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Computers Graphics ?%’Tﬂé‘][}%ﬁ‘[’é&

® Computers CANNOT store and transmit graphics using character
representation codes such as ASCII. ((@'=64,'A'=65,'B'=66,...)

[ Tﬁ‘:ﬂjﬂw J?ﬂﬁ% ASCII » 7% f%ﬁ‘}f—iﬂﬁqﬁl@

® Computers must somehow encode (?F}ﬁ%) graphics as 1s and Os to store them
electronically. JJFE{:Q'(E"(ﬁ%[’%)-{j?c(()/l)i‘ﬁ[’%ﬁ%ﬁ%’é

Bitmap Graphics [Kifilif| (bmp, gif, jpg)

® x.bmp, x.gif, X.jpg |%#ﬂﬁ]ﬁ%ﬁ'ﬁfﬂfﬁ?“ﬁi’ are all bitmap graphical format data files.

® Computers store i &% bitmap graphics using a code(l’*‘ﬁﬁ) that indicates %=
the state J*fiz (on=1 & off=0) of each individual {j#]|] dot (pixel ),
displayed on the screen. ?UE'JHﬁE(Olol...) 3 F&A ’34[%}#'—{'@&34 Eﬁ,‘/wgi

http://www.cs.cf.ac.uk/Dave/Multimedia/node165.html

A 640 x 480 __ (a)__ image [l fi§ requires Ffcl __(b)__ of storage [+ 4[]
(a) [ image (b) Rl | size
F1F 1 1-bitl Monochrome KB | (640x480 pixels fiis/Eh)
did 8-bit] gray-scale KB | (640x480x8 bits) |
71 |8-bit] color 307.2 KB | (+color lookup table)
drdf &' [24-bit] true color 921.6 KB | (307.2x3)

http://gcsecomputing.org.uk/theory/1 4/1 4 images.html

colour depth Number (2") of Example binary code(s) used
(n-bit) possible colours to store the colour information
2P I about each pixel
1-bit 2'=2 0,1
2-bit 2°=4 00, 01, 10, 11
3-bit 2°=8 000, 001, ..., 111
4-bit 2%= 0000, 00013, .., 1110, 1111
8-bit 28= 10010101, 11101101 ..
24-bit 2%4=16,777,216 010110101110001101001101

I =H] n-bit F %5 1 g3k pixel

CPU, memory & Binary Logic
® http://gcsecomputing.org.uk/theory/1 2/1 2 binary logic.html
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The simplest bitmap graphics are monochrome (1 5’[:5’[?%'5=1).£r§tﬁﬁﬁfﬁf}%ﬁﬁ][ﬁ[

Example: figure 1 figure 2
| color depth color depth
00000000 | = 010101010m10/1 “E =)
00011110 00001010101000
00101100 0101111111110110
01110100 0101101101100111
01011100 01011101101111
00110100 00111010011000

® Each cell(pixel & 1 [#3) represents (% a light bulb %%, 0O is off, 1 is on
® The dimensions of figure 1 is 8x8 pixels "\+] | £} 8x8 {§:3k
® Its file size Q%ﬁ'ﬁl’;i s bits or bytes (1 byte 447 = 8 bits i )

Grey-scale 7[f; / Color %<1 Bitmap Graphics % IE'
If each cell(pixel {§#3) in figure 1 contains two light bulbs of different colors
S S Euﬁ 2 [ﬁj%ﬁcﬁ‘l%ﬁw, figure 1 will have 4 colors (% 477 [ﬁj%ﬁc‘-‘l

Y 2
T 1 0 1
0 black 00 grey
1 grey white
® Then the file size of the color graphic %E"’l%ﬁﬂ‘iﬁiqﬁl @'ﬁ’a’* IS bits.
® The color depth of the graphic is two. =1%=2, J[]I'] 2 bit & [*&. &~
® (i.e. 2 bits are used to represent the color of a single dot/pixel)
Exercise

