CD.

Images as Communication

Do you want fo use the “instant images” of digital
photography fo send information to others you are
working with, or increase the impact of your busi-
ness presentations? If so, you fit into the category
of “Images as Communication.” While one might
argue this is really just “images as data” in another
guise, the usage here is different. An example would
be a clothing manufacturer and his overseas client,
emailing back and forth annofated images of a
sample to make sure they both understand exactly
how the final product should tum out. The image is
a key part of the communication flow in a collabo-
rative decision making or other work process, where
it does indeed replace a thousand words.

Images have never been common in business com-
munications, no doubt at least in part because
they were difficult to include. With DPS cameras,
modern photo-capable laser printers, and image-
handling capability built into most word proces-
sors, things could begin to change dramatically.
As digital cameras become more common, and
better integrated with desktop business tools, im-
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ages will also become a larger and larger part of
business communications.

In many companies, digital images are already
beginning fo show up in frip reports (just how big
was the crowd around the trade show booth?), field
investigation reports, internal product announce-
ments and so on. Now that DPS camera prices are
dropping below capital-authorization thresholds,
more and more companies are faking advantage
of the existing image-handling capabilities of their
laser printers and word processors.

Images as Memories

This is really the consumer market (YOU, at home),
where conventional Pointand-shoot cameras are
common. DPS cameras are definitely an appealing
gadget for the well-heeled enthusiast. Many home
users already have color inkjet printers, and the plea-
sure of cranking out pictures of family and friends
from your own printer is pretty affractive. (Not to
mention pictures of class field trips, school plays,
family trips, efc.) While a little pricey for many bud-
gefs, prices are steadily declining, and we expect
a lot of DPS cameras will end up as adjuncts to the
fomi\y computer system.

Images as Business

If you run a service bureau, a DPS camera could
be a supremely logical addition to your service of-
ferings (look af the recent Kinko's/Apple deal with
QuickTake cameras and color LaserWriters.) Hav-
ing a DPS camera available for customer rental not
only provides revenue on ifs own, but can drive
demand for other imaging services. Again, the cost
of the devices is low enough that virtually any shop
can afford one.

Why not just use a Video Camera?

Many people are confused by the distinction be-
tween a digifal camera, and a conventional video
camera connected to a digitizer. Both systems leave
you with digital files on your computer, so what's
the difference? The answer is really twofold: 1)
convenience and 2] image quality.

The convenience factor may not be obvious af first
glance. Cerfainly, you can carry a small camcorder
around about as easily as most (but not alll) DPS
cameras, so portability isnt a huge issue. The big
difference with a DPS camera is that once you've
captured the images info the camera, you're prefty
well done: Getting them out of the camera is a fairly
routine, mechanical process. With a video camera

however, not quite. First your computer needs to be
equipped with video digitizing hardware (we'll ex-
plain this in greater detail below); but furthermore it's
as though you have fo capture the image twice. First,
you capture a brief motion sequence onfo fape. Then,
when you get back to your computer, you need fo
spool through the tape to acquire just the specific
frames you want to use as still images. This can be a
fime-consuming process, as you hunt back and forth
on the tape fo find the secfions containing the im-
ages you want. So-called “still video” devices, the
earliest electronic still image cameras, were devel-
oped to address this issue. A few are still available
on the market, but digital cameras have gained the
upper hand, and virtually obsoleted sfill video. That's
because both sill and motion video devices require
computers equipped with digitizing hardware, and
both are subject to image quality limitations for the
following reason.

There are significant differences in image quality
between DPS cameras and their video cousins, par-
ficularly camcorders. The basic problem is that the
image dafa in a video camera is output as an anc-
log signal, covering a very limited dynamic range
(the difference between the highest and lowest
possible signal values.] The consfrained dynamic
range of video signals usually means video images
have a fairly limited range of tonal gradation. Video
signals are also limited in the amount of detail they
can carry, a problem made worse when the signal
is recorded on fape. The reasons for this are be-
yond this brief discussion, but the basic fact is that
an image encoded info a video signal will almost
always contain less information than one taken di-
rectly from the sensor.

All these factors add up to a dramatic difference in
both convenience and image quality between most
digital cameras and digitized video.

Making the Choice — What to Look For

As simple as they are, choosing the right DPS cam-
era involves a number of decisions. Key issues are
computing platform, image quality, on-board im-
age capacity, exposure versatility, feature set, and
included software. We'll lead you through each of
these areas in this section.

Computing Platform
This is an obvious first choice, but is becoming less
of an issue than it once was. Most of the cameras
we fested could be interfaced to both Mac and
Windows platforms.
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Image Quality

Image quality is a complex subject involving ex-
posure accuracy, color purity, optics, and image
compression techniques. We'll cover this whole
area in greater detail later. For now, the main thing
fo keep in mind is that there's really no substitute
for direct experience: look at the sample images
on this disk that correspond to your expected us-
age — you may be surprised by the differences
between cameras!

