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Abstract

In this thesis, improvement algorithms of raising the memory
efficiency through encoding or decoding the large size image of
cellular phones are designed and realized.

Most of cellular phone uses bit mapped image in the memory
with the value of hexadecimal, which is proper for rapid change
and display of data.

However, It is needed the high quality of graphics in the
cellular phone especially in the multimedia era. The improvement
in the hardware and software technology made it possible to
develope the cellular phone with 256 or 65,000 colors.

On the side of memory as an example, 6.4 Kbytes of memory
are needed to store the image of 101 * 80 size with 256 colors.

Data compress technique is of interest, because cellular phone
which uses a kind of operation system have limited memory and
unit prices of the memory chips have significant effect on
marketing.

Therefore, in this thesis, algorithms are proposed to decode
LZW data and display image on LCD like a bitmap image
through using the LZW compress algorithm which is used in GIF
file. As a result of LZW compression of the bitmap image,
proposed LZW (Lempel-Ziv-Welch) algorithm show the reduction
of memory size as benefit of image size when convert bitmap

image to GIF image.
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@ Initialize string table

(2 get first code: <code>;

® output the string for <code> to the charstream:;
@) <old> = <code>;

() <code> <- next code in codestream;

(6 does <code> exist in the string table?

( Yes : output the string for <code> to the charstream;
[...]< translation for <old>;
K < first character of translation for <code>;
add [. .. ]K to the string table;
<old> <« <code>; )

(No : [...] < translation for <old>;
K < first character of [. .. ];
output [. .. ]K to charstream and add it to string table;
<old> <« <code>; )

@ goto ®;
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¥ 3-2. LZW &9 34

@A A= 9 2xdY B
1 #1 A
2 #2 B #4 = AB
3 #2 B 45 = BB
4 #4 AB 4 = BA
5 #7 ABA #7 = ABA
6 #3 C 48 = ABAC

9ol ® 3-29 AL B <code>E #1S YEWrm Y Fho
LAY #o EAFgez ‘A'E F93HAl <old-code>°l 'A'E ¢
#Hath g ZE9 #25 <code>ol ¥ #27} FAE EK

=2

B'E =93 ttS <old-code>9t <code>9] 3 'AB'=

olel Aoz dAisiud A, 4HA Il @A 2004 F7}

A7l #45 AB'R2 nt2 E9stA "ok ey, 9 59 A9 #7

& wAGd EASA @ msolth oy Afoli <old-code>
=S|

o} m=de] A HA Z=E §ele] 'ABA'E &

_OL
£
s
N
12
e
S

#7152 F7INZItE @A 67hA 9 dArS mlA
‘ABBABABAC'¢} o] mo] 3% 3-19] LZW =34 of A

3
oo BAL 4F @3k Zebde saw gl

=)
e
J5
)
K
[
i

ully
22
]
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A4 A" onA daugFe TE

4.1 GIF olm XA LZW HolH F& dudg &

CDMA @2&7]& &3 olm A9 LZW HelHE 7FAaL lo] ¢
2Zdo] & Agol olnAE Hdste] HojFEr, o] LZW tlolH
= Hlg] GIF o|u|Ae| A FEate] wxglel] A gsto]of grh. GIF
d AAE HAL dolk AHfiARl B8 du BRES
Eoet Al Ha B Al et g2y dHeolHE & of sk
B ash AdS FdafoF of7] ujiolt

n A 8] bR el golE FEota, = Zdt felA =4 Ze} Hol
o # QI 2 e 24 Zgt §& FEI 283, A
LZW dlol® X3tstal = 2 vlolHE 3de] mpAut EE7}
A glodA wH o AgetA Tt

ol o] AgH E dHeolH 99s C A2 AeA Ha
T 2Z o] Al Hate] molFA HiE ot

[
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GIF 22 2H LZW OI0IE ==

GIF It

g
[P
Jtow
[

A

AdJE UAIEH

Y
I
HU
4
nY
of]
[al
=)

I
lo
i

Y
|

Y
1y
HU
ng
Y
o
2

\
IJ
o
A0
In
e
)

