
 

Chapter 1

 

The Basics

 

Color is represented by computers in unique ways. The relationship between bit depth and storage 
space is important. Photoshop’s layer, paint, and filter tools have a wealth of features and options. 
You must be at least familiar with just a few of these basics before you can start to work creatively in 
Photoshop.

Fundamentals such as anti-aliasing, vectors, and additive versus subtractive color are also basic 
concepts that you need to know to help build a solid foundation for a broad understanding of digital 
imaging.

If you are familiar with Photoshop, you can go through this chapter quickly, skipping sections that 
present material you already know well. However, be sure to understand the basics before you dive 
into tutorials in the following chapters.

 

◆

 

Color vs. Number

 

◆

 

Understanding Modes, Bits, and Channels

 

◆

 

Using Layers

 

◆

 

Painting, Adjusting, and Filtering

 

◆

 

Text, Shapes, and Paths

 

◆

 

Sizing and Transforming

 

Color vs. Number

 

Computers store data in two basic ways: in colors and in numbers. Ultimately, computers reduce 
everything to ones and zeros, so you could say that, in the end, computer operating systems simply 
crunch numbers. However, at a higher level, what that data represents becomes important because 
the data relates to what you can do with it in a program.

When data fundamentally represents numbers, a program can easily apply math to manipulate 
the data set. All computer-aided design (CAD) programs are 

 

vector based,

 

 meaning they fundamen-
tally manipulate numbers behind the scenes.

The term 

 

vector

 

 literally refers to a mathematical object that is defined at a point in space (implying 
a coordinate system), with a given magnitude (shown by the length of a line segment) and direction 
(indicated by an arrowhead at the end of the line). You might have dim memories of vectors from 
those math classes you once took in school. So what does this have to do with CAD anyway?

In a way, vectors have everything to do with CAD, because CAD is based on points, lines, angles, 
coordinate systems, and so on. The word 

 

vector

 

 was sort of chosen as a mascot for this type of euclidean 
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geometry/Cartesian coordinate type of linear mathematical system. Let’s take a quick look at how 
this works in AutoCAD.

 

1.

 

Launch your CAD program. This book will use AutoCAD 2005, but many of the concepts are 
similar in other CAD programs.

 

2.

 

Open 

 

SimpleDrawing.dwg

 

 from the CD. Figure 1.1 shows the CAD drawing.

 

3.

 

Click one of the lines. The line highlights and three blue grips appear, indicating this entity is 
selected. You can select an entity like this because CAD is object based: AutoCAD actually 
“thinks” and stores information on a per–object basis.

 

4.

 

Click the Properties button on the main toolbar or type 

 

Properties

 

 on the Command line, and 
then press Return or Enter to open the Properties palette (see Figure 1.2). (You may have to 
hover your mouse over the vertical palette title bar to get it to fly out if it is set to Auto-hide on 
your system.) Under the Geometry heading in the Properties palette, notice numeric values in 
the Start X, Y, and Z and End X, Y, and Z fields. These numbers are the coordinates of the 
selected line’s start and end points.

This line is represented by start and end points because AutoCAD uses a three-dimensional 
coordinate system to locate entities in space—an important feature of the program. AutoCAD 
doesn’t “understand” anything about the space surrounding the objects. Instead, it only 
“knows” about the entities that are stored in its database; the spatial relationship you see 
between the objects is controlled by their numerical coordinate system.

 

5.

 

Zoom in closer toward the center of the drawing; you can click the Zoom Realtime tool and 
click and drag up to do this. Observe how the line work does not get any thicker as you zoom 
in; the coordinates of this line do not change either. When you zoom in AutoCAD, you are 
using math to manipulate the display of the coordinate system. You could zoom in forever and 
still never get to an “end.”

 

6.

 

You can close your CAD program now, and there is no need to save the example drawing.
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Figure 1.1

 

A simple drawing in 
AutoCAD

 

Figure 1.2

 

Clicking the Properties 
button opens the Proper-
ties palette.
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NOTE

 

AutoCAD objects are independent of resolution.