On-Board Image Capacity

Depending on your application, the amount of on-
board image storage could be prefty important.
There is generally a tradeoff between image ca-
pacity and image quality however, so don't get too
excited by a large image capacity until you check
fo see how much actual memory the camera con-
fains compared fo the resolution of the images. One
camera may promise storage for twice as many
images as another, yet have no more actual sfor-
age space. The consequence would likely be a
loss of image quality. On-board camera memory
capacities range from 1 to 4 megabytes, while
image sforage can vary from 8 fo 96 images.
Again, look at the sample images on this disk to
decide what the usable storage capacity of each
device would be for your application.

Several cameras allow you to make your own de-
cision about the memory/cost tradeoff, by allow-
ing you to store images on plug-in cards. They gen-
erally use industry-standard “PC" (formerly PCMCIA)
memory cards fo extend the on-board memory. This
approach allows each user to add as much or as
little memory to the camera as they feel they need.

Exposure Versatility

One notable disadvantage of digital cameras is
their inability to handle radically different lighting
conditions just by using a different type of film: VWith
a digital camera, the camera is the film, so what-
ever you buy is what you'll have fo live with. This
means you'll want to be sure your camera’s expo-
sure sysfem (shutter, variable lens opening, supple-
mentary flash) can handle a wide enough range of
conditions.

In this category, look at a camera’s “equivalent ISO
number,” which is a measure of how sensitive the
camera’s sensor is fo light. A higher number means
the camera can successfully capture images with
less light. Most DPS cameras have equivalent ISO
ratings in the 80-200 range.

Beyond the ISO rating, look for a wide range of
shutter speeds and lens apertures. Typical numbers
here are shutter speeds from 1,/30 to 1/200 of a
second, and lens openings from f2.8 to f16. The
wider the range spanned by both these sets of num-
bers the better. For the most part, we found the
cameras fested did poorly in low-light situations.
See the Portrait/Qutdoor images for examples.

Also look at the capability of the builtin flash if
one exists. Key factors here are the distance range
over which the flash will be useful, and the num-
ber of "modes” it has. You'll generally find fairly
limited flash power, evidenced by maximum work-
ing distances of as litfle as 10 feet. Flash “modes”
refer to different ways the camera’s light sensors
can control the flash circuitry. In the most basic
mode, the camera “stops down” closes) its lens
aperture and runs the flash at full power so most
of the light hitting the subject is provided by the
flash. Some cameras offer a “fill" mode for their
flash. In this mode, the camera sets the shutter
speed and lens opening based on the amount of
light coming from the scene overall. In “fill” mode,
only enough flash illumination is used to “fill in”
the shadows and bring the illumination up to the
minimum required. The result is offen a more natu-
ral, evenly-lit subject.

Feature Set

Besides the basic parameters listed above, you'll
find a variety of features on the cameras that
may have varying degrees of usefulness in your
application:

Close-Up and Wide-Angle

The ability to take close-up pictures is critical to
many applications. Many DPS cameras have a
"fixed-focus” lens, in which the focal point is set
so everything from about 4 feet on out is in fo-
cus. This is handy if you need to photograph sub-
jects in that range, but pretty useless if you have
to take a picture of something only a few inches
wide. Some DPS units have optional attachments
to improve their close-up performance: The Apple
QuickTake includes a clever snap-on adapter that
simultaneously shortens the focus of the lens, ad-
justs the field of view of the viewfinder, and angles
the light from the flash to point more directly at
the close-in subject. The Kodak DCS 40, Logitech
Pixtura, and Dycam C-10 each have builtin
adapter rings allowing them to accept standard
photographic close-up lenses sold by third par-
ties. All of the Chinon-based cameras (Chinon,
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Dycam C-10, Ritz Dakota) have a “macro” mode
available in their auto-focusing system for real
close-up work.

Wide-angle photography is another important ability
if you need it. (This could be particularly important
for real estate or insurance photography, where
shooting conditions may be cramped.| Again, some
cameras have aftermarket accessories available fo
expand their field of view, so you will want to take
this info account when purchasing. (We're aware
of products for both the Apple and Kodak units,
products for other cameras may follow.

Several cameras feature zoom lenses, with a range
of focal lengths running from a mild wide-angle
(roughly equivalent to a 35mm lens on a 35mm
camera) ouf fo a mild telephoto (slightly more than
the equivalent of a 100mm lens on a 35mm cam-
era). After spending quite a bit of time with all the
cameras, we found the zoom capability especially
useful: Expect to find this feature showing up on
more and more cameras in the future.

Battery Life

We're not sure if this is a “feature,” but it's impor-
tant, and this seemed a logical place fo include it.
You'll find o wide variation between cameras in
how long their batteries last. Take note of whether
the battery life is specified with standard alkaline
cells, or lithium cells: The lithium cells last much
longer, but cost much more, and may be harder to
find. Also, can the camera run off rechargeable
batteries? If you plan to take a lot of pictures, the
ability to use rechargeable cells could save signifi-
cant money in the long run. (Nofe foo, that the
mere presence of an external power adapter may
not mean the camera can use rechargeables, and
probably does not mean the unit will recharge bat
teries while it is plugged in.)