Use paint-brush ‘[ &% to create a 640x480 pixel bitmap graphic %#ﬂ?ﬁfl[ﬁl.
What is the file size [§#{~~ '] (in Byte) of that graphic?
color depth | File size (Bytes)

K| T A

(a) | black and white 1 640x480
(b) | 8-bit 256-color 8 640x480
(c) | 24-bit true color 24 640x480

What is the color depth of the 256-color bitmap graphic (256 cﬁ'l)%l!ﬂ?ﬁ]q%ﬂ, V=7
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Resolution ##{§%
. . - 00000000

® It is measured by dots per inch (dpi) =94 % Dk, If the 00011110

actual size €[> of figure 1 is one inch by one inch 00101100
® 1[x1[H, its resolution #{§d is then 8 dpi. =i~ _ 01110100
® In general, screen resolution #{3/'% is 72 to ___ dpi, 01011100
® normal printing - QHJ’FJ[J is ____ dpi. (& 1% 300 Eﬁp 00110100
Exercise
The actual size of a picture is 4 inches x 3 inches (8] 1 4 5} x3 [5). 4
If the screen resolution %I%}Ejé@@ is 96 dpi, what are the dimensions 3 [

Fgﬂﬁ[fi @HI%‘IIJ—RLTJ |- of the graphic on the screen?

Compression Es{# of bitmap graphics E#ﬂ“iﬁfl i

http://www.cs.cf.ac.uk/Dave/Multimedia/nodel71.html

1. JPG (Joint Photographic Experts Group):
® Lossy 7\ R T) compression S
® (higher compression ratio means poorer quality
I = e S CO TR B15).
® Support 24-bit true colors ' ¥ <, suitable for photos. ﬁf’ﬁ Fi=an
2. GIF (Graphics Interchange Format):
® Lossless ZE4 @' compression (can retain [’{éi"F?f original quality FUR 7).
® Support colors (8-bit), suitable for drawings, ﬁﬁ_
® Support ¥ £ transparency #%ff] and animation Eg!.
3. BMP:
® No compression J2E5#, huge file size l’ﬁ_l’%ﬁﬁ”ﬁﬂ
4. TIFF:
® |ossless ZEf ®r /1’ &Rl compression
5. Postscript:
® A typesetting programming language which includes text as well as
vector/structured graphics and bit-mapped images
® Used in several popular graphics programs (lllustrator, FreeHand)
® No compression, files are often large

Useful links: http://www.why-not.com/articles/formats.htm
http://www.fags.org/fags/jpeqg-fag/partl/
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Compression Es )%
1. Lossless compression
For Example: |894 00000 00000 00000 00000 00000 00000 OO|
we can replace with Jvjfi e where f is the flag for zero.

® Suppression 4] of zero's in a file (Zero Length Suppression)
Applications ="' | of this simple compression Esifi ;1% technique include:

@?ﬁ : Silence ﬁ}ﬁ in audio data, Pauses {f in conversation ?ﬁ[‘ﬁf_ﬁ

[fi'fiy - Bitmaps %ﬁﬁﬁ?ﬁ%ﬂ

Y F : Blanks Z['1 in text ¥ F#{ or program source files

ﬁ?} : Backgrounds in images qﬁﬂll%éﬁ?]

L 2R 2R 2R 4

® Run-length encoding
¢ frequently applied to images. ﬁf’E' Jﬁb[ﬁl@
€ a small compression component Esif- [+ used in JPEG.
For example:
Original Sequence Esifi: [111122233333311112222)
can be encoded as s (1, ),(2, ).(3, ).(1, ) 2, )
The savings are dependent on the data. i ﬁ‘*gh i Jﬁﬂjﬁj\iﬁ’;"ip!
In the worst case (Random Noise) encodlng is heaV|er than original file.
e.g.[123456789..] G SRR E