 

On the other hand, data that represents color is more difficult to manipulate using math. In point 
of fact, colors are ultimately represented by numbers on a computer. However, the way color data is 
stored and manipulated is far less efficient than the way numerical data is stored and manipulated 
with math. Let’s take a look at Photoshop to see how it fundamentally handles data.

 

1.

 

Launch Photoshop.

 

2.

 

Choose File �

 

 New to open the New dialog box (see Figure 1.3). Click the Width and Height 
drop-down lists and change the measurement to pixels. Type 

 

600

 

 in the Width text box, and 
type 

 

450

 

 in the Height text box. Set the Resolution to 72 pixels/inch, and choose White from the 
Background Contents drop-down list. Click OK to create a new image document with these 
settings.

 

Figure 1.3

 

Creating a new Photo-
shop document

 

The process of creating a new document shows how Photoshop works; it stores data as 

 

pixels

 

 
(“picture elements” that are tiny squares of color). You have to choose exactly how many pix-
els you want to work with right from the beginning. The 

 

resolution

 

 is the pixel density, or how 
many pixels appear per unit length.

 

3.

 

Click and hold the Rectangle icon in the toolbox to display the hidden tools. Select the Line tool.

 

4.

 

The Options bar is at the top of the interface (see Figure 1.4) and displays context-sensitive 
information for many of the tools in the toolbox.

Click the third button from the left, Fill pixels, to directly create pixels using the tools shown 
on the right. (The Line tool is selected.)
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2.

 

Zoom out to 25%. To do this, choose the Zoom tool in the toolbox or type 

 

Z

 

 on the keyboard. 
Hold down the Alt key on the keyboard and click the center of the image until you reach a 
magnification of 25%. This sizes the image in the 

 

Linework2.psd

 

 window down to a similar 
size as the 

 

Linework.psd

 

 window.

 

3.

 

With the 

 

Linework2.psd

 

 window selected, choose Image �

 

 Image Size. There are 2000

 

×

 

1500 
pixels in this image.

 

4.

 

In the Image Size dialog box, uncheck Resample Image.

 

TIP

 

Only use Resample Image when you want to change the number of pixels in the image.

 

5.

 

Change the height to 6.25 inches. The width and resolution are automatically calculated from 
this number. The resolution is 240 pixels/inch. Click OK to close the dialog box.

 

6.

 

Select the 

 

Linework.psd

 

 window, and choose Image �

 

 Image Size. This image has exactly 
the same document size, but its resolution is only 72 pixels/inch. Therefore, the pixels in 

 

Linework.psd

 

 appear more than three times bigger than the pixels in 

 

Linework2.psd

 

.

Notice how the lines in 

 

Linework2.psd

 

 appear thinner and less jagged than the lines in 

 

Linework.psd

 

. You perceive the lines to be smoother when the pixels are smaller. The lines on 
the left side of 

 

Linework2.psd

 

 (shown earlier in Figure 1.8) appear smooth, even though they 
are aliased, because of the higher resolution.

 

7.

 

Close both 

 

Linework.psd

 

 and 

 

Linework2.psd

 

.

 

Raster Data Storage and Compression

 

Raster data

 

 is the color of pixels stored on a hard drive. Each pixel is given a color number, and these 
numbers are stored in a matrix of columns and rows, called a 

 

raster

 

.
The amount of raster data stored can be large for high-resolution images. When you store more 

pixels, you need more disk space and memory. Data compression schemes are often used to cope with 
the demands placed on storage and memory systems. Compression algorithms look for patterns in the 
data (recognized by repetition or similarity) and can more efficiently represent patterns in a file as 
compared with the raw, uncompressed data. Furthermore, compression schemes fall into two cate-
gories: lossless and lossy. Lossless compression preserves 100% of the original data, whereas lossy 
compression is a trade-off between much smaller file sizes and degraded data.

Consequently, many file formats have arisen over time that deal with the compression issue in dif-
ferent ways. For example, the Windows bitmap (

 

.bmp

 

) format is uncompressed and therefore takes 
a large amount of memory and disk space. An example of lossless compression is the Lemple-Zif-
Welch (LZW) method used in the Tagged Image File Format (

 

.tif

 

). The Joint Photographic Experts 
Group (

 

.jpg

 

) format is lossy; it was designed to greatly reduce the size of photographic images, but 
the trade-off is reduced quality. You will learn how to prepare and optimize compressed images for the 
Web in Chapter 9, “Showing Your Clients.”

