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ABSTRACT

This research present four methods to compress digital images using
clustering based on artificial intelligent techniques that include neural network,
fuzzy logic and hybrid between them. To enhance the performance of the
compression system, the first method was developed in two types (k-means 1
dimension run length encoding km1D, k-means 2 dimension run length encoding
km2D) by applying traditional clustering algorithm k-means on color and gray
level images and then apply compression algorithm RLE in one and two dimension
by zigzag scanning to obtain compressed image. The second method (fuzzy c-mean
ldimension run length encoding fcmlD, fuzzy c-mean 2dimension run length
encoding fcm2D) used fuzzy c-mean to apply clustering operation and then
compression. The third method (kohonen 1 dimension run length encoding Koh1D,
kohonen 2dimension run length encoding Koh2D) used kohonen neural network for
clustering image and then used RLE. The fourth developed method (fuzzy kohonen
1dimension run length encoding fKohlD, fuzzy kohonen 2dimension run length
encoding fKoh2D) based on hybrid kohonen neural network and fuzzy logic i.e
fuzzy kohonen network which is recognized as the best method among the four
methods. The four compression methods that are implemented in this research are
efficient when applied on gray level and color images.
Keywords: Artificial Intelligent Techniques, Image Compression.
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ol (gsead) A5t L o Sl o pl platil sl dallea 5 atallens Ciseally
thy 2lall ol aalad) e 220 ) s
K-means Clustering e
C-means Clustering e

Neural Network Clustering e
Fuzzy Neural Network Clustering e

RLE 1) due)lsn aladials layain ol lgaeS o Sdiine Bypa o Jeanin gy
Gob it bl e a0 Sl ool U dupSe jgea o Jpanll cpsa sl 2 il
Aahide elia) 8ad oty XSy olall yeg Golall lgin degiin Hoa Ao 238 day)Y) Sadial)
Adbae alads alasbi saaie Glslly
Baiie 5 Cus 128%128 slaliy (gala)ll ) <3 Tree §ysem caasdial &l
DS Clhla o (ga0 (S 59y dlgus A5 K-Means Jl daey)lsa alasialy §)seall clily
<3 RLE dayh lagd (gay Gull daphe Conddind) & (jag 838ine §ipea Ao Jguand) S
il (Kl dusSa Bgen Ao Jyand) @5 zpaiall el ahasinly Goaed) @ldg 2algll 2l
FUZZY dacadl) il diph aladic) & 1A an (S0 daaly e GaS)) Gl aey 5y uall
5330L maud Al Fuzzy C-Mean 1) 4ua) )lea aladiul bl sasiey @lldg Clustering
saiiall ) lsd e dumdl Laglal OISy L dncadl) deganall Al e ud) Jeadl Ol
RLE 1L sagiaal) cililadl (€ o5 dusadll 52kl dulee 2a0g ck-means el o Lolaey)
Lovanl) Al 5okl aladied) 5 G AR (o Juadl el Gl dey §)gun Canliy Liad
Luadd) s 408 Hlaanuly @bl saie 5 cus Neural Network Clustering
Fuzzy Neural Network duaasll A<l dovcaal) sagiall Casadind & (g daclilaal)
Oy dncadll el duasdl (asS Ad olasnuly cllll sawe 5 Clustering
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Lue libay) 4lS3 cluidd) o sairall  guall (usS

oyl gl g€ & Baine Bygem o Jpeanll & 13gns Anloe¥) AA o Juadl laglaf
Sl sadiaall o Ga€ Al Jeadl CilSy paans anly 2a0 3 RLE I daajled aladiuls
&) dsaally (1)ad) JSAIL Leailis praagally Lonaall (18 0< 4G pladialy §)suall Clily S22

s 13 8 desdioal) V1 8)geall duilly (1)

Reconstruct
image(km2D)

* Reconstruct
image(kmlD)

Clustered ~Reconstruct Reconstruct Clustered
image(fcm) image(fcm1D)

image(fcm2D) image(Koh)

