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Preface

Photography has a rich history, from the personal family snapshot to Earth
rising over the moon’s horizon. In its brief 170-year history, photography has
played many roles to a wide variety of people—from memory keeper to human
condition revealer to personal exploration companion. Photography reveals
how we perceive and is so important that we are compelled to capture, pro-
cess, and share our experiences with family and friends, and now—via social
media—with complete strangers. Digital photography allows us to take more
pictures, more easily, and more quickly. But before we delve into the nuts

and bolts of digital photography with the third edition of Real World Digital
Photography, allow us to address some of the essential assumptions and desires
that come with the act of creating images out of light and shadow.

What Is Predictable

Taking pictures is fun; taking good pictures is gratifying; consistently taking
great pictures can be both a lifelong passion and a rewarding profession.

The foundation of contemporary digital photography remains rooted in the
nineteenth century brilliance of George Eastman, inventor and founder of
the Eastman Kodak Company and the company’s slogan—You take the picture,
we do the rest. Eastman realized that if the time-consuming technical aspects
of making a photograph were provided as a service, more people would
enjoy taking pictures—billions and billions of pictures.

Of course, Eastman’s premise would only work if the resulting photographs
were acceptable and reasonably priced. In essence, for millions of people to
enjoy photography, it had to provide more than fun, and it had to produce
successful and pleasing results, time after time.
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The sale of each roll of film was based on the following assumptions. The
great majority of photographers would take pictures outside, during the
daylight hours, with clear, brightly scattered clouds. The subject matter
would most likely be a portrait, a group of people, a landscape, or a close-up.
‘When photographers worked within these basic assumptions, chances were
greater for photographic success and personal enjoyment, which led to the
taking of even more pictures.

Of course, photographers are more than button pushers. To increase the rate
of success, a photographer carried the responsibility of choosing a subject,
composing the shot, focusing, and setting the exposure relative to the light
conditions and film sensitivity, all while working with a steady hand and an
eye for the moment. From the hundreds of thousands of miles of exposed and
processed amateur roll film to the Kodak Instamatic cameras to the dispos-
able cameras still sold near every international tourist attraction, the rate of
photographic and personal success has been incredibly high and gratifying.

What Is Anticipated

Successful, repeatable, and reliable results are also at the core of the digital
photography experience. Being a photographer in the digital age echoes
Eastman’s premise made more than a century ago. But as echoes pass, they
change to express the times. Today, the assumption is: I take the picture. The
rest is already done. Taking, seeing, and sharing pictures is now a split second
of instant gratification with nearly instant distribution.

In all honesty, all we really want is for the picture to look like the subject

we perceived and photographed. The closer the photograph resembles our
point of view or memory of a moment, the more successful the photograph
is and the more satisfied we are. Of course, we still do our best to hold the
camera steady and point it at a meaningful subject, but the settings required
for a successful exposure and a sharp image are all calculated by the cam-
era much more quickly than we can even press the shutter. On occasion, we
read the camera instruction manual, but just as often, most of us figure out
through trial and error how to make the camera work. Actually, unless we
really put effort into making the latest digital cameras fail by overriding the
recommended settings, the cameras will perform very well, resulting in a
well-exposed and in-focus rendition of the scene in front of the camera.
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‘When you pick up a digital camera—be it in your cell phone or a professional
digital camera—and then press the shutter button, you are relying on count-
less scientists, engineers, and software developers whose goal is for you to
get optimum and repeatable results in a variety of situations. As digital cam-
era development advances, the greater the manufacturers’ baseline predic-
tions in terms of light, color, motion, exposure, and whether to shoot stills
or video footage must be. If you work within the manufacturers’ predictions,
your results will be as good as the equipment you have chosen.

If, however, you want to get the optimum quality from your equipment or
you want your images to be more expressive of your experience, you must
understand that the defaults and digital imaging Auto settings are only
starting points. For your images to be uniquely yours, you have a world of
options to choose from and from which you can create.

If you opt to just take the pictures and let others do the rest, you can stop
reading these pages. If you create a photograph and you want to do the
rest—to be part of the creative process—then please do continue reading and
growing through learning, experimentation, and being open to seeing what
your photographs show you about the world and yourself.

What Is Desired

During the writing of the first edition of Real World Digital Photography in
1999, the authors approached digital photography with the (somewhat naive)
enthusiasm for the imaging technologies that were clearly the future, but
the potential certainly outweighed the tangible results. The cameras were
cumbersome, limited, and expensive, and quite frankly the pictures weren’t
very good either.

‘With the release of the second edition in 2004, the technical issues of reso-
lution, dynamic range, and color rendition of digital in comparison to film
were close to being settled but at an extreme cost that primarily professional
photographers with hefty client lists or dedicated amateurs with disposable
income were able to delve into.

Now, with the third edition of Real World Digital Photography in 2010, we no
longer compare digital with film. For most photographic processes, digi-
tal is the clear winner in terms of quality, ease of use, reliability, and price

xxiii
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performance. Many photographers working today have never even bought a
roll of film. The quality, performance, and price ratios are refreshingly bal-
anced. Cost is relatively low, and digital image quality is very high.

Real World Digital Photography serves photographers who want more from
their experience of taking pictures than simply pressing the shutter. With
Real World Digital Photography you will learn the vocabulary, technical con-
siderations, and skills to improve your photography. This is an essential
introduction to a wonderfully complex and creative endeavor that is written
by three artists, educators, and passionate photographers—Katrin Eismann,
Sean Duggan, and Tim Grey. Each author has taken the time to consider
and condense what each feels are the essential skills and considerations for
you to be a highly successful photographer who appreciates and enjoys the
idea of: You take the picture. You gladly do the rest. This book guides you to cre-
ate compelling images with the confidence that your technical decisions
are sound and your creative results best reflect your unique vision. Taking
pictures is a positive endeavor that allows you to see yourself and the world
more clearly.

—Katrin Eismann with John McIntosh
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Nuts and Bolts of
Digital Imaging

Before you run out and start capturing images with your digital camera
(OK, before you go out and take even more photos), you should understand
the nuts and bolts of digital photography. The more you understand about
digital imaging, the better equipped you'll be to make the most of your
digital photographs. The essential concepts to understand are resolution,
bit depth, color modes, and file formats.

Resolution = Information

Resolution is one of the most important concepts to understand in digital
imaging and especially in digital photography. The term resolution describes
both pixel count and pixel density, and in a variety of circumstances these
concepts are used interchangeably, which can add to misunderstanding.

Camera resolution is measured in megapixels (meaning millions of pixels);
both image file resolution and monitor resolution are measured in either
pixels per inch (ppi) or pixel dimensions (such as 1024 by 768 pixels); and
printer resolution is measured in dots per inch (dpi) (Figure 1.1). In each

of these circumstances, different numbers are used to describe the same
image, making it challenging to translate from one system of measurement
to another. This in turn can make it difficult to understand how the num-
bers relate to real-world factors such as the image detail and quality or file
size and print size.
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Figure 1.1 Different
devices use different units
for measuring resolution,

Monitor

which can cause some con- |
1920x1200 Pixels |

fusion for photographers.
Understanding how resolu-
tion is represented for each
device will help you better

understand the capabilities
of each in your workflow.
Camera i
18 megapixels Printer

2880 dpi

PPI vs. DPI

Purists will draw a careful distinction between ppi and dpi. Pixels are the dots on your monitor, and dots are,
well, the dots on paper. The distinction between the two is subtle, but we feel it’s important to use the most
clear and accurate terminology. Therefore, we use the term ppi when referring to pixels on a digital camera
or display device and dpi when referring to dots in printed output.

If you hear people using dpi as a general term for resolution, understand that they may mean ppi when they
say dpi (and then recommend that they buy and read this book!).

The bottom line is that resolution equals information. The higher the resolu-
tion, the more image information you have. If we're talking about resolution
in terms of total pixel count, such as the number of megapixels captured

by a digital camera, we are referring to the total amount of information the
camera sensor can capture, with the caveat that more isn’t automatically
better. If we're talking about the density of pixels, such as the number of
dots per inch for a print, we're talking about the number of pixels in a given
area. The more pixels you have in your image, the larger that image can be
reproduced. The higher the density of the pixels in the image, the greater
the likelihood that the image will exhibit more detail or quality (Figure 1.2).
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Figure 1.2 The resolution of a digital camera determines how much information it is
able to capture. The photo on the left was captured at 1 megapixel and contains less detail
and minimally defined edges compared to the image at right. The photo on the right was
captured at 6 megapixels and contains considerably more detail and smoother edges.

