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Abstaract

Wavelet transformation in image compression is to offer higher image
compressibility and high—quality by quantization and entropy encoding.

More image quality is good that reconstructed image by wavelet calculation than acquire
cosine transform. Therefore, wavelet itself is function if it is wavelet's feature, in this
function, do processing applying difference scale and resolution. That is, this is not that fixed
resolution has been decided like existent compression way, when it regulated scale, damage
goes in pixel and picture looks like break without giving damage entirely in reflex even if
magnify or curtail Decoding. Therefore, this paper is in Image that using new wavelet
application compression way research that see applies comparing to each image neted this
time compressing step by step with circle image compression efficiency recognize. Also,
estimated quality pass through by printing of compressed image, investigated compression
ratio of most suitable that get print of high quality and elevation of transmission speed.
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1.A &

A Add d8EE dEAHQA HHLS JPEGoIY MPEGeIt. Azl AAIA, &
A MPEGE $94¢ 458 o 3522 dg AgH9 st

oj2]gt WPEL Fourier A& WHPQ o)3t FAQ) WIDCT; Discete Cosine
Transform)o] & To2 HAHAA $irh. o] o8& A(sin)@} FA}l(cosine)ol
Hilbert spaceollA] 7]&7} o] Fo|x& 2% J. Fourierol 23] o]u] 100ejd Ao o] &

T8 o9 kg FAd. 2y DCTE A4 ¢371¢S BE27 a4
(Blocking Artifacts)® A H|EgolA e F&§ s xNa 5 EAFo vegwh ?
a2 F B Ad7E AFE 2, A2 109 9 F5ER 9HE AFE Y dge=
Fourier H&& 3 Y FolME= A2E basisoll 719E F #HE dudhZFo AT
waveleto] 20] NLHATE WaveletS &8 M2 JAAEFL 71&9 Hug F o
ojde] AFES /AL o, dAHE dI=(encode)”) &S A Y3t
& Sk w23 3dx AYE 7€ g5 eze HIDEHY] JEAY AEQ4,
g, §14 AR 5, BF EopdAx Ha $859 stz .

53], 94 AdFd JdAAM wavelet WEL ¥A3zel dE=RY I (entropy
encoding) 22 BT & 4 ¢FEFH 13A S AITdh Wavelet A5 AT+AHR
BEES TAQ WM E(cosine transform)S ©]-83td 5§ AR WA FAo) ¢4
stot. sivbetd o AAZE ol o) Bt e Aol § 2AYH HYEE H LA
e ZEAYSE Aolth F, oA V|EY AFUAAY dAS AY=/ dHH
o] 2ALE 2EAS A5 Ao &4 wAE Yol A AANH Heol: Ao
oivz}, FAUE FUAY FiIdfs: GA HF &S FA g3 v3ay
(Decoding) & 4 Atte RHeolth

oz B AFqA s olH 3 waveletS $E£F ME2E ¢4 WAL o839 A A
=9 o AN EE | FE o|u|E ZZe GAERZ YFAA o] f AojF o)n|
g 9 oA} vudd 349 dF 8L T £, 45 HA ojuAE Q
ot F2E HrtFozA AF £ F4H ALFozAN nFEAY AHEL IS
F AT A ¢F ¥ E PolHgt

K o nd
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2-1. Aol ER9 49
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Fig. 1. Abstract of wavelet transformation base signal processing.

Fig. 1914 Fo]A 215 X& dolE¥ AL A HW AFF ute} Zo] AFI
Ao FiF ARE FAJ 1A AFE A Ha o] AFE S8 et I FHE
A e gz wgd g o wae AN dis A3y 4L 4 ¢ dn?

dolBRe sulr]Z localized wavedtsl & 4= lEd o]& o] &% HolER HWHL
3 Aoy FA Y Az FHy FHS L E

£&, 7)€ FYNAFL cosined} sinel.Z o] Fo)F 7] A4 (basis function) S ©
£3 By wale golBERE B folEslolgt &2 =(mother wavelet) ¢9F F 9o
B 38l (father wavelet, scaling function)gtx E2$&= 07} "Hasie).