'Reconstruct 'Reconstruct Clustered Reconstruct
image(Koh1D) image(Koh2D) image(fKoh) image(fKoh1D)

b aar gilily 4yl Tree Graylevel 8gua :(1) pd; J<&
Bagially dusand) ASLAIL Bakially dusaall SaGal)y duaELl) Sakial)
i — dapdaal) dpuanl) ASadll
Reconstruct
image(fKoh2D)
2309 128*128 alals Tree 8l ol daxiiesdl) Gylall il sy (1)) Jsaa

16 KB lgeaa 16384 dviguall Lghalas
| Tree image | Km | Fem | Koh | fKoh |
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points num 1D 7030 3810 2164 86
points num 2D 6012 3456 2112 36
Bits/pixel 1D 3.432617 | 1.860352 | 1.056641 | 0.041992
Bits/pixel 2D 2.935547 | 1.687500 | 1.031250 | 0.017578
Compressed file size 1D 16 KB 7.90 KB 459 KB | 215 hytes
Compressed file size 2D | 13.8 KB 7.13 KB 4.54 KB 95 bytes
Compression ratio 1D 1:1 2.02:1 35:1 13.22:1
PSNR in dB 21.313308 | 69.647856 | 53.517534 | 76.207882

g ‘AL Lanlg 128%128 sl ild Byads Bygua ‘Ar- daalal) &).LJ\ e ks EIRLY)
Cameraman 55— Insls Peppers s Lena &5 23 256*256 sl 3 daalid
Al Jglaally JISEVL Lgadls daasally

Clustered
image(km)

Reconstruct
image(km2D)

Reconstruct
image(km1D)

Reconstruct
image(fcm1D)

Clustered
image(fcm)

Reconstruct
image(fcm2D)

Clustered
image(Koh)

Reconstruct
image(Koh1D)

Reconstruct
image(Koh2D)

Reconstruct
image(fKoh1D)

| Clustered
image(fKoh)
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b aaa @ity Yl Tree GrayLevel & sa :(2) &, JS&
Bafially Asanl) ASuilly Bainlly Ascaal) Baial)y dusali) kil

e

Reconstruct
image(fkoh2D)

23c9 128%128 alail Tree §yseal Cunally dadiioal) (@yhall w8l eaagy (2) &) Jsaa
16KB lganang 16384 gl Lghlas

Tree image Km fcm Koh fKoh
points num 1D 4436 1270 602 62
points num 2D 3944 1244 580 52

Bits/pixel 1D 2.166016 | 0.620117 | 0.293945 0.030273
Bits/pixel 2D 1.925781 | 0.607422 | 0.283203 0.025391

Compressed file size 1D | 10.0 KB 2.75 KB 1.33 KB 158 bytes
Compressed file size 2D | 8.98 KB 2.65 KB 1.24 KB 133 bytes
Compression ratio 1D 1.6:1 5.81:1 12.03:1 13.86:1

PSNR in dB 23.440868 | 62.963037 | 58.706509 | 77.043147

Original image

Clustered image(km) Reconstruct image(km1D)

\! :
Reconstruct image(km2D) Clustered image(fcm)  Reconstruct image(fem1D)
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Reconstruct image(fKoh2D)

Clustered image(fKoh)

Reconstruct image(fKoh1D)

&> @ilily bl Lena GrayLevel 8,5a :(3) a2 J<&
Josant) ANl Baially duscaal) Bafally Auauaal) sadiad) 3k

dpiaall danll AL Badially

ey 256%256 alub Lena gl Gualls daadivall @ylall il sriag (3) a8 Joaa
64KB lganay 65536 dilal) ddiguall Lghlas

Lena image Km Fcm Koh fKoh
points hnum 1D 12894 6754 3262 142
points num 2D 10500 5760 2824 136

Bits/pixel 1D 1573975 | 0.824463 0.398193 0.017334

Bits/pixel 2D 1.281738 | 0.703125 0.344727 0.016602

Compressed file size 1D 29.6 KB 14.2 KB 7.28 KB 365 bytes
Compressed file size 2D 24.3 KB 12.2 KB 6.33 KB 349 bytes
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Compression ratio 1D 2.16:1 451:1 8.79:1 47.16:1
PSNR in dB 17.624818 | 66.046976 | 54.606388 | 64.612315