The biggest question to consider when it comes to resolution is—How much
do I really need? More resolution is generally a good thing, but that doesn’t
mean you always need the highest resolution available to get the job done.
Instead, you should match the capabilities of the digital tools you're using to
your specific needs. For example, if you are a real estate agent who is using a
digital camera only for posting photos of houses on a Web site and printing
those images at 4 by 6 inches on flyers, you really don’'t need a multi-thousand-
dollar, 22-megapixel digital camera to achieve excellent results. In fact,

a 4-6-megapixel point and shoot camera would handle this particular need,
although having more image information would be beneficial in the event
you needed to crop an image or periodically produce larger output.
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‘We'll discuss in future chapters which resolutions you should have with the
various tools you'll use to capture, edit, and print your images.

Megapixels vs. Effective Megapixels

Digital cameras are identified based on their resolution, which is measured
in megapixels. This term is simply a measure of how many millions of pixels
the camera’s image sensor captures to produce the digital image. The more
megapixels a camera captures, the more information it gathers. That trans-
lates into larger possible image output sizes.

However, not all the pixels in an image sensor are used to capture an image.
Pixels around the edge are often masked, or covered up. This is done for

a variety of reasons, from modifying the aspect ratio of the final image to
measuring a black point (where the camera reads the value of a pixel when
no light reaches it) during exposure for use in processing the final image.
Because all pixels in the sensor aren’t necessarily used to produce the final
image, the specifications for a given camera generally include the number of
effective megapixels. This indicates the total number of pixels actually used
to record the image rather than the total available on the image sensor.

Where Resolution Comes into Play

Resolution is a factor at every step of the photo-editing process. The digi-

tal camera you use to record the scene, the monitor you use to view those
images, and the printer you use to produce prints all have a maximum
resolution that determines how much information they are able to capture,
display, or print. Understanding how resolution affects each of these devices
will help you determine which tools are best for you and how to use them.

Camera resolution

Camera resolution defines how many individual pixels are available to
record the actual scene. This resolution is generally defined in megapixels,
which indicates how many millions of pixels are on the camera sensor that
is used to record the scene. The more megapixels the camera offers, the
more information is being recorded in the image.
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Many photographers think of camera resolution as a measure of the detail
captured in an image. This is generally true, but a more appropriate way to
think of it is that resolution relates to how large an image can ultimately be
reproduced. Table 1.1 shows the relationship between a camera’s resolution
and the images the camera can eventually produce. If sensor size was the
only thing that defined image quality and detail, it would be child’s play to
pick out a camera—with bigger being better—but sadly this simple formula
will not serve you well. In addition to sensor size, image detail and quality
are affected by such factors as lens quality, file formats, image processing,
and photographic essentials such as proper exposure.

Table 1.1 Megapixel Decoder Ring

Approximate Megapixels Printed Output Size Uncompressed 8-bit File Size
1 3"x4" 3MB

2 4"x6" 6 MB

5 6"x9" 15 MB

10 9"x13" 30 MB

15 10"x16" 45 MB

20 13"x19" 60 MB

30 16"x24" 90 MB

40 18"x26" 120 MB

Chapter 2, “How a Digital Camera Works,” explains how to choose the best
digital camera for your needs.

Monitor resolution

The primary factor in monitor resolution is the actual number of pixels

the monitor is able to display. For desktop or laptop LCD displays there is a
“native resolution” that represents the actual number of physical light-emit-
ting pixels on the display, and this is the optimal resolution to use for the
display. Any other setting will cause degradation in image quality, which is
discussed in more detail in Chapter 7, “Building a Digital Darkroom.”

The actual resolution is often described not just as the number of pixels
across and down, but also with a term that names that resolution. For exam-
ple, XGA (Extended Graphics Array) is defined as 1024 pixels horizontally by
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768 pixels vertically. SXGA (Super Extended Graphics Array) is 1280 by 1024
pixels. There are a variety of such standard resolution settings. In general it’s
best to choose a monitor with the highest resolution available so you can see
as much of your image as possible at once. However, keep in mind that the
higher the resolution, the smaller the screen’s interface elements will appear
on your monitor (Figure 1.3).

Dot memy
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Figure 1.3 The monitor resolution you use determines how much information can be
displayed. A high-resolution display of 1920x1200 (left) shows more information than a
lower-resolution display of 1024x768 (right).

72 PPI?

One of the most common misconceptions about monitor resolution is that monitors display at 72 ppi and
that all Web graphics need to be set to 72 ppi. This simply isn’'t the case. Back in the early days of personal
computing, Apple had a 13-inch display that did indeed operate at 72 ppi. Most monitors these days display
at a range between about 85 ppi and 125 ppi. The exact number depends on the pixel dimension resolu-
tion and the physical size of the monitor. Again, this number is a measure of pixel density, so if relates to the
overall image quality of the display. The higher the ppi value, the crisper the display and the more capable
the monitor is of showing fine detail without as much magnification.

In ferms of Web display, the monitor that is used o view the Web page determines the final pixel distribu-
tion, meaning you don’t need to make sure that every image you post to the Web is set to 72 ppi.
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Printer resolution

For photographers, the digital image’s defining moment is when ink meets
paper (Figure 1.4). The final print is the culmination of all the work that has
gone into the image, from the original concept, the click of the shutter, and
the optimization process to the final print. The quality of that final print is

partly determined by the printer resolution.

Figure 1.4 For most
photographers, a high-
quality print is considered
the ultimate goal for an
image.

Once again, just to keep things confusing (we mean interesting) there are
two numbers that are often labeled “print resolution’—output resolution
and print resolution, and this is a major source of confusion. The marketing
efforts of printer manufacturers only contribute to this confusion (see the
following section, “Marketing Hype”).

Output resolution in the image file is simply a matter of how the pixels are
spread out in the image, which in turn determines how large the image will
print and to a certain extent the quality you can obtain in the print.

Printer resolution is the measure of how closely the printer places the dots on
paper. This is a major factor in the amount of detail the printer can render—
and therefore the ultimate quality of the print. Note that the printer’s resolu-
tion is determined by the number of ink droplets being placed in a given area,
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not by the number of pixels in your image. Therefore, there won'’t necessarily
be a direct correlation between output and printer resolutions, because mul-
tiple ink droplets are used to generate the individual pixels in the image.

Each type of printer, and in fact each printer model, is capable of a different
resolution. We’ll discuss the capabilities of each type of printer and how to
prepare your image files for those printers in Chapter 9, “From Capture to
Monitor to Print.”

Marketing Hype

It’s bad enough that the term resolution is defined in a variety of ways, mak-
ing it potentially a confusing topic. But to us it seems as if the manufacturers
of digital photography tools are trying to confuse everyone even further. It
doesn’t help that there aren’t definitive definitions for many of the terms
being used to describe various products. For example, the term resolution is
used to describe the quality a printer is capable of. However, the number by
itself is meaningless because so many other factors go into the final image’s
quality. Therefore, the only way to use the number is to compare it with the
numbers presented for competing printers and to put those numbers in
context with other factors, such as the number of inks, the accuracy of dot
placement, the dithering patterns, and more. What manufacturers are really
trying to do is convince you that their numbers and products are the best,
but as we all know the truth can get lost in the hype.

Digital camera manufacturers are quick to boast about the number of mega-
pixels a camera is able to capture. This is an important factor to consider,
but other important factors also impact final image quality, as we’ll discuss
in Chapter 2. Keep in mind that you may not necessarily need the camera
with the most megapixels for your particular needs. Also, you can generally
push digital images to large output sizes (see the next section) even if you
don’t have the highest resolution to begin with. Other factors, such as lens
quality and choices, sensor quality, and special features—such as video or

a high ISO or frame rate—are also important when you're deciding which
camera is best for you or whether to upgrade from your current camera.
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The most marketing hype seems to revolve around photo inkjet printers.
There is a constant barrage of claims of how many dots per inch the latest
printer can produce. Repeated testing has convinced us that photographic
output above 1440 dpi as set in the printer driver produces no benefit in
terms of image quality.

By understanding what the various specifications mean and determining
which factors are important to you, you'll be able to see through the hype
and make the best purchasing decision.

Bit Depth

Bit depth describes the number of bits used to store a value, and the number
of possible values grows exponentially with the number of bits (Table 1.2).
A single bit can store two values (ostensibly zero and one, but for our pur-
poses it is more useful to think of this as black or white), whereas 2 bits can
store four possible values (black, white, and two shades of gray), and so on
(Figure 1.5). Digital image files are stored using either 8 or 16 bits for each
of the three color (red, green, blue) channels that define pixel values (see
“Color Modes” later in this chapter), and HDR (high dynamic range) images
are processed and stored as 32-bit images, which we’ll address in Chapter 6,
“Multiple Exposures and Extending the Frame.”

