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This thesis presents the EM image compression using the discrete wavelet transform.
When the discrete wavelet transform is applied to an EM image, plain surfaces of the object will
be in the low-frequency subband and edges will be in the high-frequency subbands. Thus,
compression algorithm for the EM image must take every subband of wavelet coefficients into
account. A powerful image compression algorithm we consider is the Set Partitioning in
Hierarchical Tree (SPIHT). This coding algorithm exploits the self-similarity of the wavelet
coefficients across different scales and searches for the high magnitude coefficients in every
subband. This thesis also proposes an improvement of the SPIHT algorithm to increase
compression capability by adding the List of Forbidden Coefficients (LFC) and extending the
encoding and decoding conditions. Furthermore, we search for the best wavelet basis for the EM
image and evaluate the performance of the improved algorithm to find the suitable bit rate. The
evaluation is based on the survey of scientists in Thailand.

Numerical results show that the bi9-7 wavelet gives the best quality of the decompressed EM
images at the same bit rate using the improved algorithm. From the survey, we find that images
which have many details can be effectively compressed at bit rate of 1 bpp while the images with
less details can be compressed at bit rate of 0.25 bpp. In addition, we implement the arithmetic
coding with the bit stream obtained from the improved algorithm. This makes the compression

algorithm more efficient.
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RimsUSuA1 L, H uag code Tnislane

L=7500, H=9999 tlag code = 7159
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AfeD 717533750 Nveyavesdydnyainlsaeasailudins i 5.3 uasiduaoumsuand
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N500ATHARVANMAIUAIAITIN 5.4

@

A Y} o saq ¥ o
AT NN 5.3 GUlel"asUfN i}l}ﬁﬂ‘]&lﬂ!ﬂi“ﬁﬂ@ﬂﬁﬁﬁ

Toydnual [P,(S), P,(S)) AMuA Az
Al [0.5,1) [5,10)
A2 [0.4,0.5) [4,5)

A3 [0.2,0.4) 2,4)
A4 [0.1,0.2) [1,2)
AS [0.0,0.1) [0,1)

4
%

o o 4 1w
NUIUANANHUMNIHUANINY 10 (Maxfreq = 10)
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code Index BIVOVIUA wiwa  n19tiuAn
7175 [(7175-0+1)*10-1] / L = 0+(9999-0+1)*0.5 = 5000 Al -
(9999-0+1)=7.18 ->7  H=[0+(9999-0+1)*1]-1 = 9999
7175 [(7175-5000+1)*10-11/ L= 5000+(9999-5000+1)*0.4 = 7000 A2 code = 1753
(9999-5000+1) =4.35 >4 H=[5000+(9999-5000+1)*0.5]-1 = 7499 L =0000
H = 4999
1753 [(1753-0+1)*10-1] / L = 0+(4999-0+1)*0.2 = 1000 A3 code = 7533
(4999-0+1)=3.51->3  H=[0+(4999-0+1)*0.4]-1 = 1999 L =0000
H =9999
7533 [(7533-0+1)*10-1] / L = 0+(9999-0+1)*0.5 = 5000 Al -
(9999-0+1)=7.53->7  H=[0+(9999-0+1)*1]-1 = 9999
7533 [(7533-5000+1)*10-1]/ L =5000+(9999-5000+1)*0.5 = 7500 Al -
(9999-5000+1) =5.07 ->5  H=[5000+(9999-5000+1)*1]-1 = 9999
7533 [(7533-7500+1)*10-11/ L =7500+(9999-7500+1)*0 = 7500 A5 code = 5337
(9999-7500+1) = 0.14 >0 H=[7500+(9999-7500+1)*0.1]-1 = 7749 L = 5000
H = 7499
5337 [(5337-5000+1D)*10-11/ L =5000+(7499-5000+1)*0.1 = 5250 A4 code = 3375
(7499-5000+1) = 1.35->1  H=[5000+(7499-5000+1)*0.2]-1 = 5499 L =2500
H = 4999
3375 [(3375-2500+1)*10-1]/ L =2500+(4999-2500+1)*0.2 = 3000 A3 code = 3750
(4999-2500+1) =3.50 >3 H=[2500+(4999-2500+1)*0.4]-1 = 3499 L =0000
H = 4999
3750 [(3750-0+1)*10-1] / L = 0+(4999-0+1)*0.5 = 2500 Al -
(4999-0+1)=7.50 ->7  H=[0+(4999-0+1)*1]-1 = 4999
3750 [(3750-2500+1)*10-1]/ L =2500+(4999-2500+1)*0.5 = 3750 Al -
(4999-2500+1) =5.00 =>5  H=[2500+(4999-2500+1)*1]-1 = 4999
55 agl

v
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o a A 4 <3 1 1 qa:
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19 A .. 1= Y 9 o 1 = o o w o A
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G
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v AaaAa

9 v a R Y A d' 1 1 I ¥ =\

AwoaNe3 NN SPIHT tagdaneiny SPIHT friumsdiuilge T lanamsiivoananiga uas
Ainsnadoudaneiny SPIHT wazdaneinu SPIHT fArumsidsvilys waghimsnm
9 v a d' = v Y a 9
P31 lumsmszaudandanminganveimsiiudavoyamn EM 911nmslssiliunandy

HUYTDUDY

6.2 Mm3tiinsznanidan

'
a = 3 A

3 < < A [ [l o Y]
Tuduasumsuasndams 1dnidaminaady  gouvirld ladudszansnliaan

] A @ = I ¥ A o 9 Ao A o 9 = [ 1 @
Timiiouru Feihld ldnamsudadoyann EM fsanmsivdadeyameriuuanaiaiy
Y 1 v 1
ponll auiuield lananmsiivdadoyanm EM fhafiqa ddedanesfiu SPIHT wag
@ a R A @ =2 9 o < A
ganesfiy SPIHT AWwmsdSuilge Fedevimsnadeumaszganidanidmingeau
fHMTUAIN EM

aszpanidaiilFlunsnagey Ao Biorthogonald-7 (bi9-7), Daubechiesd (db4),

4
|l v A

Symlets8 (sym8) 18z Coifletss (coifs) Tagusazasznanvhaauiiimdail

aszna bio-7 Awames h(m), h(n), gn) 1Az gn) danuduRusAuil (Jabran,
2001)
(n+1)

g o(n) = (_1)
g,(n) = (-1)"h,(n) 6.2)

h,(n) (6.1)
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Wames h,(n) AT2AA bio-7 (Marc et al., 1992) Ao

[0.03782879857992, -0.02384929751586, -0.11062402748951, 0.37740268810913,
0.85269865321930, 0.37740268810913, -0.11062402748951, -0.02384929751586,
0.03782879857992]

Wamos h,(n) AT2NA bi9-7 (Marc et al., 1992) fio
[0.06453905013246, -0.04068975261660, -0.41809244072573, 0.7884848722061,
-0.41809244072573, -0.04068975261660, 0.06453905013246]

. v ay 4 = v o Jdo
AasefNa dbd4, sym8 LAY coifs alawmos h,(n), h,(n), g,(n) Hag g ,(n) UANUTUNUTNY

4
v A

AU (Jabran, 2001)

g,(n) =h,(-n) (6.3)
g,(n) = (-1)"hy(n) (6.4)
h,(n) = -1 "h,(-n) (6.5)

Wames hy(n) A2na db4 (Michel et al., 1996) Ao
[-0.01059740178500, 0.03288301166698, 0.03084138183599, -0.18703481171888,

-0.02798376941698, 0.63088076792959, 0.71484657055254, 0.23037781330886]

Watmes h(n) A72nA sym8 (Michel et al., 1996) Ao

[-0.00338241595101, -0.00054213233179, 0.03169508781149, 0.00760748732492,
-0.14329423835081, -0.06127335906766, 0.48135965125837, 0.77718575170052,
0.36444189483533, -0.05194583810771, -0.02721902991706, 0.04913717967361,
0.00380875201389, -0.01495225833705, -0.00030292051472, 0.00188995033276]

Wama{ho(n) A3¥NAa coif5 (Michel et al., 1996) Ao

[ -0.00000009517657, -0.00000016744289, 0.00000206376185, 0.00000373465518,
-0.00002131502681, -0.00004134043227, 0.00014054114970, 0.00030225958181,
-0.00063813134305, -0.00166286370201, 0.00243337321266, 0.00676418544805,
-0.00916423116248, -0.01976177894257, 0.03268357426711, 0.04128920875018,
-0.10557420870334, -0.06203596396290, 0.43799162617184, 0.77428960365296,
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0.42156620669085, -0.05204316317624, -0.09192001055970, 0.02816802897094,
0.02340815678584, -0.01013111751985, -0.00415935878139, 0.00217823635811,
0.00035858968790, -0.00021208083980]

Y Aq ¥ A .. RPN
MuauuuuN lgnaaeune AN pollen of zucchini (A¥®OUNATVUDY zucchini) Wunn
A1961991NNA9 EM U JEM 2010 4930589 JEOL LTD aduaaslunini 6.1 gaiidoyanin
VWA 512x512 Wpsa azuaazinsadl 8 Ua tagninsnageunonsia 0.5, 1, 1.5 wag 2

bpp LaziiMIIalsea@nTana1e33 PSNR

MWA 6.1 MWAULLY (pollen of zucchini)

A ) .. < A &
ﬂ’lﬁla’f]ﬂGlG]fﬂWW pollen of zucchini Lﬂuﬂ’lWﬂﬂﬁ@UﬁWﬂi%Qawwmﬂ He9NN N1

o 1 ~ Aa o & A LV~ A 9 dyd Ao =
HMNAIDYNNUIINUIEN Glﬁﬂﬂhlﬂ'JTL?JUﬂWWﬂﬂWEIVlﬂﬂmﬂWW tagMNHIY UM NNNS1azDen

o q ¥ < A A Y 5 '
ﬂWWt:.N ‘ﬂﬂﬁlﬁﬁﬂgl‘ﬂuﬂEINEN‘Vlﬁ]361“]511«!ﬂ'l'iﬂﬂﬁf)ﬂﬁ']ﬂi$ﬂal'3“l’\llﬁmlll
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6.2.1 Nﬁﬂ1§ﬂﬂﬁf’)ﬂ‘ﬂ1ﬂ§$ganw!ﬁﬂ!!3j
o 1ag ¥ A o Y Yot A '
Nami‘ﬂﬂﬁauﬁWlizgat’amaﬁumﬂﬁNamiuuaﬂmw‘,amw EM hlﬂﬂ‘]/]q@] NUIN
qu’ o Aa R @ Aa R A o Aq ¥ . I < 1
MIDANBDINY SPIHT utaraan®ind SPIHT T]N11!ﬂ1§ﬂ§TJTJ§\1 ‘VIGI,GH bi9-7 Lﬂul?ﬂtﬁ@tlﬂiuﬂTi

a3 @ ! | @ !
uasnlida Tiwamsivdadeyanin EMIAaTga Hudsmsieh 6.1

A = v Y A < [N
ATWN 6.1 LAAINANITUVDAVBYANIN EM wmzqanmammmm

PSNR
asznanylidau 993110 (dB)

(bpp) SPIHT SPIHT*
0.5 25.9437 26.4209
bi9-7 1 30.7854 31.4849
1.5 35.0367 35.2730
2 38.4622 38.7493
0.5 25.6627 25.7600
db4 1 30.0797 30.4873
1.5 30.1865 34.7129
2 37.3909 38.3268
0.5 25.7788 25.8553
sym§ 1 30.1865 30.5499
1.5 33.9292 34.6861
2 37.3499 38.2538
0.5 25.5975 25.7016
coif5 1 29.9516 30.2969
1.5 33.6847 34.4694
2 37.0617 38.0273

SPIHT* f® SPIHT firumsil5uilie
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6.3 M3UUBATIYANWAILIAND3I NN SPIHT yazdanasnu SPIHT Nrumsiiuilge

[

Rmsnaaeudanesiy SPIHT uazdanesfiy SPIHT Nrumsilivilys fidesiia

U
Redatufe 0.125, 0.25, 0.5 uaz 1 bpp Iaeldtoyavesnmduunuimau 5 mw fo
AW pollen of zucchini, MW skin (HuandI9E199INAADS EM 31 JEM 2010 Uoau31i% JEOL
LTD) c?aﬁ%’ayjamwmmﬂ 832x1024 Wiy LazuaazNnyadl 8 U LaznIW sand, NN ant
wagaw LED (Slunwdidwainndes EM fu ISM-5800 LV 404u31n JEOL LTD) Fiidoya

MNUUIA 960x1280 intya uazudaziingall 8 O Fenmninaaeueniunn pollen of

zucchini 1duaad13lunng 6.2 (a-d)

7NN 6.2.b (ant)
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7N 6.2.d (LED)