Palette

Y

Y

Ol0IXlI CIA3EH

Y

OI0IXI2 &= ?IX

OI0IXI2l &= <IX

Y

ol0IXIel =

Y

Y

0101 X9 =0l

-
%

£Z Zct B > =2 zaH0E 4

QIHdIoIA 2E

Y

2Z Zet

Y
=2

Y

i AE GIOIE

While ( !feof(SRCfile) ) {
ch = fgetc(SRCFile); }

19 4-1. GIFel A LZW dHlolE F& 4adgH
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File open Convert |

D:\Wopk \Paper\Git_spechlzw_viewertest gif
SCREEN DESCRIPTOR--—-— -
ersion: GIFE7a
idthc ] 28
Hesght:128
Musnber of Global Color Table: 256

1

T el s || ca A [ T —
Left Edge:0

Top Edge:0

Image Width: 123

Local Cobor Map:0

a9 4-2. GIF 425 E LZW tloly F=

| GIF TO LZW CONVETER e =10 x|
File open i I Convert I

e T
340800, HAE A | lzw_viewer =] + B ckE-

I113?:-'?'215. oHg o1Em:  [Fowerup.c HE(5)
IMAGE DESCRIF If® @4(D:  [.c Files {=.c) =l 3

Top Edge:0 i
Image 'w/idth:128
Image Height 128
Number of Local Color Table:2
Irterlaced Mode:0
Local Cobor bapc0

-

a9 4-3. C dd =2 AFE= LZW HolH
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Y 419 FnPEYE Zeags FAN B A} oluAe 3
gol Eoizb WA, 239 dxagd, ovd fxagy 52 o
¥ 4-29] Zzle] AeHol s A FAT 5 Yk

dE HOlHE v 29 4-39F #Zo] "R

char Powerup[]=

{ ffPowerup.c W=12&,H=1zZ8

Ox80,0x80,

O=x08,0xff, 0=x00,0x77,0x08, 0x1c, 0x45, 0xb0, 0xal, 0xcl, 0x33,
0x70,0x86,0x43,0x87,0x32,0x22,0x4a, 0x9c, 0x28,0x51,0x85,
0x48,0x91,0x62,0x23,0xc?, 0x8f,0x20,0x43,0x32,0x1c, 0x49,
Ox21,0x52,0x5c,0x%xa9,0xbl, 0xa5, 0xc5,0x90, 030, 0x63,0x82,
Ox9a,0x3b,0x6a, 0xde, Oxch, 0x£9, 0x6Lf, Oxa™, 0xde, Ox9e, Ox3hb,
Ox25,0x4b,0x97,0x158,0x65,0x72, 0xbe, OxcS, 094, 0x29, 0x47,
Ox27,0x45,0x67,0xd5,0x%9e, 0x57, 0xet, 0xE65, 095, 0x32, 0xb4d,
Oxde,0x44d,0x%9a,0x54, 0xel, 0x52,0xa9, 0x57, 090, 0x52 , Ox4dd,
O0x5h,0xad, Oxca, 0xcsS, 0xea, Oxb5,0x6e, 0x51,0xb1,0x11, 0=,
Ox52,0xkh5, 0xEf, 0x92, 0xk0, Oxad, 0x4db, 0x73, 0x07, Oxd7?, 0xkb9,
Oxf4,0xae,0x558,0xbd, 0xle, 0xf9, 0xfe, 0xE5, 0x90, 0x02 , 0x70,
Oxcd, Oxas, 0xds, 0xZ2a,0x63, 0xal, 0x8e, 0xEd, 0x92 , 0x95, 0x0c,
Ox2d,0x0b,0x2e,0x558,0x73,0x31,0xd0, 0xkbE, 09, 0xel , 0xYe,
Oxdz, 0x1f,0x51,0x387,0x30,0xad, 0xdb, 0xSe, 0xef, 0xdE, Oxbe,
O0x73,0xed, 0xd8, 0xc7,0xb5, 0xce, 0xle, 0x19, 0xfa, 0xas, 0xdb,
OxVa,0xla,0x£5,0x381, 0xeb, 0xdS, 0xat, 0x0b, 0x27, 0xee, Oxba,
Oxde,0xff, 0xYe,0x8c, 0x94, 0xaf, 0xfd, 0xE3, 0xba, 0xal, Oxea,

a9 4-4. AL dlolHE AE LZW dlolH | wjd
ey, LZW dHelHE FE37] el Fosford e A8
LCDO ftAel me ZoEeltt. HER o|n A& AAsts ZTr