B JojE3e 9= FAslx: v 2L Aoz 78 5 Uk

0D = 3 140(5 ~ B )
714 h,= lowpass BHE AF2ZA  h,EES 2AHE 4 g 07 A

high pass BEHAEY g,8 (—D* b, (2, 12 E5)2 Fad 2 9] o|8R ¢85

oo

AR + Jonz, ¢(t)%71§§:gk¢(7t—k)% REse gart 9o ?

B o2 g7t ARHW ¢, ,E B dojBol  2/nE FANIL 2 ERE o
9 #4A ¢,,D=272Y 27 t—pH2 FAFAE & AR { ¢;.(D:7,k=RF)
£ L) ARt Gk Aol del S8 Az f0= 2 fik (D2 EHFEA,
A7 Ao ER AS ;0 4@ 7k

fj.k=ffj,k ¢;e(Ddt (2)

ol &8 o] FEo F5o vd A A F dye ¢,~,k%°]. o2 7hx] FEje A
T8 U9 9 2R FJY F oA #5& FA & F ddE Aol
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Fig. 2. Wavelet transformation decomposition and composition for image.

(@A) 949 RAAYE RAgFE Ro2A d¥ 4L X5 WF2=Z high pass
filtering, low pass filtering® &, & AEZHE 3 ¥, 9€HY @ 44E A YH
oz WHY, the MEY(Down-sampling)dd 44 237 9 LLe A5 o
ge] gAe]lx, LH, HL, HH+ ZtZ 3, 3, dZ} w39 JdA J&& 7HAe 153
e HEGFelt. i (b)e dolER 9uEs HAFE agez JMEY
(up-sampling)? & REPL F3t9 Pigo] B ojArt?

2-3. 712 &9 F

dolE8 W Feld WH(fourier transform)EHE €a H] A AT B4
of HFat® AN E 718 dojBylo)d B $E /¥ FYL A7) AP (scaling
or dilation) ¥ ¢ X ™ (translation or shift)dt] dolR = FYES &P, E 3t O
% Aaste AL A9 U AL F d(orthogona)flo] &R Wol2}

DCTY ¥§ F8o] nAH v Ao Hl3 dolER ABAAE Z7] | 93
T8 A7t wgdit. FFo] AXH FH i FHLS AFHAN FHAF gL F
A Hez Fays B3 582 golxth vz FFo] Folxd Fage ¥ Fo2
o)A Hu Fag £ THL AsHAWR FH R THLE Fopdd o 4AS
o] 83te) DCTH &3] ZHQ 78 Fojv} R29E Feg FoEF & gut

AFHoMe +8 AV|E AA 3, EF 718 FFE T BaA AHAIH
A BAAA gezA T gF& 29 BT 2FHAHE T AVE FA o
24 A7 EY Fee A ?
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3.4

3-1. t&5H MEMAY AX UG

Wavelet 182 53 2 onxg Z9 ojujxe] FA W& Hy] YA F7HA
AEE A3

NZ olm A& “GATF digital test form 4.0” oJv|X] F FH3F Mo J4& 713
olul x| & Meste Ha oln|X| 9 FW oju|E %2}t AF}ste] 100, 200, 300, 400, 600
9] AR HE Yo AFsct AFAT AE oA ¢FEE 10% FFLE 9
A2 wavelet RS 3.

3-2. 49 33

Bae Aol AzbHQ Mzlolojn EE AL AFHOZ e Ao JtEdER
Wes Halso wetd 75 43 L'a’h' EAAE o) 43t AxE T A4S
o] g3tAth E§ o] ojnx9 fFFo| WE ¢FE ojuXe A oA WY W
38 golry] faA SH2EIYS o433 HE B en. FFEC we 1o
olu] 2] FHoA oj® RE © Be& FFL "A oluA FH F¥E FEA <ot
Bttt olu X e Z2ALE Hr8lr] Y34 = PSNR(Peak Signal to Noise Ratio)#
SNR(Signal to Noise Ratio)¥y& olg3tder, Folz AE <vA& ZZ 10%°1A
90%7HA 10%7H o2 Wavelet 45 F 4580 BE olux &FHURE FH3to
vla HEIHC

<1 2H(Difference Operation)el €| Az-d B71 Y8 ston, £¢ AHEY F#3
ol §7} P2 93] A=+ 100ppi, 200ppi, 300ppi, 400ppi, 600ppi¢l A& olv|AE ZHz
d=go wat WA AZE F filmeE 89 Match printZ2 ZAHAHAE 31,
Dsog oA 45EFH s E Zolo g o X AHAFAE ANZH o2 uwdtd
7}3k Aot

