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The objective of this research is to develop a suitable image compression
algorithm for wireless sensor networks. The research was divided into two part. The
first part is to study the efficiency of 3 image compression algorithm based on discrete
wavelet transform which are 1. 2D-DWT SHPS 2. 2D-DWT AVG and 3. 2D-DWT
AlQ. These 3 algorithm and standard image compression algorithm JPEG are evaluated
to find the most appropriate algorithm for wireless sensor networks. The second part is
to implement the algorithm from the first part into hardware system. The results from
the first part showed that the 2D-DWT SHPS algorithm is the most suitable for wireless
sensor networks due to its least complexity and acceptable PSNR. Thus, the second
part used 2D-DW'T SHPS 10 implement image compression into hardware system. The
results show that this algorithm can compress the image signal as effectively as the

result in the stmulation in the first part.
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25  msmdasaanianvidanuy 2 §6

(2D - Discrete Wavelet Transform; 2D-DWT)
as a =) I an o an o ] I v
'J‘ﬁﬂ?illﬂﬂ\?ﬂﬁﬂiﬂnwmﬁllﬂﬂ 246 [11] ﬁtytymmwmwa%Qﬂuma’amﬂu 497U
4Rl o [ [ a Q( 1 . . . 1 g
nuuagesd Msudulseansnisdseuiam (Approximation coefficients) 18un wuuates
[ a Q'{ g [ a Q(
duilseanssivaziven (Details coefficients matrices ; cA) HUUATDFNTLANTAINUUIUDY
0 o a £ 2’,
(Horizontal coefficients matrices ; cH) HUUAYD YT PYT2ANTAINUUIAG (Vertical coefficients
g [ a q"'
matrices ; cV) HaTUUUAERIANTLANTAINUUINULYS (Diagonal coefficients matrices ; cD)
1 I3 1 ] 1A
Taghosdlsznoudiulvnavestoyaazogh cA tazyuavesn NIziidoiies 1% ¥eeuuIa

mMwasalueazaruvesdulszansmsdszanun g 2.4

512 X 512 256 X 256
L —

& = = '

256 X 256 cA cH
512 X 512 ; 1 level 20-DWT 512 X 512

[ <D

4 L

Original Image 1 level decomposition

H a = < Aaa
519 2.4 Msudasaaasaniaanuy 2 Ua

U

)
o a ~ < an [ o
JuusnIZLaaINIsulasagasaniaauuy 2 3a 15500 (1 Level) Tagmsudasagiii
MW I(xy) Taed x Avuni1vesdyIunIMAINa Lag y AonanvesdyaianInasnaiiun
] 1 a 4 4 { o\ 14
AurUlamesuenednlsenoy (Decomposition Filter) hy(n) tag h,(n) N¥1eluflamesnoe
< ' A Yy 9 Y .
3tanil (Mother Wavelet) mgﬂaammu”lmm”lmm Haar Daubechies]l (Dbl) tiag
o < { o <
Daubechies2 (Db2) 1 u@u 1ag hy(n) 9INUTI8aLIBEAANNDA 1AL h,(n) 3AVII1BAZIDA
{ v ' ) J f J (% . 1
ANudganasnIniuiame a1 indvoyaszgnann1sgud 1ol (Sampling) 83 4 117
2 9 ] o) ' Y 9 3 9
TagnssuaInetay AU IMIUNanes hyn) uag h(n) MNnUUTDYAIgNINUTDYA 1

[ 4 v ° 4 f 1 = 4 g
ADANUIN 2 ﬂaauuuasm%yjammwﬁﬁwmu‘v\lamas hy(n) 148 h,(n) DNATIATVLUY
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ABANU VINUUVDYDISDNNUUBYA 1 LUDIVIN 2 UDD ﬂgllﬁjﬁilﬂ§$ﬁ1/l‘ﬁcluﬂ’ﬂilaﬁ1 cA Uy

U u U
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a

it ! ' I EAl o $
3 duilszansluanudga cH, cvuag cD 39uilu 4 nuudAgeenazili 2.5

u

Colum @ — D
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hi(n) —b@ » ho(n) —’@_’ v
h1(n) ———»@—» cH

ho(n) —I_>@_’ A

A J

10x,y)

\ 4
v

hO(n) —> le

A\ J

Downsample row

@ Downsample column

! a < an a J
519 2.5 Msuasaaasanviaauuy 2 Savuuiames

U

a < Aan o 1Y) ]
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v o 11 d0 42 .
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128 X 128
—2nb X 256 PR

128 X 128 cAZ cHZ

256 X 256 cA cH }3 level 20-DWT>' 256 X 256

V2 ch2

3

512 X 512 2 level decomposition

v cD

1 level decompaosition

64 X 64
—

64 X 54[ cA3|ch3
W3 |eD3

1128}(128

3 level decomposition

d' a ~ < Aan @
iﬂ‘ﬂ 2.6 mmﬂamﬁﬂim’mlmmmu 2 US HUUNAYTEAL

Y

Y
9 o o v Aa < aa .
NnUUdIMITUMsulasnauadasaniaanuy 2 @ (2D - Inverse Discrete Wavelet
9 Jd A Y a ~ < aa
Transform ; 2D-IDWT) & ldanuuuadeshn laainnisudasaansanwidauuy 2 1@ 2D-
1Y) g’; g A I
Discrete Wavelet Transform ; 2D-DWT) 111l5znouny Tasn 4 nuuagesszgninudoyaiiv

Y
1 9 = 4 [
2 (NMUBIULDD mﬂumzgﬂﬂimﬁ"mwamam%’wﬂau (Reconstruction filter) g,(n) 1ag g,(n)

Y
o ] =1

° [ o g}/ A 9 I 1 v
LLﬁZuW%@HﬁN’lﬁﬂﬂu i]1ﬂuuilz‘1/111,6]511611uﬁauuiﬂﬁmwnmayjmﬂu 2 INMUDIADAVULALNT O

= J o 9 1w Y < A 1A {
MeNamod g, (n) az g (n) tazihdoyamaenuidseg Inilunmndivmamuay amgila 2.7
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Column
D G
—P@—' gl(r)
—_ 1'(Xy)
cH —b@—b gl(n)
@—b g0(r)
B,
g0(n)

Upsample column

@ Upsample row

H Y <3 Aan a 4
519 2.7 msudasnduaaasanviaauuy 2 tavuudawes

U

k4
v v an v =)

2.6  nidudadyanaumuadnavunugiumsulasfansanvidganuy 2 ia

[

(Image compression based on 2D — Discrete Wavelet Transform)

~
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~ v v aa o a < aa
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a v [

2 Yy 9 Aa ~ 3 an o a a Y 9 v o
Liﬂﬁu@'ﬁﬂﬂ’lﬂlﬂﬁ\‘iﬂﬁ'ﬂi@nﬁ/\llﬁﬁllﬂﬂ 2 UA i]’]ﬂﬁiyiy?mﬂ’]wg’]ﬂ aauwﬁﬂﬂemﬁmm UBDYAIN
o A o a = aa 3 2 o 9 1 = 9
Wﬁ\‘lﬂ?ﬂ'ﬂ‘ﬂ']ﬂ"lil!fﬂﬁ\?ﬂﬁﬂﬁﬁll‘ﬂ‘ﬂ 2 umﬁifﬂﬁu%mmqmzUauﬂ1ﬁtmﬁﬂum@ga
(Preprocessing) @Y M5YTEUAININTDA (Statistical estimation) MIFULEIY (Segmentation)
' H o . . o 1 A { ¢ I ] g
M3829111IN (Weighting) 1azn1571a13aisuldeu (Thresholding) 1udu avainiiudoya
929NN 9ATEAD T Yy 1% (Quantization) §AR18¥0YAIZ YN 1N151915Wd (Encoding)
o [ = v Y [ a KR =1 [ [
AIITUNITUUDANWDANDINUNITUUDAN NG
o 9

o Y v I 9 @ =~ v 9 A o
ﬁ1ﬁ3ﬂﬂ”lﬁﬁﬁ"l\?ﬁllﬂisljaﬂa’]_lﬂﬁ]glﬂuﬂiS‘U’Juﬂ"ﬁﬂ@uﬂaﬂﬂlﬂﬁﬂ"ﬁﬂﬂﬂﬂﬂlﬂy’aﬂ@5]31!1

v

pyangniudatoyaudniinisnensWa (Decoding) dr¥svnensHansiiudadoyanie

e

v a

9 9
ano ﬁll@]"lﬂ"’] ﬁ]”IﬂLl‘L!ﬁ"lﬂ”liﬂﬁ"lflﬂﬁﬁ]ﬂigﬂﬂﬁﬂzjﬂuﬂm (Dequantization) uazmumufjﬂﬁ’wﬁa

v
aa v A

o v A <] aa y [
msimsulasndudaasaniaauyy 2 1@ 2D-IDWT) iead wyadyananwainanade

@ Y

9 =~ =) [ ~
i]WﬂGlJ’E]iJaVIQﬂU‘]JE]ﬂLLﬁ’JﬂdgﬂVI 2.8
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—

I(xy) — 2D-DWT Thresholding Quantization Encoding _1

Storage
or
Transmission

A 4
A 4
A 4

Fy

i(X,Y) +«— 2D-IDWT Dequantization | —————— Decoding 4——'

—

v o

d' ~ an o dy a ~ < an
qil‘l.l‘ﬂ 2.8 NMTUUDA illuilluﬁl‘lﬂTWﬂi]‘ﬂﬁ‘]Ju‘W‘Hj@WHﬂ'IiLL‘]JaQﬂﬁﬂiﬁﬂwmﬂuﬂﬂ 2 4a
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A ' 9y
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[ =\ [ [ ana o

AaAa o 1 79 ¥ a
2 Hadmsuliuoadgaunnasnavesgilaiwiiua 2] msidszgnaldnisuilasdania

o 9
Y
A

< an . . = Jq a =
NWAALUD 2 UAVUNUFIY Fast fractal image coding [3] Wn13tlszgnalemsuilasdaaian

9

< aa A A o o aa o o o A ' A = 79 9
maLyy 2 Mﬁlwaﬂﬂﬂﬂﬁiyfy']mﬂ'w\lﬂﬁ]ﬂaﬁ'lﬁiﬂlﬂi’f]ﬂnﬂﬁiﬁﬂglliﬁ']ﬂ [4] Nﬂ'liﬂigfc!ﬂﬂﬁlﬂfﬂ'ﬁ

v W aa o

a <3 aAa o @
wilasadgasanviaauuy 2 llG]ﬁTWiUﬂWiﬁU’ﬂﬂﬁﬂJﬂJﬂiﬂfﬂWﬂ%ﬂﬁ!,L‘U‘]J JPEG2000 [6] R