External “booster” battery packs are also available
for some cameras, increasing their working fime in
the field manyfold. Keep this in mind if you plan to
spend long periods on the road, far from power
outlets. If a "booster” pack isn't offered, can you
change or replace batteries in the field?

External Power Adapter

While we're talking about power, how about an
external power adaptere You'll find DPS cameras
generally consume much more power while commu-
nicating with the computer. If you have an option o
run from a power adapter while downloading im-

ages, your batteries will last a lof longer. If's impor-
fant fo nofe here though, fo be cerfain to use the
correct power adapter with you camera — the wrong
one could easily fry a thousand-dollar investment!

Self-Timer

A selftimer is simply a shutter delay which allows
you fo trigger the camera, then run around to be
included in the picture before the shutter snaps. This
is an easy addition from the standpoint of the tech-
nology required, but often omitted. If you plan to
be part of any group photos, see that your camera
has this feature!

Included Software

Image Download

The software included with the camera can be pretty
important. In fact, this is an area where you'll find
some of the greafest variation between cameras.
In our reviews, we'll fry to give you some idea of
how the different units fare in this respect. Things to
consider include how convenient it is to unload im-
ages from the camera. Can an entire camera-ull
of images be pulled onfo your hard drive quickly
for later processing2 Or, is the camera held cap-
five while each image is individually processed?
Alternatively, can “thumbnail” images be viewed
prior to downloading the full-size files? - This can
save a lof of time in culling the few best shots from
a large group.

Image Manipulation

Cetting the images into the computer is just the
beginning: Does the included software allow you
fo manipulafe the images after you've captured
them? How easily can you compensate for poor
exposures, color casts, or misaligned images How
about minor retouching to remove blemishes, er-
rant reflections, etc.2

File Formats

Particularly important is the software's file-export
capability: Can the furnished software easily pro-
vide images in the file format you need? Your re-
quirements may be different if you plan fo capture
images for multimedia presentations rather than
printed oufput. Most camera software is fairly com-
petent in this respect, with some manufacturers in-
creasing their present level of capability. Virtually
all packages provide for export of standard RGB
TIFF files, which most document layout and word-
processing applications will support as well. If you
need formats beyond the standard TIFF, look into
what the camera software supports more carefully.
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Cataloging

One of the first things you'll learn once you start us-
ing a digital camera is how fast images pile up! (If
you haven't already, you'll doubtless find yourself
buying a much larger hard drive.) Having adequate
storage space is only half the battle though: Finding
images is another matter entirely! In recognition of
this fact, some cameras include at least rudimentary
image cataloging capability in their software pack-
age. (On the Mac, just the ability fo create a “thumb-
nail” preview fo display as the file icon is a big plus.
A word of warning though: Hundreds of file icons
with thumbnail images attached can really slow down
access fo folders on your hard drive. Turning off the
"preview” opfion and using a cafaloging program
instead can really help system performance.)

Some camera software includes rudimentary cata-
loging capability, but in our experience, none of
these packages offer the level of capability you'd
need fo manage more than a few dozen files. Ac-
cordingly, if you need to track large numbers of
images, you should really look at one of the many
image-database programs on the market.

Links to External Applications

One of the nicest characteristics of “"deskiop” ap-
plications is how easily you can move data or
design elements from one application to another.
The Macinfosh has excelled in this respect for years,
and the Windows platform is rapidly coming
along. There are varying degrees of integration
available though. Some software requires you to
save a file to disk in one application before it can
be imported into another. Other packages let you
place an element from one application directly info
a document of another. Sometimes, you can sim-
ply “drag and drop” an image from the camera
software into a page layout program. Look at the
camera software with your specific application in
mind, and see what’s required to move the im-
ages from the camera to the programs where you'll
finally use them.

Image Quality

Image quality is one of the most important charac-
feristics fo consider in choosing a camera, and is
impossible to evaluate from manufacturers’ spec
sheets. This underscores the importance of the test
images on this disk: Ulimately, the only way to tell
it a given camera will produce acceptable results
in your application is to look at and try out images
of similar subjects.

The reason image quality is so hard fo get a
handle on is twofold. First, there is currently no
standard, objective scale by which to measure
color accuracy in digital cameras. Second, all
DPS devices use image compression fechnology
fo cram images into their limited memory. De-
pending on the algorithm used and the amount
of compression applied, image quality can vary
widely, even between devices using the same
CCD sensor!

Let's look at some of the elements that contribute
fo image quality:

Color Quality

Color quality is a complex and generally misun-
derstood topic. While it is probably less an issue
for typical Pointand-shoot applications than for
high-end studio cameras, the large differences we
found between the cameras tested suggest a de-
tailed discussion of color quality would be useful.