]
Aol e LCDY ZHET & Aol oluA 7t A ®ol

A JhEFQ GEr]e] HWQl LCDY A E 4-13 Zrh
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3E 4-1. "9l LCD 1A A

AEEd S-43200A
7] 101 x 80 x 8
128 256 2k

A Z A Seiko

Az g S-43200A

e LCDelA = 256 Zete] olwAE Arggtth. e]a, 314
HIER O] FxoA B &
25670 ¢ AAS 74z BHES A dvk. ey, 2ol 19

455} o] F BelE: FUNA e

¥
¥o,
Mt
)
[\
Q1
(@)
i
i)
1o
I
[
2
)
=
N
rlr

otyles styles
PC LCD

19 4-5. PC¢ LCD9 Y E vl

=
HuE PCY ZHER FIY olnx e A= AA LCDoA =
T Ao r wHHA Zevh ayE=R, LZW delHE GIF

ol Aol A FZ3t7] Mol LCDOl %= ZHE=Z FdE ovAE
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P sfop g e,

42 GE7 A LZW HolH E9 dud S

418 A= GIF o|m=] shelol A LZW wlo]e & F&ate] C
of AFSES sk o FelAE 1Y 469 e TAAL
shel w =}

o] LCDel xdste

sh= ol thel A skl

UpdateDisplay( );

LZW_lmage_Src

LZW_Decode( );

Initialize table( );

y

read_code( );

While( read_code != eof_code )

clear_code 4!\10' Code >= free_code

yes
Y

| Code = <Input_code>; |

y

Code = <0Id_code> + first_char;
Add value to <Code_table>

A
Old_Code = <Input_code>: |

|

a9 4-6. LZW &5 doly E4
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G719l LCD Display #& & F 3HS 2AA7H8 o2 JHolE
a7+ &< UpdateDisplay( ) st 919 LZW_Decode( ) &5~

& S8t vk LZW_Decode EHrellAl lEl€l LZW HoJHE &
38ted A UpdateDisplay( ) 3= gl€lstA] & a1, UpdateDisplay( )oll
M gdd HolHE HaEd o] stes gth. LZW_Decode( ) 3
Tl = dHE LZW_Image SrcE read_code( ) 7} &2 o]
HE A4 o8 ¢loj9t 7 51=7} Code_tabled] EAgoh 244
oz vpte] E¥a|F1 1 ZE=7F Code_tabled] EA18HA eFe=Th

M <Old_code>¢} First_char®] &2 Code_tableo| S5EA]7]aL 3}
2

—

=10l x|

T limagetwidth: 101
ImageH eight : 52
min_code_size: 8
code_size 1 9
clear_code - 256
eol_code : 2567
firsk_free : 258
free_code : 258
max_code © 512

19 4-7. LZW Fojo A LZW dHlo| g t]~Z g o]

$o] 19 4-7 LZW_Decode( )E AHE3Fo] =9 oA Aldh

2 szl HiA op Aol
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=5 A1 00058 =] |

11:28R 18-21

a9 4-8. LCD & olEo A LZW dHolHy t]~F# o]

9 18 4-8& HEW o|nAE GIFE W3 A|A, 41404 A|A
S99 GIF TO LZWits Z2a#S o] 43le], LZW Ho|E =

__,i_
Z3la, FZ38 LZW HoHE X&8s A2E ARY & T guy)
of thezresta, Agd AolEm vk PCE AAs ] &

Bitmap GIF

a9 4-9. tir]stde] HER oju x| ek GIF o]v] x| H]il

A% e H2e ouAE JaZi sun 9 734

S A gS A2 S0 HolHE 22 onAE Yy ol
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Al