Clustered image(km)
T —

Reconstruct |mage(km1D)
T —

Reconstruct image(km2D)
T p— v\

P 2 = & = 2
Reconstruct image(Koh2D)  Clustered image(fKoh)  Reconstruct image(fKoh1D)
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iy dula¥) Peppers GrayLevel 8 s.a :(4) af) J<&
ASLAIl akially Asscaal) 5afally Lol akiad) (3 psen

Losaal) Luseanl) ASudlly Sakindly dusanl)

TG |
Reconstruct image(fKoh2D)

256*256 2l peppers 8yl Gl daxiica) @ylall 8l g (4) a8) Jsos

Peppers image Km fcm Koh fKoh
points num 1D 8144 4042 2452 1212
points num 2D 6650 3592 2306 1158
Bits/pixel 1D 0.994141 0.493408 0.299316 | 0.147949
Bits/pixel 2D 0.811768 0.438477 0.281494 | 0.141357
Compressed file size 1D | 19.3 KB 8.92 KB 5.58 KB 2.87 KB
Compressed file size 2D | 15.8 KB 7.86 KB 5.16 KB 2.58 KB
Compression ratio 1D 3.32:1 7.17:1 11.47:1 22.29:1
PSNR in dB 16.587161 | 65.102009 | 55.859016 | 70.316787

Reconstruct image(mZD)
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Reconstruct |mage(fcm)




Luc L) LlSill albidt) o saieadl gl (S

i &

[

-

Reconstruct image(fKoh2D)

Reconsrut image(Koh2D)
: |

1

1.

&

|
|

4Ly Cameraman GrayLevel s :(5) a2, J<&

CIuserme(Koh

Clustered image(fKo)

Ll

(. acaudilile

Reconstruct ifohD)

Bakially Aupaal) Bafally AualAsl) Bakiall 3k gees quiliiy

Loszaal) Luseanl) ASuilly Bakinlly dusand) ASuilly

256*256 bl cameraman 8geal Gl deadiud) @ylall z55 miags (5) a8y Jsan

Cameraman image Km fcm Koh fKoh
points num 1D 9202 7206 3514 1090
points num 2D 8048 7082 3396 1032

Bits/pixel 1D 1.123291 | 0.879639 0.428955 0.133057

Bits/pixel 2D 0.982422 | 0.864502 0.414551 0.125977
Compressed file size 1D | 21.9 KB 15.1 KB 7.68 KB 25KB
Compressed file size 2D | 19.3 KB 14.8 KB 7.45 KB 2.3KB
Compression ratio 1D 2.92:1 4.24:1 8.33:1 25.6:1
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| PSNR in dB | 20.355075 | 68.836627 | 57.379345 | 73.707311 |

P e o€ Laes el o Jpanll 5 adl Ladl ¢ dabad) 2300 pas g
LellhaY) Luaall 2SI 53kl le dinall zyeiall el @3 RLE b (oS 4yl
Sle 536l JPEG2000 dawldll Gl diyh (pe a Jeadl il cul€ L duadll (S
dad o Jpanll 5 Gua [1] Jaadl 256%256 ) i3 peppers duskdll 5)sall
e Jsanll 2 JPEG ) )lsa i Ladie g ddiga ddais JSI bl 4 0.24 bit/pixel
Slo sl &5 Bjpaall ai e i Latie Gl 138 (b Wiy <1.57 bit/pixel dos
Lvaall A<l satial) o sadinadl o)) Ayl adfl oy 13a (e 0.14bit/pixel dos
OY @iy Ll Gull 3yl e s Ladie ia JuadV] b il Gl 13 8 duadl
O3 e Gyl ahadind 8 el e s glatey (o€ Gyl aladiad ol s Gl Byl
Creny M) RLE ik g U 8)seall A<0ally duadl) saial) dolee ool clld e
pelae b Aglindl CULY) aaet 8 dasal (e 53all W Bpeall b 0dl ol 50 IS LSS
Al (ool Cun Aaiil) Al Laaiall dgtiad) e dad S (o paalls (iasgailly dibide adlic
L) £ la aae )