[ aa o

o a 3 Aaa o @
ﬂizqﬂ@1“lef’qmmmﬂamm’%mawmmmu 2 NGIﬁTﬁiUﬂTﬁﬁU@ﬂﬁﬂJﬂﬂmﬂTWﬂﬂ‘ﬂﬁLL‘U‘}J

5]

=1 /9 Y a = <3 Aana o 1Y) =1 v @
SPIHT [7] Nﬂ15ﬂ§$Qﬂﬁ1%Q1uﬂ1§Llﬂﬁﬂﬂﬁﬂﬁ@]L'J“I/‘llﬁmmﬂ 2 UATIUIUMTUUIATYYIUNIN

a o i’ IS
INAUYY SPIHT UUNWUFIUVUDY feed forward-feedback nonlinear dynamic filter [8] ¥ N3

9 (2

Q)
o a < aa v W aa o
UszgndlFaumsulasdanianiaauuy 2 Tadmiumsivsadyaranimwainanyy

q

=\ 79 ¥ a = <3 AaAa o [ = @
SPIHT uawW EZW [9] umi‘ﬂizqm“lmmmmﬂamammnﬂmmmu 2 UATINIUNMTUUDA

dynannAIRaLUY SPIHT EZW Way JPEG2000 15ludis

27 msbudadganamwadnauuy JPEG

(Joint Photographic Experts Group)

a

MIVUBATYIUNINATNAUDY JPEG [11] Tuaru993n1501U0A (Compression)

o aa o ] I [ 1 { Y a kS '
ﬁﬂ]uflﬁmﬂ"IWﬂiWIailgQﬂllﬂﬂ@ﬂﬂlﬂuﬂﬁﬂﬂﬂ@ﬂﬂ ﬁﬁﬂlu"lﬂl‘ﬂ”lﬂﬂ 8x8 WNLHA ﬂTﬂuu%%L"ﬁ}Wﬁ
9

o [ [ an o a A 4
dupeumsimsulaslamuvesdyaadyananimasia laeldmatiaaaniala lainsu
Pd 1 o a 4 v . .
Wo5u (Discrete Cosine Transform) mﬁ’aﬂﬂ1miﬂmﬁ’aﬂmmﬂ%mau‘lmc}wu (Quantization

1w [ ] { [ 1 [
Matrix) ﬁ"]]‘lﬂﬂl‘i/l"lﬂﬂﬂﬂﬂﬂﬂﬂﬂc] SIJ?JQE‘]_IﬂWWﬁ?) 8x8 ﬁﬁWﬂWiﬂﬂiUﬂTi%ﬂUﬂmﬂTW
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{ a -4 o @ 1
(Quality Factor) 18910 1 - 100% oyaignguaremwnsngareu lamduazgnisosddInyld
I 4 g 9 o = T Y A .
Wunnaes 1x64 910UUT0YaAINTNIZYNIENOBNNITEUIYOYARAT (Direct Current ; DC)

@ a J (% o
uazazgEnsauuuaiesusieanda Taauogiadu (Differential Pulse Code Modulation)

]
v A

"y Y o (7 o o A A A Ay = g
ﬂﬂﬂ']f]ﬂ'ﬁlﬂnﬁﬁﬁlllﬂlﬂaV‘IV‘ILUJUﬁ'WTﬁUsU@NaﬂW ﬁ')'l‘lﬂlﬁaaﬂﬂsuay.aﬂjﬂ 2049 64 HUIZYN

U

I A ~ 1 = . 9 o o o
LL‘(’JﬂiJ'IL“]Jl!ﬂQiJ“VI 2 138NIUDY (Alternating Current ; AC) HASITYNIVITUALUUIUITUY (Run-

= =

1 @ o ([ ) @ : o o [
Length) aoalemsnsiauuudluuudmsodoeyan® yuilesudoeyahn Idvinnisiidlil

U

v

) o 9 as a9 9 v I Y o aa A o ~ [ <3
lluuaTWiUﬂJ@Ha@%L!aglacﬁﬁnﬂjﬂﬂuﬂﬂgvlﬂﬁmuiy']mﬂ’w\lﬂﬂ%amgﬂﬂ1ﬂ15UU®@LlUULﬂLWﬂ

o @ v o an o . I o
ﬁ’lﬁﬁﬂﬂ’liﬂa'IEJﬂ'lﬁ'idJ'U@ﬂﬁiUuiUu'lﬂ‘lﬂ']Wﬂi]Vla (Decompresswn) %Lﬂ‘uﬂiz‘mumim

[ [

9 v ~ v o aa A J dal [ o
YOUNAVUDINITUUDATUUIUNINAING \‘11/]ﬂaTJiﬂuﬂi%U’JUﬂ1§ﬂ1\11uﬂJ®\1ﬂ1iﬁU®ﬂ

Ay INATNaLDY JPEG 1agnIzuIuMIAaIen s Uusadyy 1N maInauy JPEG I

mamauaaandlugilin 2.9

Sub image

8x8 pixel

l |—>\£)—> DPCM Encode: Huffman DC Encode

DCT = Quantization—* Zig-Zag
scan

L—— AC RL Encode | Huffman AC Encode =

Iy DC .{ DPCM Decode HHuffman DC Decodg.‘: Compessed

data

Inverse

Inverse +
IDCT +—| — Zig-Zag

quantization SCar
T AC '—1 RL Decode HHuffman AC DecodeF—
v

Sub image |:| Compression
8x8 pixel |:| Decompression

v o

311 2.9 nszUIUMIMOUYRINI TUSATYRIUNNATTALLY JPEG

Y

aa o

o [ ~ [ =~ Jq ¥ ~ @
AIITUNTUUDATYYIUNINAINALUY JPEG [5] Nﬂqiﬂngﬂﬁiﬂf\j']uclUﬂ']iﬂﬂﬂﬂ

Tyaaunmadianuy JPEG dwiuldnununiedisnsing 13ae
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U

28 YUADUITITINUEFNIIN (Genetic Algorithm; GA)

a %

a I a
TUADUITITINUTATTY (Genetic Algorithms; GA) WudsnisuinnnszuiIums

q

aaAa A

NUHUFNITVURITINFIAINMTITANUING W30 N150850AUDIAINTIA 15199 1A11TT s
Y Hq v = 1% ] ° A A Y v A ]
undgrinlduuamaderny mseimaeuimuzasigaldsudyii liawsom
o % 1] Y YJa ) J 9 1
MnouldlasiedrenmsleisnsuaznszuIumInenugmansinIselunszuIung
Y o
AUMIMADUVDT Y1
d g’J adla o
2.8.1 29A1352noUVBITUARUITITINUENITN
2.8.1.1 MsnsHalasiulay (Chromosome Encoding)
A51913¥a 15 13 T3 (Chromosome Encoding) A1590ATHANIONT
v & A A A4 v v 3 ax & o
1duaaTas TuTsudedynimsnnzGuudyilasldvuaouldsiFanugnssy Tuns
o g 49! Y A v o Y = =2 o Y
poasHauuIzIuednuTyINdeImsvidIney uazlutlagiudymiluinuiedavinly
b
sunuvvesIas TuTsuiianuuananueen llamsiavestyniniug wu
Q/ | k4 U
megamstnsvalasiulay
@ { I 2 ~
M319159a 115 (Binary Encoding) 1iugdunulas TulsuEunsnh

o Y 9 g ax a =2 o Y g A
i lsundymivesruaeudsdaiugnssuasi vz Tas T Tsuunuiiluiseasssue

o 9 @ A A o 1 =~ SO . A
f ﬂ‘lelﬂ!ZGUENﬂTilflﬂiVi’ﬁth‘LlTiﬂfJ‘V;Iﬂ@]TLLWHQSII?Nﬂum@ﬁiﬂiiﬂi%uﬂguﬂnﬂu bit 0 Y139 1

=).
o)l

2e
=he

Chromosome A 101100101100101011100101

Chromosome B 111111100000110000011111

M3 EAVUIA (Value Encoding) NnetnisuessuuuIng Ty Tauay
SanemitansadenToe lugadam 18 wu @8y S1maunse mds wSedus guluuy
Tas TuTwuunuilaunsa 19 1dmuTymiseudhasudon

Chromosome A 1.2324 5.3243 0.4556 2.3293 2.4545

Chromosome B ABDJEIFJDHDIERJFDLDFLFEGT

Chromosome C (back), (back), (right), (forward), (left)

M35 aiEn1sdunlaen (Permutation Encoding) 1910150529161

H 9 H
Lliﬂﬂ’ﬂuﬁﬂgLsﬁ)”Iﬂ3S‘IJ’J‘L!ﬂ”liﬂl@\isllu@@u’ﬁﬁﬁwuﬁﬂiiu ‘]J'izslﬂﬂiﬁl,ﬂﬂinﬂﬂﬁqu (Random)

[
=

wodnlszannsn W lunszuaumsguazdesguld ldwauminuvuevesjun ldmmua
WRlaenda lutimsaulamanumunzauvewaas Ins Ty Ty

Chromosome A 153264798 ChromosomeB856723149
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v
a v

2.8.1.2 Us2¥1n5304AU (Initial Population)

UszwIn3I5uAY (Initial Population) v MIguaeniea319llszsns
¥ k1 A q9d 4 v g Ao ) 2 g & a
Autuuyuy e 1 iugasuauyeIvuas U IALINITTUAo Ul T UTUAD UL NN
a X2 A 2 9 e ad a o ' A
NATUNDUNILITUININTZUIUMTVDIVUADUITIFTINUFNTIN Taotl5zs1nInguusn Wi

9 o Aa a [ = g 1 3’; A 1

Usernsaunuila 3MAINNMIFUADNTUNININ NUVEseHINTNIMUANTeY Taglums
roA o ' ° AN Yo Y g a 2
duidenazimimsguandiuiuvesdszrinsi lanmua 1y wis1liwes (Parameter) V04
(% a R
AN NY

U

Jd v Jd
2.8.1.3 Wanvuinalszasn (Fitness Function)

Q

Jo @ o a3 o 1Y) a 1
WaAFUINYU32a9a (Fitness Function) 1uasmydmsudsziiuamany
d‘ 1 Y ] g’J a A Y (% g}/
mnzauiesnnszuu luansadh lamaeslas Ty Taume uduneudsiFaiugnssy A
Tns TuTwuazdeariunisoeasiaveansnssialas 1u Tey (Chromosome Encoding) A9
o o o J v [ o . . { a3
v ldvinsdiuaadleilsasuingilszasa (Fitness Function) Miu'ly1dve silayma
o a0 o A Y o v oA 1 Y 2’,
Tas TuTsunndlezinanumuzauvedadeuie lod 1 un e las Ty Touduu
G 1A o YA @ o [ 9 J 1 1 [ Y
mangvse hifvziinldduneariusnssudmivadiilas luTongului wu fvualda
Y
ANV AN = 11UIUVDIUS 1 Narualulas T Tay
Y
A: 100011100 9994 1A5 T Ty A UAIANUHINSANNINY 4