Table 1.2 Bit Depth

Bits Tonal Values Possible
2 4

4 16

6 64

8 256

10 1024

12 4096

14 16,384

16 65,536
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Figure 1.5 Asthe bitdepth
increases, the number of
possible tonal values grows
exponentially.
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8 Bit vs. 16 Bit

The difference between an 8-bit and a 16-bit image file is the number of
tonal values that can be recorded. (Anything over 8 bits per channel is gen-
erally referred to as high bit.) An 8-bit-per-channel capture contains up to
256 tonal values for each of the three color channels, because each bit can
store one of two possible values, and there are 8 bits. That translates into
two raised to the power of eight, which results in 256 possible tonal values.
A 16-bit image can store up to 65,536 tonal values per channel, or two raised
to the power of 16. The actual analog-to-digital conversion that takes place
within digital cameras supports 8 bits (256 tonal values per channel), 12 bits
(4,096 tonal values per channel), 14 bits (16,384 tonal values per channel), or
16 bits (65,536 tonal values per channel) with most cameras using 12 bits or
14 bits. When working with a single exposure, imaging software only sup-
ports 8-bit and 16-bit-per-channel modes; anything over 8 bits per channel
will be stored as a 16-bit-per-channel image, even if the image doesn’t actu-
ally contain that level of information.

‘When you start with a high-bit image by capturing the image in the RAW
file format, you have more tonal information available when making your
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adjustments. Even if your adjustments—such as increases in contrast or
other changes—cause a loss of certain tonal values, the huge number of
available values means you'll almost certainly end up with many more tonal
values per channel than if you started with an 8-bit file. That means that
even with relatively large adjustments in a high-bit file, you can still end up
with perfectly smooth gradations in the final output.

‘Working in 16-bit-per-channel mode offers a number of advantages, not
the least of which is helping to ensure smooth gradations of tone and color
within the image, even with the application of strong adjustments to the
image. Because the bit depth is doubled for a 16-bit-per-channel image rela-
tive to an 8-bit-per-channel image, this means the actual file size will be
double. However, since image quality is our primary concern we feel the
advantages of a high-bit workflow far exceed the (relatively low) extra stor-
age costs and other drawbacks, and thus recommend always working in
16-bit-per-channel mode.

Color Modes

A digital image file contains numeric values for each of the pixels in the
image. The color mode defines which system is used to describe the pixel
values in an image and how the pixel values are organized. Images in gray-
scale mode can only be black and white, whereas color images generally use
RGB, CMYK, or Lab color mode.

Grayscale

As its name implies, the grayscale color mode is for images that don’t con-
tain any color. An 8-bit grayscale image can contain 256 possible shades
of gray, and a 16-bit grayscale image can theoretically contain up to 65,536
shades. You may think that fine-art black and white photography is just
black and white, but close inspection reveals that the prints have subtle
tones that enhance the shadows and midtones. For this reason we recom-
mend processing and storing black-and-white images in RGB to maximize
the tonal range of the image. Even if a digital camera offers a grayscale
option, we never use it. We don'’t trust the camera to make appropriate
image-editing decisions as to how to produce the best grayscale interpreta-
tion of an image, and for RAW capture the grayscale option won'’t actually
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change the information captured by the camera. If you want to produce

a grayscale image, wait to convert the RGB file to grayscale in the editing
stage. There are also excellent options for producing black-and-white prints
from an RGB file that rival traditional silver gelatin prints in tonality, sharp-
ness, and vibrancy. We use Adobe Photoshop Lightroom to produce a black
and white interpretation of our RAW captures, as addressed in Chapter 8.
‘We also talk about printing images, including issues related to printing in
black and white, in Chapter 9.

RGB

The RGB color mode is the most common for photographic images. It stores
information about the image based on the three additive primary colors

of red, green, and blue (RGB). These are the primary colors for emitted light
and are also the colors that most digital camera sensors are filtered to read.
In addition, monitors use the RGB color mode to create the display image.
These additive primary colors are referred to as additive because each color
adds a wavelength of light to produce the final color.

A file stored in RGB color mode will actually contain three individual gray-
scale channels in perfect registration (alignment) that describe the values

of red, green, and blue for each pixel in the image. These values can range
from O (black) to 255 (white) for 8-bit images. If all three color channels have
avalue of O for a given pixel, that pixel will be pure black; if all three are
255, that pixel will be pure white. If all three have the same value anywhere
in between, the pixel will be a shade of gray. By mixing different values for
each color channel for a given pixel, over 16.7 million possible colors for 8-bit
images can be created. For 16-bit-per-channel images, the pixels on each
channel can have a value of between 0 and 65,535, for a total of over 281 tril-
lion possible color values. Note that standard LCD monitors cannot render
(show), nor can we see, trillions of colors, but once again manufacturers love
to claim these values—as if they are a meaningful unit of measure. As a gen-
eral rule, you'll want to save all color images in the RGB color mode, because
converting to grayscale, CMYK, or Lab unnecessarily may degrade the file
and result in the loss of critical tonal and color information.
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CMYK

The CMYK color mode is built on the subtractive primary colors of cyan,
magenta, and yellow. These are the colors used to produce color from
reflected light, such as ink on paper. Black (K) is added to the mix so that true
black can be produced on paper. CMYK is referred to as the subtractive pri-
mary color space because the inks absorb some of the light, subtracting cer-
tain wavelengths from the light that illuminates the print.

Many photographers are not familiar with CMYK files. Unless you are pre-
paring files for offset printing (as the images in this book were), you gener-
ally don’t need to worry about working with CMYK color mode. In most
situations it’s best to keep the images in the RGB color mode. The only time
you need to convert an image to CMYK is to apply specialized image rescue
techniques or for offset press output, and being a photographer who knows
that it is best to capture the finest initial exposure, you won't need to resur-
rect poor images. In addition, in many cases you can leave the CMYK con-
version to the printing lab.

Lab

The Lab color mode is relatively abstract. It stores image data in three chan-
nels, much like the RGB color mode. However, the information contained in
each channel is structured differently than in RGB.

The RGB and CMYK color modes define color based on how the colors are
produced by a physical device—such as a monitor or a printer. The Lab color
mode is a device-independent color mode that describes color based on how
it looks. It describes the color in the way the human eye distinguishes it in
terms of luminosity (brightness) and color defined along two axes of red-
green and blue-yellow.

The first channel in the Lab color mode (or “L”) is luminosity, which
describes the relative brightness of each pixel. The “a” channel describes
color on an axis of red and green, and the “b” channel describes color on an
axis of blue and yellow.

The Lab color mode is used as a reference color space for converting colors
between color modes and spaces. It provides the ability to make adjustments
that will affect only brightness values of the pixels in an image without risk-
ing color shifts.

15
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File Formats

In an imaging workflow there are four primary areas where you need to
make informed file format decisions: in the camera, with image-editing
software, with the output, and when storing your master image files. After
looking at the list of possible file formats Adobe Photoshop can save an
image file as, you may have (we have) felt overwhelmed by the number of
names and acronyms. Fortunately, you only need to know a few standard
formats to work efficiently and maintain image quality.

In the Camera

Two basic file format options are available to you when working with a digi-
tal camera to capture still images. Each has its strengths and weaknesses,
and each can impact the final image quality.

RAW capture

The RAW file format is not a file format in the traditional sense. In fact, RAW
is not an acronym. It is capitalized only to resemble the other file formats.

Rather than being a single file format, RAW is a general term for the various
formats used to store the raw data recorded by the sensor on a digital camera.
Each camera manufacturer has developed proprietary file formats for RAW
capture modes. Because none of the proprietary file formats are standard
image file formats, you must convert RAW files before you can edit the image.
You can convert RAW images to a file you can work with in Photoshop or print
by using the camera manufacturer’s software or as we recommend and prac-
tice by using Adobe Camera Raw or Adobe Photoshop Lightroom.

Multiple RAW file formats are created by many camera manufacturers, and
often new versions are included with each new camera model release. As a
result, literally hundreds of RAW file formats exist. Adobe has responded to
this by providing an open industry standard for RAW capture called the DNG
(digital negative) file format. DNG has been adopted by several digital camera
manufacturers but hasn’'t managed to stem the tide of new RAW file formats.
You can convert proprietary RAW captures into the DNG file format to ensure
compatibility well into the future with the free Adobe DNG converter, Adobe
Bridge, or Adobe Lightroom.
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The file size, in megabytes, of RAW captures for most cameras is approxi-
mately the same as the megapixel count of the camera. There is some varia-
tion in this from camera to camera, and some formats offer the option to
further compress the data. Regardless, the files that result from RAW capture
will be considerably larger than JPEG captures but smaller than never used or
recommended TIFF captures.