A Y Aq ¥ A o Yy
NINN 6.2 ﬂTW@]'HLL‘UUﬂcl‘]fﬂﬂﬁ'f)ﬂﬂ'ﬁﬂﬂf)ﬂellﬂll"ﬁ

6.3.1 HaMsNAAPUMIUUBATYOYANNAILdaND3 NN SPIHT tazdand3fiu SPIHT i

WMoy

[ 9

pansnadeunslseuiisvdszd@nsainwnsivdadoyanin EM aae

[ asR (% asR A o 1 o Aa R A
8ano3iy SPIHT wazdano3ny SPIHT Nr1wmMs15ui5e wudanesiin SPIHT Ay
[ @ 1 [~ [ § {1 @
Ysvlgaldmanmstivdadoyanm EM laandn udsasni 62 uazlinmiidiumsivda

9 ] o A= A o 3 o
UVoYaAIeeaNI NN SPIHT MR M35 3e iudamanuin n



A15199 6.2 naaswamsDudadoyanIn EM Aaedanosiin SPIHT

[ a KR d‘ 1 4
Hazdano3INy SPIHT Nruns1liuilg

PSNR
o Yuaved Ianmw
Mn o dasida ey (dB)
mmumiummayja
(bpp) SPIHT SPI7THT*
0.125  1/64 vod lWdnm@uuuy 21.0101 21.2506
pollenof 025  1/32 vad I@mmduuy 22.9363 23.1409
zucchini 0.5 1/16 vod Irldn mdunuy 25.9437 26.4209
1 1/8 vod Irldnmdunuy 30.7854 31.4849
0.125  1/64 vad lWdnmduuny 20.0459 20.2261
skin 025 132 ved lWdnmduuny 21.4673 21.6107
0.5 1/16 voa lanmduuuy 23.6564 23.8868
1 1/8 o lanmdumuy 25.9389 26.1148
0.125  1/64 vod lWdnmduuuy 21.8326 22.1093
sand 025 132 ved lWdnmduuny 23.3655 23.5302
0.5 1/16 vod Irldamdunuy 25.1323 25.3597
1 1/8 vod Irldn mdunuy 27.7760 28.0055
0.125  1/64 vod lWdnmduuny 34.1146 31.3520
ant 025 132 vad lWdnmduuuy 34.5026 34.7356
0.5 1/16 voa lanmduuuy 35.4126 35.4504
1 1/8 vod Ivlan mdunuy 37.1842 37.2121
0.125  1/64 vad lWdnmduuny 26.3506 26.4125
LED 025 132 vad lWdnmduuny 27.5024 27.6934
0.5 1/16 vod Irldamdunuy 28.8230 29.0162
1 1/8 vod Irldnmdunuy 30.7168 30.9553

SPIHT* fi® SPTHT Nirumsil5uili
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6.4 M3UUdATRYaNMWAILdana3I NN SPIHT fHeumsdsulyaumazmsidisrimavadia

IS

9y Ay v A o 9 Y [ aR A [
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M1y 0 HIo 1 C]Nﬁ"lll”liﬂu”I?J”ITJ'].I’E)@SUﬂﬂalJaLLﬁJUllﬂJﬂJﬂ1iq‘iylﬁﬂUlﬂﬂﬂ L‘W'E)‘Vﬁ]gllﬂl‘wu
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Y

9 o a dy Y =\ v 9 Y v F) o o .
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M. Neal and J. G. Cleary, 1987)

v A o o
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Usu1l5e AremaindhsWaavasiavesn mAunuusuau 5 AmdAe A1 pollen of zucchini,
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AN skin, NN sand, MW ant AzAIM LED Iasuaaznimazsiimsnadoumsiusadoya

§0311 0.125, 0.25, 0.5 uaz 1 bpp NvuasuMINATeUTILAININD 6.3

NN7dN9a SPIHT AuuaamRIdn
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y . e
NEuNUsul 99 Wiy X bpp

foyantunisdngia
de o
NaRTIUR X bpp

NN THALAUATIRA

'
3

ayanNuNsdsiaLaALe

o

nais y bpp

1 4
2T 6.3 LLNuﬂTWLLﬁﬂﬂﬁuﬁﬂuﬂﬁﬂﬂﬁ@Uﬂﬁl%ﬁﬁﬁm‘ﬂﬂm@

6.4.1 HaMINAaUMIVUIATRYaNMWAIEdana3I NN SPIHT Neumslsuijaas
M3sHaaAa
~ o 9 9 [ aSR 1 [
HanInadeuMsUsAteyanM EM @igdanesny SPIHT wWiumslsuilye
uazmsnsiaavadle wunmsdisiaeuadiadnsosisasvuiadeyan lanndane iy
{1 o & o a a @ A g |
SPIHT firumsiSuilgeld deazilddlsz@nsammsTvdadoyann EM tivunnau i

9915199 6.3



A A o Y Y o as A o
AT NN 6.3 l&ﬁﬂ\jwaﬂ']'iﬂﬂﬂﬂellﬂy‘aﬂ']w EM algoaneind SPIHT V]F‘”Uf]'lﬁﬂillﬂﬁq\?

Llagﬂﬁlsﬁj'}ﬁﬁﬁmﬂlﬂiﬁ@

RN
M (bpp) % MTAAUD

SPIHT* SPIHT*+ YAdoya

SPIHT*

0.125 0.1215 2.7832 %

pollen of zucchini 0.25 0.2408 3.6743 %
0.5 0.4816 3.8696 %

1 0.9682 3.1707 %

0.125 0.1216 2.7118 %

skin 0.25 0.2401 3.9250%
0.5 0.4793 4.1278 %

1 0.9647 3.5231%

0.125 0.1201 3.8593 %

sand 0.25 0.2402 3.8906 %
0.5 0.4804 3.9075 %

1 0.9521 4.7819 %
0.125 0.1083 13.3229 %

ant 0.25 0.2458 1.6458 %
0.5 0.4527 9.4414 %

1 0.9686 3.1380 %

0.125 0.1232 1.4114 %

LED 0.25 0.2428 2.8984 %
0.5 0.4782 5.6341 %

1 0.9701 2.9882 %

SPIHT* fi® SPTHT Nirumsil5uili

SPIHT*+ fio SPIHT MM umsdiuilgaazmsthswaavasia
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/* */
//DWT and IDWT (1D and 2D) -> bi9-7

void conv(float* out,float* hn,float* xn,int size h,int
size_x);

void conv_p(float* hn,float* xn,int size x,int size_h);
//DWT

void refind_data_bi9(float* out,float* in,int size x);

void refind_data_bi7(float* out,float* in,int size x);

void bi_dwt(float* inx,int size x);

void down_sampling(float* in,int st,int nxt,int type);

void bi_dwt2(float** fdwt,int s x,ints_y);

//IDWT

void bi_idwt(float* inx,int size x);

void up_sampling(float* out,float* in,int size x,int type);
void bi_idwt2(float** fdwt,int s_x,ints_y);

//Encode SPIHT

void coor_offspring(int** O_list,int i,int j,int s_x,int s_y,int
level);

void coor_descendants(int*,int i,int j,float threshold, float**
fdwt,int s_x,int s_y,int level);

//LFC SPIHT

void LFC_list(int* q_LFC,float** image in,ints_x,int
s_y,int level);

void cut_image(float** output,float** input,int x_start,int
x_end,inty start,inty end);

void dis_max_abs(float* max_out,float** input,int ss_x,int
$s_Y);

int type_label(int x,int y,int s_x,int s_y,int level);

int floor LFC n(float max_out_n,int max_n);

int log2_floor(float data);

void sn_out(float* output,int* LIP_x,int* LIP_y,int
t,float** fdwt,float num_n);

void cut_LIP(long* count LIP_new,int* LIP_x,int*

LIP_y,long count LIP);
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void cut_LIS(long* count LIS new,int* LIS_x,int*

LIS y,int* LIS_type,long count LIS);

void refinement_pass(long* count_new,char* imout,int*
LSP_abs,long count_LSP,float num_n,long bit_end,long
count);

int find_max_coff(float** fdwt,int s x,ints_y,int level);
//SPIHT

void SPIHT_Encode(char* LFC_list_type,long*
countp,char®* imout,int end_bit,float** fdwt,int s_x,int
s_y,int level);

void SPIHT Decode(char* LFC _list_type,float**
output_image,char* imout,int bit_end,int s_x,int s_y,int
level,int n);

void i_coor_descendants(int** O_list,int* type_ij,int i,int
j,int's_x,int s_y,int level);

void i_refinement_pass(long* count_new,char* imout,int*
LSP_abs,long count_LSP,float num_n,long bit_end,long
count);

void re_image(int** output_image,int* LSP_x,int*
LSP_y,int* LSP_abs,int* LSP_sign,long count_LSP);
void coor_descendants_s(int* type_ij,int i,int j,float
threshold, float** fdwt,int s_x,int s_y,int level);

void coor_offspring_s(int* countO,int** O_list,int i,int j,int
s_x,int s_y,int level);

void i_coor_descendants_s(int *count_set,int** O_list,int*
type_ij,int i,int j,int s_x,int s_y,int level);

void round_image pass(float** input,int s x,ints_y,float
bitrate);

void round_image abs(float** input,int s_x,int s_y);

void re_image pass(float** output_image,int* LSP_x,int*

LSP_y,int * LSP_abs,long count_LSP);

Tsuns3 coff.h
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/* */
/*decomposition lowpass™*/

#define bdl0 0.03782879857992



#define bdll -0.02384929751586
#define bdl2 -0.11062402748951
#define bdl3 0.37740268810913
#define bdl4 0.85269865321930
#define bdl5 0.37740268810913
#define bdl6 -0.11062402748951
#define bdl7 -0.02384929751586
#define bdl8 0.03782879857992
/*decomposition highpass*/
#define bdh0 0.06453905013246
#define bdh1 -0.04068975261660
#define bdh2 -0.41809244072573
#define bdh3 0.78848487220618
#define bdh4 -0.41809244072573
#define bdh5 -0.04068975261660
#define bdh6 0.06453905013246
/*reconsturction lowpass*/
#define brl0 -0.06453905013246
#define brll -0.04068975261660
#define brl2 0.41809244072573
#define brl3 0.78848487220618
#define brl4 0.41809244072573
#define brl5 -0.04068975261660
#define brl6 -0.06453905013246
/*reconsturction highpass*/
#define brh0 0.03782879857992
#define brh1 0.02384929751586
#define brh2 -0.11062402748951
#define brh3 -0.37740268810913
#define brh4 0.85269865321930
#define brh5 -0.37740268810913
#define brh6 -0.11062402748951
#define brh7 0.02384929751586
#define brh8 0.03782879857992

T5unsH constant.h
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/* */
TN 2-D i
//input and DWT,IDWT

#define r xx 960 //(row-Image-960)

#define r_yy 1280 //(column-Image-1280)
T
#define level_s 5 //Level of Wavelet Tranfrom
//Check No root of o(i,j)

#define max_nr -1

#define step_quan 12 //Set step_Quantization

Tusunsu main.cpp

/* */

d v aw o
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/* */
#include"SPIHT.h"
#include"coff.h"

main(){
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s

//* Transfer Data from VC++ to MATLAB

// Setr_x,r_y (size Data input)

T T

FILE *p_read; long int numread;

long int count_r = 0; int i,r_i,r_j;

//generate size pointer <Dynamic >

unsigned char *point_read = new unsigned char

[r xx*r_yyl; //for DATA IMAGE

float **fdwt = new float*[r xx];

float **imin = new float*[r_xx];

for( i=0; i<r_xx; i++)

{fdwt[i] = new float[r_yy]; imin[i] = new float[r yyl;}
p_read = fopen("histioc1.dat","rb");

numread = fread(point_read, sizeof(char), r_xx*r yy,
p_read);

for(r i=0;r i<r yy;r it+)

{for(r j=0;r j<r xx;r j++)

{fdwt[r_jl[r_i] = (float) point_read[count r];
count_r=count r+ 1;}}

count r=0;



for(r i=0;r i<r yy;r it+)

{ffor(r j=0;r j<r xx;r j+t)

{min[r_j][r_i] = (float)point_read[count r];
count_r=count r+ 1;}}

fclose(p_read);

delete[] point_read;

/I// DWT

bi_dwt2(fdwt,r xx,r_yy);

bi_dwt2(fdwt,r_xx/2,r yy/2);
bi_dwt2(fdwt,r_xx/4,r_yy/4);

bi_dwt2(fdwt,r_xx/8,r yy/8);
bi_dwt2(fdwt,r_xx/16,r_yy/16);
T i
* SPIHT -> Encode

T T
//DATA HEADER

ints_x =r_xx; //~>Dimension X
ints_y=r_yy;//~>Dimension Y

int level = level_s; //-> level wavelet tranfrom

//Initial DATA SPIHT = end_bit (bit)

int bit_end,n; float bitrate;

printf("bit rate = "),

scanf("%f", &bitrate);

bit_end = (int)(s_x*s_y*bitrate);

char* imout = new char[bit_end];

n=find max_coff(fdwt,s_x,s_y,level);

long* countp = new long[1];

//LFC List

int countLFC;

count LFC = (level*4*3) + 4;

char* LFC_list_type = new char[count LFC];
//Encode SPIHT + LFC

round_image pass(fdwt,r xx,r_yy,bitrate);