2.8.1.4 M3AAIABN (Selection)

v
A %

v A X A Y a ' A o A
N1IAALADN (Selection) lW@iﬁLﬂﬂﬂWﬁﬂgj@ﬂﬂl@ﬂﬁ\ilﬁf?@]u Iﬂﬂﬂﬂlﬁﬂﬂ

w1ilulns TuTouviouaz Tas TuTawua (Parents) lumsdumeiug ilfinadaymiiiegih

g

' 9 a o A A A A a ' A Aaaa =
pg19 5 ldinannAadon Ins TuTauime luwenvzinamsodsoavesdslidianunguive
J a o a i H
99158 AU (Charles Darwin) 397 1diagUnuvnnelunisidonTas Ty Tauimeloiiga

A o A o & o Y a o A A Y a o 2 ~
L'W@Ll1ll‘]Jf‘ﬁJfﬁEJWu‘ﬁ‘ﬂ?iﬁlﬂﬂgﬂl!ﬁﬂﬂ”ﬁﬂﬂm@ﬂ'JJTﬂﬂJTEJLWf’JUlﬁLﬂﬂNaaW‘ﬁu’]W@Iﬁ]VIq@

o v

1FU PMTAAABALDVINED (Roulette Wheel) N3AAIADNUULIABIAY (Ranking) N3AALADN

=

1w A an A I ¥ ax v A
LUUNITUUIVU (Toumament)uagﬂuﬂ3J"Iﬂ3J']fJWa']fJ'J‘ﬁLWi’)(lﬂ“lﬂﬂJ']“]N')‘ﬁﬂ'lﬁﬂﬂLﬁ@ﬂIﬂﬁiﬂ\lI"]fll
Ao
nange

2.8.1.5 ﬂﬁﬁﬁﬂﬁﬂﬁﬁWﬁﬂiﬁ (Genetic Operator)

a wua ] 4 < I a [ §
UYRUANITNIN 180U T (Genetic Operator) Fa11 U515 Ul aen

)}

4 9 g‘/ g’u at A @ < A dy A o
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2.9.1.3 MonsIMsTIUdATaNa (Compression ratio; CR)

U

MonsIMsduoanesaaTIdIuILIAd YR IUNINATNANDUNTLLOA

[

1 o an o @ [ ' < 1 Aa
ﬂ@éll1!TQﬁmﬂJTmﬂWWﬂﬂﬂaﬂaﬂﬂWiﬁUﬂﬂ 110 CR fJ‘ﬂ"IQNI,Lﬁﬂ\'iGlﬁLﬁu@”lLﬂﬂﬂ”lﬁfl‘U@ﬂﬁﬂlﬂﬂﬂ!

9

ana o = <3 A = v W aa o 1 ~ o ~ v Y KX A
NINAINAIUNVUIALADUINNDINIUNUAYYIUNINAINANDUNIETNINITUUDAUDYA BINFAT

k)

MIAUIUAITUAITN 2.3

Uncompressed File Size
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Compressed File Size
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Db2 -0.0107 0.01334 -0.0227
Db4 0.06587 0.0086 -0.0225
DBS 0.07487 -0.0112 -0.0215
Sym?2 -0.0107 0.01334 -0.0227
Coifl 0.05757 0.00722 -0.0184
Biorl.1 0.55958 0.04635 -0.0221
Biorl.3 0.03687 0.04682 -0.0207
Biorl.5 0.03816 0.05137 -0.0215
Rbiol.1 0.55958 0.04635 -0.0221
Rbiol.3 0.0076 0.00716 -0.0196
Rbiol.5 0.08697 0.00908 -0.0192
Dmey 0.08 0.00234 -0.0136
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M19199 3.6 MUAITUABUVDININ Baboon 1aslddanesnui 3 2D-DWT 2 level 111U AVG

[ 1 I~ ]
Tunuudges cH eV cD cH2 ¢V2 tag ¢D2 luuaazinvifaul

2 level 2D-DWT AVG (BABOON)

LI
Thr cH Thr ¢V | Thr ¢cD | Thr ¢cH2 | Thr ¢V2 | Thr cD2
Haar 0.55958 | 0.04635 | -0.0221 | 0.71236 | 0.16414 | -0.1413
Db2 -0.0107 | 0.01334 | -0.0227 | 0.26202 | 0.0383 -0.195
Db4 0.06587 0.0086 -0.0225 | 0.30597 | 0.18437 | -0.1159
DB8 0.07487 | -0.0112 | -0.0215 -0.373 0.06569 | -0.1538
Sym?2 -0.0107 | 0.01334 | -0.0227 | 0.26202 | 0.0383 -0.195
Coifl 0.05757 | 0.00722 | -0.0184 | 0.03279 | -0.1577 -0.0489
Biorl.1 0.55958 | 0.04635 | -0.0221 | 0.71236 | 0.16414 | -0.1413
Biorl.3 0.03687 | 0.04682 | -0.0207 | -0.0559 | 0.10455 | -0.1395
Biorl.5 0.03816 | 0.05137 | -0.0215 | -0.3291 | 0.26657 | -0.1404
Rbiol.1 0.55958 | 0.04635 | -0.0221 | 0.71236 | 0.16414 | -0.1413
Rbiol.3 0.0076 0.00716 | -0.0196 | -0.0577 | -0.0521 -0.134
Rbiol.5 0.08697 | 0.00908 | -0.0192 | -0.3349 | 0.11885 | -0.1534
Dmey 0.08 0.00234 | -0.0136 | -0.1786 | -0.1065 -0.0551
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M99 3.7 MUAITUASUVDINN Lena TaglFoano3Nun 3 2D-DWT 1 level L1l AVG 1u
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HUUAYDY cH ¢V 1ag cD Tunaaznliaauy

< . 1 level 2D-DWT AVG (LENA)
PG

Thr cH Thr cV Thr cD
Haar 0.03143 -0.1165 0.0072
Db2 -0.0073 -0.0479 0.00758
Db4 -0.0082 -0.0485 0.00748
DBS8 -0.0095 -0.0479 0.00823
Sym?2 -0.0073 -0.0479 0.00758
Coifl -0.0075 -0.0488 0.00815
Biorl.1 0.03143 -0.1165 0.0072
Biorl.3 0.03204 -0.1185 0.00787
Biorl.5 0.03324 -0.1189 0.00729
Rbiol.1 0.03143 -0.1165 0.0072
Rbiol.3 -0.0074 -0.0503 0.00778
Rbiol.5 -0.0067 -0.0519 0.00766
Dmey -0.0044 -0.0391 0.00182
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M9199 3.8 MUAITUASUVDINN Lena TaglFoano3Nun 3 2D-DWT 2 level 111 AVG 1u

] 1 [ '
LL'UL!@TEJ@EJ cH ¢V cD cH2 ¢V2 1ag cD2 Tunaazniaauy

< 2 level 2D-DWT AVG (LENA)
PG

Thr cH Thr cV Thr ¢cD | Thr cH2 | Thr ¢V2 | Thr cD2
Haar 0.03143 -0.1165 0.0072 0.13995 -0.3401 0.06253
Db2 -0.0073 -0.0479 0.00758 | 0.03511 0.02181 | 0.00366
Db4 -0.0082 -0.0485 0.00748 | 0.03642 -0.0613 -0.0386
DB8 -0.0095 -0.0479 0.00823 -0.0291 -0.0485 | 0.04967
Sym?2 -0.0073 -0.0479 0.00758 | 0.03511 0.02181 | 0.00366
Coifl -0.0075 -0.0488 0.00815 -0.0135 0.07429 | 0.06689
Biorl.1 0.03143 -0.1165 0.0072 0.13995 -0.3401 0.06253
Biorl.3 0.03204 -0.1185 0.00787 | 0.18039 -0.2183 | 0.06001
Biorl.5 0.03324 -0.1189 0.00729 | 0.15137 -0.3087 | 0.05711
Rbiol.1 0.03143 -0.1165 0.0072 0.13995 -0.3401 0.06253
Rbiol.3 -0.0074 -0.0503 0.00778 | 0.02064 | 0.04697 | 0.05835
Rbiol.5 -0.0067 -0.0519 0.00766 | -0.0154 -0.0485 | 0.05881
Dmey -0.0044 -0.0391 0.00182 | 0.00066 | 0.02983 | 0.02261
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M3191 3.9 AIAENasUYeININ Airplane TaolF8ane3iuf 3 2D-DWT 1 level LU AVG

g ] I~ ]
lunuuages cH ¢V tag cD luuaaznylidau

< . 1 level 2D-DWT AVG (AIRPLANE)
PG

Thr cH Thr cV Thr cD
Haar 0.33008 -0.4533 0.00397
Db2 -0.105 -0.2935 0.0044
Db4 -0.0339 -0.1431 0.00435
DBS8 -0.0265 -0.0398 0.00466
Sym?2 -0.105 -0.2935 0.0044
Coifl -0.0338 0.02814 0.00457
Biorl.1 0.33008 -0.4533 0.00397
Biorl.3 -0.0799 -0.0401 0.00466
Biorl.5 -0.0774 -0.0436 0.00436
Rbiol.1 0.33008 -0.4533 0.00397
Rbiol.3 -0.0757 0.03769 0.00428
Rbiol.5 -0.0145 -0.026 0.00447
Dmey -0.0159 -0.0093 -0.0005
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d' A A = . Y o AR A
M3197 3.10 MVAGUYaeUYDININ Airplane Tagl¥oanesnun 3 2D-DWT 2 level 111l

AVG Tuiuages cH ¢V ¢D cH2 ¢V2 1az cD2 luudaznwidau

2 level 2D-DWT AVG (AIRPLANE)