4. 43 4 nF

4-1. CIE L'a’d" EMAE o] §& A H7}

Fig. 32 wavelet &) w2 YE oln|x g} AFE onR| 9 Mg vlm3 A o|n]|X) ¢
azo|r). YT B AE oA YFF vlmFH 4zt Fojrt HA JElxth A=
7} 100ppi%) °IPIAE wavelet ¥4F F ¢FE°] 20%2ANA 45T YE Yoy,
60%FE = M3t H 49t AxE B ol AL wavelet FEE wEld FH FA
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FEAMY 32Ee] W g olvix7t MAHY) "ot =7 200ppi, 300ppi,
400ppi, 600ppi¢! °lFlAlE AA7F AT v &R F7ele AES EYth AL AR @
2 oA YFE AFHME FH 27)E A i, BF 7E FFE T99 Bl
HAA FAA FozA 7Y dF& Fold, 2FFHANE 789 A€ A Fo=H
EAIES S £ A YA

Color difference of color Image
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Fig. 3. Comparison of color difference between original color image and
wavelet transformation color image according to compression rate.

4-2. S|2EIRE o] 87 1¥o] olnjxe Hr}

ado) olujA|e] HEo WE ¢FHEHo|Z olnx g} ¢ olmxe Wk WEE Yojr
71 98 sl2EaWe AFAE Fig. 4 ~ Fig. 894 Jehidth Fig. 491 100ppiel ©] x|
A Ae AAMAQA T4 HHNA oln|A] 9 dtolgto]lE REFH AES HiEo] EAHI
on, HERESR onA Y AxJt At o)RL AXAQA sie] & 2T o
AR AANA 470 FS dEolt}. A% Fig. 59 200ppi, Fig. 62 300ppicl A
¢} olw X2t Fig. 7¢] 400ppi, Fig. 89 600ppiZ 3L #FxE< o|ujA 2 ZFEF o]m| A9
Aze WA RS & F Utk E3] 400ppi ol4e] o] olulA A= Y o]m = e}
W% AFEES 712 oA 4 o|vAE H WA W A9 Ho]E Ho]X gt}
oJRL He om A g uIVIAZ FRIL B ouAYFE AFdME F9e] AVE
A &3, =T 718 FFE 799 oA BHAA AXA FozA 7Y gFL& o)
), AFQME T A7|E A FozH olnA e &4& £ Ao,
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(2)10%

R TN VU W N

©90% " (HOriginal

Fig. 4. Comparison of histogram between original gray image and

(@70%

compressed gray image according to compression rate of 100 ppi.

(b)30% (€)50%
-4 C-]
(d)70% (€)90% (DOriginal

Fig. 5. Comparison of histogram between original gray image and
compressed gray image according to compression rate of 200 ppi.
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@10% (9%  (Original

Fig. 6. Comparison of histogram between original gray image and
compressed gray image according to compression rate of 300 ppi.

(2)10%

[Lsk I

(f)Original
Fig. 7. Comparison of histogram between original gray image and
compressed gray image according to compression rate of 400 ppi.

@70%
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! ]

» w»

T (@)70%

(f)Original
Fig. 8. Comparison of histogram between original gray image and
compressed gray image according to compression rate of 600 ppi.

4-3. PSNRA & #7}

Fig. 9% Wavelet ¢¥%°] ©& PSNRE Zg oln|A] FAF 2, ofF 7|4 (50dB)E
94 9402 A 93 o2 PSNR 30dBA 3ol 1.0dB 571 wwuich /A€ 343
< A ¥ 5 3ok

A4E7E 100ppid! H# olmuiARJA HASE 30%2A olFelA 30dBeldtz PO AT
4 =7F 2 0] 200ppi, 300ppi, 400ppi, 600ppidl MECIP AN B4+ STVH Fo2
"olx WA PSNRe| 30dBoldt2& WolAA ¢& A& £ +7 Ao oA =7}
ESTE 4FE @ onR &4l FHA vedE n¥dd. EF Fig. 109 23
o] o]m X 100ppi, 200ppie] A FE ol AN E 4Fol Hol wet A Ho] vf
F gojAE AL ¢ F7F Yo, 300ppi ol HFEER Ho7tAA oWAE #F3
o= PSNRY X7t vl$ EA Yetdo2A ojujxe &) S-S & 71 AN