Aibde diske jgua Ao laduisiy Candl) by Guak o5 38 Aiglll geall Ly Ll
G DSl satiall o sadiaall GaSll Gyl segi€ miln o Jgeand) 5 olslVlg 2l
oasll dinla o Akl dualy Hyeall (b GuSH das 83b3s ugeSal) Q) s i) s
Luaall (€ dae laaY) Lupaal) Aually 538l e adindl) zyaiall ol 3 RLE L
N ey Jeadl o fKOh o dsaall (e ity Gam 200N Jglaally JIKEYL dansally
Ouenl CulS PSNR e ellXy lgasan (3lall (o (g ana Bl clliag (S gl Llal) ana
dad 8l el daphall s3a culS ddigen ddadi JSI i) duady geal) prend disyball 03g; dad
osall Glo i else Byl paes G e diph Juadl o fKOh diph o e 1
e gtia olglly slaliy Aslall e dlal)

Original image Clustered image(km)  Reconstruct image(km1D)
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Reconstruct image(km2D)

Reconstruct image(koh2D)

Reconstruct image(fkoh2D)

Clustered image(fcm)

Clustered image(fkoh)

Reconstruct image(fkoh1D)

b e giliiy byl Flower 89 :(6) ad) Ji
dsanl) ASLENL Sadindly dusaal) Badally duaill) Sadiad)
dosiaal) dovanl) ASEIL Badiallg

160%120 sl Flower color 8seal cuadl dessiad) @lall il ag (6) o) Jsoa

57600 asiguall Lalaill sac g

Flower image Km fcm Koh fKoh
points num 1D 18254 8708 4956 142
points num 2D 15012 8446 4724 137
Bits/pixel 1D 2.535278 1.209444 0.688333 | 0.019722
Bits/pixel 2D 2.085000 1.173056 0.656111 | 0.019028
Compressed file size 1D | 42.3 KB 18.48 KB 10.15 KB | 342 byte
Compressed file size 2D | 34.6 KB 17.66 KB 10.36 KB | 355 byte
Compression ratio 1D 1.33:1 3.04:1 5.54:1 42.74:1
PSNR in dB 21.468429 | 70.848110 | 56.116559 | 70.154871
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Flower image KM FCM KOH FKOH
PSNRreq in dB 22.384755 | 67.686531 51.060907 66.097544
PSNRgreen indB | 18.611076 | 71.072713 55.159405 76.622767
PSNRuiwe indB | 23.409456 | 73.785086 62.129365 67.744303

PSNR in dB 21.468429 70.848110 56.116559 70.154871

Original image Clustered imge(km)

Reconstruct image(km1D)

;’,\

Reconstruct imge(km2D)

Clustered image(koh)  Reconstruct image(koh1D)

£l

Clustered image(fkh)

1

Reconstruct image(fkoh1D)

Bagiall (§h ey milily Al Car by :(7) ad) JS&
Sagially duvanll ASLEIL Badinllg druaal) Sadally duaulail)
Tiaal) Ausanl) AL
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Luc L) LlSill albidt) o saieadl gl (S

Reconstruct image(fkoh2D)

160*120 sl Car color ygual aaidl deadiuuddl Gyhall milis seas (7) o) Joan
56.3 KB Lxasg 57600 4digeall Llaill aae g

Car image Km fcm Koh fKoh
points num 1D 12490 5640 2644 149
points num 2D 8424 3974 2172 38

Bits/pixel 1D 1.734722 | 0.783333 | 0.367222 | 0.020694
Bits/pixel 2D 1.170000 | 0.551944 | 0.301667 | 0.005278
Compressed file size 1D | 28.83 KB | 11,69 KB | 5.638 KB 362 byte
Compressed file size 2D | 19.6 KB 8.34 KB 4.635 KB 103 byte
Compression ratio 1D 1.95:1 4.81:1 0.98:1 41.63:1
PSNR in dB 21.372410 | 68.740633 | 57.975434 | 70.478699
Car image Km fcm Koh fKoh
PSNRreg indB | 21.873015 | 67.333492 51.977242 76.823915
PSNRgreen in dB | 21.083052 | 68.186436 60.259848 67.527366
PSNRuie indB | 21.161164 | 70.701971 61.689211 67.084816
PSNR in dB 21.372410 | 68.740633 57.975434 70.478699