The advantages of the RAW format include the ability to capture high-bit
data; no in-camera processing; and options for adjusting the exposure,
white balance, and other settings with great flexibility during the conversion
process. The disadvantages are the relatively large file sizes, files that must
be converted before you can retouch, composite, or post them on the Web,
and the need to work with high-bit files to obtain all the benefits of the high-
bit capture.

‘We highly recommend RAW capture and use it for the vast majority of our
photography. The tools for working with RAW captures have become sophis-
ticated enough that there are no longer many strong arguments against
RAW capture. We very much want to maintain the benefits of high-bit data,
post-processing flexibility, and lack of lossy image compression that are
among the benefits of RAW capture.

JPEG

The major advantage of the JPEG (Joint Photographic Expert Group) format
is convenience. Just about any software application that allows you to work
with image files supports JPEG images. Also, the files are small because com-
pression is applied to the image when it’s stored as a JPEG. This compression
is lossy, meaning pixel values are averaged out in the process and the image
will lose detail and color, if you use the highest quality (lowest compression)
settings, image quality is generally still very good. But again we don’t use

the JPEG file format when image quality is the most important final criteria.
Admittedly, we do use JPEG for quick party pictures or snapshots that are only
destined for eBay or Facebook display and also when capturing multiframes
for stop motion and time-lapse projects as addressed in Chapter 6.

‘When selecting the JPEG format in the camera, you will generally have the
option of size and quality settings. We always recommend capturing the
most pixels possible, taking advantage of the full resolution of the image
sensor in your camera. This size option is generally labeled Large, and we
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recommend using the highest possible quality setting. We discuss these
options in more detail in Chapter 4, “Digital Photography Foundations.”

In the Computer

If, like us, you're using Lightroom to manage and optimize your images,
you don’t need to think about file formats until you export images to use
elsewhere. If you're not using Lightroom, you'll need to save the initial RAW
conversions in a different file format. Regardless, at some point you'll need
to choose a file format for various derivative images you'll produce. The fol-
lowing are the most common formats.

JPEG

The JPEG file format is by nature an 8-bit file that utilizes lossy compres-
sion to minimize file size, which represents a compromise when it comes to
image quality. As a result, it is a file format best suited for situations where
minimum file size is your paramount concern.

JPEG is an excellent choice for saving images that will be displayed on a Web
page or sent via email (see Chapter 10, “The Digital Portfolio”). Because the
JPEG file format utilizes lossy compression, repeatedly resaving a JPEG image
you have applied changes to will result in a compounded loss of image quality.

TIFF

The TIFF file format has grown more robust, offering support for layered
documents and a variety of other advanced options. It is an excellent choice
for archival storage of your optimized images. In fact, we think it may ulti-
mately replace the Photoshop PSD format, since TIFF is more universally
supported and offers virtually all the benefits of the Photoshop PSD format.

TIFF files take up more space than some other formats—JPEG files, for
example—but the space consumed is worth it. If you want to save all the vari-
ous layers used to adjust an image in Photoshop (and we highly recommend
doing so), you need to use PSD or TIFF as your file format. Although PSD
does use non-lossy compression by default, if you use LZW or ZIP compres-
sion on TIFF files, you'll end up with an even smaller file. They are still large
compared to a JPEG, but that is a price the photographer should be willing to
pay. Besides, hard drive storage is incredibly cheap!
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Photoshop RAW

Since capturing images in RAW mode with digital cameras offers some
advantages in terms of ultimate image quality, it would seem to make sense
to save your images in the RAW format. But you can’t. You may even have
seen the RAW file format listed in the Save As dialog in Photoshop’s Format
drop-down menu. However, the RAW file format in Photoshop is not the
same as the RAW capture mode on your digital camera.

The Photoshop RAW file format is provided as a way to send images as raw
data to another application that doesn’t support other file formats. Trust us—
you'll never need to save a file in this format.

Photoshop PSD

Many photographers use Photoshop to optimize their images. We used to be
in favor of saving all archival images in the Photoshop PSD format, because
it enabled you to save all the layers you used to modify an image.

However, as mentioned previously, the TIFF file format offers all the capabil-
ity of the PSD file in a nonproprietary format. But unless Adobe enhances
the Photoshop PSD format’s compatibility and functionality, the TIFF for-
mat might ultimately make it obsolete. Just keep in mind that layered files,
whether saved in the Photoshop PSD or TIFF file format, often can’t be
opened with layers intact in other software.

Output

Your images don’t need to be in a particular file format to be printable. As
long as you can open them with your photo-editing software, you'll be able
to print them. Once the file is opened, the file format is largely irrelevant,
because pixels are just pixels.

Of course, not all file formats are created equal when it comes to printing.
The same issues that govern your decision about which file format to save
your images in will impact the final printing. For example, if you save your
images as highly compressed JPEG files, the final prints will reflect the loss
of image quality that occurs when compressing the image data.

In general, you'll get your best prints from files saved in the TIFF or Photo-
shop PSD file formats. JPEG files that are saved at a high-quality setting can

19



20

CHAPTER 1: NUTS AND BOLTS OF DIGITAL IMAGING

also be used to obtain good prints. The key factor is the quality of the image
you have saved. If the saved file looks good, so will the print, provided you
follow an appropriate sharpening and color management workflow, both of
which we delve into in Chapters 8 and 10.

Email and Web

So now that we've convinced you to save your digital photos as TIFF files to
ensure the best quality, we need to mention the exception to the rule: Don’t
even think about sending those large files via email! When you send images
through email (even when the recipient has a high-speed Internet connec-
tion), you need to strike a compromise between image size and quality if you
want your recipient to receive the file sometime this century. That means
using JPEG to compress the files to a manageable size.

Understanding the Concepts

Throughout this chapter we've presented topics to help you gain a better
understanding of the concepts that are important in digital imaging. This
knowledge provides a foundation for you to build on as you continue to
explore the world of digital photography. In the next chapter we’ll delve into
the components of a digital camera and how they work.



How a Digital
Camera Works

There’s more to creating a great photograph than pushing a button while
standing in front of a beautiful scene. We photographers are passionate
about the cameras and lenses we work with, and our enjoyment of the craft
is apparent in the many hours we spend pursuing the perfect image and
working to improve our photography.

‘While developing a keen eye for lighting, composition, and image aesthetics
is certainly important, you must also understand the tools you work with
(namely, the camera) to produce the best image possible. Knowing how

the camera captures the image allows you to respond to the scene

more instinctively.

Lens to Image Sensor to Media

Photography—whether film or digital—is all about light. The light reflects
off the scene in front of the lens, then passes through the lens and the open
shutter. This process is similar to the way light passes through the lens of
your eye to the cones and rods at the back of the eye and on to the optic
nerve. It’s after the light passes through the open shutter that film and
digital cameras start to work differently.

‘With film photography the light that passes through the lens exposes the
light-sensitive film. The film records the light through photo-molecular
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reactions that embed a latent (nonvisible) image in the film. The latent
image becomes visible when the film is chemically processed.

With digital photography the flow of light is the same, but the flow of infor-
mation is not. When the light passes through the open shutter, it hits the
image sensor, which translates that light into electrical voltages. The infor-
mation is then processed to eliminate noise, calculate color values, produce
an image data file, and write that file to a digital memory card. The camera
then prepares to take the next exposure. This all happens very quickly, with
a tremendous amount of information being simultaneously processed and
written to the memory card.

Let’s follow the path of light to see how each component functions and what
issues affect the final quality of the image (Figure 2.1).

Figure 2.1 Inadigital Light source
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The Lens

Camera lenses are surprisingly complex and sophisticated in their construc-
tion and design, containing a series of elements—typically made of glass—
that refract and focus the light coming into the lens. This allows the lens to
magnify the scene and focus it at a specific point.



After many years of working with digital cameras, we’ve come to the con-
clusion that digital photography requires higher-quality lenses than film
photography. Film has a variable-grain structure, whereas pixels are all the
same size; this means that digital cameras operate at a disadvantage when it
comes to capturing fine detail. In addition, an image sensor is more sensi-
tive to light hitting it directly as opposed to hitting it at an angle, resulting in
a slight loss of sharpness particularly around the edges of wide-angle lenses.
The resulting loss of sharpness can be compensated in part by using a lens
of the highest quality. We've also learned that although you can correct one
or two less than sharp images within reason, it is absolutely not enjoyable to
correct hundreds and thousands of them. A bright, sharp lens is something
you will never regret photographing with.