4-4. oA 9 FAxe| o HJ}

olujx]9] FHxo] 23 Hrs} WP<el SNR(Signal to Noise Rate) € ©lu| A ¢ &%
2 om A& Bluste F oju|A 9 o] dul} H£FIE FX(dB)R FolEE Aol
t}. olu]x] 9] SNR#t9 ZA3E Fig. 113 Fig. 129] Ztz Yehlidch d# ©]v]x]4] Fig.
11 Bgole 4580 we A= o9 AU 100ppi, 200ppi7t 329 27F o] Y
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Bt B¢ 4E7t S71ESE Aol i en, 4S80 20%eANAE A
7 A}, £3 Fig. 122 F9 olnx|dfiMe ¢&A FE vasg B AfY=dSs
Z 39 A7t 3 3 HAEYSE Ao)rt Ao, 53] 300ppist 400ppil ©niA|
= 4% 8] 20%7A = SNR#e Zo) aA JEste

4-5. FFE HE A9 &F B}

ME olWjA]9] }FEo e ojujA] &FASE H/HY A Fig. 13, 149 o] YER
o} Fig. 132 B oJujA g B¢, RHFELFE FUHLE AHIAPGE ouARGg &
Fa880] +FaAT. 53 4FEo] 10%9 #W 7HF B&o] Ehow 20%°] M E &
F Wzt A £ Fig. 149 39 o)n|x] A RHFELFE ¢FHE] 10%d
7HE B&o] FHoW 20%14 Y W A3 AU

HAHQ oluAE AWRE uPxe ouA2 AFEF oA &HL HowA ¢
% 582 ¢ e RS ¢ F AUG.

mekA, wavelet 45 AL R HEZ FEFA £FE FoUME F53] IS
&9 33 onA] FH9 S4xE AHEFE & F7F AN

4-6. A} A4H(Difference Operation)ol 93 A zt3 g7}

AlZtA om|R] FA WEE dolry] ] A ¥ WHES =P o HHS
A oluA o tEFE olHAE 44 W F F& g ovAE Yed Aoin. HEEI o
2 7o) A7 olu|X|9} ZW oju]XE wavelet WA OZ I3 4 oluA 9} FEHd
ol A9} xtolE AlZA R Hsly] Y AAE ZAN AFHE Fig. 15, 16, 17. 18, 19,
207} zro] 100ppicl Al 300ppi7tAI 2t YERH AT

Zdide] 4§ H7E UL o|njAY o] AFEA UEETFE 9 ouR| g U¢5d
ojm|A] Atelo] Apolrl B Rog olmxe Eio] WS T He oln|A e Zw
o] BF AHFER ZFE ojn|x 9 &4Holy xolg =4 7t glde AL B FUt
Attt o] A#Z HY wavelet ¢35 W2 FEA FS50 A9 7M7heEA 7EY 4F W
AR Hd AZFSHY AGHQY 28 EFME 453 FHold H5S B
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PSNR of Color Image
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Fig. 9. Comparison of PSNR between original color image and wavelet transformation
color images according to compression rate.
PSNR of Gray Image
60
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| —e— 100
40 ot 200
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& - b 4 b 4 - b J = ‘*—400
20 —=— 600
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Fig. 10. Comparison of PSNR between original gray image and wavelet transformation
gray images according to compression rate.
SNR of Color Image
50
45 F
40 f
35 |
o 30 }
Z 25
z 20 |
15 F
10
5
b . : \ R , \ N
10 20 30 40 50 60 70 80 90
Compression Rate(%)
Fig. 11. Comparison of SNR between original color image and wavelet transformation

color images according to compression rate.
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SNR of Gray Image
50
45 |
30 | 3= = —=— 200
z 25 F + 300
20 + e 400
15 r —m— 600
10 |
s F
10 20 30 40 50 60 70 80 90
Compression Rate{%)

Fig. 12. Comparison of SNR between original gray image and wavelet transformation
gray images according to compression rate.