Clustered
image(fcm)

' Clustered -
image(km)

Reconstruct

image(fcm1D)

Reconstruct
image(km1D)

Reonstruct

image(fcm2D)
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Clustered Reconstruct
image(fkoh) image(fkoh1D)

Reconstruct
image(koh2D)

Reconstruct
image(koh1D)

Reconstruct
image(fkoh2D)

Bagiall (3 h ey pilily Ala) Tree 89ma :(8) ad) J<i

dasiaal) duvanl)

ASuilly Bakinlly duand) ASudll Sakinllg dusdaal) Safal]y dusulanl

128*128 2l Tree color 8)gual Cunill daxdiivual) @yhall 25l srags (8) a3y Jsan
49152 dgual) Llall anc

Tree image Km fcm Koh fKoh
points num 1D 13664 6076 1646 160
points num 2D 12028 5512 1642 110

Bits/pixel 1D 2.223958 | 0.988932 0.267904 0.026042
Bits/pixel 2D 1.957682 | 0.897135 0.267253 0.017904
Compressed file size 1D | 35.3 KB 12.85 KB 3.718 KB 407 byte
Compressed file size 2D | 23.5 KB 11.66 KB 3.645 KB 275 byte
Compression ratio 1D 1.36:1 3.74:1 12.91:1 34.36:1

PSNR in dB 20.138543 | 69.468652 | 55.107886 | 68.805654

Tree image Km fcm Koh fKoh
PSNRreq in dB 21.831973 69.714236 57.020774 65.087624
PSNRgreen in dB | 20.750857 69.425995 55.865825 67.746634
PSNRpie indB | 17.832798 69.265726 52.437058 73.582704

PSNR in dB 20.138543 69.468652 55.107886 68.805654
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Original image

Clustered
image(fcm)

ek S

Reconstruct
image(koh1D)

Reconstruct
image(fkoh2D)

Reconstruct
image(km2D)

Reconstruct
image(km1D)

Clustered
image(km)

C?Il]stered
image(koh)

Reconstruct
image(fcm2D)

Reconstruct
image(fcm1D)

Reconstruct
image(fkoh1D)

Clustered
image(fkoh)

Rgcanstruct
image(koh2D)

Saiial) (§ b pras ) il Bird 85« (9) @3) J<é
Al Badiallg Auuanl) Aol Badial)y dusiaal) Badal)y duauldil)
dsiaal) duvanl)

128%128 sl bird color §)seal Gl dasiiivnall @ylall il eass (9) oy Json

49152 43iguall Lalaill dac

Bird image Km fcm Koh fKoh
points num 1D 11846 6056 2502 108
points num 2D 10156 5698 2752 106

Bits/pixel 1D 1.928060 | 0.985677 | 0.407227 | 0.017578

Bits/pixel 2D 1.652995 | 0.927409 | 0.447917 | 0.017253

Compressed file size 1D | 27.2 KB 12.63 KB 5.4 KB 267 byte
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Compressed file size 2D | 23.5 KB 11.95 KB 5.99 KB 264 byte
Compression ratio 1D 1.76:1 3.80:1 8.88:1 38.07:1
PSNR in dB 20.460860 | 68.977190 | 58.456123 | 68.257590

Bird image Km fcm Koh fKoh
PSNRreq in dB 21.842604 | 69.257561 | 53.271203 | 70.109941
PSNRgreen indB | 18.075935 | 68.133324 | 58.746228 | 68.831547
PSNRuiwe indB | 21.464041 | 69.540685 | 63.350939 | 65.831281
PSNR in dB 20.460860 | 68.977190 | 58.456123 | 68.257590

Clustered image(fcm‘

4
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Reconstruct image(Koh1D)
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e(KthD) Clustered image(fKoh)  Reconstruct image(fKkoh1D)

b aan gilily 4ulay) Peppers 8 g :(10) ad) J<i
dsanl) ASLEIL Sadindly dusaal) Badally duaill) 5adiad)
daviaal) duanl) ASuAIL Badial)g

“ . A s
Reconstruct image(fKoh2D)

bl Peppers color &gl duisidl daadid) @ylall gl muag (10) o8y Jsas
192 KB lgaass 196608 avigall Lalaall sac g 256% 256