® Pattern Substitution ¥ Iy

This is a simple form of statistical encoding ﬁ'ﬁﬁﬁ'q’ﬁ'ﬂﬁiﬂﬁ%
Here we substitute a frequently repeating £i¥ pattern(s) with a code.
") PR Mfﬁ A= (pattern)uEi Fi ¥ 57 The code is shorter than the
pattern giving us compression. Hﬁ%ﬁf’i——‘rﬁﬁgmw RV
A simple Pattern Substitution scheme could employ predefined code (for
example, replace all occurrences of with the code ).
More typically tokens 1’*‘@% are assigned to according to frequency of
occurrence (I3 of patterns:

« Count occurrence of tokens ()

e Sort in Descending order (£F1*)

« Assign some symbols ({\j) to highest count tokens
A predefined symbol table may used (i.e. assign code i to token i).
However, it is more usual to dynamically assign codes to tokens.
The entropy encoding schemes below basically attempt to decide the
optimum assignment of codes to achieve the best compression.

http://en.wikipedia.org/wiki/Lossy compression

_4—
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"lossy"' compression Bk
is a data encoding method that compresses data by discarding (losing) some of it.

B T

Compression ratio [EsgE=5
e Video can be compressed greatly (e.g. 100:1)
with little visible £ pLGRF) Tk #1K quality loss
e Audio can often be compressed at 10:1 with little loss of quality
« Still images ﬁﬁf are often compressed at 10:1,
but the quality loss is more noticeable ' &% 9! .

Most compression programs use a variation of the LZ (Lempel and Ziv)
adaptive dictionary-based algorithm to shrink files | ffi%’.
Dictionary Text
1. ask "Ask not what your country can do for you —
2. what ask what you can do for your country."
3. your by John F. Kennedy 1961
4. country
5. can Becomes : "
6
7
8

1not2345678--12856734"

. do
. for
. you
we need to save the dictionary J-4'*— &7 itself along with the file.

1. ask_ "Ask not what your country can do for you —

2. what_ ask what you can do for your country."

3. you by John F. Kennedy 1961
4. r_country

5. _can_do_for_you Becomes : "[lnot 2345 -- 12354|“

Shockwave (swf)

® provides a vector-based Erb%’, animation capability.

® Instead of specifying the color of every pixel, a Shockwave file specifies the
coordinates of shapes (e.g. lines, rectangles, circles, etc.) and color of each
shape. F [ﬁ‘%(ﬁ&g%%,[Ei')z‘kfr%,f%i’[ - (@Eﬁ?f‘&ﬁ@ﬁ)

® Shockwave files can be extremely small. They allow animation and sound.
The images are also scalable é?&%‘;@%’, . Eﬁ‘jﬁ PR
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5. Comparisons between BMP, GIF and JPEG file formats. lfr‘éi’ffﬁ?%i‘q’rt

BMP GIF JPEG
File size *-) - Larger ‘- Smaller ‘|- Smaller
Quality 3 Good J2ESH Lossless ZE% d! Lossy -k
S No compression | compression compression
Color 24 bit colors 8 bit (256 colors) 24 bit colors
Transparency | V% Support 3 # Support T4 NO
bAL|

6. Calculate the file size (in kB) of a 24-bit color 2048x1596 pixels [ bitmap
Eﬂﬂﬁl Q%ﬂ graphics. (1 Byte = 8 bits; 1 kB = 1024 Bytes)

File size =

7. If the graphics 2048x1596 pixels {3 is printed out in 300 dpi (dots per inch),
what will the length and width be (in inch)?