Color quality is actually made up of two related
but different parameters — color purity and tonal
balance. People tend to assume color errors can
be corrected easily in an image-editing program
such as Photoshop, and so tend to discount their
importance. This is generally true of tonal errors,
but errors due to color purity are virtually impos-
sible fo fix.

Gray Balance and Color Accuracy (Tonal Errors)
As mentioned above, fonal errors in a digital im-
age are fairly easily compensated for, often with
very gratifying results. Of these, gray balance is
both the most dramatic and the most easily cor
rected. While a full treatment of gray balance is
beyond this parficular discussion, we can none-
theless cover a few key points, and see the effect
relatively simple adjustments can have. For a brief
lesson on how to perform gray balance correc-
tions in Photoshop, refer to the accompanying tu-
torial (entitled “Black, White and Gray: The Keys
to Better Color”) on this cp.

As the name suggests, gray balance refers to bal-
ancing the red, green and blue channels across
the entire tonal range, bringing gray fones in the
image into neutral color balance. Obviously, if
the blue channel of a camera responded more
than the red or green channels, pictures would
have an overall blue cast. While gray-balance
problems are sometimes as simple as this, gener
ally they are more complex.
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Figure 1

THE DISCERNING EYE.

A long but useful diversion. . . .

o understand color accuracy (and why | prefer to
refer to it as “color purity”), let's look at how a
digital camera sees color. At their heart, digital
image input devices try to match the operation of the hu-
man eye. lt's virtually impossible for any one colored ob-
ject to mimic exactly the spectral characteristics of any
other. “White” light consists of a continuous spectrum of
component wavelengths or colors, and an object’s color
in the most absolute sense is the product of how strongly it
reflects or absorbs each of these wavelengths. Devices
that measure the full spectral characteristics of objects are
called “spectrophotometers,” and actually measure an
object’s response fo light at many different individual wave-
lengths. The output of such a device is a curve like that of
Figure 1, which shows a sample spectral response curve
for a color we would call “red.” Note that the curve is
highest in the red portions of the spectrum, tapering off in
the green and blue. This means the
object is reflecting the most light in
the red wavelengths, and proportion-
ately less in the green and blue por-
tions of the spectrum. You can readily
understand how difficult it would be
to match this exact response curve just
by mixing various pigments together,
amm.  coch of which had its own unique

color “signature!”

Fortunately, the human visual system allows us a conve-
nient shortcut: Our eyes have only three types of color
sensors (except for a very few people who actually have
four, but that's a story for another time). Each of these
sensor types is sensitive to a different portion of the color
spectrum. Signals from all three types of sensors are com-
bined by our brain to produce our final perception of
color. The exact response curve for each human sensor
type is complex, and will vary from person to person,
but in a very general sense, they respond to red, green
or blue light. There’s a fair amount of crossover among
the different sensors, but the red-green-blue breakdown
is a pretty good approximation.

For our purposes, the important fact about the eye's color
sensors is that they really don't know exactly what color
of light is shining on them; all our brain can fell is that the
green sensor, for instance, is sending it a signal of a
particular strength. That signal could be produced by
any of an almost infinite combination of colors of light at
different intensities.

So what does this mean2 In essence, it means we can
trick the brain info seeing almost any color we want it to,
just by mixing varying amounts of red, green or blue
light together. This is the basis of the entire world of Rs
scanners, computer displays, color television and, of
course, digital cameras.

If we'll conveniently forget for the moment about the whole
world of cMyk color (as is used on the printed page), we

can see that a digital camera’s job is fo figure out what
percentages of red, green and blue light to mix together for
our eye/brain to think it's seeing the original color. All we
need to do is take three separate exposures of a scene
through red, green and blue filters in turn. This will fell us
how much of each color we need to mix together to fool the
eye info “seeing” the original color. Sounds pretty simple,
doesn't ite

The problem in practice is that the spectral curves of color
filters don’t exactly match the curves of the sensors in the
human eye. This means that they will respond differently
from the way our eyes would to any given mixture of
color, yielding incorrect combinations of red, green and
blue. What's worse, most commercial filters “leak” vary-
ing amounts of the colors they are supposed to be filtering
out. For example a red filter may, in fact, let moderate
amounts of green light through, and the green filter might
do the same with red light. The technical term for this is
“cross-channel contamination,” and it means that the rcs
numbers our camera gives us may not be accurate, de-
pending on which color the camera is looking at.

The color plate in Figure 2 shows what happens when this
occurs. On the left is a fairly pure yellow. On the right is
what this color would look like if the blue filter of the cam-
era “leaked” significant amounts of red and green light (the
“primary” colors that make up yellow). The camera has
told the computer, “Hey, there’s 10% blue here!l” because
that's how much red and green light leaked onto the blue
sensor. As you can see, the result is a dull, muddy color that
looks nothing like what we were hoping for.

Figure 2

If we want to get back to our original color, you might be
tempted fo say, “Well, let's just cut back the blue channel
in Photoshop.” This would be fine if the only object in the
picture happened to be this particular shade of yellow.
The problem is that a reduction in the blue channel will
affect everything in the image, and will throw our other
colors way out of balance.