Lena image Km fcm Koh fKoh
points num 1D 36710 19356 7142 723
points num 2D 30274 16988 6748 616

Bits/pixel 1D 1.493734 0.787598 0.290609 0.029419
Bits/pixel 2D 1.231852 0.691243 0.274577 0.025065

Compressed file size 1D | 85.9 KB 41.4 KB 16.09 KB 1.784 KB
Compressed file size2D | 71.5 KB 29.5 KB 14.99 KB 1522 byte

Compression ratio 1D 2.24:1 4.64:1 11.93:1 68.97:1
PSNR in dB 17.977436 | 68.992878 | 55.598669 | 64.536360
Lena image Km fcm Koh fKoh

PSNRreq in dB 19.390341 | 69.345009 53.625975 62.061861
PSNRgreen indB | 17.065668 | 70.559488 53.370232 69.016048
PSNRbiwe in dB 17.476299 | 67.074137 59.799799 62.531171

PSNR in dB 17.977436 | 68.992878 55.598669 64.536360
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Original image Clustered image(km)

Reconstruct image(km1D)

Reconstruct image(Koh2D)  Clustered image(fKoh)  Reconstruct image(fKoh1D)
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Bagiall (3 h ey ilily Aula¥) Lena §yga :(11) a8, J<i&
Bakial)y dusant) ASUEIL Sadially duscaal) Badal)y duaulial)
davaal) duvanl) AuEll

Reconstruct image(fkKoh2D)

256*256 2Ll Lena color 8yseal cuaadls dariiicall (§yhll il peasy (11) a8y Joas
196608 4 gall Jalaill axe

Lena image Km fcm Koh fKoh
points num 1D 34624 22662 8582 622
points num 2D 28074 19562 7516 540

Bits/pixel 1D 1.408854 0.922119 0.349202 0.025309
Bits/pixel 2D 1.142334 0.795980 0.305827 0.021973

Compressed file size 1D | 87.3 KB 47.6 KB 19.18 KB 1.818 KB
Compressed file size 2D | 70.4 KB 41.2 KB 16.82 KB 1335 byte

Compression ratio 1D 2.19:1 4.03:1 10.01:1 68.13:1
PSNR in dB 17.085557 | 72.129932 | 55.602473 | 63.477401
Lena image Km fcm Koh fKoh

PSNRyreq in dB 15.804219 72.109941 48.725245 55.104538
PSNRgreen in dB 16.801465 71.253281 57.799137 66.595871
PSNRbie in dB 18.650987 73.026575 60.283036 68.731796

PSNR in dB 17.085557 72.129932 55.602473 63.477401

Original image Clustered image(km) Reconstruct image(km1D)
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Reconstruct image(km2D)

Clustered image(fKoh)

Reconstruct image(fKoh1D)

sadiall (3 k & iy dula¥) Cake 85« (12) eé) <&
Sagially duvanl) ASLEIL Badinllg Adsuaal) Sagal)y dsauldl)

S ~ dssdaal) Luwanl) ASuilly
Reconstruct image(fKoh2D)

341%256 sl cake color 8seal cuaill deasid) Glall il maagm (12) a8) Joan

Cake

image Km fcm Koh fKoh
points num 1D 31900 31330 8582 82
points num 2D 23330 26078 8160 46
Bits/pixel 1D 0.974462 | 0.957050 0.262158 | 0.002505
Bits/pixel 2D 0.712671 | 0.796615 0.249267 | 0.001405
Compressed file size 1D | 75.6 KB 64.9 KB 18.86 KB 207 byte
Compressed file size 2D | 55.5 KB 54.2 KB 17.8 KB 129 byte
Compression ratio 1D 3.38:1 3.94:1 13.56:1 79.87:1
PSNR in dB 16.992390 | 71.831737 | 58.164825 | 63.749293
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Cake image Km fcm Koh fKoh

PSNRyreq in dB 18.106749 | 69.101457 56.510573 65.970552

PSNRgreen in dB 17.297568 | 72.205274 57.466907 62.781723

PSNRbie in dB 15.572853 | 74.188480 60.516994 62.495604

PSNR in dB 16.992390 | 71.831737 58.164825 63.749293

Reconstruct
image(km1D)
ac

Reconstruct
image(fcm1D)