Length = Width =

Sound File Format # #iF=

1. WAV | ® The raw recorded r;a'@ﬁ%’éij digital sound Elm‘%f, 35, 12 E B
uncompressed.
® e.g. from Windows build-in recorder %ﬁ% (sndrec32.exe)
® file size (bit) = no. of channels i x sampling rate TV x
sampling size Vi /|- x recording time [[¥# ] (in second)
2. MP3 ® MPEG-2 Audio Layer-3
® most commonly used compressed digital audio f,}f*@ffile
® Lossy 7 f'&EL compression Es§i (by remove those sound
in inaudible regions). %{7\?@@?‘}%}
® Compression ratio ESi =3 is usually __ (with 128 kbps bit
rate & 44.1 kHz sampling rate JVEiss, 16-bit VA |)
3. MIDI | @ Musical Instrument Digital Interface
® Music and sound are synthesized F’ﬁﬁ‘y by sound card ?ﬁ?ﬂlﬁ
® stores the codes (program) only, so very small file size
A e
()

MIDI software i#Hji{ { can generate or edit the MIDI codes
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Exercise:
1. Using Window Sound Recorder to record above 30 seconds of your voice and
then take down the following data:

Recording time in second:

File size in byte:

: e I =
Sampling Rate: ooosr [ O 00t

Sampling Size: [
Mono or stereo? | | |

2. Calculate the file size (30 #}) and show the steps
file size = sampling rate * sampling size * time * no. of channels
44.1 kHz x 16 bit x t x 2
= 44.1 x 1000 x 16 x 30 x 2 bits (1 k = 1000)
=44.1 x 1000 x 2 x 30 x 2 Bytes
(30) Bytes

3. Change your sound file from WAV format to MP3 and take down the file size.

4. Using Anvil Studio to create a 30 second music and save your song as MID
format. Take down the file size.

Sound
Sound is a wave pattern, characterized by loudness (amplitude) and pitch
(frequency) http://www.phy.ntnu.edu.tw/ntnujava/index.php?board=3.0

-In_A\
YR,

Wavelength ‘

Frequency: The no. of times the wavelength occurs in one second.
Measured in kilohertz (kHz).

Digital audio

Digitization of sound:

A L L TR 7

Analogue 8- sound wave --> digital E!(T’FJE, (01001) values

iy
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Advantage : Computer can handle.
Disadvantage : Cause distortion % .

CD-quality (44,100 times/sec, 2-byte)

1 second of music(stereo) requires: 3-minute song

17 CHEE) fis = 176,400(3)(60)
44,100 = 31,752,000 bytes
= 176,400 bytes / sec =

MP3 Bit Rates

the number of bits per second encoded in the MP3 file

The lower the bit rate, the more information the encoder will discard when
compressing the file.

Bit rates range from 96 to 320 Kbps (kilobytes per second).

Using a bit rate of 128 Kbps usually results in a sound quality equivalent to what
you'd hear on the radio.

use a bit rate of 160 Kbps or higher the MP3 file will sound like CD quality

http://www.cs.cf.ac.uk/Dave/Multimedia/node143.html

Electronic Music
http://www.indiana.edu/—emusic/etext/toc.shtml

frequencyf{ﬂfﬁ — sound pitch ?ﬁﬁ“ (rapid oscillation =)
({1 Hertz = cycles per sec fﬁ%i/ﬂ} = no.of wavelengths A/sec)
amplitude mﬁ@ (height ﬁ,ﬁ@) — intensity §f&@ (decibel 7 ) — loudness &l A /|
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(e )

® records the height of the sound wave at regular time intervals T;

o S LT T

® file size (bit) = no. of channels #tifi x sampling rate Vi x sampling size
TiEA I x recording time Hiféaﬁ'aﬁ\ﬂﬁ'gﬂ ()

® Sampling rate “V{#3: is the number of times

that the sound wave is measured in each
second. (e.qg. 44.1 kHz) EFIVAL(ENE)VEE
(44,100 :+)

® Sampling size V{5 is the number of bits
used to store the height (amplitude) of the
sound wave (e.g. 16 bits). L AE 21°=

4
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* Low sample rate ZVEF (X, may cause the output wave clipping 7%