SPIHT Encode(LFC_list_type,countp,imout,bit_end,fdwt,s
_x,8_y,level);
T
/I save data

FILE *pimout_write;

// Open file in SUT mode:

pimout_write = fopen("output.sut","wb");

//generate size pointer <Dynamic >
fwrite(imout,sizeof(char),bit_end,pimout_write);
fclose( pimout_write );

FILE *pheader; pheader = fopen("header.sim","wb");
int header[1];

header[0] = countp[0]; //size of data wavelet SPIHT
fwrite(header,sizeof(int), 1 ,pheader);

header[0] =s_x; //hight image
fwrite(header,sizeof(int), 1, pheader);

header[0] =s_y; //wide image
fwrite(header,sizeof(int), 1, pheader);

header[0] = level ; //level decomposition
fwrite(header,sizeof(int), 1, pheader);

header[0] =n;  //number step Quantization
fwrite(header,sizeof(int), 1, pheader);
fwrite(LFC_list_type,1,count LFC,pheader);
fclose(pheader);

return(0);}

T15un33 bi_dwt.cpp
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* */

#include"SPIHT.h"

#include"coff.h"
T
//Bi-orthrogonal 9-7
T
void bi_idwt2(float** fdwt,int s_x,int s y){
% Reconstruction 2-D Wavelet Tranform
% yA is input lowpass

% yD is input highpass

% CL is filter cofficient (lowpass)

% CH is filter cofficient (highpass)

% y is Image reconstruction output®/
long int b,g; float *11 = new float[s x];
float *hh = new float[s_y];

//% columns image

for (b=0; b<s_y ; b++)
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{ for(g=0; g<s_x ; g++){li[g] = fdwt[g][b];}
bi_idwt(ll,s_x);

for(g=0; g<s_x ; g++){fdwt[g](b] = li[g];}}
//% rows image

for (b=0 ; b<s_x ; b++)

{for(g=0 ; g<s_y ; g++){hh[g] = fdwt[b][g]:}
bi_idwt(hh,s_y);

for(g=0 ; g<s_y ;g++){fdwt[bl[g] = hh[g];}}
delete[] hh; delete[] 11;}
s

void bi_dwt2(float** fdwt,int s x,ints_y){
% Decomposition 2-D Wavelet Transform
% x is Image input

% 1d is filter cofficient (lowpass)

% hd is filter cofficient (highpass)

% cll is coff Approximation cll

% chl is coff Horizontail Detail chl

% clh is coff Vertical Detail clh

% chh is coff Diagonal Detail chh*/

int b,g,pp;

//%Decomposition

if (s_x>=s_y)ipp =s_x;} else{pp =s_y;}
float *hh = new float[pp];

//% rows image

for (b=0 ; b<s_x ; b++)

{for(g=0 ; g<s_y ; g++){hh[g] = fdwt[b][g];}
bi_dwt(hh,s_y);

for(g=0 ; g<s_y ;g++){fdwi[b][g] = hh[g];}}
//% columns image

for (b=0; b<s_y ; b++)

{for(g=0; g<s_x ; g++){hh[g] = fdwt[g][b];}
bi_dwt(hh,s_x);

for(g = 0; g<s_x ; g++){fdwt[g][b] = hh[g];}}
delete[] hh;}
M

void bi_dwt(float* inx,int size x){

/*decomposition lowpass*/

float bdl[9] = {(float)bdl0,(float)bdl1,(float)bdl2,(float)
bdl3,(float)bdl4,(float)bdl5,(float)bdl6,(float)bdl7,(float)

bdl8};

/*decomposition highpass*/
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float bdh[7] = {(float)bdh0,(float)bdh1,(float)bdh2,(float)

bdh3,(float)bdh4,(float)bdh5,(float)bdh6} ;
int gl=4; int gh=3;

float *out 1= new float[size x+8];
float *out_h = new float[size x+6];
float *o_1 = new float[size x+8];
float *o_h = new float[size x+6];
refind_data_bi9(out_l,inx,size_x);
refind_data_bi7(out_h,inx,size x);
conv(o_l,bdl,out 1,9,size x+8);

int st=8; int nxt=size x+8;
down_sampling(o_l,st,nxt,1);
conv(o_h,bdh,out h,7size x+6);
st=6; nxt=size x+6;
down_sampling(o_h,st,nxt,0);
for(int z=0; z<(size_x/2) ; z++)

{inx[z] = o_I[z]; inx[z+(size_x/2)] = o_h[z];}

delete[] out_1; delete[] out_h; delete[] o_1; delete[] o_h;}

M
void bi_idwt(float* inx,int size x)
{float *out_| = new float[size x+6];
float *out_h = new float[size x+8];

/*decomposition lowpass™*/

float brh[9] = {(float)brh0,(float)brh1,(float)brh2,(float)

brh3,(float)brh4,(float)brh5,(float)brh6,(float)brh7,(float)

brh8};

/*decomposition highpass*/

float brl[7] = {(float)brl0,(float)brl1,(float)brl2,(float)brl3,

(float)brl4,(float)brl5,(float)brl6 } ;

int gh=4; int gl=3;

float *1 = new float[(size_x/2)];

float *h = new float[(size_x/2)];

for(int t=0 ; t<(size_x/2) ; t++){[t] = inx[t];
h[t] = inx[t+(size_x/2)];}
up_sampling(inx,l,size x,1);
refind_data_bi7(out_l,inx,size x);
up_sampling(inx,h,size_x,0);
refind_data_bi9(out_h,inx,size x);

delete[] 1; delete[] h;



conv_p(brlout 1,7,size x+6);
conv_p(brh,out_h,9,size x+8);

for(t = 0; t<size x ;t++)

{inx[t] = out_I[t+6] + out_h[t+8];}

delete[] out_1; delete[] out_h;}
T

void conv(float* out,float* hn,float* xn,int size x,int
size_h){int check;

for(int t=0; t<size_h ; t++){out[t] = 0;

for(int p=0; p<size_x ; p++){check = t-p;

if (check >= 0){out[t] = out[t] + hn[p]*xn[check];}
else{break;}}}}
T

void refind_data_bi9(float* out,float* in,int size x)
/[ liplr(x(2:g1+1)) x fliplr(x(N-gl:N-1))];

out[0] = in[4]; out[1] = in[3];

out[2] = in[2]; out[3] = in[1];

for(int t=0; t < size_x ; t++) {out[t+4] = in[t];}
out[size x+4] = in[size x-2];

out[size x+5] = in[size x-3];

out[size x+6] = in[size x-4];

out[size x+7] = in[size x-5];}
e

void refind_data_bi7(float* out,float* in,int size x)
{out[0] = in[3]; out[1] = in[2]; out[2] = in[1];
for(int t=0; t < size_x ; t++){out[t+3] = in[t];}
out[size x+3] = in[size x-2];

out[size x+4] = in[size_x-3];

out[size x+5] = in[size_x-4];}
T

void up_sampling(float* out,float* in,int size x,int type)
{//type =0 > odd ,= 1 ->even

int check = type; int count = 0;

for(int t=0 ; t<size x ;t++)

{if(check==1) {out[t] = in[count];

count = count + 1; check =0;}

else {out[t] = 0; check =1;}}}
e

void down_sampling(float* in,int st,int nxt,int type)

{//type =0 > odd ,= 1 -> even
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int check;check = type; int count=0;

for(int d=st; d<nxt ; d++)

{if (check==1){in[count]=in[d];

count = count + 1; check = 0;}

else{check = 1;}}}
T

void conv_p(float* hn,float* xn,int size_x,int size_h)
{int check,t; float* out_s = new float[size h];

for(t=0; t<size h ; t++){out s[t] =0;

for(int p=0; p<size_x ; p++) {check = t-p;

if (check >= 0){out_s[t] = out_s[t] + hn[p]*xn[check];}
else{break;} } } for(t=0; t<size h ; t++) {xn[t] = out_s[t];}

delete[] out_s;}

Tusunsu Encode_SPIHT_main.cpp
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/* */

#include"SPIHT.h"

void SPIHT_Encode(char* LFC_list_type,long*
countp,char* imout,int bit_end,float** fdwt,int s_x,int
s_y,int level)

{//Initial DATA SPIHT = end_bit (bit) -> imout
//%]1)Initialization :

output n = [log2(max(i,j) {|ci,j|})]

int n,nl; float num_n; double number; int first x,first y;
//limit of first Layer and finit Layer

//first Layer

number = pow((double)2,(double)level);
/Ipow(x,y) -> X to y power

nl= (int)number; first x =s_x/(nl); first y =s_y/(nl);
float* max_out = new float[4];
dis_max_abs(max_out,fdwt,s_x,s_y);

float max_nn,tii; max_nn = 0;
for(inte=0;e<4;et+)

{ tii = max_out[e];

if (max_nn < tii) { max_nn = tii; } }

n =log2 floor(max_nn);



number = pow((double)2,(double)n);
num_n = (float)number;

long count,countLSP,count LIP;

long count_LIS,count LSP_old;

count = 0; count LSP = 0; count LIP = 0;
count_LIS = 0; count_LSP_old = 0;
//%Initial LIP size=[s x*s_y 3]

int* LSP_x = new int[s_x*s_yl;

int* LSP_y = new int[s_x*s y];

int* LSP_abs = new int[s_x*s_yl;
//%Initial LIP size=[s_x*s_y 2]

int* LIP_x = new int[s_x*s y];

int* LIP_y = new int[s_x*s_y];

int 1,j,01,0j;

for (i=0 ; i < first_x ; i++)

{ for (j=0; j < first_y ; j++)
{LIP_x[count LIP]=1i;
LIP_y[count LIP]=j;

count LIP = count LIP + 1;}}

//%Initial LIS size=[s_x*s_y 3]

int* LIS x = new int[s_x*s_y];

int* LIS y = new int[s_x*s_y];

int* LIS type = new int[s_x*s_y];

for (=0 ; i <first_x ; i++){

for (j=0 ; j < first_y ; j++)

{//Check odd and even

oi =1%2; 0j =j%2;

//Check i

if (oi==0){ 0i=0; }else{ oi=1; }
/ICheck j

if (0j==0){ 0j =0; }else{ 0j =1; }

if ((oit0j)!=0) {

1S _x[count LIS]=1i; LIS y[count LIS]=j;
LIS type[count_LIS] = 0; //%->set type A
count LIS =count LIS +1;}}}

//%1.2 Make it LFC

/Isize of LFC

int count LFC; count LFC = (level*4*3) + 4;
int* LFC_type = new int[count LFC];

LFC _list(LFC_type,fdwt,s_x,s_y,level);
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for(e=0; e <count LFC ;e++)

{ LFC list_type[e] = (char)LFC typele]; }

for (int step_Quantization = 1;

step_Quantization <= step_quan ; step_Quantization++) {
//%2)Sorting pass:

/1%2.1 for each entry (i,j) in the LIP

for (int t=0; t < count_LIP; t++)

//%2.1.1 output Sn(i,j);

{if (bit_end <= count){break;}

float* output = new float[3];
sn_out(output,LIP_x,LIP_y.t,fdwt,num_n);
imout[count] = (int)output[0]; count = count + 1;
//%2.1.2) Sn(i,j) = 1 then move (i,j) to the LSP and output
the sign of cij

if ((intoutput[0] == 1)

{LSP_x[count LSP] =LIP x[t];
LSP_y[count LSP] =LIP ylt];
LSP_abs[count LSP] = (int)output[1];

count_LSP = count_ LSP+1;

//%Output the sign of cij

if (output[2] != 0){ imout[count] = 1; }

else{ imout[count] = 0;}

//%END of Output the sign of cij

count = count + 1;

LIP x[t]=-1; LIP_y[t]=-1;}

//%End of the Sn(i,j)=1

if (bit_end <= count){break;}

}//%END of is Sn(i,j) = then move (i,j) to the LSP
//%2.1.2) Move LIP(i,j) at sn(i,j)=1

long* count_LIP_new = new long[1];
cut_LIP(count LIP_new,LIP_x,LIP y,count LIP);
count LIP = count LIP newl[0];

//% END of Loop for each entry (i,j) in the LIP
//%2.2 for each entry (i,j) in the LIS

//%Initial parameter 2.2

long count LIS old;

count_LIS old = count_LIS;

int change,set _add,ccp;

change = 100;

set_add =0;



ccp=0;

for (long LIS length =0 ; LIS length < 100000000 ;
LIS length ++){

if ((change == 0) && (count_LIS old <= LIS _length))
{break;}

if (LIS_length==0)

{change = 0;}

if ((count_LIS old <= LIS length) && set_add==1)

{ change = change - 1 ; }

//%Find Do(ij) , LO(j)

i=LIS_x[LIS_length]; j = LIS_y[LIS_lengthl];
//%Check LFC list

int LFC_D = 0; /%LFC O(i,j) int LFC_L = 0;
J/%LEC L(ij)

/10 _list

int **¥DOij_list = new int*[4];

for(int 1i=0; ii<4; ii++)