5.1

Zd LCD=
S8t = A
7'sEe] AAYA Ha
2, AlA A

e, &
oo ~8
A A

2737 Axoltk. 7] s e
st shvs x4

54 4% %

=

=
2Ry

LZW &12& 8419 W EY Alo]= v

AgEA HEA BRIt Be oMAES A

Z+e} LCDol ¢

T, tolojgl 59
= W2 Alo]lzxE F

Wekal Qe @]

5

=9

o] AbgA QlE o) ol
A1EAL g, £ s, S g,

TR oln A

R

chera

So] Ag¥

A3 S7FskA = A
Eol7ke o|mA ¢
B-ele v 19 5-13 o]
stedE 10 =23 ¢

MeEE e

th 7]

olu A7} Bass]

o, 7150 Eold wuit} oju|xe] = FAHSA o 9
=
L - | k—"\"ii Il-%' h il'lﬁ‘ Ih'. h :iﬁ I« X k -':'i‘ ‘Il—-:
idle101 idle102 idle103 idle104 idle105
idle106 idle107 idle108 idle109 idle110
a9 5-1. gi71std D9 =g
LZW tlolg EAS Eai 948 & Jde d=8e ojnxo A
A, Al wEbA dgs A EH T wAle] 101x52 A7]9] o]
nj A o] Ag-oll = 121 vho] E yrel]l AbEE A &= Aot}
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A, SR el AAAQl &S deotry] feiA M ©
ol AgE = trstd Agols o= Ao d5E&s Hole=A &
of 1 T},

7 5-19] 101x62 =A7]¢) whrigtde] A5 2yl wet S
RE gk ] oW XS R#EsHY] feiM @A 28 EH = vwEY Al

of AHgHI Qe olrlAe] F Aol =2E FaHAS 7

Name TExt Size Date Altr
wel..1 <DIR>» 2002-10-20 22-32 -

-idlaanill]I BMP 6.486 2002-10-20 22:31 -a--
idleanil 02 BMP 6.486 2002-10-20 22-31 -a—-
Imidleanili3 BMP 6.486 2002-10-20 22:31 -a--
[idleanil 04 BMP 6.486 2002-10-20 22:31 -a--
g idleanil05 BMP 6.486 2002-10-20 22:31 -a—
[ idle.anil 06 BMP 6.486 2002-10-20 22:31 -a--
Imidleanil 07 BMP 6.486 2002-10-20 22:31 -a—-
midleanil08 BMP 6.486 2002-10-20 22:31 -a--
[idleanil 09 BMP 6,486 2002-10-20 22:31 -a--
idleanil10 BMP 6.486 2002-10-20 22-:31 -a—
midleanil 0l gif 2,706 2002-10-14 18:18 -a--
55 idle.anil02 gif 2.709 2002-10-14 18:18 -a-—
55 idle.ani103 oif 2.713 2002-10-14 18:18 -a-—
[idleanil 04 gif 2,673 2002-10-14 18:18 -a--
55idleanil 05 oif 2.710 2002-10-14 18:18 -a—
midleanil 06 oif 2,706 2002-10-14 18:18 -a--
goidleanil 07 gif 2.743 2002-10-14 18:18 -a-—
o idleani108 gif 2.725 2002-10-14 18:18 -a-—
[idleanil 09 gif 2.805 2002-10-14 18:18 -a--
idleanil10 aif 2.721 2002-10-14 18:18 -a—-

0 of 89 k in 0 of 20 files selected

a9 5-2. HEY 3d3} GIF 3+ 9] Alo]= HlaL
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a9 52 1% 5-19] ti7]8d GIF 4o Ar]|ek vEY 3
A7) AlaE Ao g 41% Wl A7|7F Aot d&s & &
At
2lar, 919 diolEol A AAl oA wEW] #xE dol

FZellA AL A9} GIF oluA|olA LZW dHo]E
Z3to] AMESIAS AS oW A tlaFde] Aldl AAA

= US5ES v E 519 s Bk

M

4

o

==
T

o
=

=
A
o

o
fl

(o3
=

facs

o~
T

tlo

# 5-1 t7IE @9 "oy 4=5& Hlai
(19 5-19] di7]8}d, 101x52 7] o]n| ] (¥}o]E ©h9]))

ERER GIF o] v _
%9 dzg
TEZS | ag (dew| ZF | a9 |des| O

EM A7)