Standards:
1. Sampling Rate MVixsk 2. Sampling Size Vg 3. Channels &
8.0 kHz Telephone 8-bit : Spoken voice 1-mono
11.1 kHz Spoken voice 8-bit : AM radio 2-stero
22.05 kHz AM radio 16-bit : CD-Audio
44.1 kHz CD-Audio 24-bit : Professional
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Sampling in a 4-bit A to D converter

Measurement Sound wave /|
of amplitude

Hn
e
hioi
oo

il mT -

oloi
ol
L]
L1
i1

v 44.1 KHz (4-bit)

mp3 B =0 http://www.fashionguide.com.tw/Msgl/07/3_TopicL_139548_1.html

f{ﬁﬁﬁ CD [ &l £L27) 44100*%16*2 =1411200bps =1411.2kbps - | i&ﬁf{ Y MP3
ikt FIE] 128kbps > E’Wh&ﬁu#ﬁ THRIRAENA S5V - i @f[ F‘ & 4}? MP3 Ex
3@??5@“@@ (T fol puder > 57 LR

o {5 [ WAL (The minimal audition threshold) -

il T Lme_ =B o PO * TR [ OB B B LT 0 Ry
[P D853 FOREIGRE TG 1 = B 2kHZ 5 SkHz » 1 BRI 53 o b oy
Eljﬁ[%“s

® JifbIiE(The Masking effect) -
%iiﬁﬁ o HEE R (Psychoacoustic models)fii— 78 » Tl #e B SR puEsHRL T AN
ST P RES o B AORRAIRRLATE [ B S I s L
B O ISR AL RIS | AR T - TS
fi J%E.gﬁ?y ET Iyy@ﬁ{ ﬁﬂ ﬂiﬁ‘fﬂ N [—ld[l—-—,ijr ﬁngjf]iy 7 %TE'[F[EHJE@@%% FE[EI{W"T*fTiE
i #[E»ﬂ ;El%&“—qﬁ:&q'% b} [T A, -

® P i (The reservoir of bytes) -
.iafi?gf fol B MP3 il g% » CBR #{1 VBR -
CBR %L Constant Bitrate fivi#Hy » kLT :i MP3 &R YR Bl Ll Y ﬁfj’ﬁiﬁg
MP3 IELF | CBR FIf5 » 1+ iR SIS 1 -
VBR f.. Variable Bitrate [ » SFFFANUIRELRLT |18 [~ » f ALY PRI 5 |
C RIS R LT PRI R SOYR L o 1Y R R
CBR EIfJ%;{%ﬁmj‘aﬂéﬂ;%gm,@fﬁﬁl 8 {fwfk[‘ Hiﬁﬁ‘} 2 Ry > =T t| reservoir of bytes
FOLER » RERLI TN ]I SOE » 31 SRR R
FENLEEYR] rﬁ}fﬁm@p Al SEERET] VBR ISR o VBR IV MP3 T T 3%[ reservoir
of bytes -

~10-
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® The Joint Stereo

ol T BB TS ) = BI5T 13 Intensity Stereo(IS)F[1 Mid/Side (M/S) stereo Py -
1S [IRLTE AR BI U] AR 2SR BT 5B DI L R R
[ S5 At £ 5 BTBRSE R YR » RIBRAOR SRR F 155 bl T TRERRR] - 2 bIgteIshg)
ﬂiﬁgﬂv[ﬁum‘ FF‘ E%g% js;[gjﬁ ?B;@%p U o (YRR F,sjé%gg?»[ mj\“F'J«"J%]JE'JiF;;@*UEWj?JBfi
el LR D B (SR ey

Mid/Side (M/S) stereo
Edl st m*ﬁﬂjﬁ TRLRIE] A SR SORLRT S TR 21 1 FE(LHR) B 2~
H}H FIERE RS (L-RY DI - B GRS PR Py ﬁﬂ“ TR o R S ]
TRV SR - Mid/Side (M/S) stereo = IS — BURLFH ‘f S (phase) ey st
igﬁﬁﬁ pwﬁ el SR Y o — i MP3 L Mid/Side stereo #[! Intensity Stereo *'JziF“,“]’EB
B  ERRI g@wﬁ [ o PALRI BT 160Kbps I 9 MP3 > Bl HES
PR [l s AR iﬁ? o I AR