R GEIRY
Thr cH Thr cV Thr ¢cD | Thr ¢cH2 | Thr ¢V2 | Thr c¢D2
Haar 0.33008 -0.4533 0.00397 | 0.56839 | -0.8849 | 0.01685
Db2 -0.105 -0.2935 0.0044 0.02536 | -0.2428 | 0.01967
Db4 -0.0339 -0.1431 0.00435 -0.0674 -1.927 -0.0048
DB8 -0.0265 -0.0398 0.00466 | 0.00691 | 0.11008 | 0.00948
Sym?2 -0.105 -0.2935 0.0044 0.02536 | -0.2428 | 0.01967
Coifl -0.0338 0.02814 0.00457 | 0.05946 | 0.76124 | 0.00749
Biorl.1 0.33008 -0.4533 0.00397 | 0.56839 | -0.8849 | 0.01685
Biorl.3 -0.0799 -0.0401 0.00466 -0.2881 -0.0529 | 0.01991
Biorl.5 -0.0774 -0.0436 0.00436 -0.2149 | -0.0636 | 0.01476
Rbiol.1 0.33008 -0.4533 0.00397 | 0.56839 | -0.8849 | 0.01685
Rbiol.3 -0.0757 0.03769 0.00428 -0.1739 | 0.14891 | 0.01849
Rbiol.5 -0.0145 -0.026 0.00447 -0.1237 | 0.14951 | 0.01517
Dmey -0.0159 -0.0093 -0.0005 -0.0353 | -0.0184 | -0.0014
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TaoWan1511A1 Thr cH Thr ¢V Thr ¢D Thr ¢H2 Thr c¢V2 #1a¥ Thr cD2 Tasn13ilsvgnd 14
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1 level 2D-DWT AIO (BABOON)
daul
Thr cH Thr ¢V Thr _c¢D
Haar 65.365 75.923 57.205
Db2 0.39 0.509 21.062
Db4 65.746 74.856 70.443
DBS8 38.001 55.01 65.99
Sym2 0.03 0 0
Coifl 61.587 51.875 48.321
Biorl.1 49.214 82.289 76.679
Biorl.3 1.231 12.574 0.675
Biorl.5 0.538 1.834 0
Rbiol.1 0.652 0.346 0
Rbiol.3 0 0 13.202
Rbiol.5 31.687 77.64 49.582
Dmey 0.267 0.194 0
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51l 3.30 ArdaGu/aoun 1w Baboon Tasl¥dane3ini 4 2D-DWT 1 level 1y AIO Tu nuusides cH ¢V tag oD luudaz@aui
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M9199 3.12 A1UAENIA8UYBININ Baboon TaelFoana3Nun 4 2D-DWT 2 level 11 AIO

[ 1 I~ ]
Tunuudges cH eV cD cH2 ¢V2 tag ¢D2 luuaazinvifaul

< . 2 level 2D-DWT AIO (BABOON)
PG

Thr cH Thr ¢V | Thr ¢cD | Thr cH2 | Thr ¢V2 | Thr c¢D2
Haar 189.193 | 197.426 | 61.373 22449 | 149.298 | 147.311
Db2 141.115 93.695 77.098 191.069 | 226.925 | 140.573
Db4 119.315 86.637 72316 | 235.097 | 208.279 | 134.995
DB8 195.361 115.154 | 63.008 | 212.036 | 160.25 108.032
Sym?2 178.543 47.83 68.157 | 164.231 | 210.18 115.321
Coifl 190.666 | 115.801 | 46.935 175961 | 137.364 | 142.213
Biorl.1 185.176 | 108.925 | 68.374 221.41 104.737 | 148.506
Biorl.3 179.652 115.97 36.522 | 148.468 | 169.815 52.277
Biorl.5 179.579 | 107.734 | 54.004 | 185.626 | 133.148 | 111.047
Rbiol.1 194.765 72.367 57.042 | 209.883 178.69 147.902
Rbiol.3 167.037 | 101.839 | 60.055 | 230.392 | 82.354 149.731

Rbiol.5 113.02 79.662 79.143 207.67 | 182.712 87.1
Dmey 180.327 86.9 68.603 166.847 | 191.941 | 128.896

INA15199 3.12 MIAEAeUUIN N Baboon Tagldmsiiusadyaimnin
an v o a A T A A J
AINAoaNeI NUN 4 MU 2 level A1VAGTUIUABUVOUDUAGDY Thr cH Thr ¢V 1182 Thr_cD
9 o 1 < v v A
@11350n150)ad 1 level t1ag Thr_cH2 Thr ¢V2 1@ Thr ¢D2 vodudazvlidauuiinivaisy

= Aa X 9 ~
HJaEJu“I/Illfn3J1ﬂelju%1ﬂﬂ1icl‘]5ﬂ1ﬂ!ﬂﬁﬂlwEN 1 level



2 level 2D-DWT AIO (BABOON) Threshold
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51l 3.31 ArdaGulaounin Baboon Tasl¥dane3fiui 4 2D-DWT 2 level 1 AIO lutiudees cH cv oD cH2 cV2 uaz D2 Tuuaagvlidau]

1103109 3.31 wadnii IdvzdunafiuimdliaGualaon The ¢V The cH uag Thr oD ¥03m3ulad 1 level tag Thr cH2 THr V2 tag

g ' A [ 4 <] [ [
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M9197 3.13 AMVAGEUAeUVIN N Lena Tasl¥oanoINuin 4 2D-DWT 1 level iy AIO 1

Al 1 <3 ]
HUUAYDY cH cV lag cD Tunaaznliaauw

< . 1 level 2D-DWT AIO (LENA)
PG

Thr cH Thr cV Thr ¢cD

Haar 41.856 41.709 28.28
Db2 32.915 88.659 32.849
Db4 48.83 72.7 29.997
DBS8 69.399 30.205 23.588
Sym?2 83.668 85.959 34.48
Coifl 36.317 21.495 32.433
Biorl.1 35.849 29.994 32.876
Biorl.3 77.711 67.743 39.05
Biorl.5 87.88 70.957 38.571

Rbiol.1 52.726 41.69 34.11
Rbiol.3 39.632 13.642 22.586
Rbiol.5 59.756 22.752 36.508
Dmey 16.244 12.777 32.227

910715199 3.13 MAAGUUAGUVDIN N Lena Taoldmsiudadynranin

aa a A 1 S 1
AN ﬁﬂ@iﬁﬂ‘ﬂ 4 110U 1 level Tuunazuuuagoy Thr cH Thr ¢V tlag Thr cD vaaunazi
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1 level 2D-DWT AIO (LENA) Threshold
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M9199 3.14 AAAGNIIF8UUBININ Lena Taaldoanosnui 4 2D-DWT 2 level tuy AIO Tu

] ' [ 1
LL'UL!@TEJ@EJ cH ¢V ¢cD cH2 ¢V2 ilag cD2 Tunaazniaauy

< . 2 level 2D-DWT AIO (LENA)
PG
Thr cH Thr cV Thr ¢cD | Thr cH2 | Thr ¢V2 | Thr ¢D2
Haar 61.589 71.122 30.193 72.958 185.371 | 101.043
Db2 60.401 72.905 31.752 207.44 | 182.871 89.178
Db4 69.323 92.329 25.935 138.917 | 274.153 105.04
DB8 80.619 60.148 36.675 129.56 200.1 50.904
Sym?2 64.24 108.246 24.482 147.819 157.91 93.154
Coifl 73.135 57.941 33.589 | 200.778 | 155.458 | 64.696
Biorl.1 66.976 79.671 29.164 129.578 | 151.476 | 83.297
Biorl.3 36.921 73.562 21.758 150.946 | 187.034 | 100.647
Biorl.5 88.292 107.988 38.887 79.137 136.7 100.363
Rbiol.1 41.558 96.328 39.264 34.067 156.038 62.32
Rbiol.3 64.221 114.694 23.493 173.807 182.66 98.918
Rbiol.5 45.501 49.574 24.812 | 209.024 | 272.442 70.14
Dmey 54.697 100.89 38.015 44.623 47.872 73.85

910715199 3.14 MIAGWUAGUVDINN Lena Tasldmsiudadynranin

v W
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dmsumsuilad 1 level 11ag Thr_cH2 Thr ¢V2 1ag Thr c¢D2 vaduaazIWidauiiamauaisy

= Aa X 9 ~
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51l 3.33 AFaEunlaounin Lena Tagl¥6ana3ini 4 2D-DWT 2 level tun AIO lunuugees cH ¢V cD cH2 cV2 waz cD2 Tuugagiwidau]

110317 3.33 madnsi IdvzdunafiuinmdiaGunasu Thre oV The cH uag The cD ¥03n1501/aq 1 level tag Thr cH2 THr ¢V2 1ag
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M3197 3.15 AIaENasuYeInIN Airplane Taol¥8ane3iui 4 2D-DWT 1 level L1uU AIO

g ] I~ ]
lunuuages cH ¢V tag cD luuaaznylidau

< . 1 level 2D-DWT AIO (AIRPLANE)
PG

Thr cH Thr cV Thr cD

Haar 41.382 47.081 31.222
Db2 93.655 68.958 39.101
Db4 90.336 33.306 31.99
DBS8 116.983 65.823 27.594
Sym?2 129.244 107.605 27.104
Coifl 40.921 38.394 20.412
Biorl.1 44.678 49.987 34.002
Biorl.3 0 1.114 25.94
Biorl.5 33.935 18.25 29.092
Rbiol.1 30.96 28.782 30.157
Rbiol.3 33.744 19.272 27.472
Rbiol.5 26.415 22.509 29.349
Dmey 29.292 13.979 39.716

INA15199 3.15 MFaEulasuvesnn Airplane Tagldnsivsadyaanin

aa a A 1 S 1
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M3197 3.16 AIAGENAEUYININ Airplane TaolF8ane3iui 4 2D-DWT 2 level UL AIO

[ 1 I~ ]
Tunuudges cH eV cD cH2 ¢V2 tag ¢D2 luuaazinvifaul

2 level 2D-DWT AIO (AIRPLANE)

R GEIRY
Thr cH Thr ¢V | Thr ¢cD | Thr ¢cH2 | Thr ¢V2 | Thr c¢D2
Haar 79.298 74.754 34.856 250.384 | 146.551 | 134.124
Db2 93.365 87.875 31.838 216.294 | 182.747 | 45917
Db4 117.609 112.8 24.655 79.98 199.002 | 103.818
DB8 100.457 | 109.375 | 22.306 73.691 193.509 | 109.714
Sym?2 143.525 90.401 35.046 257.308 | 193.978 | 98.646
Coifl 138.45 82.467 41.25 129.806 | 196.291 | 131.187
Biorl.1 129.042 94.621 29.051 232.887 | 191.998 | 100.323
Biorl.3 80.385 81.661 43.731 172.569 | 114.214 | 131.138
Biorl.5 95.051 78.05 29.689 208.239 | 186.569 56
Rbiol.1 144.628 83.24 29.873 131.72 220.769 | 122.184
Rbiol.3 125.221 82.371 28.986 205.876 | 165.746 61.99
Rbiol.5 105.41 44.455 40.521 163.672 | 192.022 | 127.435
Dmey 74.996 98.033 44.641 103.641 84.653 114.882