Idle101 | 6,486 | 1,078 | 5408 | 2,706 791 1,915 65%

Idle102 | 6,486 | 1,078 | 5408 | 2,709 791 1,918 65%

Idle103 | 6,486 | 1,078 | 5408 | 2,713 791 1,922 64%%

Idle104 | 6,486 | 1,078 | 5408 | 2,673 791 1,882 65%

Idle105| 6,486 | 1,078 | 5408 | 2,710 791 1,919 65%

Idlel06 | 6,486 | 1,078 | 5408 | 2,706 791 1,915 65%

Idle107 | 6,486 | 1,078 | 5408 | 2,743 791 1,952 64%

Idlel08 | 6,486 | 1,078 | 5408 | 2,725 791 1,934 64%

Idle109 | 6,486 | 1,078 | 5408 | 2,805 791 2,014 63%

Idle110| 6,486 | 1,078 | 5408 | 2,721 791 1,930 64%
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o

9ol ¥ 5-1% KW 101x52 Z7]9] oju|A| oA HEWe] A
= HER S Fxo weh dARE HolE Apo]=<l 5408 HiolE

Hou LZW dlolEld 4= 63%-65%7H4<] d=f 1/3 A&
of dlelgE #FAdv. 2=y, #19 dizistd @9 F§ 107HA
ZH Qe Ao Wzl A fla, AT 9SS A 1dlel07,
Idle108, 1dle109W, Idle110 Z & e A9k WSt ojn| x| Alo]=7} W
stdS B g dd a3EuW F9 sl A gt @9

ﬂllﬂl

71zt @9 445 dHE=E s

idle206 idle207 idle208 idle209 idle210

a9 5-3 ti7iEtd @9 =z

9 ¥ 5-3 713 @9 Aol ¥ 529 &/ v
) FAIR7E AR AAYEA, oju] A o] meEak At WSty A
Aol wel olm A dHoly Frteta deS B Utk 59
mpA . ol i Q& fo] 55%714] WolA: AL FQE

At
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#* 5-2. t71std @] dHeolH ¢5& A

2% 5-39 7], 101x52 =L7] o]u]A] (Hlo]E ©e)))

MEY o)nA) GIF ©7] _

S *5E
VE IS | A |wew| ZF | aw [daw | OO
Idle201 | 6,486 | 1,078 | 5408 | 2,696 791 1,905 65%
Idle202 | 6,486 | 1,078 | 5408 | 2,696 791 1,905 65%
Idle203 | 6,486 | 1,078 | 5408 | 2,696 791 1,905 6526
Idle204 | 6,486 | 1,078 | 5408 | 2,665 791 1,874 6526
Idle205| 6,486 | 1,078 | 5408 | 2,938 791 2,147 60%
Idle206 | 6,486 | 1,078 | 5408 | 3,059 791 2,268 58%
Idle207 | 6,486 | 1,078 | 5408 | 3,077 791 2,286 o8%
Idle208 | 6,486 | 1,078 | 5408 | 3,161 791 2,380 96%
Idle209 | 6,486 | 1,078 | 5408 | 3,203 791 2,412 59%
Idle210| 6,486 | 1,078 | 5408 | 3,203 791 2,412 59%

=

=

=

idle301 idle302 idle303 idle304 idle305
L3 J - -“
R Bt #a)

idle306 idle307 idle308 idle309 idle310

223, A Wl ol A7}
N @e) Aol FEEol

a9 5-4. gi7istd @9 =z
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doly Ato]=E % 5-33 o] FA 3| Kottt

A9 1Y 54 trlshE @9 Aol E 5-3% FA vlws)
2w Ade] upElol F4WA, Idle305e] ol el Nt B} o Ho
T obA e e T W, 4%e] GEER MG AxT 95
g Helt AL ¢ F Atk el ol MUE HAF Aol
A% MRHE olvAE EIY Wt fHEel F43 4ege v
AR g5 it