® Huffman; ?r'}ﬁ? (coding)

xl *‘E"ﬁJE‘EF RIVESET R i PCM FHERL 3 iy 25 (bR » Ryl PRl s 6
A MDCT(Modified Discrete Cosine Transform) (%i{f] FFT(Fast Fourier
Transforms)) » SR {07 {EZ G~ iE;fHﬂJTElr lﬂﬁféﬁrﬁ Pt Huffman sfifls o fiedd i
B o Huffman ,?\JFT}ﬁE,EIU’FLEE‘ﬂ}{TJL—Hﬁ i VIR Y R 0 B '{h&ﬁ:@ 2= [t
Sl FTBRTS A I IRRiR A > 1) o= il H‘< ﬁﬂvﬁf“”ﬁ&guaﬂ[ wa * Huffman Ffisp 1
ATt 20%[V 2] o [ NS 0 Huffman Alfils > 5P 52 WinZip ~ WInRAR
VRS T  BE MPS T D L S S I RLA 7
Huffman FEfE[I9FE » (USRS FfLe T JJ—%%E%‘ MP3 FREYTHR 2V
http://www.mp3-tech.org/tech.html -

MP3 FR Y e Bs PSR TR A Huffman B24RE] i MDTC fustis Fre i
BIMER TS0 RS AR MP3 T [T POM 12 F el s (bits)FOsa, - 25 P 1) 1
fHifi ™) 16bits Fy L 20bits fl = 24bits ElfJiE_fg,Tﬁ@j\gl HPE] - — §E19 MP3 Player S2ifT
FEE ?ﬁﬂfg 16bits -+ [fij Winamp (i MP3 ##59t H MAD (=T !
http://www.mars.org/home/rob/proj/mpeg/mad-plugin/) [I[[f:LI"] 24bits & E > ]!
N p J?ﬁ L 1 24Dbits F‘?“ [V PCM - i I 4 el 24bits fugibise — JEpiuisigsn| AFT'
Feffip UF) 16bits E‘\T@@T&F o IR ] R e A re-dithering [193g
A 251 ‘“[/FJ'JF”"QF i S PR R p "B E 16bits R1 SVE PR
[ > PAIF=MAD g~ g 35 B R - ZTEDH ] MAD S Winamp 2.74 7
[y MP3 decoder Fi€ » j7H MAD 3 BVROEEds - B B - | PR ek RO i 0
HiEST # decoder 1+ iEL% » T HFE | 3 MP3 Eﬂjfﬁf'lﬁl“

“11-
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Definition of Hels —
A method of storing, processing and transmitting information through the use of
distinct electronic or optical pulses that represent the binary digits O and 1.

Advantages of Digital - Disadvantages of Digital -

® |ess expensive ® Sampling Error

® More reliable ® Digital communications require

® FEasy to manipulate greater bandwidth than analogue

® Flexible to transmit the same information.

® Compatibility with other digital ® The detection of digital signals
systems requires the communications

® Only digitised information can be system to be synchronised,
transported through a noisy whereas generally speaking this is
channel without degradation not the case with analogue

® Integrated networks systems.

Definition of - -

Analogue is a transmission standard that uses electrical impulses to emulate the
audio waveform of sound. When you use a phone, the variations in your voice are
transformed by a microphone into similar variations in an electrical signal and
carried down the line to the exchange.

Advantages of Analogue - Disadvantages of Analogue -
® Uses less bandwidth ® The effects of random noise can
® More accurate make signal loss and distortion

impossible to recover
® No error checking mechanism

http://cnx.org/content/m11060/latest/

VCD: 352%240
DVD: 720%<480
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