INA15199 3.16 AMIaEMAsuveIn N Airplane Tagldnsiiudadyaanin
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dsumstuoadyaunImaTiauuugade (Lossy compression) TUa 11150
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M1919% 3.17 MUY

[

Aana o 9 o Aa R a ~ < an ?z‘; [ Aa R
ATUYIUNTNAING Baboon I@]fJGlﬂfﬂaﬂ’E]i‘V]llﬂ'lillﬂaﬂﬂﬁﬂimflwmﬁuﬂﬂ 2 UA NN 3 9aNdINY

1 Level DWT-SHPS 2 Level DWT-SHPS 1 Level DWT-AVG 2 Level DWT-AVG 1 Level DWT-AIO 2 Level DWT-AIO
Mother Wavelet
CR PSNR (dB) CR PSNR (dB) CR PSNR (dB) CR PSNR (dB) CR | PSNR (dB) CR PSNR (dB)

Haar 2.76209 31.2053 9.57569 30.1713 1.18136 | 32.7172 1.31059 | 31.4762 2.5693 31.4024 8.9025 30.1761
Db2 2.70849 32.0087 9.21614 30.0386 1.21942 33.489 1.35503 30.9211 1.3544 | 33.3679 8.5971 30.0393
Db4 2.63557 30.8756 8.72069 30.2905 1.22704 32.024 1.35987 | 31.2897 2.4956 | 30.9797 8.067 30.3013
DB8 2.52576 31.3645 7.92503 30.0352 1.17964 | 32.6817 1.27241 30.8842 2.1442 | 31.8006 | 7.3993 30.0428
Sym2 2.70849 32.0087 9.21614 30.0386 1.21942 33.489 1.35503 30.9211 1.22 33.4876 8.0201 30.0543
Coifl 2.68535 30.7428 9.04506 29.962 1.2012 31.9292 1.33063 31.0944 | 2.4722 30.992 8.3507 29.9693
Biorl.1 2.76209 31.2053 9.57569 30.1713 1.18136 | 32.7172 1.31059 | 31.4762 2.4503 31.5148 8.8413 30.1821
Biorl.3 2.67167 31.8747 9.11425 30.2181 1.14479 | 33.5125 1.26106 | 31.2966 1.1794 | 33.5039 7.2172 30.2525
Biorl.5 2.59282 31.642 8.60335 29.8712 1.11409 | 33.2214 1.19659 | 30.7876 1.1175 33.225 7.7397 29.9051
Rbiol.1 2.76209 31.2053 9.57569 30.1713 1.18136 | 32.7172 1.31059 | 31.4762 1.1829 | 32.7528 8.7962 30.1774
Rbiol.3 274244 | 31.4332 9.323 29.979 1.23554 | 33.0107 1.38097 31.061 1.2888 33.038 8.5029 30.0006
Rbiol.5 2.69324 31.427 9.1486 30.3334 1.21657 | 32.9708 1.34204 | 31.5686 22029 | 32.0428 8.244 30.3659
Dmey 1.86118 32.2598 3.66543 30.1486 0.87408 34.0112 0.75111 31.1582 0.8743 34.0109 3.4687 30.1788
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INATNN 3.17 dzudain1lseaninnueamsUuoad Y IMAINA DN

09

Baboon 114 3 9an03nu'1dun 9anesnuf 2 2D-DWT 11 SHPS 9anesnuy 3 2D-DWT 1

Y ! a 4 <} 1 o <
AVG uazq{ﬂﬁwﬁ’a f’)aﬂﬂﬁﬁuﬁ 4 2D-DWT uuy AIO ¥1nAASIEHININGALNIE TN ALY

i hiuanaenunnd msunnoanesnumsiuoadygaunnaina
F99ano3 Ny 2 2D-DWT SHPS 6ane3Nuil 3 2D-DWT AVG Hazdanos iy

[ v
~ A A v

#1 4 2D-DWT AIO wudanesiuilikwadnsa1 CR Hanganesanasiiui 2 2D-DWT SHPS
TagNiaA1 PSNR (dB) U521 30 dB 59909119217 u8aneSiuf 4 2D-DWT AIO Tagagi)

HAANTA1 CR ay PSNR (dB) Indifuarudaneiiui 2 2D-DWT SHPS dausaneinuganie

(9

AvdanesNui 3 2D-DWT AVG 1Huazlia CR fiduaaz11aA1 PSNR (dB) Ngenidaneasiy

a

A (3 =2 A
N2 UagoandInun 4



d‘ =} v @ an o 9 v a KL a =) <3 an
13199 3.18 MIVUDATYYIUNIWAING Lena Taglgoanesnumsutasagasannianiuy 2 Ua

9

133 9893 NY

1 Level DWT-SHPS

2 Level DWT-SHPS

1 Level DWT-AVG

2 Level DWT-AVG

1 Level DWT-AIO

2 Level DWT-AIO

Mother Wavelet
CR PSNR (dB) CR PSNR (dB) CR PSNR (dB) CR PSNR (dB) CR PSNR (dB) CR PSNR (dB)

Haar 5.32121 36.5739 13.8364 34.8262 | 3.53199 | 37.7255 | 429083 | 36.3691 5.0154 | 36.7861 12.1027 | 34.8838
Db2 5.2141 35.2853 13.4213 35.3667 | 3.83218 35.84 4.86136 36.775 5.0304 | 35.2962 12.1453 | 35.3626
Db4 5.08761 36.7621 12.8326 35.6423 3.92843 37.4352 5.03755 36.9618 4.9342 36.7634 11.6706 35.6426
DB8 4.94145 35.512 11.656 35.4978 | 3.92631 359115 | 4.88328 | 36.5422 | 4.7344 | 355904 10.5525 | 35.5045
Sym2 5.2141 35.2853 13.4213 35.3667 | 3.83218 35.84 4.86136 36.775 5.0556 | 35.2848 12.0949 | 35.3758
Coifl 5.19529 38.9534 13.1124 35.3165 3.82994 39.8216 4.76539 36.7271 4.7963 39.3057 11.8136 35.3306
Biorl.1 5.32121 36.5739 13.8364 34.8262 | 3.53199 | 37.7255 | 429083 | 36.3691 48749 | 36.9538 12.3003 | 34.8612
Biorl.3 5.07539 35.7081 12.8401 34.4587 3.37336 36.6607 3.98177 35.9289 4.8949 35.7455 10.9711 34.497
Biorl.5 4.94071 34.1661 12.3816 34.5084 | 3.28254 | 34.7236 3.8068 359744 | 4.7706 | 34.1919 10.881 34.6899
Rbiol.1 5.32121 36.5739 13.8364 34.8262 3.53199 37.7255 4.29083 36.3691 5.0441 36.7626 11.157 349911
Rbiol.3 5.28537 37.9423 13.6023 35.3872 4.02704 38.8202 5.27156 36.8397 4.7104 38.5814 12.3003 35.393
Rbiol.5 5.23639 38.0738 13.257 359315 | 4.09152 | 38.8945 5.39058 37.461 49262 | 38.4481 11.8972 | 35.9493
Dmey 3.90781 40.3545 5.77537 35.1078 3.21918 41.1333 3.11106 36.2336 3.4962 41.0643 5.1385 35.5422
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1015197 3.18 2UaAIN5LaNTNNVDINSUUOAT U IUNINAING Lena
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Haar 435586 | 34.6872 | 12.1423 | 329763 | 2.66464 | 360174 | 3.17185 | 344471 | 4.04023 | 349782 | 107267 | 33.0342
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PSNR VS CR 2D-DWT SHPS (Airplane)
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PSNR VS CR 2D-DWT AVG (Airplane)
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PSNR VS CR 2D-DWT AIO (Awerage)
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5171 3.48 71w Baboon MINMsTiudad g maia lnelioanesiiui 2 2D-DWT SHPS)

UG

(™) Midau Haar 11)aa DWT 1 level laHadns CR=2.76 1az PSNR=31.20 dB
) 19198 Haar 11)aa DWT 2 level 1dHadns CR=9.58 1z PSNR=30.04 dB
(@) Mlidau Sym2 1aa DWT 1 level 1@nadns CR=2.53 az PSNR=31.36 dB
@) Mvlidau Sym2 1aa DWT 2 level 1@nadns CR=7.93 uaz PSNR=30.03 dB
@) 19nidaual DbS 111/as DWT 1 level ldnadns CR=2.71 uaz PSNR=32.01 dB

@) 1dvliE A Dbs uilas DWT 2 level 1@Waans CR=9.22 1iaz PSNR=30.04 dB



103

()

()

517 3.49 710 Lena 9inmstiuoadannaninaiialaglgoanesiui 2 2D-DWT SHPS)
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(M) 1FliE A Haar 11)ad DWT 1 level 1dmadns CR=5.32 11ag PSNR=36.57 dB
@) 198 Haar 11)as DWT 2 level 1HadWs CR=13.84 1iaz PSNR=34.83 dB
(@) Mlidau Sym2 11)aa DWT 1 level 1@nadns CR=5.21 az PSNR=35.29 dB
@) 1vlidausi Sym2 uilad DWT 2 level 1@nadns CR=13.42 11z PSNR=35.36 dB
@) 14nidaual DbS 111/as DWT 1 level l@Nadns CR=4.94 az PSNR=35.51 dB

@) 1dvlid A Dbs uilas DWT 2 level 1@naans CR=11.66 tiaz PSNR=35.50 dB
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(M) Mi@aus Haar 1029 DWT 1 level laHaaWs CR=4.98 11az PSNR=36.28 dB
@) 1180t Haar 1)ad DWT 2 level 1#Hadns CR=13.01 1az PSNR=33.93 dB
(M) 19199li8ausd Sym2 11as DWT 1 level ldnadns CR=4.74 uaz PSNR=33.55 dB
(1) 191vliBausd Sym2 11/as DWT 2 level ldnadns CR=12.26 taz PSNR=33.43 dB
@) 1519iBausd Db8 1123 DWT 1 level lAHadWs CR=4.27 11az PSNR=36.09 dB

@) 1Fvli@any Dbs 11las DWT 2 level laHadWs CR=10.03 1taz PSNR=34.13 dB
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(M) 191i8aus Haar 41as DWT 1 level lanadws CR=1.18 taz PSNR=32.71 dB
(V) 151M@as Haar 11/a3 DWT 2 level ldwadns CR=1.36 az PSNR=31.48 dB
(@) Mlidau Sym2 11)aa DWT 1 level 1nadns CR=1.22 az PSNR=33.49 dB
(@) 11vliBausd Sym2 u1as DWT 2 level ldmadns CR=1.36 uaz PSNR=30.92 dB
@) 1519viBaus Db8 111)aa DWT 1 level ldHadns CR=1.18 az PSNR=32.68 dB