£ 53 0j7)sh @9 dlele ¢EE vaE

(719 5-49] 7] 59, 101x652 7] o]u X (ne]E ws]))

o H=w ol Hl A GIF ©]7]7 gag

VEES | A |wew| TF | Aw [dam | OO

Idle301 | 6,486 | 1,078 | 5408 | 2,773 791 1,982 63%
Idle302 | 6,486 | 1,078 | 5408 | 2,773 791 1,982 63%
Idle303 | 6,486 | 1,078 | 5408 | 2,773 791 1,982 63%
Idle304 | 6,486 | 1,078 | 5408 | 3,478 791 2,687 50%
Idle305| 6,486 | 1,078 | 5408 | 3,845 791 3,054 44%
Idle306 | 6,486 | 1,078 | 5408 | 3,242 791 2,451 59%
Idle307 | 6,486 | 1,078 | 5408 | 3,216 791 2,425 59%
Idle308 | 6,486 | 1,078 | 5408 | 3,332 791 2,941 93%
Idle309 | 6,486 | 1,078 | 5408 | 3,332 791 2,941 93%
Idle310| 6,486 | 1,078 | 5408 | 3,116 791 2,325 57%

e dass FHAE W, dA NEFTA SFETAAN AEshe

101x52 =719 t713H-& LZW E9 dug &S H8ste]  FHA
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A 7gsloF sk Aol
g 65000 ZEt o] e dEvldM = 16 HIE Ze
£ Abgst7] wEdl, oln A Atelz== FU LCD Akeo]=oll A A
256 Zete] 2= 2 Aot LZW dHely &l dags

olgst= A& LCD HaEeo] Fdel =4 oA dHolHE <

oot
#
=
l'UE'

o

A=Eo Sl GIF olwA & ol gshe Adbe G2 45 ovAE
ol e LZW ¢ ZRIMS Al#ste], o ¢hEE oA E
f1e] 256 e} wiop H3reo] HUS shA "rhd, Al d5skr) e

olmlx] wlolHE EHstAl 2 Aol A "Aud flolA ¥

S AFg3aL Qo o]F 65000 Zet LCDE Algdhe grlo A=
TFT 64 M(RE) Z#4] / 16 M(H|E) SRAMS A&5HA €t

Ty, o 9o dugFor 16 E Ze HolHE g8
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9 32 M(HE) Z4 / 8 M(HIE) SRAMSe 2 thal & & ¢l
A @rhd, v$23 Alge e d@ring A®d stdow gare

d

S0 Wk olyel, thg E 549 o] WEE A% viwg 714

& 058 ¥ 4 A He Aotk

# 5-4. U+ v 7HA A
(20021 AT 71E A AHA Fx)

Wme 27) A2 | 100%d | 500%T | 50008
32 M(WE) 44/ - u
6 M=) Sman| 65 | 600%S | 30002 300
64 MO E) 22AA/1 o0 | 1900ms | 6000%$ 6%

16 M(H]E) SRAM
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A6 48

age] 2AY olde dv|= ouAE A yxTHolsir et
T ol dHolg e Ale]=yp A gka, 238 YaZee] R
ek ol EAZE fldeh e, 256 Zek o] de] LCDE AHE:
e v Eo] JHEHWA, ojwx] Ato]=7t HAF AxS Wl
ofel, §4 <leuo] e Be 71Fo] FrhHEWA, 1o wE o
S Be oA ES AFsolyt Pk B =AM GIF o)W
Ao Al ALEE = LZW "ol s dagEs $&3ke], gy
AGEE olHA] Alo]z2E ZFoR 1A YTt = @@l GIF
ojul Al Al A olm A Gl HHAH dHolH FiEs FEI MR
ol AGAAFL, @dr]e] LCD2 UpdateDisplay( ) 3ol A
LZW HolHE S&a HEWY HolH=E 5943 $ LCDe t=&4

o] HER s FuelFe FAHugt

A Froh Adsk dErel M= oluA] dolH7t fgsks wEE Ale]
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