{DOij_list[ii] = new int[2];}

int LFC_x,LFC_y,Let ijk=0;

int* count_set = new int[1];

count_set[0] = 4;
coor_offspring_s(count_set,DOij_list,i,j,s_x,s_y,level);
LFC x=DOij_list[0][0]; LEC_y = DOij_list[0][1];
int typeLFC_label;

type LFC_label =type label(LFC_x,LFC y,s x,s_y,level);
if (LFC_type[type LFC label] <= step_Quantization)
{LEC D= 1; //%->No LFC D(i,j)}

//0_listo =
coor_offspring(LFC_x,LFC_y,x_pic,y_pic,level);

int **QO_listo = new int*[4];

for(ii=0; ii<4; ii++)

{O_listo[ii] = new int[2];}
T
coor_offspring(O_listo,LFC_x,LFC_y,s x,s_y,level);
int LFC_ox,LFC_oy;

if (O_listo[0][0] !=-1){LFC_ox = O_listo[0][0];
LFC_oy =0 _listo[0][1];

type LFC_label =
type_label(LFC_ox,LFC_oy,s x,s y,level);

if (LFC_type[type LFC_label] <= step_Quantization)
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{ LFC_L = 1; //%->No LFC L(i,j) }}

int check_work = 0; int value_SD,value_SL,Lij_set,yp;
int *type_ij = new int[3];

if (LFC_D +LFC_L) I=0)

{coor_descendants_s(type ij,i,j,num_n,fdwt,s x,s_y,level);
value_SD = type ij[0];

value SL = type ij[1];

Lij_set = type ij[2];

check_work = 1;}

float absx,d_fdwt; int check LIP = 0;

if (check_work == 1) //%2.2.1 if the entry is of type A
{if (LIS_type[LIS_length] == 0) //%Output Sn(D(1,j)); {
if (bit_end <= count){goto a;}

imout[count] = value SD;

count = count + 1;

if (value_ SD ==1)

{for (int OD_A=0; OD_A < count_set[0] ; OD_A++)
//%Output Sn(OD(k,1))

{//DATA DOij_list

d_fdwt = fdwt[DOij_list{OD_AI[0]][DOij_list{OD_AI[11];
if (d_fdwt < 0){absx =d_fdwt * -1;}

else{absx =d_fdwt;}

if (absx >= num_n)

/1%Sn(O(i,j)) is significant

{imout[count] = 1;

count = count + 1;

LSP_x[count LSP] =DOij_listfOD_A][0];
LSP_y[count LSP] =DOij_listfOD_A][1];
LSP_abs[count LSP] = (int)(absx - num_n);
count_LSP = count LSP+1;

/I%0Output sing of c(k,1)

if (d_fdwt >= 0) {imout[count] = 1;}
else{imout[count] = 0;}

count = count + 1;

if (bit_end <= count){goto a;} }

else{imout[count] = 0;

count = count + 1;

LIP_x[count LIP]= DOjj listfOD_A][0];
LIP_y[count LIP]= DOij_list{OD_A][1];

count_LIP = count_LIP + 1;



check LIP=check LIP +1;

if (bit_end <= count){goto a;} } }

if (Lij_set==1)

{if (check LIP == count_set[0])

{for(yp = 0 ; yp < count_set[0] ; yp++)
{LIS x[count LIS] =DOij list[yp][0];
LIS y[count LIS] =DOij listlypl[1];
LIS _type[count LIS]=0;

count_LIS = count_LIS + 1;

change  =change + 1;} set add =1,
/[%remove (i,j) from the LIS B

LIS x[LIS length] =-1;

LIS y[LIS length] =-1;

LIS_type[LIS length] = 0; }

else{if (LFC_L == 1)//%Output Sn(L(i,j))
{if (bit_end <= count){goto a;}
imout[count] = value SL;

count = count + 1;

if (value SL == 1)

{for(int yp =0 ; yp < count_set[0] ; yp++)
{ LIS_x[count_LIS] =DOij_list[yp][0];
LIS y[count LIS] =DOij_list[ypl[1];
LIS type[count_LIS]=0;

count_LIS = count_LIS + 1;
change=change + 1;} //%remove (i,j) from the LIS B
LIS x[LIS length] =-1;

LIS y[LIS length] =-1;

LIS type[LIS length] = 1;

set add = 1;}

else{LIS_type[LIS_length] = 1;}

if (bit_end <= count){goto a;} }
else{LIS_type[LIS length] =1;}}}
else{LIS_x[LIS_length] =-1;

LIS y[LIS length] =-1;

LIS type[LIS length]=0; }}}

//%2.2.2 if the entry is of type B

else{if (LFC_L == 1)//%Output Sn(L(i,j))
{if (bit_end <= count){goto a;}
imout[count] = value SL;

count = count + 1;
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if (value SL ==1)

{/for(int yp =0 ; yp < count_set[0] ; yp++)
{ LIS_x[count_LIS] =DOij_list[yp][0];
LIS y[count LIS] =DOij_list[ypl[1];
LIS type[count_LIS] = 0;

count_LIS = count_LIS + 1;
change=change + 1;}

//%remove (i,j) from the LIS B

LIS x[LIS length] =-1;

LIS y[LIS length] =-1;

LIS type[LIS length] =1,

set add = 1;}

if (bit_end <= count){goto a;} } } } }
/[%remove (i,j)

long* count_LIS new = new long[1];
cut_LIS(count LIS new,LIS x,LIS y,LIS_type,count LIS
); count LIS = count LIS new[0];

//%3 Refinement Pass: for each entry (i,j) in the LSP
long* count_new = new long[1];
refinement_pass(count_new,imout,LSP_abs,count LSP,
(num_n/2),bit_end,count);

count = count_new[0]; num_n = num_n/2;}
a: countp[0] = count;

delete[] LSP_x;

delete[] LSP y;

delete[] LSP_abs;

delete[] LIP_x;

delete[] LIP y;

delete[] LIS x;

delete[] LIS y;

delete[] LIS type;}

To)sunsw Encode_SPIHT_function.cpp
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/* */

#include"SPIHT.h"



void coor_descendants_s(int* type_ij,int i,int j,float
threshold, float** fdwt,int s_x,int s_y,int level)
{/*Input

%i,j = coordinates

Y%thres = threshold

%Output

%Value_SD = output Sn(D(i,j));

% = 0 -> insignificant D(i,j)

% =1 -> significant D(i,j)
%value SL = output Sn(L(i,j));

% = 0 -> insignificant L(i,j)
% =1 ->significant L(i,j)
%Lij_set = set of L(i,j)

%= 0 -> No membership

%=1 -> Yes membership

Ytype_ij

type_ij[0] = value_SD;

type ij[1]= value SL;

type ij[2] =Lij_set; */

//Initial parameter

int Lij_set =0;

int value_SD = 0;

int value_SL = 0;

int null = 1;

int *countOO = new int[1];

float opp;

[4%X-> 1 %Y-> ]

%limit of first Layer and finit Layer
Yftirst Layer */

double number;

int p,first_x,first_y,finit_x,finit y;
//limit of first Layer and finit Layer
//first Layer

number = pow((double)2,(double)level);
p = (int)number;

first x =s_x/(p);

first y =s_y/(p);

//%finit Layer

finit x =s_x/2;

finit y=s y/2;
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//%Group 1 ->DWT Level 1 ,LH1 ,HL1 ,HH1
if (((>= finit_x && i<s_x && j>=0 && j<s_y) ||
(i>=0 && i<finit x && j>=finit y && j<s_y))
{Lij_set=0;null = 0; }

if (null 1= 0){

//0_list

int **QO_list = new int*[4];

for(int 1i=0; ii<4; ii++){O_list[ii] = new int[2];}
intss_i,ss_j;

//%First Step search
coor_offspring_s(countO0,0 list,i,j,s x,s_y,level);
//O_list_new

int *O_list_i = new int[350];

int *O_list_j = new int[350];
/[display(O_list,4,2);

for (int n=0 ; n < countOO[0] ; n++)

{//Lij_set =1,

ss_i=0_list[n][0];

ss_j=0 list[n][1];

/1%Sn(D(i,j))

if (fdwt[ss_i][ss_j] <0)

{opp = fdwt[ss_il[ss_j] * -1;}

else{opp = fdwt[ss_il[ss jl;}

if ( opp >= threshold){ value_SD = 1;}

O list_i[n] = O_list[n][0];

O _list_j[n] =0 list[n][1];}

int count_oln,count_oln_old,end_count;
count_oln = countOO[0];

count_oln_old = count_oln;

//Next Step search

if (O_list[0][0] !=-1){

for (int pso=0 ; pso < count_oln_old ; pso ++)
{ss_i=0_list_i[pso];

ss_j=0_list_j[psol;
coor_offspring(O_list,ss_i,ss_j,s_x,s_y,level);
if (O_list[0][0] !=-1){Lij_set = 1; null = 1;
for (n=0 ; n <4 ; n++){

ss_i=0_list[n][0];

ss_j=0_list[n][1];

O_list_i[count_oln] =ss_i;



O_list_j[count_oln] =ss_j;
count_oln = count_oln + 1;
1%Sn(L(ij)

if (fdwt[ss_i][ss_j] <0)

{opp = fdwt[ss_il[ss_j] * -1;}
else{opp = fdwt[ss_il[ss jI;}

if ( opp >= threshold){

value SD = 1;

value SL =1;

null = 0;goto a;} } } }}

int point=2;

if (null == 1){

for (int ttt = 1; ttt <= 100 ; ttt++){
null = 0;

end_count = count_oln;

for (int psp = count_oln_old ; psp < end_count ;psp ++)
{ss_i=0 list i[pspl;
ss_j=0_list_j[pspl;
coor_offspring(O_list,ss_i,ss_j,s_x,s_y,level);
if (O_list[0][0] !=-1){ Lij_set = 1; null =1,
for (n=0 ; n <4 ; n++){if (point <= 3)
{ss_i=0_list[n][0];

ss_j=0 list[n][1];

O _list_i[count_oln] =ss_i;
O_list_j[count_oln] =ss_j;
count_oln = count_oln + 1;}
1%Sn(L(ij)

if (fdwt[ss_i][ss_j] <0)

{opp = fdwt[ss_il[ss_j] * -1;}
else{opp = fdwt[ss_il[ss jl;}

if ( opp >= threshold){

value_ SD = 1;
value SL =1;
null =0;

goto a; }}}}

count_oln_old = end_count;
point = point + 1;

if (null = 1){goto a;} }
delete[] O_list i;

delete[] O _list j; } }

a: type_ij[0] = value_SD;
type_ij[1] = value SL;

type_ij[2] = Lij_set;}

T T
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void coor_offspring_s(int* countO,int** O_list,int i,int j,int

s _x,int s_y,int level)
{i=i+1;

j=ith

double number;

int count_O = 0;

int p,first_x,first y,finit_x,finit y;

//limit of first Layer and finit Layer

//first Layer

number = pow((double)2,(double)level);

p = (int)number;
first x =s_x/(p);
first y =s_y/(p);
//finit Layer

finit x =5 x/2;
finit y=s_y/2;
//Find odd and even
//output = 1 -> odd
//output = 0 -> even
int 01,0j;

//Check i

01 =1%2; 0] = j%?2;
if (0i == 0)

{oi = 0;}
else{oi=1;}
//Check j

if (0j == 0)

{0j = 0;}

elsef{oj = 1;}

int Check = 1;

//No root if =>Yes L(i,j)
//Level END

int px,py;

if (i>=1 && i<=first_x && j>=1 && j<=first_y)

{if ((oi+0j)!=2){ px=first_x-1;

py=first y-1;



if (0i==1 && 0j==0){

0O _list{0][0] = i;

O_list[0][1] = j+py;}

if (0i==0 && oj==1){

O _list[0][0] = i+px;
o_tist[o][1] = j; }

if (0i==0 && 0j==0)
{O_list[0][0] = i+px;
O_list[0][1] = j+py;}

Check = 0;}

else{ count O =0;

O _list[count_O][0] = i+1-1;
O_list[count O][1] =j-1;
/1%1)

O_list[count O+1][0] =i-1;

O _list[count O+1][1] =j+1-1;
11%2)

O _list[count O+2][0] = i+1-1;
O _list[count O+2][1] = j-1+1;
count O =3; Check=2; } }
//NO root if > No L(i,j)
//Level 1 (LH1 HL1 HH1)

inta l,a 2;

a_1=(finit x+1); a_2 = (finit_y+1);

if((>=a_l && i<=s_x && j>=1 && j<=s_y) ||
(=1 && i<=finit_x && j>=a 2 && j<=5_y))

{0 _Listfo][0]=-1;  /A-1)

O list[0][1] =-1; /I(-1)
Check = 2;}

//Root of O(i,j) -=>Yes L(i,))

if (Check == 1){

O _list[0][0]=(int)((i*2)-1);

O _list[0][1]1=(int)((*2)-1);}

if (Check !=2){

0 _list[0][0]-=1; O_list[0][1]-=1;
//Find root of O(i,j)

0 _list[1][0] = O_list[0][0];

