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Storing Text — ASCII and Unicode

We now know a lot about how to store numbers (integers and fixed point decimals) in
binary form. There are lots of other types of data we need to store as well.

Text is usually stored in one of two formats —

* ASCII (American Standard Code for Information Interchange)
¢ Unicode (usually uses UTF-8 encoding)

Both methods use a lookup table to match characters with a numeric code. ASCII uses
7 bits, allowing 128 values of which 94 are printable characters.

UTF-8 can be 1 byte in length when matching ASCII characters or up to 4 bytes in
length if necessary.
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Binary Representation of Bitmap Images
All bitmap images are stored as an array of pixels. A monochrome bitmap will store a

1 for a black pixel and 0 for a white pixel (or vice-versa depending on the encoding
protocol).

. This image could be represented by the
following 35 binary digits (5 bytes):

. 00100 01010 01010 10001 11111 10001 00000

It would also be necessary to store the
dimensions of the image.

If the image were in colour, using a colour palette of 256 possible shades, each pixel
would need to translate to a value between 0 and 256 (8 bits). Thus we would need 35
bytes to store the image.

It is common for colours to be recorded by quantity or Red, Green and Blue (RGB)
and this is stored using 3 bytes per pixel — so we would need 105 bytes to store the
image.

Bitmap images can be encoded in order to reduce the file size. Examples of encoded
bitmaps in clued JPG, PNG and GIF file types.
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Binary Representation of Vector Images

Vector images do not store the data by examining pixels, but are a set of instructions
for drawing a geometric shape.
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This image shows how a vector graphic
(the 3 black lines) could be converted to
a bitmap.
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Existing images (including photographs) cannot be easily converted to a vector
graphic, and any attempt to do so will spoil the realism of the image.

Vector graphics can be resized by any amount without losing quality — making them
ideal for fonts, logos and clip-art — but are not suitable for realistic images.

They must also be converted into bitmaps during printing (unless printed to a plotter)
or displaying on a screen.

Vector graphics take up less storage space than bitmaps, generally, but require more
processing power to repeatedly redraw the image.
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Binary Representation of Sound

In order to digital record sound, a microphone is used, a device that converts the
analogue sound into a digital form by altering the output signal from the device.

In order to store this digitally, the voltage is sampled at frequent intervals (typically
48 000 times per second, or 48kHz) and stored as a binary code (typically 16 or 32
bits per sample).
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This equates to slightly over 1.5 million bits per second, or 88 MB per minute. An 80
minute album stored in such a manner would require 6.9 GB of storage.

There are three ways of altering this:
Sample Rate: By reducing the sample rate (e.g. to 22kHz), you reduce the amount of
data you need to store. This has quite serious effects on the quality of the audio (see

the next page).

Sample Depth: Much as with colour, you can reduce the precision of each datum,
using only 8 bits per sample instead of 32, for example.

Compression: Ideally you would sample at the highest practical rate you can and
these use an encoding algorithm to reduce the output file size (this is why Audacity
projects are much bigger in size than the files output). This can be

Lossless compression (e.g. FLAC [and potentially MP3/AAC/Ogg Vorbis files]) or
Lossy compression (e.g. most MP3, AAC and Ogg Vorbis files).

WAV and AIFF files are used for storing uncompressed audio.
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Nyquist’s Theorem

There is a very good reason why we sample music at either 44.1KHz (CD audio) or
48KHz (professional audio). Humans can generally hear sounds in the frequency
range of 20Hz — 20,000Hz (20KHz). To make sure we capture all of the sound,
Nyquist realised you would have to take a sample AT LEAST twice as often as the
frequency of that sound (so double it and add a bit) in order to make sure you don’t
miss an entire cycle.

Since the maximum human hearing range is about 20KHz, doubling it and adding a
bit gives us 40-odd KHz. 44.1KHz is a bit of a quirk of fate as that fits nicely into a
PAL or NTSC recording and 48KHz is a round number, digitally.
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The telephone network generally uses 8KHz sampling, as this is plenty to hear
speech, but reduces the bandwidth required massively. This is why music in the
background sounds rubbish over the phone.

VoIP (e.g. Skype) typically uses 8KHz too, sometimes 16KHz, for similar reasons
and with similar results.

DVDs often include audio sampled at 96KHz. If you have a soundproof studio with a
professionally set-up audio system and you concentrate REALLY hard, then you
might just be able to tell the difference.