What we've just learned is that an error in color purity
cannot be adjusted with simple manipulations in
Photoshop: Since the color errors are themselves a func-
tion of what color we're looking at, each color in the
image needs to have its own, separate correction ap-
plied to it! This underscores the importance of having
good color purity in any image-acquisition device. This
is truly a case of cico (garbage in, garbage out), and
you can waste huge amounts of time in image-editing
applications trying fo fix the problems.




Figure 3

In a digital camera, we care about color across the
entire range of tonality, which means we need to
concemn ourselves with the gray balance in the shad-
ows, the highlights and all points in between.

In practice, it is neither practical nor necessary to
make gray-balance adjustments point by point
across the whole tonal range. Usually, adjusting
the balance in the highlights, shadows and midiones
brings dramatic results with relatively little effort.

In Photoshop, these adjustments can be made with
the Image,/Adjust/levels function, and correction
curves can be saved for fairly automated applica-
fion fo groups of images captured with similar light-
ing. The color plates of Figure 3 show sample re-
sults. The image on the left is “as captured” by one
of the cameras in the test. The image on the right is
derived from the same file, but has had a rudimen-
tary gray-balance adjustment performed on it. Note
how much “cleaner” and brighter the colors are,
almost as if a layer of grime had been wiped from
the image.

While gray-balance adjustments can produce a
dramatic improvement in color quality, they are by
no means a panacea. While proper gray balance
can substantially brighten colors, it will not correct
color impurities or the sort discussed in the sidebar,
resulting from poorquality color filters. You also need
fo keep in mind that time spent adjusting gray bal-
ance is time lost to more productive work. A cam-
era that looks like a bargain may prove otherwise
if you have to spend 20 minutes color-correcting
every image it produces.

Evaluating color purity and color accuracy.

Important as it is, color accuracy is a slippery pa-
rameter to quonﬂfy. Rather than trying for some sort
of absolute standard for color accuracy (which
would likely be difficult to interpret anyway), we
opted here simply fo provide consistently exposed
fest images that would help you make your own
subjective evaluations. The “Dave Box” target in-
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cludes a Macbeth™ color chart as a well-
established and reasonably consistent color refer-
ence, readily available at most well-stocked cam-
era stores.

We've also provided another comparison aid in the
form of a large grid of color chips taken from each
camera’s test shot. VWe have found such grids very
useful in our own evaluations, as we can use
Photoshop's cut&paste capability fo perform side-
by-side comparisons very easily. To compare the color
chips from one camera fo those of the others, use
Photoshop’s marquee tool to select the row of chips
of interest. Once you've selected them, holding down
the option key while dragging the selection will make
a "floating” copy of it. You can then click and drag
the selection fo position it next to the row of chips
from any of the other cameras to get a very good
idea of how well the different devices handle differ-
ent colors. You'll want to crop the color chips very
closely, to eliminate any black border around them.
This lefs you see the colors from one camera directly
adjacent to those from another, making even very
slight color shifts obvious.

Dynamic range

Dynamic range measures how wide a range of
subject luminance (e.g., brightness) a sensor can
accurately reproduce. Most digital cameras can
capture a wider range of brightness values than
the printed page can reproduce. The key issue is
how good a job the hardware and software does
of compressing the full range of scene brightness
info a range that output devices can reproduce.
This capability, whether in a camera or a high-end
scanner, is called tone compression, and it is an
important characteristic of high-quality input devices.

Tone compression is as much an art as a science,
and different devices use different inputto-output
curves to accomplish it. Generally, you want to avoid
losing either the highlights or the shadows, vyet sfill
maintain reasonable contrast in the midtones. Visu-
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Levels

ally, photographers are accustomed to looking for
tonal problems in very light and very dark subjects.
Traditionally, people shoot white porcelain objects
fo study subtle highlight defail and dark camera bod-
ies or electronic equipment fo look at shadow de-
tail. This is a valid approach, but subtle differences
are offen difficult to detect on the final printed out-
put. On screen, without an assist from Photoshop,
the problem is even greater. Especially in the shadow
areas, the tonal response of CrTs is very poor.

The way fo really see what's going on is fo use the
Photoshop Levels control to stretch the fonal range
of the image in the areas you're interested in. For
highlights, this is accomplished by moving the
black-point slider well up info the midiones. This
forces everything darker than the midtones on
down to black, strefching the remaining fones over
a wider range and emphasizing fonal differences
in the brighter portions of the image. For shadow
areas, reverse the procedure, moving the white-
point slider down into the midtones. This forces
everything from the midtones on up to white to go
all the way to white, strefching the shadow fones
across the full range and emphasizing subtle fonal
differences there as well. Figures 4 — 6 show this
process applied to an image with deep shadow.
In Figure 4 we see the display from a Photoshop
levels adjustment. Note that all the image data
are clumped on the far left, in the deep shadow.