O list[1][1] = O _list[0][1] + 1;
0 _list[2][0] = O_list[0][0] + 1;
0 _listl2][1] = O_list[0][1];

O _list[3][0] = O_list[0][0] + 1;
O _list[3][1] = O_list[0][1] + 1;
count O =4;}

countO[0] = count_O;}

s
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int find_max_coff(float** fdwt,int s x,ints_y,int level)

{int first_x,first_y,n,nl; float max_nn,tii;
double number;

//limit of first Layer and finit Layer
//first Layer

number = pow((double)2,(double)level);
nl = (int)number;

first x =s_x/(nl);

first y=s_y/(nl);

//max(max(abs(pic)))

float* max_out = new float[4];
dis_max_abs(max_out,fdwt,s x,s_y);

max_nn = 0;

for (inte=0; e <4;et+){ tiil = max_out[e];

if (max_nn < tii){max_nn = tii;} }
n =log2 floor(max_nn);
delete[] max_out;

return(n); }

T T

void coor_descendants(int* type_ij,int i,int j,float

threshold, float** fdwt,int s_x,int s_y,int level)

{/*Input

%i,j = coordinates

Y%thres = threshold

%Output

%Value_SD = output Sn(D(i,j));

% = 0 -> insignificant D(i,j)
% =1 -> significant D(i,j)
%value SL = output Sn(L(i,j));

% =0 -> insignificant L(i,j)
% =1 ->significant L(i,j)
%Lij_set = set of L(i,j)

% = 0 -> No membership
% =1 ->Yes membership

Ytype_ij



type_ij[0] = value_SD;

type_ij[1] = value SL;

type ij[2] = Lij_set; */

//Initial parameter

int Lij_set =0;

int value_SD = 0;

int value_SL = 0;

int null = 1; float opp;

%limit of first Layer and finit Layer
Yftirst Layer */

double number;

int p,first x,first y,finit x,finit y;
//limit of first Layer and finit Layer
//first Layer

number = pow((double)2,(double)level);
p = (int)number;

first x =s_x/(p); first y =s_y/(p);
//%finit Layer

finit x =s_x/2; finit y=s y/2;

//%Group 1 ->DWT Level 1 ,LH1 ,HL1 ,HH1
if ((i>= finit_x && i<s_x && j>=0 && j<s_y) || (>=0 &&

i<finit_x && j>=finit y && j<s_y))
{Lij_set = 0;null = 0;}

if (null = 0){

//0_list

int **QO_list = new int*[4];

for(int ii=0; ii<4; ii++)

{O_list[ii] = new int[2];}

intss_i,8s_j;

//%First Step search
coor_offspring(O_list,i,j,s x,s_y,level);
for (int n=0 ; n <4 ; n++){
ss_i=0_list[n][0]; ss_j=O list[n][1];
/1%Sn(D(i,j))

if (fdwt[ss_i][ss_j] <0)

{opp = fdwt[ss_il[ss_j] * -1;}

else{opp = fdwt[ss_il[ss jI;}

if ( opp >= threshold){ value SD=1; }}
//0_list_new

int *O_list_i = new int[350];

int *O_list_j = new int[350];

int count_oln,count_oln_old,end_count;
O list i[0] = O_list[0][0];
O_list_j[0] = O_list[0][1];

O list i[1] =0 list[1][0];
O_list_j[1]1=0O_list[1][1];
O_list_i[2] = O_list[2][0];

O list j[2] =0 list[2][1];
O_list_i[3]=O_list[3][0];

O list j[3]=0 list[3][1];
count_oln = 4;

count_oln_old = count_oln;

//Next Step search

if (O_list[0][0] !=-1){ Lij_set =1;
for (int pso=0 ; pso <4 ; pso ++){

ss_i=0_list_i[pso]; ss_j=O_list j[psol;

coor_offspring(O_list,ss_i,ss_j,s_x,s_y,level);

if (O_list[0][0] !=-1){null = 1,
for (n=0 ;n <4 ;n++H){
ss_i=0_list[n][0];
ss_j=0_list[n][1];

O _list_i[count_oln] =ss_i;
O_list_j[count_oln] =ss_j;
count_oln = count_oln + 1;
11%Sn(L(ij)

if (fdwt[ss_i][ss_j] <0)

{opp = fdwt[ss_il[ss_j] * -1;}
else{opp = fdwt[ss_il[ss jl;}
if ( opp >= threshold){

value SD =1; value SL=1;
null =0; goto a;} | } } }

int point=2;

if (null == 1){

for (int ttt = 1; ttt <= 100 ; ttt++){
Lij_set = 1; null = 0;

end_count = count_oln;
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for (int psp = count_oln_old ; psp < end_count ;psp ++)

{ss_i=0_list_i[pspl;

ss_j=0_list_j[pspl;

coor_offspring(O_list,ss_i,ss_j,s_x,s_y,level);



if (O_list[0][0] !=-1){null = 1,

for (n=0 ; n <4 ; n++){

if (point <= 3){

ss_i=0_list[n][0];
ss_j=0_list[n][1];

O _list_i[count_oln] =ss_i;

O _list_j[count_oln] =ss_j;
count_oln = count_oln + 1;}//%Sn(L(i,j)
if (fdwt[ss_i][ss_j] <0)

{opp = fdwt[ss_il[ss_j] * -1;}
else{opp = fdwt[ss_il[ss jI;}

if ( opp >= threshold){ value SD = 1,
value SL =1;

null = 0;

gotoa; } } } }

count_oln_old = end_count;

point = point + 1;

if (null 1= 1)

{goto a;} }

delete[] O_list i;

delete[] O_list j; } }

a: type ij[0] = value SD;

type_ij[1] = value_SL;

type_ij[2] = Lij_set; }
s
void coor_offspring(int** O_list,int i,int j,int s_x,int s_y,int
level)

{i=i+Lj=j+1;

double number;

int p,first_x,first_y,finit_x,finit y;
//limit of first Layer and finit Layer
//first Layer

number = pow((double)2,(double)level);
p = (int)number;

first x =s_x/(p);

first_y = s_y/(p);

/Minit Layer

finit x =5 x/2;

finit y=s_y/2;

//Find odd and even

//output = 1 -> odd output = 0 -> even
int 01,0j;

//Check i

01 =1%2; 0] = j%2;

if (0i == 0){0i = 0;}
else{oi=1;}

//Check j

if (oj == 0){0j = 0;}
else{oj = 1;}

int Check = 1;

//No root if =>Yes L(i,j)
//Level END

int px,py;

if (i>=1 && i<=first_x && j>=1 && j<=first_y)

{if ((0i+0j)!=2) {px=first_x-1; py=first_y-1;

if (0i==1 && 0j==0){

O _list[0][0] = i;
O_list[0][1] = j+py; }

if (0i==0 && oj==1){

O _list[0][0] = i+px;
O_list[0][1] =j; }

if (0i==0 && 0j==0) {

O _list[0][0] = i+px;
O_list[0][1] = j+py;}
Check = 0;}

else{ O_list[0][0] = -1;

O list[0][1] =-1; Check =2; }}
/INO root if -=> No L(i,j)
//Level 1 (LH1 HL1 HH1)
inta_l,a 2;
a_1=(finit_x+1);

a 2 = (finit_y+1);

if (=21 && i<=s_x && =1 && j<=s_y) ||
(i>=1 && i<=finit_ x && j>=a 2 && j<=s_y))

{0_list[o][0] =-1;  //(-1)
O_list[0][1] =-1; /(-1)
Check = 2;}

J/Root of O(ij) ->Yes L(i,j)
if (Check == 1){

O _list[0][0]=(int)((i*2)-1);
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O _list[0][1]1=(int)((j*2)-1);}

if (Check 1=2){

O_list[0][0]-=1; O_list[0][1]-=1;
//Find root of O(i,j)

O_list[1][0] = O_list[0][0];

0 _list[11[1] = O_list[01[1] + 1;
O_list[2][0] = O_list[01[0] + 1;
O_list[2][1] = O_list[0][1];
0_list[3][0] = O_list[01[0] + 1;
O_list[3][1] = O_list[0][1] + 1;}}
T i

void refinement_pass(long* count_new,char* imout,int*

LSP_abs,long count_LSP,float num_n,long bit_end,long

count)

{float ans;

for (int t=0 ; t < count LSP ; t++){

if (bit_end <= count) {break;}

ans = (float)LSP_abs][t];

if ((ans >= num_n) && (ans != 0)){
imout[count] = 1;

LSP_abs[t] = (int)(ans - num_n);}
else{imout[count] = 0;}

count = count + 1;

if (bit_end <= count){break;} }
count_new[0] = count;}
M
void cut_LIS(long* count LIS new,int* LIS_x,int*
LIS y,int* LIS_type,long count LIS)
{ long count=0;

for(long z=0 ; z < count_LIS ; z++){
if(LIS_x[z]!=-1){count = count + 1;} }
int* Xx_new = new int[count];

int* y new = new int[count];

int* z_new = new int[count];

count = 0;

for( z=0 ; z < count_LIS ; z++)
{if(LIS x[z]!=-1)

{x_new[count] = LIS x[z]; y new[count] = LIS y[z];
z_new[count] = LIS type[z];

LIS x[z] =-1;

count = count + 1;}}

for( z=0 ; z < count ; z++){
LIS x[z] =x_new[z];
LIS y[z] =y newlz];
LIS typelz] =z newlz]; }
count_LIS new[0] = count;
delete[] x_new;

delete[] y_new;

delete[] z_new; }

s

void cut_LIP(long* count LIP new,int* LIP_x,int*

LIP_y,long count LIP)
{ long count=0;
for(long z=0 ; z < count_LIP ; z++){
if(LIP_x[z]!=-1){count = count + 1;} }
int* Xx_new = new int[count];
int* y new = new int[count];
count = 0;
for( z=0 ; z < count_LIP ; z++){
if(LIP_x[z]!=-1){
x_new|[count] = LIP x[z];
y_new[count] = LIP_y[z];
LIP x[z] =-1;
count =count + 1; }}
for( z=0 ; z < count ; z++)
{LIP_x[z] = x_new|[z];
LIP y[z] =y newl[z];}
count_LIP_new[0] = count;
delete[] x_new;
delete[] y new;}
M
void sn_out(float* output,int* LIP_x,int* LIP_y,int
t,float** fdwt,float num_n)
{/* output[0] = significant ->1
No significant -> 0
output[1] = abs(data(i,j)) - num_n
output[2] =sign  ->1->(+)
>0-> ()%
/[%coordinates Sn(i,j)

int i,j;
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i= LIP x[t];
j= LIP_y[t];
//%Output

float data; data = fdwt[i][j];

//Check sign and abs(data)

if (data < 0){output[2] = 0; // (-)

data = data * -1;}

else{output[2] = 1; // (+)}

//Check significant pixel and save data
if (data >= num_n)

{output[0] = 1;//significant}
else{output[0] =0;  //no significant}
data = data - num_n;

output[1] = data; // abs(data) - num_n}

T1sun33 LFC.cpp
/*
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/%

#include"SPIHT.h"
T
//LFC list
s

int type_label(int x,int y,int s_x,int s_y,int level)

LI%X-> X 11%Y->y
x=x+Ly=y+1;

//%limit of first Layer and finit Layer
//%first Layer

double number; int p,first_x,first y;
//limit of first Layer and finit Layer
//first Layer

number = pow((double)2,(double)level);
p = (int)number;

first x =s_x/(p);

first_y = s_y/(p);

int tx,ty,label;

/1% level - 1

/1%(LL)1-4

*/

*/

if (x<=first_x) && (y<=first_y)){
tx = first_x/2;

ty = first_y/2;

if (x<=tx) && (y<=ty)){label = 1;}
if (x<=tx) && (y>ty)){label = 2;}
if (x>tx) && (y<=ty)){label = 3;}
if (x>tx) && (y>ty)){label = 4;}}
int 1l,a,c,delta;

for (int 1=0 ; 1 <= (level-1) ; I++)
{delta = 12*1; /Il = (2");

number = pow((double)2,(double)l);

1= (int)number; a = (first_x*11); ¢ = (first_x*2*11);

1% layer
/I%(HL)

if (x<=a) && (y>a && y<=c))
{tx = a/2; ty = (at+c)/2;

if (x<=tx) && (y<=ty))

{label = 5+delta; break; }

if (x<=tx) && (y>ty))

{label = 6+delta; break;}

if ((x>tx) && (y<=ty))

{label = 7+delta; break; }

if (x>tx) && (y>ty))

{label = 8+delta; break; } }
/1%(LH)

if (x>a && x<=¢) && (y<=a))
{tx = (atc)/2; ty = a/2;

if (x<=tx) && (y<=ty))

{ label = 9+delta; break;}

if (x<=tx) && (y>ty))

{label = 10+delta; break;

if ((x>tx) && (y<=ty))

{label = 11+delta; break; }

if (x>tx) && (y>ty))

{label = 12+delta; break; }
/1%(HH)

if (x>a && x<=¢) && (y>a && y<=c))
{tx = (atc)/2; ty = (atc)/2;

if (x<=tx) && (y<=ty))