@) 19idau Db8 1ad DWT 2 level 18Wadns CR=1.27 az PSNR=30.88 dB
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(M) 191li8aus Haar 41as DWT 1 level lanadws CR=3.53 taz PSNR=37.73 dB
(V) 15M@as Haar 11/a3 DWT 2 level lanadns CR=4.29 1z PSNR=36.78 dB
(@) Mlidau Sym2 11)aa DWT 1 level 1@nadns CR=3.83 11az PSNR=35.84 dB
(@) 1B Sym2 uas DWT 2 level 1&Hadns CR=4.86 iaz PSNR=36.78 dB
@) 1¥9idau Db8 11Jas DWT 1 level 18Wadws CR=3.93 1ag PSNR=35.91 dB

@) 19idau Db8 1ad DWT 2 level 18Wad s CR=4.88 11az PSNR=36.54 dB
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(M) 191li8aus Haar 41/as DWT 1 level lanadws CR=3.28 taz PSNR=37.61 dB
(v 141998 auai Haar 11)aa DWT 2 level I@Hadns CR=3.91 1ag PSNR=35.50 dB
(@) Mlidau Sym2 11)aa DWT 1 level 1Hadns CR=3.34 1az PSNR=34.06 dB
(@) 1B Sym2 uas DWT 2 level 1&Hadns CR=4.04 iaz PSNR=34.59 dB
@) 191Baus Db8 1123 DWT 1 level lAHadWT CR=3.16 1az PSNR=36.68 dB

@) luidai Dbs 11/as DWT 2 level 1aHadws CR=3.62 1taz PSNR=35.07 dB



108

()

v o

517 3.54 710 Baboon MnmsTiusadyaianimaia laelioanosiiui 4 2D-DWT AIO)

(M) 191li8aus Haar 41as DWT 1 level lanadws CR=2.57 iz PSNR=31.40 dB
(V) 151M@as Haar 11/a3 DWT 2 level lawadns CR=8.90 taz PSNR=30.18 dB
(@) Mlidau Sym2 11)aa DWT 1 level 1nadns CR=1.22 az PSNR=33.49 dB
@) 1li@aus Sym2 uad DWT 2 level 1@Hadns CR=8.02 uaz PSNR=30.05 dB
@) 1¥9idau Db8 1Jas DWT 1 level 18Wadws CR=2.14 11az PSNR=31.80 dB

@) 19idau Db8 1ad DWT 2 level 18Wad s CR=7.40 11az PSNR=30.04 dB



109

(@) | @

(%

517 3.55 70 Lena minmisbudadyananinaaiia lagldoanesiug 4 2D-DWT AIO)

(M) 191li8aus Haar 41/as DWT 1 level lanadws CR=5.0211az PSNR=36.79 dB
) 151M@aus Haar 11/aa DWT 2 level l@nadns CR=12.10 az PSNR=34.88 dB
(@) Mvlidau Sym2 11)aa DWT 1 level 1Hadns CR=5.06 11az PSNR=35.28 dB
(1) 11vliBausd Sym2 u1/as DWT 2 level ldmadns CR=12.09 tag PSNR=35.37 dB
@) 1¥9idau Db8 1Jas DWT 1 level 18Wad s CR=4.73 1ag PSNR=35.59 dB

@) 1uidau Db8 1ad DWT 2 level 18Hadws CR=10.55 11ag PSNR=35.50 dB
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(M) 191li8aus Haar 11)as DWT 1 level ldnadns CR=4.54 Liaz PSNR=36.75 dB
) 19iBaus Haar 11)a DWT 2 level 1HadWs CR=11.18 uaz PSNR=34.04 dB
(@) 1vlidau Sym2 11)aa DWT 1 level 1Hadns CR=4.61 1az PSNR=33.55 dB
(@) 1lidau Sym2 11ad DWT 2 level 1@Hadns CR=11.21 uaz PSNR=33.43 dB
@) 14nidaual DbS 111/as DWT 1 level l@Nadns CR=4.15 uaz PSNR=36.10 dB

@) 1dvlii A Dbs uilas DWT 2 level 1@Waans CR=9.02 1iaz PSNR=34.24 dB
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19197 3.21 HAAATIEHMIAIUINYDIDANDINUT 1 (JPEG) 119 3 MW
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Transform Quantization Encode
giam " " " msaaauly M3au
MIVINATY) | MIgUATI) | MINT (ATI) y g
GEN)) GE))
Baboon 16,777,216 33,816,576 262,144 1,028,735 262,144
Lena 16,777,216 33,816,576 262,144 1,030,516 262,144
Airplane 16,777,216 33,816,576 262,144 1,028,923 262,144
Inverse Transform Dequantization Decode
siam " 2 " msgaauls | msvan
MIVINATY) | MIgUATY) | MIR (ATI) y g
GEN)) GE))
Baboon 16,777,216 33,816,576 262,144 18,484 262,144
Lena 16,777,216 33,816,576 262,144 15,972 262,144
Airplane | 16,777,216 | 33,816,576 262,144 18,504 262,144




19197 3.22 HAIATIERNMIAIUINYDIBANDINUN 2 (1 level 2D-DWT SHPS)

114

Transform Quantization Encode
o - N3
siam | msuan msga | mIsuan | msdaauls | msuan |
y y y . g aadule
(A33) (A339) (A39) (A33) (A39) y
(A39)
Baboon 1,048,570 | 2,097,152 276 263,190 18,082 65,535
Lena 1,048,570 | 2,097,152 277 263,154 40,904 65,535
Airplane | 1,048,570 | 2,097,152 277 263,438 39,239 65,535
Inverse Transform Dequantization Decode
gamw | mswvan | msgae | mswan | msdadaula g
" s Y " MIUIN (AFI)
(AT3) (AT9) (A39) (A33)
Baboon 1,048,570 | 2,097,152 255 65,536 47,451
Lena 1,048,570 | 2,097,152 255 65,536 24,632
Airplane | 1,048,570 | 2,097,152 255 65,536 262,297




19197 3.23 HANATIEHNIAIUINYDIBANDINUN 2 (2 level 2D-DWT SHPS)
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Transform Quantization Encode
o - N3
siam | msuan miga | Mswan | msdadula | msuon |
y . y . g aadule
(A39) (M39) (A339) (A33) (A39) y
(A39)
Baboon 1,310,708 | 2,621,440 294 65,538 2,696 16,383
Lena 1,310,708 | 2,621,440 296 65,592 6,911 16,383
Airplane | 1,310,708 | 2,621,440 297 65,518 6,313 16,383
Inverse Transform Dequantization Decode
siam | msuan msga | MIsuIn | msaaauls g
3 2 Y " MIUIN (AFI)
(M) (A33) (GER))] (A33)
Baboon 1,310,708 | 2,621,440 255 16,384 13,688
Lena 1,310,708 | 2,621,440 255 16,384 9,473
Airplane | 1,310,708 | 2,621,440 255 16,384 10,071




d' a 4 o o A A = 3’,
A1919N 3.24 HAUATIZHNITAUIUVDIDANDINUN 1 (JPEG) Taemagna 39N
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Transform Quantization Encode
y M RERIRE] madaduls "
MIUIN(ATI) " v v MSAV(ATI)
(GER); (ATV) (GER);
16,777,216 33,816,576 262,144 102,9391 262,144
Dequantizatio
Inverse Transform Decode
n
y MM v msdnduls MsUIN
NTUIN(ATI) y NI (AT) y y
(M39) (M39) (A59)
16,777,216 33,816,576 262,144 17,653 262,144




19197 3.25 HAATISHMIAUINVDIDANDINNN 2 (2D-DWT SHPS 1 level)

v Y
Tasmaegna 3 M
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Transform Quantization Encode
MIUIN M3 MsvIn | msaaaula " magaauly
" Y " Y MIUIN (AT) "
(A33) (A39) (GEN)) (A39) (A33)
1,048,570 2,097,152 277 263,261 32,742 65,535
Inverse Transform Dequantization Decode

N15UIN NN msuan | msaaaule y
y y y y N13UIN (ATY)
(n39) (n39) (A99) (n39)
1,048,570 2,097,152 255 65,536 111,460




19197 3.26 HAAATISHMIAUINVDIDANDINUN 2 (2D-DWT SHPS 2 level)

v Y
Tasmaegna 3 M

118

Transform Quantization Encode
MIUIN M3 MsvIn | msaaaula " magaauly
" Y " Y MIUIN (AT) "
(A33) (A39) (GEN)) (A39) (A33)
1,310,708 2,621,440 296 65,549 5,307 16,383
Inverse Transform Dequantization Decode

N15UIN NN msuan | msaaaule y
y y y y N13UIN (ATY)
(n39) (n39) (A99) (n39)
1,310,708 2,621,440 255 16,384 11,077
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M

VUIUMIDUOA (Compression)

119

HAENIAAYMTUVON (Decompression) Y94 JPEG 4ag 2D-DWT SHPS

Vo MIUIN M3 MINI3 msaaaula mMsay
9aneaI Ny " s " " "
(A5 (A5 (A5 (AT) (GEN)
JPEG 33,816,576 | 67,895,296 | 262,144 1,047,045 262,144
1 level 2D-DWT
2,241,873 | 4,194,304 - 394,332 -
SHPS
2 level 2D-DWT
2,638,351 | 5,242,880 - 98,316 -
SHPS
15190 3.26 znuNmsbusadyananmainasuuaasianidauuy

2 91 11 2D-DWT SHPS 1uaims lenmsdiuin

v A I 1
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a d a A U a R = YY) aa v v
344 Innevidssanimnvesoanesnumsiivonduanamuianaseyg
9anasnui 1 JPEG uazdanainun 2 2D-DWT SHPS Jagl¥nvidaus Haar

Fmsumsinizdlszaniamussdanesiumsiivdadyaannadnace

1971 CR 1az PSNR (dB) N 1dmaeinanie 3 nm Taeldnadsgili 3.57

JPEG w 20-DWT SHPS
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OF =50 CR=4.38 PENR=43.01dB —f— IFEG
! . . . ! 2D-DWT SHPS(Haar)
P W W O | P A de s ]
o ,=5:'3F*‘"*F5”H‘:'l':'dﬂ,, _________
IOF=70 CR=E 53 FSMR=RE.47dB | E E E
e s e
g QF=60 CR=10.30 PSNF=37 56dB ' ; ; ;
= 1level | Jy QF=50 OR=11.85 PSNR=36 9348 ! ; ;
= DWT-SHF'S WyQF=4( CR=12.71 FSNA=28 35k ! : :
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FSMNR=3455d8 : : :
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CR
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3.53 Wamsaaeeszuvlagly Simulink 9ana3NuN 2 2D-DWT SHPS laaly