Focal Length

Different lenses provide different perspectives, and what makes those lenses
different is their focal length.

Focal length is technically defined as the distance from the rear nodal point
of the lens to the point where the light rays passing through the lens are
focused onto the focal plane—either the film or the sensor (Figure 2.2). This
distance is typically measured in millimeters. From a practical point of view,
focal length can be thought of as the amount of a lens’s magnification. The
longer the focal length, the more the lens will magnify the scene. At longer
focal lengths the image circle projected onto the image sensor contains a
smaller portion of the scene before the lens (Figure 2.3).

Red lines show light Focal length Image sensor

Lens
(artist's rendition)
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Figure 2.2 Thefocal length
of a lens is measured as the
distance from the lens to the
point where the light rays
passing through the lens are
focused onto the focal plane.
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Figure 2.3 Increasing focal length effectively magnifies the scene. The image on the
left was photographed with a 28mm lens, and the image on the right was photographed
ati3bmm.

In addition to determining the magnification of a scene, the focal length
affects the apparent perspective and compression of the scene. In actuality,
the focal length isn’'t what changes the perspective. Rather, the change in
camera position required to keep a foreground subject the same size as with
another focal length is what changes the perspective. For example, if you put
some objects at the near and far edges of a table and then photograph the
scene with a wide-angle lens, the background objects will appear very small.
If you photograph the same scene with a telephoto lens, you'll need to back
up considerably to keep the foreground objects the same size as they were
when photographed with a wide-angle lens. This changes the angle of view
of the subjects, so that the distance between foreground and background
objects appears compressed (Figure 2.4).

Figure 2.4 Bothimages
were captured to maintain
the same size of the fore-
ground subject. Changing
focal length required that the
distance between camera
and subject be changed,
which changed the relative
size of background objects.
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A Common Reference for Focal Length

The focal-length measurements used for lenses in 35mm film photography are well-known standards. To
approximate the standard field of view on a 35mm camera, a photographer would use a 43mm lens. But
as any photographer knows, a 50mm is considered the “standard” focal length. In fact, the 50mm lens is
slightly narrower than standard human perspective, but it does maintain the spatial relationship of objects
in the image very closely to the way we see the world. A20mm lens provides a wide-angle perspective, and
a 500mm lens magnifies the scene a great deal.

With digital cameras, there is fremendous variation in the focal length required to produce a given magnifi-
cation due to the range of sensor sizes (more on that shortly). Because the sensors in most digital cameras
are smaller than a single frame of 35mm film, the lens’s focal length can be much shorter and still produce
the same angle of view you would expect from a lens for a 35mm film camera (Figure 2.5).

Figure 2.5 A typicalimage
sensor from most digital
cameras is smaller than a
35mm film frame.

Because of the different sensor sizes and because the focal length measurements used in 35mm film pho-
tography are recognized standards, 36mm focal length equivalents are often used o provide a common
reference for digital cameras.

As one example, the Canon PowerShot Gl1 digital camera has a lens that can zoom from 6.1mm to 30.5mm.
While that is the actual focal length measured in the lens, it doesn’t provide a useful reference for most photog-
raphers as to how the lens will behave. If you've ever used a 15mm fish-eye lens, you can imagine the unusual
scene you'd capture with a so-called 6.Imm lens! Such a wide-angle lens would result in an incredibly distorted
perspective if applied to existing 35mm camera standards. However, because of the relatively small size of the
sensor in this camera, the equivalent focal-length range compared to that of a 35mm camera would be 28mm
to 140mm. This is a measurement that photographers will be much more familiar with. Fortunately, most cam-
era manufacturers include the 35mm equivalents in their technical camera specifications.



26

CHAPTER 2: HOW A DIGITAL CAMERA WORKS

Fixed Lenses

Fixed lenses are permanently attached to the camera and can’t be
exchanged with different lenses (Figure 2.6). Such lenses obviously make
the camera simpler to operate and also help to keep camera size small. The
main disadvantage is the lack of flexibility. Because the lens is fixed, you
can’t simply swap in a new lens when you need a different focal length. The
only option is to zoom in or out to change the effective focal length of the
lens, or to use accessory optics that attach to the front of the lens to produce
a more wide-angle or telephoto effect. Fortunately, most digital cameras
with fixed lenses offer zoom capabilities, allowing you to change the compo-
sition of the scene quite easily with the push of a button.

Figure 2.6 Compact digi-
tal cameras have fixed lenses
that cannot be changed,
although add-on accessory
lenses can often be used to
provide a wider or more
telephoto view. (The light
rubber grip strip on this
camera was added by the
photographer for a more
reliable grip surface.)

Zoom

A zoom lens is a variable focal length lens. Zooming in or out enables you to
change the composition of your photograph and influence the spatial rela-
tionship of the subjects in the scene without changing your physical loca-
tion. With digital cameras, you can accomplish this with optical or digital
(not recommended) zoom.

Optical zoom

Optical zoom lenses have a series of lens elements that move within the lens,
altering the focal length by changing the relative position of those elements. The
photographer can choose from a range of focal lengths, so that the scene can



be framed in a variety of ways. Some zoom lenses may produce images that are
slightly less sharp than a prime (non-zoom) lens would, primarily because of the
compromises that must be made in the design of the lens elements, such as add-
ing glass elements to produce the range of magnification. However, zoom lenses
can still produce excellent results and offer great flexibility.

As mentioned earlier, the zoom range of a particular digital camera may

be referenced as a range of focal lengths equivalent to that of a 35mm film
camera. Another common way to express zoom is with an X factor. This fac-
tor describes the ability of the lens to magnify the size of a subject between
the minimum and maximum focal lengths. For example, if you used a cam-
era with a 3X zoom, the subject of your photo would be three times bigger.

Digital zoom

Many cameras offer a feature known as digital zoom to supplement the opti-
cal zoom capabilities of the lens. This is pure marketing hype, and the result
is the equivalent of cropping and enlarging the image in the computer.

Digital zoom operates by simply cropping the image that is captured at the
maximum optical zoom; it then interpolates the image size up. Unfortu-
nately, this interpolation produces images that are soft and lacking in fine
detail. We recommend avoiding digital zoom altogether. Many digital cam-
eras even offer the ability to turn off the digital zoom so you don't use it by
mistake. The apparent “extra zoom” may be tempting, but a serious side
effect is usually a significant loss of overall image quality (Figure 2.7).
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o TIP Move your position
o before making use of
the zoom. We see many pho-
tographers use the zoom fea-
ture instead of taking a few
steps forward. By moving fo the
optimal photographic position
and then using the zoom fea-
ture to fine-tune the composi-
tion, you improve your options
in composing the picture.

Figure 2.7 The firstimage shows a picture shot at maximum optical zoom. If digital
zoom is used to provide more reach, the quality suffers, as the second image shows.
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TIP While we do our
o “serious” photography
with DSLR cameras, none of us
would be without a compact
digital camera. Having a point-
and-shoot digital in our pocket
means we can document all
those situations where we don’t
need (or want) to carry all the

extra gear involved with a DSLR.

If the optical zoom offered by the camera isn’'t enough to create the image
you're looking for, try getting closer to the subject. There are other meth-
ods for enlarging the photo, and although they may impact the quality of
the image, doing image cropping and resizing in the digital darkroom will
result in better image quality than using the digital zoom. Whenever pos-
sible, it is always best to get the image right in the camera rather than trying
to fix it later.

Interchangeable Lenses

While many digital cameras with fixed lenses offer a good range of effective
focal lengths, they simply don't offer the flexibility of a camera with inter-
changeable lenses (Figure 2.8).

Figure 2.8 DSLR cameras
allow you to change lenses
as the photographic situa-
tion requires.

Being able to change lenses as the situation warrants gives you tremendous
creative control. Standing in the same spot, for example, you can capture

a wide-angle image that shows the full environment of the location and
then switch to a telephoto lens to compose an image of a particular element
from the scene. Many compact digital cameras let you modify the lens with
accessory lenses, converting it from a normal focal length to a telephoto or
a wide-angle lens. But these add-on lenses also add problems, such as soft-
ening of the image and color fringing. A digital single lens reflex (DSLR)
camera gives you maximum flexibility by allowing you to use a wide variety
of interchangeable lenses (Figure 2.9). The primary drawbacks are that you
can expect to pay considerably more for a DSLR with interchangeable lenses
than you would for a compact digital camera, and the DSLR is likely to be a
heavier weight at the end of your camera strap.
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Figure 2.9 The ability to change lenses on a DSLR camera gives you great flexibility. The
image on the left was taken with a wide-angle lens, and the image on the right was taken
of the same scene using a telephoto lens, focusing on the model boats in the window.