File-size of Color Image
7000
6000
5000 100
S 4000 —a— 200
17 w300
“ 2000 —we— 500
1000
0
30 40 50 60 70 80 90
Compression Rate(%)

Fig. 13. Comparison of file size between original color image and wavelet transformation
color image according to compression rate.

File-Size of Gray Image
7000
6000
§000 —e— 100
§ 4000 —#—-200
@ 3000 w300
2 4 30
w 2000 —— 6500
1000
0 & .
0 10 20 30 40 50 60 70 80 90
Compression Rate(%)

Fig. 14. Comparison of file size between original gray image and wavelet transformation
gray image according to compression rate.
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Cad>70% Ch)sox CiDo20%

Fig. 15. Vision estimation that color image according to Difference
Operation in 100 ppi.

Cadlo%

Cgd>70%

Fig. 16. Vision estimation that gray image according to Difference
Operation in 100 ppi.
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Cad>1o% [ -2 F [€=DE-X1 3

Ld) a0% Cad50% CFIGON%
=

Cad>70% Chysox Cid>oox

Fig. 17. Vision estimation that color image according to Difference

Operation in 200 ppi.

Cad>l1o% CBY20% Cod>30%
[ PEXES Ced)S0% CF)60%
Cad70x ChH>80% CIDBO%

Fig. 18. Vision estimation that gray image according to Difference
Operation in 200 ppi.
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Cadi1a%x

Ch)H20%

Cad 30%

L3 40%

(el 50%

CFIGON

Cad>?70%

Ch)>80%

CidDoox

Fig. 19. Vision estimation that color image according to Difference
Operation in 300 ppi.

Cadlox C)20% Ced 30%

CAd)40%% Ce}50% CFIGO0%
L

Cgd>70% Ch)80% Ci>00%

Fig. 20. Vision estimation that gray image according to Difference
Operation in 300 ppi.
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4-7. AAE9 FH A H7}

Match Print2 23 Qg & ojnA g v AFEZ ¢FT dy ojvAF Ay
=7} 300ppi! ME oA E 1078 A=s

Az A oluA g AE ouAE -EF FY DxoollA SUez & FHF Hrig @
A3, Fig. 229 Zo] §F 8o 5718 8 A7z 24 3 239 vayg 4 50%7)
A FZE A ojnAe] &S Ay o . wEbA, 300ppi ol ANEE
7H7 olu| A& wavelet MEE & AL, 45 &) WS S € F AU

ORIGINAL

Fig. 21. Printing quality transformation of image according to compression
rate of print

5.3 &

Wavelet 98¢ 3 427t the ztzte 43 omAg &4 ojuxe F4 W3
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D) AR B omAYLE AFFeAE FA9 AV]E A St B R FF

i



Wavelet A& B4 & o] §3 AHAE Brlo @& A7

g T BN BANAEA BAA Fo2A T I Folv, uFHINE
FY9 A71E A Fo2H RarlEe] A8E Y & UODE, AYE/L 5L AT
AUAUFE Mzl =7t A vehgnt

2) PSNR) 1@ A7kA = 300ppi ol 4sl AYEZ FoitaA oluxE YFselx
PSNRY 27} W% A Jebdozy ojnxe &40 48e ¢ #7 AN

3) olrlA] FUES A% B SNRAIAE Be olnlAed Ffelt AFE met A3
A= olelx]9l 100ppi, 200ppih S8 A7} Wol e, AYE} 35S Aol S48
Qow, A% NWVARNAE WS Ak W onoAE Y5WH F& vas 2W
ANPELSE #49 A7 3 TAYEASS ol AYow], §3) gF YrAHE &
& 4FBE 3RS §3¢ FoIUME olux &40 Hee ¥ 47F Ut

) Aol g A2 FANAE GA wavelet 45 B4 L AHSTLZMA, 300ppi
g 3 HFE olMANME A &4o] Yee T & Uol, T YFER FEI
$3¢ 2OWAE 1 4 ouAY A7 A5EE ¢ 7 A

WebA, Wavelet &€ o1 §3te) 43¢ ¥ 3%, ANYE ovAmrke 300ppiol ¥
o nED AN e ALTOZ FolWA AFEL 50%0l4 AR & o),
nEAY AHBIAE F450 AHEE 5 A8 T & YA
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