NWIaANI Haar 1az Db2 Y9421 Baboon Lena 1182 Airplane

A195190 3.28 wamsitavdwnalaeld Simulink ©ane3NuM 2 2D-DWT SHPS Taaldiaam)

Haar 118 Db2 Y9401 Baboon Lena 4l81¢ Airplane

Baboon
< 1
Nl 1 level 2 level
CR PSNR (dB) CR PSNR (dB)
Haar 2.44 29.87 8.61 28.91
Db2 2.43 29.90 8.59 29.02
Lena
< 1
L GIEITEY 1 level 2 level
CR PSNR (dB) CR PSNR (dB)
Haar 3.99 33.48 10.32 30.08
Db2 3.92 33.52 10.16 30.33
Airplane
< 1
Nyl 1 level 2 level
CR PSNR (dB) CR PSNR (dB)
Haar 3.92 33.73 10.16 31.23
Db2 3.85 33.88 10.08 31.56
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M9199 3.29 AURAENaNIITaoINa 1aeld Simulink ©and3NuUN 2 2D-DWT SHPS

9 < [l zgzl.l
TaelFviaatl Haar 11ag Db2 Y0909 3 7N

z . 1 level 2 level
nlaauy
CR PSNR (dB) CR PSNR (dB)
Haar 3.45 32.36 9.70 30.07
Db2 3.40 32.43 9.61 30.30

11915199 3.28 afiu 1431A1 CR 1182 PSNR (dB) Y8401 Baboon LA

: . A A Y o 1 o
G?\‘IﬂTW Lena 4ag NN Airplane um'vflﬂmﬁmﬂuuazmﬂmwm‘w Baboon Gl‘Nﬂﬁ‘Lﬂ CR ilag

= =KX 9 o J A gl.: 2 A
PSNR (dB) Ul‘]JL‘IFﬁ‘(’J“lJWI‘(’J“lJFl]\‘m@\i%1ﬂ15?ﬂﬂ1maﬂinﬂ1/l\‘l 3 NN AT NN 3.29
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< [
TagldWiaau Haar t1ag Db2 Y9901 Lena

127



128

CR vs PSNR(dB) 2D-DWT SHPS (Airplane)
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© (3.850,33.88 dB db2) o 1lewl
© (3.920,33.73 dB haar) B 2lewl
335
33
o)
S
04
T 325
%2
o
32
(10.080,31.56 dB db2)
315
(10.160,31.23 dB haar) m
31
3 4 5 6 7 8 9 10 11
CR

511 3.63 wanmssiaoawa Taold Simulink $an03NuR 2 2D-DWT SHPS

< 1
Taglsviaaus Haar a2 Db2 Y0400 Airplane

CR vs PSNR(dB) 2D-DWT SHPS (Average)
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5111 3.64 Aunasmssiannalasld Simulink §ane3fiui 2 2D-DWT SHPS

I~ 1 w
TaglFvlidatal Haar 1ag Db2 49903 3 AN



129

(n) (%)

v o

51 3.65 wamsTiusadyaunuadia lasldoaneifiui 2 (2D-DWT SHPS) 719 Baboon

(M MNAURLY

@) Midaus Haar 11)ad 1 level 2D-DWT TdWadns CR=2.44 11a¢ PSNR=29.87dB
@) Midau Db2 11/ad 1 level 2D-DWT IANadWF CR=2.43 itaz PSNR=29.90dB
) 159163l Haar 11/a4 2 level 2D-DWT 1@Wadws CR=8.61 11az PSNR=28.91dB

@) 1Fiaauna Db2 11ag 2 level 2D-DWT lanadns CR=8.59 11az PSNR=29.02dB
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(n)

(m) )

(@)

v o

517 3.66 namsDudsadyanunInadnia laglddanesfiuh 2 2D-DWT SHPS) N Lena

U

(M MNAURLY

@) M¥idau Haar 11ad 1 level 2D-DWT 1@Wadns CR=3.99 118y PSNR=33.48dB
@) Midau Db2 11/ad 1 level 2D-DWT IdWad s CR=3.92 itaz PSNR=33.52dB
) 159183 Haar 11/84 2 level 2D-DWT 1dwadws CR=10.32 11ag PSNR=30.08dB

@) e Db2 11ag 2 level 2D-DWT lanadns CR=10.16 1oz PSNR=30.33dB
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()

v o

517 3.67 wamsDusadyanmunmadialasldoanoifiud 2 (2D-DWT SHPS) N0 Airplane

U

(M MNAURLY

@) Midau Haar 11ad 1 level 2D-DWT 1@Wadns CR=3.92 118y PSNR=33.73dB
@) Midau Db2 11/aq 1 level 2D-DWT IdWad s CR=3.85 itaz PSNR=33.88dB
) 15983l Haar 11/a4 2 level 2D-DWT 1dwadws CR=10.16 t1ag SNR=31.23dB

@) e Db2 111)ag 2 level 2D-DWT laWadns CR=10.08 1oz PSNR=31.56dB
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3.5.4 anzdinamisiaoswalaely Simulink dane3nun 2 2D-DWT SHPS Taald

NWIdAus Haar 1az Db2 Y93211 Baboon, Lena 1182 Airplane

NNAMINAFOUBANDINUN 2 2D-DWT SHPS IaelFuiaaii Haar iaz Db2

UYDININ Baboon, Lena Liag Airplane Tae 14 Simulink A1 CR 1azA1 PSNR (dB) AERERGER

o I o { o w o . . [
HaaNSN 1891nN1351009WaR8 Matlab Code N1FM1d 9510055 ANs 12 11 Simulink F390'14

Y

<] . a o . a I . :
T¥uaonmsn)dousiindaaas (Data type conversion) 91n%A Double 11l Uints aalums

$10991aA20 Matlab Code 92 1935 @3 19m1519M3TATEAUTRII (Quantization table) 39¥119%

HAGWEA1 CR 1Y PSNR (dB) Y04 Simulink 118 Matlab Code HANA19A UAITUR 3.68

= Y Y v o AR A 1
uangal¥in1 CR tag PSNR Indifieanuaanasnui 1 JPEG Tusie QF(%) Uszana 30 - 60%

PSNR(dB)

CR vs PSNR(dB) 2D-DWT SHPS (Average)
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0(4.356,34.69 dB haa

N

34.5
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©(4.219,33.61 dB db2

Bome@

1 level Matlab Simulink |

2 level Matlab Simulink
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2 level Matlab Code
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R.

3.5.5 wamsaaedszuvlagly Simulink 9ana3NuN 2 2D-DWT SHPS laaly
NWIdANN Haar a2 Db2 S1HSUMNAMIUEU243 (Cassava)
v 9 dy o o Yy . . o A A
lusveiiaziimstaseszuuaely Simulink 9ane3NuA 2 2D-DWT SHPS
I 1 o o [ o o [
Taslgvidan Haar taz Db2 Taeldnmaiudi1lendy 1 (Cassaval) tazmmiiudilzvias 2

(Cassava2) NUUVUIANIWININY 640 X 480 Tag ldnan1snaaauaIn1i19n 3.29

d‘ o Y . . [ Ak A 9 < 1
M195194N 3.30 Wﬁﬂ’liﬁ]’la'ﬂﬂwajﬂfﬂfﬁ Simulink 9and3NUN 2 2D-DWT SHPS Iﬂﬂi"h’ﬂ‘ﬁllﬁﬁllﬂ

Haar 11ag Db2 U93INTN Cassaval Llag Cassava2

Cassava 1
WAL 1 level 2 level
CR PSNR (dB) CR PSNR (dB)
Haar 3.45 29.93 11.45 29.35
Db2 3.39 30.88 11.24 29.95
Cassava 2
@ 1 level 2 level
CR PSNR (dB) CR PSNR (dB)
Haar 4.13 30.85 13.51 30.28
Db2 4.04 31.77 13.29 30.88




M9199 3.31 AuRaeNan1sTaoIna 1aeld Simulink ©and3NuN 2 2D-DWT SHPS Tagld

I~ 1
NWaaLY Haar 1ag Db2 Y0901 Cassaval 1ag Cassava2
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z . 1 level 2 level
nlaauy
CR PSNR (dB) CR PSNR (dB)
Haar 3.79 30.39 12.48 29.82
Db2 3.72 31.33 12.27 30.42
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o ()

()

(@)

o

511 3.69 wamsTiusadgygrunmatia laelioanesiui 2 (2D-DWT SHPS) 710 Casava |

'

(M MnAufy

) 1iBaus Haar 11)ad 1 level 2D-DWT 1#HadWs CR=3.45 a2 PSNR=29.93dB
(m) 1liBaus Db2 a1 level 2D-DWT 1dnadns CR=3.39 1iag PSNR=30.88dB
(@) 1B Haar 11)ad 2 level 2D-DWT 1AHadWs CR=11.45 az SNR=29.35dB

@) 1vliBenl Db2 11lad 2 level 2D-DWT 1@Wadns CR=11.24 a2 PSNR=29.95dB
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n | @)

(@) ()

()

1 3.70 samsTiusadygiunmaiia laelioanesiui 2 (2D-DWT SHPS) 710 Casava 2

(M MNAURLY

@) 1¥idau Haar 11ad 1 level 2D-DWT 1@Wadns CR=4.13 11ag PSNR=30.85dB
@) Midau Db2 11/ad 1 level 2D-DWT IAWNadWF CR=4.04 itaz PSNR=31.77dB
(©) 191980 13) Haar 11/a4 2 level 2D-DWT ldwadns CR=13.51 uag SNR=30.28dB

@) 1vliBenl Db2 11lad 2 level 2D-DWT 1@Wadns CR=13.29 tiaz PSNR=30.88dB
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3.5.6 anzdinamisiaowalaely Simulink dane3nun 2 2D-DWT SHPS Taald
nWdAuI Haar 1taz Db2 S MSUMNAUI U213 (Cassava)
o AR A 9 < '
NAHANINATOUDANDINUA 2 2D-DWT SHPS Taglsiniaaisl Haar 1ag Db2
Tag 1A 1nA0v09AIN Cassaval 118Y Cassava2 HAAWSA1 CR 1azA1 PSNR (dB) IA1gana1
ANNAY CR 1azA1 PSNR (dB) ¥9901W Baboon Lena ag Airplane #3317 3.71 nagdanalinm