Lens Speed

Lens speed refers to the maximum aperture (minimum f number) of the
lens. A “fast” lens has a large maximum aperture, allowing the lens to gather
more light—a very useful feature in low-light situations such as in the early
morning or in candlelight (Figure 2.10). A “slow” lens has a maximum aper-
ture that is smaller and lets in less light. A fast lens might have a maximum
aperture of f1.4 or 2.8, whereas a slow lens might have a maximum aper-
ture of f5.6. A fast lens is more desirable and is usually more expensive.

‘We'll talk about obtaining proper exposure in Chapter 5, “Seeing the Light,”
but for now it is enough to know that a proper exposure depends on the
camera ISO setting, the aperture size, and the shutter speed to allow an
appropriate amount of light to reach the digital sensor. Opening the aper-
ture allows you to use a faster shutter speed. A fast lens with a larger maxi-
mum aperture means that you can use a faster shutter speed than would be
possible with a slow lens—a significant factor in low-light situations and fast-
moving situations.

A fast lens also helps the camera focus. Because the lens transmits more
light, the camera will be better able to acquire proper focus, even in rela-
tively low-light situations.
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Figure 2.10 When photo-
graphing with low-light
levels, a fast lens can help
achieve a fast shutter speed
to ensure a sharp image.

Lens Quality

Regardless of whether you are using a compact digital camera with a fixed

lens, or a DSLR camera with interchangeable lenses, the lens plays a critical
role in overall image quality. The sharpest, most accurate images—those that
maintain maximum detail from highlights to shadows—always start with
high-quality lenses.

‘When selecting a compact digital camera, choose one with the highest qual-
ity lens possible. With a DSLR camera you can choose from a wide variety
of lenses for a given camera. And whenever possible, test a camera and lens
combination to check for overall image quality. The quality of the lens can
make all the difference in the final photograph.

Recognizing lens problems

To evaluate the quality of a lens, you need to take a picture with that lens
and then evaluate the results. Since other factors can also affect overall
image quality—such as photographic technique, image sensor quality, and
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environmental conditions—this isn't a foolproof method, but it’s the only
practical way for a photographer to test the quality of a lens.

Using a lens test target is the best method for evaluating quality (Figure 2.11).
One of the most common targets provides fine lines that gradually get closer
along their length, which allows you to evaluate the relative resolution of
alens. Unfortunately, these lens resolution charts can be expensive. For
example, the commonly used I3A/ISO Resolution Test Chart, available from
Edmund Industrial Optics ( www.edmundoptics.com) and other sources,
typically sells for about $185.

= I e i | Figure 2.11 Photographing
2 s a lens test chart can help

I I I — 2 determine the sharpness of a
— particular lens.
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TIP If you want to eval-
R uate the power of a lens

Figure 2.12 When you
to resolve (differentiate) fine

don’t have access to a lens
test chart, you can photo-
graph real-world objects

to get a basic sense of the
quality of a lens. This nauti-
cal chart of Chesapeake
Bay has lots of fine lines that
can be used to evaluate lens
sharpness.

detail and you don’t have an
official resolution test target,
consider photographing the
front page of a newspaper,
map, or sheet of music from a
few feet away (Figure 2.12) (or
as close as your lens will focus).
By evaluating the resulting
image at a large zoom setting

in your photo-editing software,
you can see how well the lens

. . . . was able to render the fine
‘When doing any kind of lens testing, always use a tripod and the lowest ISO

detail, edge to edge sharpness,
setting to minimize camera shake and noise. You should also ensure that

and exposure evenness, as well
the target is still, mounted flat, evenly lit, and positioned so that it is perpen-  as check for other problems

dicular to the camera. such as color fringing.
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Sharpness

Sharpness is the ability of the lens to resolve fine detail and maintain edge
contrast in those details. Lens resolving power is measured by the number
of line pairs per millimeter that the lens is able to resolve. To test a lens,
photograph the lens test chart and examine the image to see at what point
you can still discern individual line pairs of black and white. As the lines get
closer together, they will at some point blend into each other.

When evaluating the digital image file for lens sharpness, you have to
inspect the image at 1:1 or 100 percent in your software to see the informa-
tion accurately. Also, make sure you check for edge-to-edge sharpness. We've
seen many lenses that are sharp in the image’s center but degrade signifi-
cantly at the corners and edges. There is nothing more frustrating than tak-
ing an important photograph that is well composed and a good exposure
but is just on the wrong side of sharp.

Lens distortion

The elements of a lens bend and focus the light to produce the final image. This
process can distort the image. Sometimes this distortion can be a good thing,
such as when using a fish-eye lens to provide a unique effect (Figure 2.13). Other
types of distortion can produce effects that may be undesirable:

Figure 2.13 Afish-eye
lens provides the ability to
capture images with a truly
unique perspective.
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¢ Pincushion distortion. Pincushion distortion is where the edges of an
image bend inward. It can occur on zoom lenses in the range of maxi-
mum magnification and on shorter-focal-length lenses when telephoto
adapters are added. This type of distortion is easiest to see when there are
straight lines near the edges of an image (Figure 2.14). The appearance of
pincushion distortion can be corrected with photo-editing software.

Figure 2.14 Pincushion
distortion is most easily seen
when straight lines are near
the edges of an image, where
they can be seen to bend
inward. (See the vertical dot-
ted lines added for reference
on either side of the door.)
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e Barrel distortion. Barrel distortion is the opposite of pincushion distor-
tion. With barrel distortion the image appears to bulge, with straight
lines bent outward (Figure 2.15). It occurs with zoom lenses at the
shorter-focal-length end of their range or with wide-angle lenses. Again,
straight lines near the edges of an image will make the effect more obvi-
ous. As with pincushion distortion, barrel distortion can be corrected
with photo-editing software.

33
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a NOTE Just because you .
can fix pincushion or

barrel distortion and chromatic

aberration in software, don’t

ignore them when evaluating

lens quality. Fixing one or two

photos isn’t daunting, but fix-

ing 100 or more images gets

old fast.

Chromatic aberration. Chromatic aberrations are caused when light
of different wavelengths doesn’t get focused to the exact same focal
point. Shorter wavelengths of light get refracted more than the longer
wavelengths, causing the light of different colors to be out of alignment
in the final image. It is most common in the lower-end consumer digi-
tal cameras, which tend to use lower-quality lenses. Most professional
lenses use low-dispersion glass that minimizes chromatic aberrations.

The most common traces of chromatic aberration are colored halos
along bright contrast edges in an image. The colored halos often appear
as red and cyan fringing along the edges of elements in the scene (Fig-
ure 2.16). This is typically more apparent on the outer edges of an image
and is more likely to appear with wide-angle focal lengths or with less
expensive wide-angle zooms. Fortunately, you can quickly test for this
problem by taking a photo of a high-contrast scene such as tree branches
in winter and looking for color fringing along high-contrast edges.
Chromatic aberration can be corrected with photo-editing software.

Figure 2.15 Barrel distortion is a “bulging” of the scene and is most easily seen when
straight lines near the edge of an image are bent outward. The image on the left was
photographed at a focal length of 24mm, and the barrel distortion is very apparent. The
focal length for the image on the right is 60mm, a more normal focal length that does not
cause barrel distortion.
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Figure 2.16 Chromatic aberrations are most likely to occur at high-contrast edges in a
picture, as you can see in this image of Hoover Dam.

The Viewfinder and the LCD

The viewfinder is aptly named; it enables you to find the view you want of a
scene and compose the shot. This is the essence of photography. Although
seemingly a simple aspect of a camera, not all viewfinders are alike, and

it’s important to know the differences between them and how a viewfinder
can affect your photography. With many cameras, the viewfinder is a small
window you look through to see how the scene looks. This is referred to as
an optical viewfinder. Not all compact digital cameras include an optical
viewfinder, but nearly all of them feature an LCD that serves double duty
as a viewfinder and as a way to review your photos. The smallest cameras
frequently do not have an optical viewfinder and rely entirely on the LCD
for this purpose (Figure 2.17). On most DSLR cameras the LCD is only for
reviewing photos and changing camera menu settings, though some newer
cameras offer a live view feature that adds viewfinder functionality to the
LCD screen.
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Figure 2.17 TheLCDon

a compact digital camera
can be used to compose the
image, making digital pho-
tography much more acces-
sible to even the youngest
photographers.