The illustration immediately above it shows the cor
responding image; there’s no apparent detail o
be seen. In Figure 5, we've moved the highlight
slider far to the left until it's just touching the right-
hand edge of the histogram “lump.” See how this
brightens the screen display, pulling up defail
where none was to be seen. Finally, Figure 6
shows how the brightness levels of the image have
been "stretched” o cover the full tonal range. The
image is the same as in Figure 5; the change has
just been made permanent in the file. Note that if
the gray balance of the camera is inaccurate, these
procedures may also show color casts in either
the highlights or the shadows that wouldn't be
obvious fo the unaided eye. (In other words, don't
be surprised if your shadows end up looking yel-
low or red or whatever affer you've tinkered with
them to this extent.)

What do you look forg Whether in the highlights
or shadows, you want a camera fo reproduce fonal
variations smoothly, without obvious “tonal breaks,”
"posterizing” or “quantization” (three different terms
all meaning the same thing). The most common
defects occur when highlights wash out fo white
or shadows plug up, going black in regions where
there is sfill some tonal variation in the subject that
you'd like to retain. These faults are sometimes
hard to see, but Photoshop will smoke them out
every fime.

eve
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For the DPS cameras, the “deep
shadow” test of charcoal bri-
quettes in a black box was almost
foo severe a challenge. Most of
the devices tested could only just
barely discern the presence of the
briquettes, let alone show any sig-
nificant detail. Nonetheless, differ-
ences in performance are clearly
evident in the shadow detail com-

posite image.

Camera limitations

Figure /7

In discussing fechniques for find-
ing camera limitations that aren't visible to the naked
eye, a natural question is, “Who cares?” After all, if
you can't see it, why worry@ The answer is that sooner
or later, you'll need to “push” an image in some way,
perhaps o open up the shadows, boost midione
contrast or hold back the highlights a litfle. When
you do this, any fonal imperfections will be magni-
fied, along with whatever detail you're frying fo bring
out. If you've never shot a photo that wasn't perfectly
exposed, then congratulations, and just skip this en-
fire section. If you're subject fo the same slings and
arrows as the rest of us mortals, though, you owe it
to yourself to look carefully at what a digital camera
will do before you invest your hard-earned money.
With a film camera, you can always use a different
type of film to deal with poor exposure, a contrasty
subject, efc. With a digital camera, what you have
is what you've got.

Noise

The characteristic that most limits the overall tonal
range of a digital camera is noise in the sensor
array. Without getting overly technical, a noisy sen-
sor means you'll see “grain” or “snow” in solid grays
or colors. This effect is particularly pronounced in
shadow areas. On the cb images, you can use the
procedure described earlier to boost the shadows
into an easily visible range. The darker steps of the
Kodak gray scale will give you the most consistent
reference to work with, but for subjective evaluo-
fion, the charcoal briquettes in the black box are
perhaps the most useful.

Sensor noise usually appears as “snow” in the im-
age, much as you would see on a felevision set
experiencing poor recepfion. Depending on the
construction of the camera system, the noise may
appear as randomly disfributed monochrome or
colored flecks. (Certain sensor irregularities may
result in some patterning to the noise flecks, but usu-
ally the disfribution will be enfirely random.)
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You're likely to have gotten a good look at sensor
noise in the previous experiment, while looking af
shadow detail. In the process of pulling the shadow
fones up into the visible range, you also would have
greatly increased the visible effect of any sensor
noise that might have been present. Figure 7 shows
shadow detail samples from a studio camera with
low noise on the left, and from one with high noise
on the right.

In DPS cameras, noise effects are largely masked
by the JPEG image-compression process. Noise is
nonetheless a primary limitation, even if we don't
see the effects directly.

Sensor and optical artifacts

As we discussed earlier, each image captured by
a digital camera is actually three separate images
(red, green and blue). In order for your picture to
look right, all three of these images must be kept in
perfect registration. If the registration between the
fricolor images is off at any point, the result will be
a color “artifact.” (Artifact here is just another word
for something in the image that came from the cam-
era, rather than the scene.)

Array striping artifacts

Ideally, a digital camera would arrange fo have
separate red-, green- and blue-sensitive sensor ele-
ments staring af each pixelsize area of the scene.
In most cases, this is prohibifively expensive, even
for high-end studio cameras.

A popular, low-cost way of achieving single-shot
capability in a digital camera is fo “stripe” the sen-
sor array with microscopic color filters. The result, as
shown in Figure 8, is generally an array of ka8 color
friplets, much as you can see if you look closely at a
color 1v picture tube when it is operating. This ap-
proach trades off resolution for single-shot capture
capability, but carries with it other penalties as well.
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Figure 8: “Striped” CCD
Sensor Array

(“Single-Shot”)

Sensor Image Pixel
ray Dimensions
(3 sensors/pixel) (Imaginary Grid)

The most significant limitation of striped sensor ar-
rays is that they are prone to generating color moiré
and other artifacts when viewing small, high-con-
frast objects. (This situation frequently arises in prod-
uct photography, where fine black type on labels
can cause these kinds of problems.) In the Davebox
image, you may be able to see such artifacts
around type, or as a colored moiré on the resolu-
tion target with the repeating patterns of vertical
lines. In print applica-

tions, as long as the file

senfs a parficularly severe test, a camera that has
frouble with it is also likely to have problems with
things like venetian blinds, efc.