{label = 13+delta; break; }
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if (x<=tx) && (y>ty))

{ label = 14-+delta; break; }

if ((x>tx) && (y<=ty))

{label = 15+delta; break;}

if (x>tx) && (y>ty))

{label = 16+delta;break;}} }

label = label - 1; return(label);}
T
void LFC _list(int* q_LFC,float** image in,ints_x,int
s_y,int level)

{//%limit of first Layer and finit Layer
//%first Layer

double number;

int p,first_x,first y;

//limit of first Layer and finit Layer
//first Layer

number = pow((double)2,(double)level);
p = (int)number;

first x =s_x/(p); first_y =s_y/(p);
//size of LFC list

int count LFC,x1,x2,y1,y2;

count LFC = (level*4*3) + 4;

float* LFC = new float[count LFC];
count LFC =0;

//%LL

/fell = image_in(1:first_x,1:first_y);
float** output = new float*[s_x/2];
for(int ii=0; ii< (s_x/2); ii++)
{output[ii] = new float[s y/2];}
x1=0;y1=0;

x2 = first x - 1;

y2 =first y - 1;
cut_image(output,image in,0,x2,0,y2);
float* max_out = new float[4];
dis_max_abs(max_out,output,first x,first y);
for (int n=0 ; n <4 ; n++)
{LFC[count LFC] = max_out[n];
count LFC = count LFC + 1; }

int l,a,b,c;

//%Layer 1-level
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for (int degree=0; degree <= (level-1) ; degree++)
{number = pow((double)2,(double)degree);
1 = (int)number;

a=(first x*I) - 1;

b = (first_x*1+1) - 1;

¢ = (first_x*2*I) - 1;

/I%HL

cut_image(output,image in,0,a,b,c);
xl=a+1;

yl=c-b+l;
dis_max_abs(max_out,output,x1,y1);

for (n=0 ;n <4 ; n++)

{LFC[count LFC] = max_out[n];

count LFC = count LFC +1; }

//%LH

cut_image(output,image in,b,c,0,a);
xl=c-b+1;yl =a
dis_max_abs(max_out,output,x1,y1);

for (n=0 ;n <4 ; n++)

{LFC[count LFC] = max_out[n];

count LFC = count LFC + 1; }

//%HH

cut_image(output,image_in,b,c,b,c);
xl=c-b+1;

yl =x1;
dis_max_abs(max_out,output,x1,y1);

for (n=0 ;n <4 ; n++)

{LFC[count LFC] = max_out[n];

count LFC  =count LFC+1; } }

int type_ii,max_n; float tii,max_nn; max_nn = 0;
for (inte =0 ; e <4 ; e+H){tii = LFC[e];

if (max_nn < tii){max_nn = tii;} }

max_n =log2 floor(max_nn);

for (e=0; e <count LFC ; e++){ tii = LFC[e];
type_ii = floor LFC_n(tii,max_n);

q_LFC[e] = type_ii; } }
M

int floor LFC_n(float max_out_n,int max_n)
{ int out,output;

out =log2_floor(max_out_n);



output =max_n-out+1;

return(output); }

s

int log2_floor(float data)

{double x,y; int out;

x = (double)data; y = log(x);

x = log(2.0); out = (int)(y/x); return(out); }
s

void cut_image(float** output,float** input,int x_start,int
x_end,inty start,inty end)

{ints i x,s i y;six=0;

for (int index_row=x_start;index_row<=x_end,
Index_row++) {s i y=0;

for (int index_col=y_start;index_col<=y_end;index_col++)
{output[s_i x][s_i y] = input[index_row][index_col];
siy=siy+l1;}

six=six+1;}}
T

void dis_max_abs(float* max_out,float** input,int ss_x,int
ss_y)

{ int x,y,il,jl;

float 11,12,13,14,s_data;

11=0;12=0;13=0;14=0;

/n

X =88 X/2;y=ss_y/2;

for(il = 0; il < x; il++) { for(jl = 0; jl <y; jl++){

if (input[il][j1] < 0){s_data = input[il][j1] * -1;}
else{s_data = input[il][jl];}

if (11 <s_data)

{11 =s data;} }}

/N2

for(il = 0; il < x; il++){ for(jl = y; jl <ss_y; jl++){

if (input[il][j1] < 0){ s_data = input[il][jI] * -1;}
else{s_data = input[il][j1];}

if (12 <s_data){l2 =s_data;} | }

/N3

for(il = x; il <ss_x; il++){ for(jl = 0; jl <y; jl++){

if (input[il][j1] < 0){s_data = input[il][j1] * -1;}
else{s_data = input[il][jl];}

if (13 <s_data){I3 =s_data;} } }

/N4

for(il = x; il <ss_x; il++){ for(jl = y; jl <ss_y; jl++)
{ if (input[il][j1] < 0)

{s_data = input[il][jl] * -1;}

else{s_data = input[il][j1];}

if (14 <s_data){l4 =s_data;} | }

max_out[0] =11;

max_out[1]=12;

max_out[2] = 13;

max_out[3] = 14;}
T

void round_image(float** input,int s_x,int's_y)

{int store_int;

for(inti=0;1i<s_x ;it++){for(intj=0;j<s_y ;j++)
{if Gnputlil[j] >=0)

{store_int = (int)(input[i][j]+0.5);

input[i][j] = (float)store_int;}

else{store_int = (int)(input[i][j]-0.5);

input[i][j] = (float)store_int;}}}}
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/* */
#include<stdio.h>

#include<math.h>

#include<stdlib.h>

#include"constant.h"

#include<iostream.h>

#define max_nr -1  //Check No root of o(i,j)

//DWT and IDWT (1D and 2D) -> bi9-7

void conv(float* out,float* hn,float* xn,int size h,int
size_x);

void conv_p(float* hn,float* xn,int size x,int size_h);
//DWT

void refind_data_bi9(float* out,float* in,int size_x);

void refind_data_bi7(float* out,float* in,int size x);

void bi_dwt(float* inx,int size x);

void down_sampling(float* in,int st,int nxt,int type);

void bi_dwt2(float** fdwt,int s x,ints_y);

//IDWT

void bi_idwt(float* inx,int size x);

void up_sampling(float* out,float* in,int size x,int type);
void bi_idwt2(float** fdwt,int s_x,ints_y);

//Encode SPIHT

void coor_offspring(int** O_list,int i,int j,int s_x,int s_y,int
level);

void coor_descendants(int*,int i,int j,float threshold, float**
fdwt,int s_x,int s_y,int level);

//LFC SPIHT

void LFC_list(int* q_LFC,float** image in,ints_x,int
s_y,int level);

void cut_image(float** output,float™* input,int x_start,int
x_end,inty start,inty end);

void dis_max_abs(float* max_out,float** input,int ss_x,int
ss_y);

int type_label(int x,int y,int s_x,int s_y,int level);

int floor LFC_n(float max_out_n,int max_n);
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int log2_floor(float data);

void sn_out(float* output,int* LIP_x,int* LIP_y,int
t,float** fdwt,float num_n);

void cut_LIP(long* count LIP new,int* LIP_x,int*
LIP_y,long count LIP);

void cut_LIS(long* count LIS new,int* LIS x,int*

LIS y,int* LIS_type,long count LIS);

void refinement_pass(long* count_new,char* imout,int*
LSP_abs,long count_LSP,float num_n,long bit_end,long
count);

int find_max_coff(float** fdwt,int s x,ints_y,int level);
//DECODE SPIHT

void SPIHT Decode(char* LFC _list_type,float**
output_image,char* imout,int bit_end,int s_x,int s_y,int
level,int n);

void i_coor_descendants(int** O_list,int* type_ij,int i,int
j,int's_x,int s_y,int level);

void i_refinement _pass(long* count _new,char* imout,int*
LSP_abs,long count LSP,float num_n,long bit_end,long
count);

void re_image(int** output_image,int* LSP_x,int*
LSP_y,int* LSP_abs,int* LSP_sign,long count_LSP);
void coor_descendants_s(int* type_ij,int i,int j,float
threshold, float** fdwt,int s_x,int s_y,int level);

void coor_offspring_s(int* countO,int** O_list,int i,int j,int
s_x,int s_y,int level);

void i_coor_descendants_s(int *count_set,int** O_list,int*
type_ij,int i,int j,int s_x,int s_y,int level);

void round_image pass(float** input,int s x,ints_y,float
bitrate);

void round _image abs(float** input,ints_x,ints_y);

Tsuns3 coff.h
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/* */
#include"SPIHT.h"

#include"coff.h"

main(){
T iy
//Load file Header SPIHT

int bit_end,inl[1]; //Size Data

ints x,in2[1]; //->Dimension X
ints y,in3[1]; //~>Dimension Y
int level,in4[1]; //-> level wavelet tranfrom
int n,in5[1]; //-> Initial n max(coff)
M

FILE *pheader;

pheader = fopen("header.sim","rb");
fread(in1,sizeof(int),1,pheader); //size of data wavelet
SPIHT

fread(in2,sizeof(int),1,pheader); //hight image
fread(in3,sizeof(int),1,pheader); //wide image
fread(in4,sizeof(int),1,pheader); //level decomposition
fread(in5,sizeof(int),1,pheader); /number step Quantization
bit_end = in1[0];

s_x =in2[0];

s y =in3[0];

level = in4[0];

n = in5[0];

//LFC List

int count LFC; count LFC = (level*4*3) + 4;

char* LFC_list_type = new char[count LFC];

fread(LFC _list_type,sizeof(char),count LFC,pheader);
fclose(pheader);

Vs

//Load file Data SPIHT

char* imout = new char[bit_end];

FILE *pimout_read;

// Open file in SUT mode:

pimout_read = fopen("output.sut","rb");

//generate size pointer <Dynamic >
fread(imout,sizeof(char),bit_end,pimout_read);
fclose(pimout_read);

T
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// Setr_x,r_y (size Data input)
s
long int count r=0; inti,r i,r j;

//generate size pointer <Dynamic >

float **fdwt = new float*[s_x];

for( i=0; i<s_x; i++)

{fdwt[i] = new float[s_yl;}

for(r i=0;r i<s y;r itH){

for(r j=0;r j<s x;r j++)

{fdwt[r_jl[r_i] = (float)0; //data out -> double
count_r=count r+ 1;}}
T
/* SPIHT -> Decode
N s
//Decode_SPIHT + LFC

SPIHT Decode(LFC _list_type,fdwt,imout,bit_end,s x,s_y,
level,n);

Y s
//// IDWT

bi_idwt2(fdwt,r xx/16,r_yy/16);

bi_idwt2(fdwt,r xx/8,r_yy/8);
bi_idwt2(fdwt,r_xx/4,r_yy/4);

bi_idwt2(fdwt,r xx/2,r_yy/2);
bi_idwt2(fdwt,r_xx,r_yy);

printf("\nbit rate = %0.5f bpp > bit compress = %d bit\n",
(float)bit_end/(s_x*s_y),bit_end);
round_image_abs(fdwt,r xx,r_yy);
T
// Transfer Data from VC++ to MATLAB // Set
W_X,W_y in constant.h (size Data input)
T
FILE *p_write;

long int numwritten;

long int count w = 0;

//generate size pointer <Dynamic >

unsigned char *w_list = new unsigned char[r_xx*r_yy]; //
Open file in text mode:

p_write = fopen( "out_image.dat", "wb" );

for(intw i=0;w i<s y, w_it+){

for (intw_j=0;w j<s x;w j+H){



w_list[count w] = (unsigned char)(fdwt[w_jl[w_i]);
count w=count w+1;} }

numwritten = fwrite(w_list, sizeof(char),s_x*s_y, p_write
);

fclose( p_write );
Vs
//clear Memory pointer

delete[] w_list;

return(0);}

TaJsuns3 bi_dwt.cpp

MIDUMANUIN A

Tusunsu Decode_SPIHT main.cpp

/% */
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/* */
#include"SPIHT.h"

void SPIHT Decode(char* LFC _list_type,float**
output_image,char* imout,int bit_end,int s_x,int s_y,int
level,int n){

//Initial DATA i_SPIHT = output_image (size =s_x*s_y)
int 1,j,01,0j;

for (i=0;i<s_x;i++){for(j=0;j<s_y;j++)

{ output_image[il[j1=0; } }

//%1)Initialization :output n = [log2(max(i,j){|ci,j|})]
int nl,first_x,first y; float num_n;

double number;

//limit of first Layer and finit Layer

//first Layer

number = pow((double)2,(double)level);

nl = (int)number;

first x =s_x/(nl);

first y =s_y/(nl);

number = pow((double)2,(double)n);

num_n = (float)number;

long count,count_LSP,count_LIP,count_LIS;

count = 0;

count_LSP = 0;

count_LIP =0;

count_LIS = 0;

//%Initial LSP size=[s_x*s y 3]

int* LSP_x = new int[long(s_x*s_y/2)];
int* LSP_y = new int[long(s_x*s_y/2)];
int* LSP_abs = new int[long(s_x*s_y/2)];
//%Initial LIP size=[s_x*s_y 2]

int* LIP_x = new int[s_x*s_y/2];

int* LIP_y = new int[s_x*s y/2];

for (i=0 ; i < first_x ; i++)