LCD: Advantages and Disadvantages

We all love instant gratification, and that is the primary advantage of the
LCD display on a digital camera. It allows you to preview the photo you are
about to take and review the one you just took to check for exposure and
composition or to share with everyone around you. In addition, you can also
look at any of your images at any time after you've taken them.

‘With the non-SLR digital cameras, the LCD display adds another dimen-
sion by allowing you to use the display as your viewfinder. Instead of put-
ting your eye to the camera to compose the scene, you can hold the camera
in front of you and compose based on the preview display on the LCD. This
provides a little more freedom of movement, but also provides the oppor-
tunity to take images with unique perspectives. We've all seen the crowds of
photographers trying to take pictures of the same subject, with those to the
back holding their camera over their head, clicking the shutter release, and
hoping for the best. The LCD display on a digital camera takes the guesswork
out of that situation. You can take pictures up high, down low, around the
corner, or elsewhere, and still know what you’ll end up with (Figure 2.18).
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One of the big disadvantages of the LCD is that it can be very difficult to

compose a shot or review your images outdoors on a bright, sunny day. For
composing a photo, you'll find yourself shading the LCD with your hand,
and when reviewing images, you may have to seek the shade of a tree, hold
the camera inside your camera bag, or even put a jacket over your head to
get a good look at your images.

Turning up the brightness of the LCD display may make it easier to see in
bright light, but it also changes the appearance of the image; so you can’t
really judge proper exposure based on the LCD preview alone. Your best bet
is to shade the display as best you can to review your images, and use the
histogram feature for exposure evaluation. We’ll talk about using the histo-
gram to ensure the best exposure in Chapter 5.

Some cameras may provide a built-in pop-up hood to shield the LCD from
ambient light and improve the quality of the view. There are also a variety of
accessory products designed to shade your LCD display so you can see it bet-
ter in bright light. In their various forms these are basically hoods or tubes
that you place against the LCD display to help shade it. Ideally, you want to be
able to put your eye against the shade device to block as much light as possible.
However, with many of the shades available, the tube is so short that putting
your eye up to it will put you too close to be able to focus on the image. Oth-
ers have magnifiers built in, but these tend to overemphasize the individual

Figure 2.18 Using the LCD
live preview to compose the
shot enables you to create
images that might otherwise
have been impossible.

TIP Accessory view-
o finder hoods or loupes
are available to help you see a
clear view of the LCD screen
even in the brightest light. We
use the Hoodman Loupe for
this purpose. See Chapter 3
for more on this and other
accessotries.
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Figure 2.19 Oncompact
digital cameras the view-
finder does not provide an
accurate view of the image to
be photographed, particu-
larly when the subject of the
photo is close to the camera.

pixels in the image rather than allowing you to view the image itself. The best
LCD hoods have a viewfinder lens that is somewhat wide angle, allowing you
to see the entire screen without magnifying the pixels, and that can also be
adjusted to your own eyesight (see Chapter 3, “Essential Accessories”).

Compact Camera Viewfinders

Even with all the benefits of the LCD display on a compact digital camera,
you'll still find yourself using the viewfinder at times. Sometimes it will be
because the battery is running low and you don’t want to waste power on
the LCD. Other times it will be out of preference. Whatever the reason, the
viewfinder still offers an important alternative to the LCD display when
composing a photograph.

Optical viewfinders

Viewfinders on compact digital cameras come in two flavors: optical and
electronic. An optical viewfinder is simply a small viewing window on the
top of the camera, typically just above the lens, but also sometimes offset a
bit to one side. Since the viewfinder is not located in the same position as the
lens, there is a displacement factor between what you see in the viewfinder
and what the lens records. This difference is referred to as parallax. For dis-
tant subjects this does not translate into any visible difference between the
viewfinder and the recorded image. When you are close to your subject,
however, the difference between what you see in the viewfinder and what
you capture through the lens can be considerable (Figure 2.19).

Subject

@

Viewfinder

Sensor

Camera
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Most optical viewfinders have framing guide lines to help you compensate
for the differences caused by parallax, giving you some indication of how to
compose the shot based on how close you are to the subject (Figure 2.20). A
lot of this comes down to learning how the image in the viewfinder trans-
lates to the final photograph. You can get a feel for this by comparing the
scene in the viewfinder with the display on the LCD to see how they differ.
Katrin uses this technique by framing a door in the viewfinder and then
seeing how it appears on the LCD. Such a technique can tell you immediately

if the display through the viewfinder is centered or skewed.

Figure 2.20 Parallax occurs with close-up subjects because the optical viewfinder
does not show you what is being photographed by the camera’s lens. Parallax correc-
tion guides in the viewfinder let you see where the real edge of the frame is, as opposed
to what you're seeing in the viewfinder.

Electronic viewfinders

An electronic viewfinder is very similar to an optical viewfinder, and until
you actually look through it, may appear to be the same. But where an opti-
cal viewfinder lets you look directly at a scene, an electronic viewfinder is
essentially a video feed from the sensor to the viewfinder eyepiece. In this
regard it has much more in common with the viewfinder on a video camera
than a traditional still camera.

The main advantage to an electronic viewfinder is that it shows you the view
as seen by the lens, so there are no parallax corrections to worry about when
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composing the photo. The primary disadvantage is a phenomenon known
as image latency. This refers to the fact that when photographing fast-moving
subjects, the electronic display lags a bit when it translates the signal from
the sensor to the viewfinder, resulting in blurring or ghosting of the subject.
Another disadvantage is that you cannot really see the natural quality of the
light in the scene, and the view can look like an inexpensive video record-
ing. If you are used to working with video cameras, this may not be a big
deal for you, but many photographers who have spent years framing their
images through a traditional optical viewfinder dislike the video quality of
electronic viewfinders.

DSLR Viewfinders

DSLRs have an optical viewfinder that shows the exact view from the lens.
Although the viewfinder is not on the same plane as the lens, a mirror and a
pentaprism are used to reflect the light from the lens up into the viewfinder.
From a photographic perspective, this method has some key advantages, chief
among them is the fact that you are viewing the same quality of light that you
would be seeing if you were viewing the scene without a camera up to your
face (Figure 2.21). There is also no image latency effect that can often be seen
in electronic viewfinders. This type of viewfinder also allows you to more
effectively block out the rest of the scene so you can concentrate on composing
the image. Additionally, the depth-of-field preview feature on DSLRs lets you
see exactly the depth of field that will appear in the finished photo.
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Figure 2.21 With a true SLR viewfinder, you see the same scene and the same light that is
being photographed by the lens.
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One detail to keep in mind, however, is that the viewfinder may not show
you 100 percent of the image. In fact, most viewfinders on SLR cameras only
show you about 95 percent of the actual scene that will be photographed.
That means a small area around what you're able to see will still be included
in the final image. Typically, the more “professional” (and expensive) the
camera, the more the area shown by the viewfinder will match the area that
is actually photographed.

LCD live preview

Historically, DSLRs did not have the LCD live preview capabilities that have
been common for many years on compact digital cameras. This is because
traditional DSLRS are not built the same way as smaller digital cameras.
The light from the lens does not reach the image sensor until the instant of
exposure, when the mirror flips out of the way and the mechanical shut-
ter opens. This aspect of DSLRs is changing, however, and as of this writing
many new DSLR cameras on the market offer live preview LCD capability.

Live preview on the LCD is achieved by either using a second image sen-
sor that is dedicated to the live view or by flipping the mirror out of the way
during composition. Although this might seem like a really cool develop-
ment, there are always trade-offs. Using live preview often slows down the
auto focus function, which, of course, can slow down the entire photo-
graphic process. In locations with bright ambient light, it can also be dif-
ficult to view the image. While it may be useful for more sedentary subject
matter and controlled studio situations, such as studio work, product pho-
tography, or still lifes, it is not well suited for photography that demands a
quick response to changing conditions. We suspect that most photographers
who are used to shooting with an SLR style camera will still prefer the opti-
cal viewfinder for most of their photography.

The Shutter

The shutter in a traditional camera design is a complicated mechanism that
precisely controls how long the light passing through the lens is exposed to
the film or digital sensor.

With a film camera, the shutter remains closed to prevent light from expos-
ing the film until a picture is taken. With a digital camera—depending on

41
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the type of sensor used—a shutter in the traditional sense may not even be
necessary. Because the image sensor in a digital camera is an electronic
device rather than a light-sensitive piece of film, it can be turned on and off
electronically, eliminating the need for a mechanical shutter to control the
flow of light. Some sensors still require the use of a shutter, but many digital
cameras don’t use a mechanical one.