Overexposure “blooming”

A final limitation of ccp sensors is their reaction
to severe illumination overloads. This is the rea-
son for the inclusion of the shiny pot lid in the
Dave Box target, which reflects light sources back
info the camera lens. In the face of extremely
high light overloads, some ccps will “leak” charge
from the overexposed elements info adjacent cells.
This phenomenon is called blooming, and vari-
ous methods are employed to prevent it. It most
frequently shows itself as a colored fringe around
specular highlights. Usually, the sensor will bloom
differently in each of the red, green or blue chan-
nels, producing the colored fringes where one
channel has bloomed more than the others. The
impact of this for your particular work will de-
pend on its nature: If you infend to do a lot of
photography of chromed auto parts, blooming
could be a big problem. On the other hand, it
would be a complete nonissue in photos of bath
towels. In any event, litlle if any blooming was
evident in the DPS cameras tested.

isn't magnified too much,

these artifacts are some-
what hidden by the half-
fone printing process. If
the image is magnified at
all, though, these artifacts
can be quite evident. In
multimedia applications,
these effects are almost

Light

Source

Small black element
in field of view

Color
Filters

Sensors  The computer’s
interprefation

always visible.

Figure 9: Striped Sensor/Partlll1. 1

On the righthand side of the Davebox, you'll see
an area with patterns of parallel lines, mentioned
earlier. This is a test pattern for measuring resolu-
fion on high-end cameras. While this high-resolu-
fion test pattern isn't too useful for evaluating most
of the DPS cameras, you'll undoubtedly nofice some
interesting color artifacts around the different blocks
of lines. These false colors are caused by an inter-
ference pattern between the spacing of the lines in
the test target and the spacing of the red-green-
blue filters on the surface of each camera’s imag-
ing array. Differences in compression techniques
between cameras make them more or less prone fo
producing such artifacts. While this pattern repre-

Resolution(!)

Resolution is one of the most misunderstood, mis-
represented and confusing parameters in the entire
field of digital photography. It is also one of the
hardest characteristics to specify in a precise, ob-
jective manner, particularly for the digital Point-and-
shoot cameras.

One of the most important things fo understand
about resolution in digital cameras is that pixels
are not resolution! ALL of the entry level Pointand-
shoot cameras use large amounts of image com-
pression fo squeeze a reasonable number of im-
ages info their limited RAM. The complexity and
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variety of these compression schemes makes it nearly
impossible fo arrive at any meaningful correlation
of pixel count with the actual ability of a camera to
resolve detail. Once again, it's really important fo
look at the test images to defermine how each cam-
era actually performs.

For the DPS cameras, the starburst target in the up-
per righthand corner of the Davebox is probably
the best objective measure of resolution. As you
progress foward the center of this target, the “spokes”
become smaller and more closely spaced. At some

point, they blur together info a formless blob. Higher-

resolution cameras are able to resolve the individual
spokes further into the center of the test pattern than
lowerresolution ones.

Compression: 10 pounds into a 5-pound bag

Atfirst glance image compression looks like magic.
In fact, at second glance, it's prefty easy to con-
vince yourself it is magic! How else would you de-
scribe a technology that crams sixteen 1-megabyte
images info a single megabyte of actual storage?

Of course, nothing comes for free, not even with
the spiffiest of high technology: While you can get
away with pretty substantial amounts of image com-
pression without people noficing, the level used in
most DPS cameras is well beyond that point. None-
theless, different devices succeed to varying de-
grees, depending on the details of their particular
compression techniques.

The key to usable image compression is to throw
away "unimportant” information in the images, and
to take advantage of local areas of similarity within
each image. For instance, you don't need 24 bits
of information to tell you what color a particular
piece of an image s, if it happens to be about the
same as the pieces on either side of it: Just record
the differences! If the differences are small, the in-
formation you'll need to store will be small as well.
Also, the eye tends to be much more sensitive to
cerfain kinds of defail in an image than to others. If
we can find a way to throw out only the sort of
detail our eyes aren't very sensitive to, we can re-
duce the size of the file without our eyes noficing
what we've done.

This is the essence of all image compression
schemes, but as you may suspect, the concept is
easier fo describe than to implement. While stan-
dard techniques exist, there is a lof of latitude as
to how manufacturers can tweak them to produce
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the best results for their particular camera. Re-
cent advances in compression fechnology go
beyond standard techniques, and some manu-
facturers (notably Kodak) have taken advantage
of them to capture finer detail with litile increase
in memory usage.