Reconstruct
image(Koh1D)
oo

-~

Reconstruct
image(fcm2D)
2

Reconstruct Clustered image(fkoh) econstruct
image(Koh2D) image(fkoh1D)
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&> il dolay) Custard 8y ga :(13) é) J<é
AuGAL Sadinl)g dusdaal) Bafally doaddil) Badial) (3
dsiaal) duvanl) ASUEIL Sadinl)y dvanl)

eonstruct
image(fkoh2D)

ey Custard color 8yseal Ginilly Lesiiodll Gylall il mas (13) a8y Jsan
261888 aiigall Llaill aae g 341*256

Custard image Km fcm Koh fKoh
points num 1D 36386 24362 9662 177
points num 2D 24138 19146 8430 142
Bits/pixel 1D 1.111498 | 0.744196 | 0.295149 0.005407
Bits/pixel 2D 0.737353 | 0.584861 | 0.257515 0.004338
Compressed file size 1D | 80.2 KB 522 KB | 21.49 KB 467 byte
Compressed file size 2D | 57.3 KB 40.4 KB 18.34 KB 368 byte
Compression ration 1D 3.19:1 4.89:1 10.44:1 74:1
PSNR in dB 15.998802 | 70.557178 | 58.954322 | 65.128285
Custard image Km fcm Koh fKoh
PSNRreq in dB 16.533814 | 70.667386 56.130782 67.866746
PSNRgreen indB | 16.700154 | 71.212730 57.372527 64.312758
PSNRbie in dB 14.762436 | 69.791417 63.359658 63.205351
PSNR in dB 15.998802 | 70.557178 58.954322 65.128285
alalow) (10

Ao 3K ol o acid ) saiall (Bylay Aol sakiall (yla (et aay
Ghidl diagall dnasll GlSGA) Aadiuly duaal) Gl Cucadl Ghidl Hadsul
@bl zomll iy Aigll gl (e Aegene o Luaal) (sS Ay Alica Cuaaal
cesall o LoVl Cover @iy s @l Lo gy RLE diph Gul & ey 4dbise sl
Poble Laasl 5ol dugSe Hgea o Jyeandl zpeidl)
e il el k-means dueplss plaatul dbdad) Lokl saiall dipll Ll o
Ge sl OB Gl e " GesSl Gl e gl " den il jpeall aul Cum (e Ban
dacasd)l Gl g Lgwaall Galidl e lapes PSNR ded clus Dl
~Jslaally
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cilaef 3 Fuzzy C-Mean dw)lssy dbididl Loadl sagial) dalal Lualy W o
glall gl daaills o) (& oo ) 525 ) Cun Gl ddee pa s @il
exa o Cus Aaipla USh o8 o) oS gl e pealls daalol) cilayll 0l
shaY Lanll GIKED Ay eoalll & 1A Cgllad) (KT S ol (esSal) Jal)
LBadiell dolec

oS & ey Baiiall didee el KO daelilall duasll (0 A<us oladiad 5 @
el (yinylally 43jlhe milil) Juadl cuacl 22kl o34 RLE b saied) bl
@hel (&l e i gpuall dllae b angin o QL oo ) (525 ol Cus
eoalll &3 oY) Geaily Liseya e L Hpeall SV Gans b oSy 8 j5ea
Ggread)) 30N ducadl) Bagiall

Rarad) (S RaelihaY) Lyandl KA dadl sS4 Hadid 5 haly e
satieall llull 228 e RLE (Gulo & safiedd) clibudl e Jsuasll 2205 fKoOD
e & 4t ol QL Ol ) sag oy il il Al sda il
JLad) o a5 Hawall Glo eliasin Joan o dealill (and glaca sl 8)9all
o ST A dasfial) gaall (S5 o) Gl geall uS ciblee Gan 385 A
e ) Jeadl il G L KOD dipha pladinls Jeas Labie 20aY) Lgieuls
dayhall oda jom cailS 2B il gyl e lgawti ) Ailal deddiel) (enladl)
s susdl geall Juail fKoh
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