Whether or not there is a mechanical shutter in a particular digital camera,
there still needs to be a mechanism to control the exposure of the image,
and you still need a shutter release button.

Pushing the Button

Pushing the shutter release button activates a series of events that culmi-
nates in the final picture. The image sensor must be charged so that it is
ready to receive the light from the lens. The memory card must also be acti-
vated so that it is ready to receive data.

Besides getting ready to capture the photo, the camera must also establish the
settings it will use for the exposure. That includes activating the auto focus if
enabled, calculating the exposure if auto exposure is selected, and selecting
an appropriate white balance setting to ensure the colors in the scene are ren-
dered properly based on the type of lighting in the scene. The response times
of cameras are always improving, but a $100 point-and-shoot digital camera
will typically be slower to respond than a more expensive DSLR.

Once all of these tasks have been accomplished, the camera is ready to trig-
ger the shutter so the image sensor can read the light and capture the image.
That’s a lot of work to do in less than a second—generally milliseconds.
Unfortunately, depending on the camera, this whole process can cause irri-
tating delays when you're taking the picture.

Shutter lag time

One of the most frustrating experiences in digital photography, especially
with compact cameras, is pressing the shutter to photograph your dog run-
ning on the beach, only to find yourself waiting for the camera to actually
take the picture. In the meantime, the dog has moved out of the frame and
you're left with a picture that is missing the very subject you intended to pho-
tograph (Figure 2.22). This delay is generally referred to as shutter lag time, but
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it’s actually caused by more than just a lack of responsiveness in the shutter. As
mentioned previously, the camera is calculating the combination of settings
to take the best picture. You can sidestep the shutter lag by using the following
technique to help you get the picture exactly when you want to.

When trying to photograph that dog running on the beach, hold the shut-

ter release button halfway down as you compose the shot so the camera can
prepare itself; then you'll be all set to press the button down the rest of the
way the moment you want to take the picture (Figure 2.23). Depending on
the capabilities of the particular camera, there still may be some infinitesimal
delay, but we doubt you'll even notice it. Or you can teach your dog to sit.

Figure 2.22 Shutter lag and a moving subject can cause ~ Figure 2.23 By pressing the shutter release button in
you to miss the photo you were after. halfway before taking a picture, you can minimize shutter
lag and get the image you were trying to achieve.

The Image Sensor

Film does the job of both recording and storing the image photographed.
With digital cameras these jobs are split between the image sensor and digi-
tal media (we’'ll talk about digital media later in this chapter). The image
sensor replaces film as the recording medium. The sensor actually consists
of millions of individual light-sensitive sensors called photosites. Each pho-
tosite represents an individual pixel. These photosites, or pixels, generate
an electrical voltage response based on the amount of light that strikes
them. The analog voltage response values are then translated into digital
values in a process called analog to digital conversion—or in geek speak,
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Ato D conversion. The voltage information that has been translated to discrete
digital numbers represents the tonal and color values in the photographic
image. There is a certain irony in the fact that at the very instant of its cre-
ation a digital image is not really digital at all!

Even though digital cameras take pictures in full color, the sensors are
unable to see color. They can only read the luminance, or brightness, values
of the scene. Colored filters are used to limit the range of light that each
pixel can read so that each pixel records only one of the three colors (red,
green, or blue) needed to define the final color of a pixel. Color interpolation is
used to determine the remaining two color values for each pixel.

Types of Sensors

There are different types of image sensors technology, but the most widely
used image sensors in digital cameras are CCD (charged coupled device) and
CMOS (complementary metal oxide semiconductor).

CcCcb

CCD sensors capture the image and then act as a conveyor belt for the data
that defines the image. These sensors use an array of pixels arranged in a spe-
cific pattern that gather light and translate it into an electrical voltage. When
the voltage information has been collected by each pixel as an image is taken,
the data conveyor belt goes into action. Only the row of pixels adjacent to the
readout registers can actually be read. After the first row of data is read, the
data from all other pixels is shifted over on the conveyor belt so that the next
row moves into position to be read, and so on (Figure 2.24). The CCD sensor
doesn’t process the voltage information and convert it to digital data, so addi-
tional circuitry in the camera is required to perform those tasks.

Figure 2.24 Thedata
captured by a CCD sensor is
read one row at a time, with
the data moving along a
“conveyor belt” to be read at
the output row.
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CMOS

CMOS sensors are named after the process used to create the components—
the same process used to manufacture a variety of computer memory com-
ponents. Like CCD sensors, the CMOS sensors contain an array of pixels that
translate light into voltages. Unlike on the CCD sensor, the pixels on a CMOS
sensor include additional circuitry for each pixel that converts the voltage
into actual digital data. Also, the data from the sensor can be transmitted to
the camera’s circuitry in parallel, which provides much faster data transfer
from the sensor to the camera circuitry (Figure 2.25). Because of this signifi-
cant difference in how the data is processed from the sensor, CMOS sensors
are also known as APS sensors (active pixel sensors).

Figure 2.25 Data can be
read from all pixels on a
CMOS sensor at one time,
providing a much faster flow
of the image data than with
a CCD sensor.

Because circuitry is used at each pixel site in a CMOS sensor, the area avail-
able to capture light is reduced for each pixel. To compensate for this,

tiny micro lenses are placed over each pixel on CMOS sensors to focus the
light and effectively amplify it so that each pixel is able to read more light.
Because sensors using CMOS technology are able to integrate several func-
tions on the actual image sensor, they use less power and generate less heat
than their CCD counterparts.

CCD vs. CMOS sensors

The important fact to keep in mind about digital image sensors is that there
will always be changes and new advances (not to mention marketing pro-
paganda). The prevalent sensor type in use today may not be the dominant
system ten years from now. The design specifications of the camera (size,
speed, power consumption, etc.) will also determine which type of sensor
is used. Such is the nature of technology. What you need to be concerned
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about as a photographer is how a given type of image sensor may affect the
performance of the camera and the quality of the images it produces.

In terms of how a different sensor type will affect overall camera perfor-
mance and image quality, the main issues are power consumption, ISO
sensitivity, and noise. CCD sensors consume considerably more power than
CMOS sensors, but they also have better light-gathering properties since
there is not as much circuitry used at each pixel. This is one reason CCDs
are still the primary sensor used in compact cameras; until very recently it
has been much more difficult to engineer CMOS sensors in the smaller sizes
required in compact cameras. For very small image sensors, the CCD tech-
nology generally produces images with less noise. This is likely to change,
however, as smaller CMOS sensors continue to improve.

For the larger sensors used in DSLRs, CMOS is the most common sensor
type in use today. They are faster, more power efficient, and less expensive
to produce, which makes them attractive to camera manufacturers. The
larger pixel size on DSLR sensors improves the CMOS light sensitivity, which
in turn improves the ISO performance. This, combined with noise reduction
processing in the camera, creates excellent low-noise image quality from the
current generation of CMOS sensors.

While the differences in image sensors are certainly important from a
camera design and engineering perspective, both systems perform their
essential function very well, which is to capture a digital image. We do not
necessarily advise that you base the entire camera-buying decision entirely
on the type of image sensor under the hood. Image quality produced by the
camera is definitely an important consideration, but it can also be influ-
enced by other factors beyond the sensor. Rather, you should view the cam-
era system as a whole, including the overall image quality, other camera
features, and lens compatibility, and determine if it will serve the type of
photography that you want to pursue.
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Other Sensors

CCD and CMOS technology represent the majority of image sensors found

in digital cameras, but there are other types of sensors that are used to cap-
ture digital images:

Fuji Super CCD EXR sensors. For several years Fuji has produced sensors
that have advanced the standard CCD technology. The current incarna-
tion of the Super CCD line is the Super CCD EXR. This sensor uses a three-
way capture technology that changes the behavior of how the sensor
captures information based on the shooting conditions in the scene. The
different capture modes place priority on high resolution, high sensitivity
and low noise, and wide dynamic range.

Foveon X3 sensor. While most image sensors record only a single color
for each pixel, the Foveon X3 sensor actually reads all three color values
at each pixel site by having three layers of sensors, with the top layers
allowing the light to pass through to be read by underlying layers, similar
to how film works. This helps to provide higher-image quality because
interpolation is not needed to produce the final image. The difference is
slightly higher detail in the final image. The effect is subtle but visible on
close examination. Foveon was acquired by Sigma in 2008 and aft this
writing, the only consumer digital cameras in production that use the
Foveon X3 sensor are made by Sigma.

Scannin