When looking at the images on this cp, the ef-
fects of image compression generally can be seen
as a "blockiness” in areas of fine detail and high
contrast. Llook around the edges of objects con-
frasting strongly with their backgrounds: You'll see
errors infroduced by the compression process in
the form of square blotches at the corers, and
"stairstepping” down diagonal edges. You will see
differences between cameras though, which may
be important in your application. Note too, that it
is important fo look at areas with much “flatter”
contrast as well: Sometimes, manufacturers tweak
the compression methods in ways which throw out
foo much information in areas with subtle contrast
differences. We found this particularly evident in
the “insurance” images of the car engine. In look-
ing af these images, you may need fo use the
midtone or “gamma” slider on the Photoshop Lev-
els confrol to boost the brightness of the shadows.
Llooking closely though, we found the dark-colored
engine parfs and hoses fo be a fough test for some
cameras’ compression schemes: In some cases,
the three-dimensional hoses literally look “flat,” with
little apparent shape fo them.

Digital Point & Shoots: Today into Tomorrow

In just the last 12 months, digital Pointand-shoot
cameras have gone from virtually nowhere to one
of the fastestgrowing segments of digital imag-
ing. Expect to see new models every few months
or so info the foreseeable future, with increasing
features and decreasing costs. In the meantime,
the current crop of devices for the first time pro-
vide genuine utility af a cost within reach of most
business budgets. (And many personal budgets
as well.] Beyond practical uses, | have to say that
the cameras are just plain a lot of fun as well: It
was a sad day around the Eichells house when it
was time fo pack up all the cameras and send
them back to the manufacturers!

© R. David Etchells
October, 1995
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LIGHTING NOTES FOR DPS CAMERAS

ne of the things we struggled with in per-

forming the camera tests was how to get

reasonable lighting for some of the shots
(such as the Davebox), without resorting fo equip-
ment or fechniques everyday users of the devices
wouldn't have available to them. The DPS cameras
are generally sef up to produce best results with
"daylight” lighting. (That s, light with about the same
color characteristics as average indirect daylight.)
Most flash units produce this type of light, but typi-
cal home or office lighting does not. Most DPS
cameras have a pretty limited flash capability, mean-
ing supplementary light will be needed for many
photographs. What to do?

While this doesn't relate directly to the evaluation
of one camera against another, we felt lighting
would be pretty important to your eventual use of
the devices. Also, photographic lighting terminol-
ogy can sound a bit arcane fo the uninitiated.
Hence, this diversion.

Our eyes are amazingly adaptable to different view-
ing conditions. We fend fo perceive colors very
similarly even in radically different lighting condi-
fions, because our eyes can compensate for a lot
of the differences caused by the color of the illumi-
nation. Cameras however, whether film or digital,
work in absolutes: If the light is “warmer” or more
yellow, the captured image will look yellow as well.
Likewise if the lighting is “cooler” or more bluish,
the resulting image will have a definite blue cast.
You'd expect this to be what you'd want from a
camera — a faithful copy of whatever it is looking
at. Unfortunately, because our eyes tend to com-
pensate so much for different lighting, the accurate
images the camera shows us often look unnatural,
with exaggerated color casts.

So what's the point of all this2 Just that if you
want your digital camera images to look any-
thing like what you're photographing, you'll need
fo be cerfain your lighting has a color balance
prefty close fo daylight.

Color “Temperature”

How do you tell how closely your lighting matches
daylighte By ifs color “tfemperature,” of course. Say
whate

To avoid getting info higher physics and talk of
"blackbody radiators,” lefs just describe color “tem-
perafure” as a measure of the color cast of a light
source: Lower numbers correspond fo warmer or
yellower light, higher numbers to cooler or more
bluish light. The units are degrees Kelvin, or just
Kelvin or “K” for short. “Average” daylight is con-
sidered to have a color temperature of somewhere
around 5500K. Typical household incandescent
bulbs produce light with a color temperature around
2800K. Common “photoflood” bulbs generally
have color femperatures of 3200 or 3400K. If
you're setting up for inside photography, you'll want
the special photoflood bulbs with a blue coating
on them. These bulbs have a color temperature of
5000K, which is close enough to daylight for most
purposes. (In the “Davebox” tesfs, we fested the
cameras with both on-camera flash and 5000K.)

A word of warning about photoflood bulbs though:
They run HOT! BE SURE YOU ONILY USE THEM IN
FIXTURES DESIGNED TO TAKE THE EXCESSIVE
HEAT!! Also note that photoflood bulbs typically have
lifetimes on the order of a few hours, so don't leave
them on any longer than you absolutely need to.

This whole discussion on lighting may be super-
fluous for most people: The builtin flash units on
most cameras are adequate for many situations.
If you do need more control of the lighting though,
and are working on a budget, fry some 5000K
photofloods. [And buy a bigger air conditioner!)
In practice, we unfortunately found the photof-
loods of limited value, as even 2000 watts (1) of
floodlights still produced a rather dark image.
Nonetheless, if you are photographing a relo-
tively small (and heatfolerant!) object, photofloods
will give you much more control over the lighting
than will the on-camera flash.
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