CR taz PSNR(dB) lndiAganusanesiun 1 JPEG 11939 QF(%) 1523naiseang 30 — 60%

CR vs PSNR(dB) 2D-DWT SHPS Cassava (Average)
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511 3.71 aAundonstiasinalaels Simulink 9ano3NuM 2 2D-DWT SHPS
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?J'lﬁﬂlnﬁuullﬂmﬂﬂslslfﬂﬂﬁﬂlllljﬂiﬂﬂuIﬂiﬁl’d@ﬁ Raspberry Pi 3 Model B $3UAMaNHUSAIU

SoC : Broadcom BCM2837

CPU: 4x ARM Cortex-A53, 1.2GHz
GPU : Broadcom VideoCore IV
RAM : 1GB LPDDR2(900 MHz)

Networking : 10/100 Ethernet, 2.4GHz 802.11n wireless

Bluetooth : - Bluetooth 4.1 Classic, Bluetooth Low Energy

Storage :  microSD (M3naaav1¥uia 8 GB)
GPIO : 40-pin header, populated
Ports : HDMI, 3.5mm analogue audio-video jack, 4x USB 2.0, Ethernet, Camera

Serial Interface (CSI), Display Serial Interface (DSI)
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dnfundeaiildlunisarennasianended Raspberry Pi Camera Module v2 &3]
GLIEOI fail

Weight : 3g

Still resolution : 8 Megapixels

Video modes : 1080p30, 720p60 and 640 x 480p60/90

Sensor : Sony IMX219 CMOS

Sensor resolution : 3280 x 2464 pixels (mimﬁeuﬂl%’mwmum 640 x 480 pixels)
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ABSTRACT

In this paper, we present a method of data compression
in digital image signal data using Discrete Wavelet
Transform (DWT) for compressing digital image with
minimal image distortion and acceptable compression
efficiency. We use MATLAB simulation to evaluate the
various image compression techniques such as, Discrete
Wavelet Transform Skipped High Pass Sub-band (DWT-
SHPS), Discrete Wavelet Transform Average High Pass
Sub-band (DWT-AVG) and Discrete Wavelet Transform
Artificial Intelligent Optimum High Pass Sub-band
(DWT-AIO). The evaluation is performed under the
wavelet compression framework from the view point of
quality of image (PSNR) and compression ratio (CR).
Different combinations of parameters and transformation
levels have been compared against the JPEG compression
standard. This evaluation could help the designer to
predict the performance of a given DWT compression
algorithm for wireless sensor system.

1. INTRODUCTION

Wireless Sensor Network (WSN) has been gaining
popularity in the research community and development of
Internet of Things (IoT). WSN can capture multimedia
content from the environment. However, the large number
of data generated by the image sensor remains as a
challenging problem, because the power consumption and
finite processing of WSN is strongly affected by the
number of data to be processed and transmitted. For these
reasons, power consumption is a critical issue in WSN.

In recent years, people have done a lot of research
work on data compression algorithm and proposed many
compression algorithms for WSN. In [1], Chew proposed
(2008) survey of image compression algorithms for
wireless sensor networks. The result is 8 popular image
compression algorithms; it is found that SPIHT wavelet-
based image compression is most suitable image
compression algorithm for implementation in a hardware

constrained environment. In [2], Nasri (2010) proposed
technique for image compression called SHPS based on
Discrete Wavelet Transform and distributed processing
and compression technique. In [3], Hongliang (2010)
proposed a program based on compression and difference
transmission for image acquisition in wireless sensor
networks. In [4], Chaudhari (2014) proposed wavelet
transform based fast fractal image coding. FFT based
fractal image coding with variable quadtree partition is
applied to the approximation subband and three detail
subbands of the transformed image. In [5], Wu (2014)
proposed the fractal encode algorithms to overcome the
problem of the time-consuming drawback. First, a FIC
using DWT. Second, embedding the DWT technique into
the genetic algorithm (GA). The proposed GA method is
faster than the full search method.

This paper is organized as follows: Section 1, the JPEG
image coding and DWT are introduced. In Section 2, the
experiments are shown. The model and algorithm are
described in Section 3. The conclusions of our study can
be found in last section.

1.1 Preliminary
1.1.1  Joint Photographic Experts Group (JPEG)
The JPEG is global standard lossy image compression
algorithm. The JPEG consists following steps in Figure
1.The JPEG compression consists of the following main
steps. First step image should be divided into 8 X 8 pixels.
The next step of JPEG consists of Discrete Cosine
Transform (DCT). In order to keep some important DCT
coefficients, quantization is applied on the transformed
block. In this step, using the quantization matrix multiply
by quality factor to adjust the quality of the data
compression. After that, we used lossless compression
encoding. The zigzag scanning is used. The 8 X 8 blocks
are reordered as single 64-element columns. The DC
coefficient is treated separately from the 63 AC
coefficients. Finally, in the final phases coding algorithms
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such as Run Length Coding (RLC) used for AC
coefficients and Differential Pulse Code Modulation
(DPCM) used for DC coefficient and entropy coding are
applied by using Huffman coding. For JPEG
decompression we reverse the JPEG compression, we
basically obtain a JPEG decompression.

Original || Sub imsge
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Fig. 1 JPEG compression and JPEG decompression.

1.1.2 Discrete Wavelet Transform (DWT)

The Discrete Wavelet Transform (DWT) and Inverse
Discrete Wavelet Transform (IDWT) consist following
steps in Figure 2 (a). The DWT input data (I(x,y)) need to
divide into 4 sub-bands cA, cH, ¢V and cD with wavelet
decomposition filters are filled by many types of wavelet
families. We call cA is low pass sub-band (approximate)
cH, ¢V and ¢D are high pass sub-band (detail). The IDWT
all of coefficient cA, cH, ¢V and cD send into wavelet
reconstruction filters are filled by many types of wavelet
families for reconstruct data.
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Fig. 2 a) DWT and IDWT and b) Multilevel DWT
decomposition.

For the next level of DWT decomposition, we apply
the wavelet transform to the approximation subband (cA)
of the previous decomposition level as shown in Figure
2 (b).

1.2 The Proposed Method
1.2.1 DWT Compression Algorithm

Based on DWT. Image will divided 4 sub-bands cA, cH,
¢V and cD. The cA is approximation coefficients refer to
low pass sub-band and cH, ¢V and cD are details
coefficients refer to high pass sub-band in horizontal,

vertical, and diagonal, respectively. For first technic
DWT-SHPS compression algorithm, we will discard high
pass sub-band (cH, ¢V and cD) because most detail of
image data are in low pass sub-band (cA). In backward
wavelet synthesis, we use approximation coefficients
(cA) and details coefficients (cH, ¢V and cD) with integer

0 in the similar dimension of cA for used in IDWT process.

Second technic DWT-AVG compression algorithm, we
will find thresholds form each high pass sub-band and set
coefficients to zero if coefficients less than the threshold.
And the last one technic: DWT-AIO compression
algorithm, we use artificial intelligence (Genetic
Algorithm) to find thresholds form each high pass sub-
band for set coefficients to zero if coefficients less than
the thresholds. However, all techniques need to continue
with quantization and encoding. In this paper, Run-Length
Coding (RLC) is applied to reduce the length of the DWT
coefficient sequences. DWT compression and DWT
decompression are shown in Figure 3.
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Fig. 3 DWT compression and DWT decompression

2. EXPERIMENT

To demonstrate the effectiveness of our proposed
method, a series of experiments have been conducted.
Four gray level images with standard dimension 512 x
512 pixels named: “Lena”, “Tiffany”, “Baboon” and
“Airplane  (F16)” are used for conducting our
experiments. The compression ratio (CR) and quality
factor (PSNR) are used as performance measures to
quantify the difference between the original image and the
processed image. The CR and PSNR can be represented
as follows:

Total number of bits in original file

CR= Totle number of bitsin compressed file ( 1 )
281
PSNR (dB) = 201log;g VISt 2)

Where B represents the bits per sample and MSE
represents the mean square error can be represented as
follows:

1
m xn

MSE =

TR TS TG ) — TG )2 )]

‘Where m is number of rows, n is number of columns,

I is original image dataand T is reconstruct image data.
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The JPEG experimental average results are given in
Table 1 and DWT by applied any technique by using only
“HAAR mother wavelet”. The average results are given
in Table 2.

Table 1 JPEG average results

Quality factor (QF) CR PSNR (dB)

1 74.08 30.15
10 3591 33.49
20 23.36 35.07
30 18.02 36.05
40 15.01 36.75
50 12.80 37.28
60 11.03 37.92
70 9.25 38.80
80 7.46 40.13
90 4.65 42.90

Table 2 DWT average results

1 level DWT
Techniques CR PSNR (dB)
DWT-SHPS 4.65 34.75
DWT-AVG 2.92 35.70
DWT-AIO 3.99 35.37

2 level DWT
Techniques CR PSNR (dB)
DWT-SHPS 12.56 33.44
DWT-AVG 3.50 34.85
DWT-AIO 9.53 33.61

3. ANALYSIS

The performance of our proposed algorithm has been
evaluated considering CR and PSNR. Table 2 shows
DWT-SHPS is the most suitable for DWT because CR has
the highest of all DWT technics and acceptable PSNR
around 30 (dB). Moreover DWT-SHPS is low complexity
technic then DWT-AVG and DWT AIO. Table 1 shows
performance of JPEG algorithm. The default QF of JPEG
is 75-80. The JPEG is high CR and high PSNR.

When making comparisons between JPEG algorithm
and DWT-SHPS are given in Figure 4 will be JPEG better
performance in both the CR and PSNR, but to see that the
DWT-SHPS is close to the performance of JPEG between
QF=10 to QF=60 by PSNR of DWT-SHPS less then JPEG
2-3 (dB).

: L : : : :

Fig. 4 JPEG VS DWT-SHPS.

(2)

Fig. 5 a) JPEG QF=20, b) JPEG QF=50, c¢) 1-Level
DWT-SHPS Baboon, d) 2-Leve DWT-SHPS Baboon
e) 1-Leve DWT-SHPS Lena f) 2-Leve DWT-SHPS Lena
g) 1-Leve DWT-SHPS Airplane (F16) and h) 2-Leve
DWT-SHPS Airplane (F16).

CONCLUSION

In this paper, a comparative image compression
technique that aims at achieving low-complexity and
energy efficient compression is proposed. We analyze the
performance of the techniques in terms of signal to noise
ratio, root mean square error, and compression ratio. The
experimental results indicate that the Discrete Wavelet
Transform Skipped High Pass Sub-bands (DWT-SHPS)
technique is close to the performance of JPEG standard.
It efficient and has low complexity with less memory
requirements in implementation. Further research can be
focused on the development of the DWT-SHPS image
compression technique using the embedded system.
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