 

Understanding Modes, Bits, and Channels

 

To understand how images are stored on a computer, we will take a mental journey from the simplest 
beginnings toward greater complexity. This journey will give you a solid foundation for working 
with digital images in the future.

 

4386.book  Page 8  Monday, November 15, 2004  3:27 PM















UNDERSTANDING MODES, BITS, AND CHANNELS 15

What this procedure should teach you is that although color is stored in channels, each channel by 
itself has only tonal information (light/dark) and can be represented as a grayscale image. Only when 
the channel data is reproduced with colored light does the true color image emerge.

A traditional cathode ray tube (CRT) monitor has three electron guns inside—a red gun, a green 
gun, and a blue gun. Each gun is fed the corresponding grayscale channel data by Photoshop. When 
the colored light emerges on the screen, it combines to form the color image that you perceive.

Color Bit Depth
Traditionally, each channel in a color image is an 8-bit grayscale image. Therefore, an RGB image has 
a bit depth of 24, or 8 times 3 (see Table 1.1). If you do the math by raising 2 to the 24th power, you 
will get more than 16 million possibilities of color for each pixel in the image.

That sounds like a lot, and it is a lot because our human ability to perceive differences in tonality 
fails in the range of a few million possibilities per pixel. In other words, 24-bit images have more gra-
dations of color than our eyes can perceive.

For a long time in the history of digital imaging, 8-bits/channel has been sufficient for all but the 
most discerning professionals. However, when you manipulate images you lose some of the data in 
the process (see Chapter 3, “Retouching Photos,” for more on this subject). The differences in tonality 
post-manipulation often fall below our perceptual threshold—in other words, we can see problems 
with heavily manipulated images.

The solution some photographers are adopting is to shoot in 16 bits per channel. This is currently 
possible only on prosumer or high-end professional digital cameras. Photos with 16 bits per channel 
have 65,536 possibilities per pixel per channel (refer to Table 1.1), and in RGB color mode this equates 
to 48-bit images (16×3). The benefit to shooting in 16 bit is that you can heavily retouch photos without 
being able to perceive banding (imperfections) in the result.

WARNING The downside to shooting in 16 bit/channel is the huge volume of data that your sys-
tem then has to handle. Much larger images require expensive digital cameras with huge storage
space available. In addition, your computer must have more than a gigabyte of memory, huge hard
drives, and fast processors to reasonably manipulate the data sets.

You can check an image’s bit depth by choosing Image � Mode and seeing whether 8 Bits/Chan-
nel or 16 Bits/Channel is selected.

To arrive at the total bit depth stored in an image, see how many channels appear in the Channels 
palette and multiply this number by your bits per channel. For example, if your image has 4 channels 
(CMYK) and it stores 16 bits/channel, multiply 4 by 16 to arrive at a composite 64-bit image.

NOTE Photoshop CS now offers greater ability to work with images containing 16 bits per channel.

Additive versus Subtractive Color
RGB color mode was designed with light in mind. It is a fact of physics that when you shine three 
beams of red, green, and blue light together, they combine into white light. RGB color is an additive 
color system because when these components are added together, they yield white. Therefore, RGB 
is an ideal way to represent color on a computer monitor, which shines light directly into your eyes.

When you look at printed matter, the color you see comes from the illumination in the space where 
you are. This light reflects off the surface of the page before entering your eyes. This situation is phys-
ically quite different compared with directly viewing colored light on a computer monitor.
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Summary
This chapter has been a whirlwind tour of the most important tools and concepts in Photoshop CS. If 
you are new to Photoshop, or even if you have been using it a while, this chapter should provide you 
with a solid foundation. In the next chapter we will work with one of the most interesting and chal-
lenging concepts in digital imaging: color.

4386.book  Page 52  Monday, November 15, 2004  3:27 PM