{for (=0 ; j < first_y ; j++)

{ LIP_x[count LIP]=1;
LIP_y[count LIP]=j;

count LIP =count LIP+1;} }
//%Initial LIS size=[s_x*s_y 3]

int* LIS x = new int[s_x*s_y/2];

int* LIS y = new int[s_x*s_y/2];

int* LIS type = new int[s_x*s_y];

for (=0 ;i< first_x ; it++)

{ for j=0;j < first y ; j++){

//Check odd and even

oi =1%2;

of =j%2;

//Check i

if (oi == 0){ 0i = 0; }

else{ oi=1; }
//Check j

if (oj == 0){ 0j = 0; }
else{ oj=1; }

if ((oi+0j)!=0) {

LIS_x[count LIS] =i;

LIS y[count LIS] =j;

LIS type[count LIS] = 0; //%->set type A
count LIS =count LIS+1; } } }

//%]1.2 Make it LFC list , size of LFC list

int count LFC; count LFC = (level*4*3) + 4;

int* LFC_type = new int[count LFC];
for(int e=0; e <count LFC ;e++)

{ LFC_typele] = (int)LFC _list_type[e]; }
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for (int step_Quantization = 1; step_Quantization <=
step_quan ; step_Quantizationt+) {

//%2)Sorting pass:

/1%2.1 for each entry (i,j) in the LIP

for (int t=0; t < count_LIP; t++)

//%2.1.1 output Sn(i,j);

{if (bit_end <= count){break;}

int output; output = imout[count]; count = count + 1;
//%2.1.2) Sn(i,j) = 1 then move (i,j) to the LSP and output
the sign of cij

if (output == 1) {

LSP_x[count LSP] =LIP x][t];

LSP_y[count LSP] =LIP_ylt];
LSP_abs[count LSP] = (int)num_n;

//%Output the sign of cij

output = imout[count];

count = count + 1;

if (output == -1) {

LSP_abs[count LSP] =-LSP_abs[count LSP];}
//%END of Output the sign of cij

count_LSP = count_ LSP+1;

LIP x[t] =-1;

LIP_y[t] =-1;} //%End of the Sn(i,j)=1

if (bit_end <= count){break} //%END of is Sn(i,j) = then
move (i,j) to the LSP

/1%2.1.2) Move LIP(i,j) at sn(i,j)=1

long* count LIP_new = new long[1];
cut_LIP(count LIP_new,LIP_x,LIP y,count LIP);
count LIP = count LIP newl[0];

//% END of Loop for each entry (i,j) in the LIP
//%2.2 for each entry (i,j) in the LIS

//%]Initial parameter 2.2

long count_LIS old;

count LIS old = count_LIS;

int change,set_add;

change = 100;

set_add = 0;

for (long LIS _length =0 ; LIS _length < 100000000 ;
LIS length ++){
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if ((change == 0) && (count_LIS old <= LIS_length))
{break;}

if (LIS length==0){change = 0;}

if ((count_LIS old <= LIS length)&& set_add==1)
{change = change - 1;}

//%Find Do(i,j) , LO(i,j)

i=LIS x[LIS_length];

j=LIS y[LIS length];

//%Check LFC list

int LFC_D = 0; /%LFC O(i.j)

int LFC_L = 0; //%LFC L(i,j)
//i_coor_descendants_gen

int value_SD,value_SL,Lij_set;

int *type_ij = new int[1];/O_list

int **DOij_list = new int*[4];

for(int ii=0; ii<4; ii++){ DOij_list[ii] = new int[2]; }
int LFC_x,LFC_y,Let ijk=0;
coor_offspring(DOij_list,i,j,s x,s_y,level);
LFC_x=DOij_list[0][0];

LFC_y = DOij_list[0][1];

int type_LFC_label;

type_LFC_label = type_label(LFC_x,LFC_y,s x,
s_y,level);

if (LFC_type[type LFC_label] <= step_Quantization)
{LEC_D = 1; //%->No LFC D(i,j)}

int **Q_listo = new int*[4];

for(ii=0; ii<4; ii++)

{O_listo[ii] = new int[2];} coor offspring

(O listo,LFC_x,LFC y,s x,s y,level);

int LFC_ox,LFC_oy;

if (O_listo[0][0] !=-1){Let_ijk = I;

LFC ox =0 _listo[0][0];

LFC_oy =0 _listo[0][1];

type LFC_label = type label(LFC_ox,LFC _oy,s_x,
s_y,level);

if (LFC_type[type LFC_label] <= step_Quantization)
{ LFC_L =1, //%->No LFC L(i,)) }}

int check_work = 0; int* count_set = new int[1];

if (LFC_D + LFC_L) !=0){



i_coor_descendants_s(count_set,DOij_list,type_ij,i,j,s X,S
y.level);

Lij_set = type_ij[0];

check work =1; }

int absx,d_fdwt,yp;

int check LIP = 0;

if (check_work == 1){

//%2.2.1 if the entry is of type A

if (LIS_type[LIS_length] == 0)//%Output Sn(D(,j));
{if (bit_end <= count){goto a;}

value_SD = imout[count];

count = count + 1;

if (value_SD == 1){

for (int OD_A=0; OD_A < count_set[0] ; OD_A++)
//%Output Sn(OD(k,])) {absx = imout[count];

count = count + 1;

if (absx == 1)//%Sn(O(i,j)) is significant
{LSP_x[count LSP] = DOij_listftOD_A][0];
LSP_y[count LSP] = DOij_listfOD_A][1];
LSP_abs[count LSP] = (int)num_n;

//%Output sing of c(k,1)

d_fdwt = imout[count];

count = count + 1;

if (d_fdwt ==-1)

{LSP_abs[count LSP] =-LSP_abs[count LSP];}
count_LSP = count LSP+1;

if (bit_end <= count){goto a;} }

else //%Sn(0(i,))) is insignificant
{LIP_x[count LIP] =DOijj_listfOD_A][0];
LIP_y[count LIP]= DOij_list{OD_A][1];
count_LIP = count_LIP + 1;

check LIP=check LIP + 1;

if (bit_end <= count){goto a;} |}

if (Let_ijk == 1)//%remove (i,j) from the LIS (type A)
{if (check LIP == count_set[0]){

//%set type A

for(yp =0 ; yp < count_set[0] ; yp++){

LIS x[count LIS] =DOij_list[yp][0];

LIS y[count LIS] =DOij_list[ypl[1];

LIS type[count_LIS] = 0;
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count_LIS = count_LIS + 1;

change = change + 1;}

set add=1;

/[%remove (i,j) from the LIS B

LIS x[LIS length] =-1;

LIS y[LIS length] =-1;

LIS type[LIS length] =0; }

else{ if (LFC_L == 1) //%Output Sn(L(i,j))
{if (bit_end <= count)

{goto a;}

value_SL = imout[count];

count = count + 1;

if (value_SL == 1){ //%set type A
for(int yp =0 ; yp < count_set[0] ; yp++){
LIS x[count LIS] =DOij_list[ypl[0];
LIS y[count LIS] =DOij_list[ypl[1];
LIS type[count LIS]=0;

count_LIS = count_LIS + 1;

change = change + 1; }

/[%remove (i,j) from the LIS B

LIS x[LIS length] =-1;

LIS y[LIS length] =-1;

LIS type[LIS_length] = 1;

set add=1; }
else{LIS_type[LIS_length] = 1;}

if (bit_end <= count){goto a;} }

else{LIS type[LIS length]=1;} }}
else{//%remove (i,j) from the LIS B
LIS x[LIS length] =-1;

LIS y[LIS length] =-1;

LIS type[LIS length]=1; } }
}//%END of entry is of type A

else { if (LFC_L == 1) { //%Output Sn(L(i,j))
if (bit_end <= count)

{goto a;}

value SL = imout[count];

count = count + 1;

if (value SL==1) {

for(yp =0 ; yp < count_set[0] ; yp++) {
LIS x[count LIS] =DOij_list[yp][0];



LIS y[count LIS] =DOij_list[ypl[1];

LIS type[count LIS]=0;

count_LIS = count_LIS + 1;

change = change + 1; }

set add=1;

/[%remove (i,j) from the LIS B

LIS x[LIS length] =-1;

LIS y[LIS length] =-1;

LIS type[LIS_length] = 0;

if (bit_end <= count){goto a;} }

} } } }/END of LOOP LIS

long* count LIS new = new long[1];
cut_LIS(count LIS new,LIS x,LIS y,LIS type,count LIS
);

count_LIS = count LIS new[0];

//%3 Refinement Pass: for each entry (i,j) in the LSP
long* count_new = new long[1];
i_refinement_pass(count_new,imout,LSP_abs,count_LSP,
(num_n/2),bit_end,count);

count = count_new[0];

//%4 Ouantization

num_n = num_n/2;}

a:

re_image pass(output_image,LSP_x,LSP_y,LSP_abs,coun
t LSP);

delete[] LSP_x;

delete[] LSP y;

delete[] LSP_abs;

delete[] LIP_x;

delete[] LIP y;

delete[] LIS x;

delete[] LIS y;

delete[] LIS type; }

Ti)sunsw Decode_SPIHT_function.cpp

/* */

d v aAaw o

/3 Tag: W aigiium sianinna
a o g a o = =
/ avaniidluvesunimendoma Tulaggsus

/I DN, 2545

/% */
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#include"SPIHT.h"
s
//SPIHT-Decode-function
s

void i_coor_descendants_s(int *count_set,int** O_list,int*
type_ij,int i,int j,int s_x,int s_y,int level)

{/*Input <i,j = coordinates>

%Output <Lij_set = set of L(i,))>

% =0 -> No membership

% =1 -> Yes membership

Y%type_ij > type ij[0] = Lij_set; */

//Initial parameter

int Lij_set =1;

int null = 1;

%limit of first Layer and finit Layer

Yfirst Layer */

double number;

int p,first x,first y,finit x,finit y;

//limit of first Layer and finit Layer

//first Layer

number = pow((double)2,(double)level);

p = (int)number;

first x =s_x/(p);

first_y =s_y/(p);

//%finit Layer

finit x =s_x/2; finit_y =s_y/2;

//%Group 1 ->DWT Level 1 ,LH1 ,HL1 ,HH1

if (((>= finit_x/2 && i<s_x && j>=0 && j<s_y) || (i>=0
&& i<finit_x/2 && j>=finit_y/2 && j<s_y))

{ Lij_set=0;} //O_list
coor_offspring_s(count_set,0_list,i,j,s_x,s_y,level);
type_ij[0] = Lij_set; }
T

void i_coor_descendants(int** O_list,int* type_ij,int i,int
j,int's_x,ints_y,int level)

{ /*Input

%i,j = coordinates

%Output

%Lij_set = set of L(i,j)

% = 0 -> No membership



% =1 -> Yes membership
%type_ij

type_ij0] = Lij_set; */

//Initial parameter

int Lij set =1;

int null = 1;

%limit of first Layer and finit Layer
Yftirst Layer */

double number; int p,first_x,first y,finit_x,finit y;
//limit of first Layer and finit Layer
//first Layer

number = pow((double)2,(double)level);
p = (int)number;

first x =s_x/(p);

first y =s_y/(p);

//%finit Layer

finit x =s_x/2;

finit y=s y/2;

//%Group 1 ->DWT Level 1 ,LH1 ,HL1 ,HH1

if ((>= finit_x && i<s_x && j>=0 && j<s_v) || (>=0 &&

i<finit x && j>=finit_y && j<s_y))
{Lij_set=0; null = 0;}

if (null != 0){coor_offspring(O_list,i,j,s_x,s_y,level);}

type_ij[0] = Lij_set; }
e

void i_refinement_pass(long* count_new,char* imout,int*

LSP_abs,long countLSP,float num_n,long bit_end,long

count){int ans;

for (int t=0 ; t < count LSP ; t++) {

if (bit_end <= count)

{break;}

ans = imout[count];

count = count + 1;

if (LSP_abs[t] >=0) {

LSP_abs[t] = (int)(LSP_abs[t] + num_n*ans);}
else{LSP_abs[t] = (int)(LSP_abs[t] - num_n*ans);}
if (bit_end <= count){break;} }

count_new[0] = count;}

T i

void re_image(int** output_image,int* LSP_x,int*

LSP_y,int * LSP_abs,int* LSP_sign,long count LSP)

{int i,j;

float s_amp;

for(long step = 0; step < count_LSP ; step ++) {

i=LSP x[step];

j=LSP_y[stepl;

s_amp = LSP_abs|[step] * (float)LSP_sign[step];

output_image[i][j] = (int)s_amp; } }
s
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void re_image_pass(float** output_image,int* LSP_x,int*

LSP_y,int * LSP_abs,long count_LSP)

Lintij;

for(long step = 0; step < count_LSP ; step ++) {

i=LSP x[step]; j=LSP_y[stepl;

output_image[i][j] = (float)LSP_abs[step]; } }

T

void coor_offspring_s(int* countO,int** O_list,int i,int j,int

s_x,int s_y,int level)

{i=i+1; j=j+ 1; double number; int count O =0;

int p,first_x,first y,finit x,finit y,oi,0j;

//limit of first Layer and finit Layer

//first Layer

number = pow((double)2,(double)level);

p = (int)number;
first x =s_x/(p);
first_y = s_y/(p);
//finit Layer
finit x =5 x/2;

finit y=s_y/2;

//Find odd and even output = 1 -> odd

//Check i

oi =1%2; 0j =j%2;
if (0i == 0){0i = 0;}
else{oi=1;}
/ICheck j

if (0j == 0){0j = 0;}
else{oj = 1;}

int Check = 1;

//output = 0 -> even



//No root if >Yes L(i,j)
//Level END

int px,py;

if (=1 && i<=first x && j>=1 && j<=first_y) {
if ((0i+0j)!=2) {

px=first x-1;

py=first_y-1;

if (oi==1 && 0j==0)
{0_list[0][0] = i;

O_list[0][1] = j+py; }

if (0i==0 && oj==1)

{ O _list[0][0] = i+px;
O_list[0][1] =j; }

if (0i==0 && 0j==0)

{ O_list[0][0] = i+px;
O_list[0][1] = j+py; }

Check =0; }

else { count O =0;

O _list[count_O][0] = i+1-1;

O _list[count O][1] =j-1;
11%1)

O_list[count O+1][0] =i-1;

O _listfcount O+1][1] = j+1-1;
11%2)

O _list[count O+2][0] = i+1-1;
O_list[count O+2][1] =j-1+1;
count_O =3;

Check=2;} }

//NO root if > No L(i,])
//Level 1 (LH1 HL1 HH1)
inta_l,a 2;

a_ 1= (finit_x+1);

a 2= (finit_y+1);

if ((b=a_1 && i<=s_x && j>=1 && j<=s_y) || (i>=1 &&
i<=finit_x && j>=a 2 && j<=s_y)) {
O _list[0][0] = -1; /1(-1)

O list[0][1] =-1; /I(-1)
Check =2}

//Root of O(i,j) -=>Yes L(i,)

if (Check == 1) {
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O _list[0][0]=(int)((i*2)-1);

O _list[0][1]=(int)((*2)-1);}

if (Check !=2){

O_list[0][0]-=1;

O _list[0][1]-=1;
//Find root of O(i,j)
/12 3 ;*=0(i,j)
/1)

O_list[1][0] = O_list[0][0];

O list[1][1] = O _list[0][1] + 1;
//2)

O _list[2][0] = O_list[0][0] + 1;
O_list[2][1] = O_list[0][1];
//3)

O_list[3][0] = O_list[0][0] + 1;

O list[3][1] = O _list[0][1] + 1;
count O=4;}

countO[0] = count_O; }
s
void coor_offspring(int** O_list,int i,int j,int s_x,int s_y,int
level)

{i=i+1; j=j+1;

double number; int p,first x,first y,finit x,finit y;
//limit of first Layer and finit Layer
//first Layer

number = pow((double)2,(double)level);
p = (int)number;

first x =s_x/(p);

first y=s_y/(p);

//finit Layer

finit_x =s_x/2; finit_y =s_y/2;
//Find odd and even

//output = 1 -> odd output = 0 -> even
int 01,0j;

/[Check i

0i =1%2; 0j = j%2;

if (0i == 0){0i = 0;}

else{oi=1;}

/[Check j

if (oj == 0){0j = 0;}



else{oj = 1;}

int Check = 1;

//No root if >Yes L(i,j)
//Level END

int px,py;

if ((>=1 && i<=first_x && j>=1 && j<=first_y)
{ if ((oi+0j)!=2) {
px=first x-1;
py=first_y-1;

if (oi==1 && 0j==0)

{0 _list[0][0] = i;
O_list[0][1] = j+py; }
if (0i==0 && 0j==1)
{O_list[0][0] = i+px;
O_list[0][1] =j; }

if (0i==0 && 0j==0)

{ O_list[0][0] = i+px;
O_list[0][1] = j+py; }
Check =0; }

else { O_list[0][0] = -1;
O_list[0][1]=-1
Check=2;} }

//NO root if > No L(i,])
//Level 1 (LH1 HL1 HH1)
inta l,a 2;

a_1=(finit x+1); a 2 = (finit_y+1);

if((>=a 1 && i<=s_x && j>=1 && j<=s_y) || (>=1 &&

i<=finit_x && j>=a_2 && j<=s_y))
{ O_list[0][0] =-1;  //(-1)
O_list[0][1]=-1; /H-1)
Check =2; }
//Root of O(i,j) ->Yes L(ij)
if (Check == 1)
{ O_list[0][0]=(int)((i*2)-1);
O _list[0][1]=(int)((j*2)-1); }
if (Check !=2) {
0_list[0][0]-=1;
O_list[0][1]-=1;
//Find root of O(i,j)
/12 3 *=0(,j)

/1)

O_list[1][0] = O_list[0][0];

O list[1][1] = O _list[0][1] + 1;

//2)

O _list[2][0] = O_list[0][0] + 1;
O_list[2][1] = O_list[0][1];

//3)

O _list[3][0] = O_list[0][0] + 1;
O_list[31[1]1=O_list[0][1] + 1; } }
M
void cut_LIS(long* count LIS new,int* LIS x,int*
LIS y,int* LIS_type,long count LIS)
{ long count=0;

for(long z=0 ; z < count_LIS ; z++)
{if(LIS_x[z]!=-1)

{ count = count + 1; } }

int* x_new = new int[count];

int* y_new = new int[count];

int* z_new = new int[count];

count = 0;

for( z=0 ; z < count_LIS ; z++) {
if(LIS_x[z]!=-1) {

x_new|[count] = LIS x[z];
y_new[count] = LIS y[z];
z_new[count] = LIS type[z];

LIS x[z] =-1;

count=count+ 1; } }

for( z=0 ; z < count ; z++)

{LIS x[z] =x new[z];

LIS_y[z] =y_new][z];

LIS typelz] =z newl[z]; }
count_ LIS new[0] = count;

delete[] x_new;

delete[] y_new;

delete[] z_new;}
M
void cut_LIP(long* count LIP new,int* LIP_x,int*
LIP_y,long count LIP)

{ long count=0;

for(long z=0 ; z < count_LIP ; z++) {
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if(LIP_x[z]!=-1) { count = count + 1; } }

int* x_new = new int[count];
int* y new = new int[count];
count = 0;

for( z=0 ; z < count_LIP ; z++)
{ if(LIP_x[z]!=-1) {
x_new[count] = LIP_x[z];
y_new[count] = LIP_y[z];
LIP x[z] =-1;
count=count+ 1; } }

for( z=0 ; z < count ; z++) {
LIP_x[z] = x_new][z];
LIP_y[z] =y_new[z]; }
count_LIP_new[0] = count;
delete[] x_new;

delete[] y new; }

o

void round_image abs(float** input,int s_x,int s_y)

{ float point=0.5;
int store_int;
for(inti=0;i<s x ;i++)

{ for(int j = 0 ; j<s_y ;j++) {

if (inputlil[j] > 0) { if (input[i[j] <= 255)

{ store_int = (int)(input[i][j] + point);
input[i][j] = (float)store_int; }

else {input[il[j] = (float)(255);} }
if (input[i][j] <= 0)

{inputfil[j1=0;} } } }

Tisun3a LFC.cpp

miiloulumanuan .
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Tsunsy Arithm.h

/* */

/e Tae: wio sigiiud siaiifindna

a a Q( a @ = =
/ dvansiuvesuminendoma Tuladgsuis
/0.0, 2545

/* */

#include <stdlib.h>

#include <stdio.h>

#define MaxSymbols 257

#define CodeValueBits 16

#define TopValue 65535L /* 2*CodeValueBits - 1 */
#define FirstQtr 16384L /* (TopValue + 1) /4 */
#define Half 32768L  /* 2 * FirstQtr */

#define ThirdQtr  49152L  /* 3 * FirstQtr */

#define MaxFrequency 4095L /* 2712 -1 %/

typedef struct { int numb_symb, * freq, * cum_freq, *
index_to_symb, * symb_to_index;} Adaptive_Model;
typedef struct { FILE * out_file; int bit_buffer,
bit_index, bits_to_follow;long low, high, byte counter;}
Encoder;

typedef struct { FILE * in_file; int bit_buffer, bit_index,
extra_bits; long low, high, value, byte_counter; }
Decoder;

void Create Model(Adaptive Model * M, int
numb_symb);

void Reset_Model(Adaptive Model * M),

void Set New_Model(Adaptive_Model * M, int
numb_symb);

void Dispose_Model(Adaptive Model * M);

/% == < Encoder ///II1IHITTIITTTTTIHTTTITTITTTTTTTTTTTTTTTNTITTTF
void Start_Encoder(Encoder * E, char * file_name);
long Stop_Encoder(Encoder * E);

void Write Symbol(Encoder * E, Adaptive Model * M,
int symb);

void Write Bits(Encoder * E, int bits, int word),

long Bytes_Used(Encoder * E);

1% = =< Decoder /1T
void Start Decoder(Decoder * D, char * file_name);
void Stop_Decoder(Decoder * E);

int Read_Symbol(Decoder * D, Adaptive Model * M);

int Read_Bits(Decoder * E, int bits);
long Bytes Read(Decoder * E);

Tusunsu encode.cpp

/ %/
v o v @ d v aAaw o
/3 Tae: W sigiu vaningna
a a Q( a @ = =
/ dvansiluvesuminendoma Tuladgsuis
/0.0, 2545

/* */

#include "arithm.h"

/* == Main function ////////111HTTTITTTTTTITTTTTTTTTTTITTTTTT T
int main(void)

{Adaptive_Model m; Encoder enc;

long befor = 0; long after;

FILE *fp;

int ch;

if((fp = fopen("data.sut","r")) == NULL )
printf("error can not open");

// step 1

Create Model( &m, 2); // 2 = total symbol

Start Encoder(&enc,"data.zim" );

while (!feof(fp) ){//step 2 encode

ch = fgete(fp);

if (ch == EOF) break;befor++;

Write_ Symbol(&enc, &m,ch);

// ch is charector sent to compress}

// end encode

Stop_Encoder(&enc);

after = Bytes Used( &enc);

if((enc.out_file = fopen("data.zim","a")) == NULL)
printf("error can not open file");
fwrite(&after,sizeof(after),1,enc.out_file);
fclose(enc.out_file );

printf(" Size befor compress %d Bits\n " ,befor);
printf("Size after compress %d Bits \n\n ",after*g);

Dispose_Model(&m); }
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Start Decoder(&dec,"data.zim" ); // test.ko is file output for

compress
lenght = bit_end; //size of data before copress
for(i=0 ;i< lenght; i++){//step 2 encode

ch = Read_Symbol(&dec, &m);



// ch is charector sent to compress
if(fpute(ch,fp) == EOF)
{printf("error write "); exit(1); } }
// end encode
Stop_Decoder(&dec);
Dispose_Model(&m);
printf("End of Program \n\n");

return(0);}

Tusunsu decode.cpp

/% */

// e Tae: we aigiiun viafsinna

4
/ dvansiluveaninndoma Tuladgsus
// NN 2545

/* */

#include "arithm.h"

/* - - Main function
T
int main(void)

{int bit_end,in1[1]; //Size Data
long befor = 0; long i; long lenght =0;
int ch;

Adaptive_Model m; Decoder dec;
FILE *fp;

FILE *pheader;
it
//Load file Header SPIHT
it
pheader = fopen("header.sim","rb");
fread(in1,4,1,pheader);

//size of data wavelet SPIHTbit_end = in1[0];
fclose(pheader);
it
if((fp = fopen("output.sut","w+")) == NULL )
{printf("error can not open"); exit(1);}
// step 1

Create Model( &m, 2); // 2 = total symbol

Tusunsu arithm.cpp

/* */

/e Tae: wo sigiiud siaiifindna
a a Q( a @ G )
/ dvansiuvesuminendoma Tuladgsuis

/I ,D.N. 2545

/* */
#include "arithm.h"
static void Error(char * s)
{ fprintf(stderr, "\a -> Error: %s", s);
fprintf(stderr, "\n Execution terminated...\n\n");
exit(1);}
i
void Create Model(Adaptive Model * M, int ns)
{ M->numb_symb = 0; Set New_Model(M, ns);}
Vs
void Reset_Model(Adaptive Model * M)
{Set New_Model(M, M->numb_symb);}
s
void Set New_Model(Adaptive Model * M, int ns)
{int i, cum;
if ((ns <2) || (ns > MaxSymbols))
Error("invalid < Adaptive_Model > definition");
if (M->numb_symb !=ns) {
if (M->numb_symb) free((char *) M->freq);

M->numb_symb =ns; i=ns + 1;
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if (M->freq = (int *) malloc(4 * i * sizeof(int))) == NULL)

Error("< Adaptive_Model >: insufficient memory");
M->cum_freq = M->freq + i;
M->symb_to_index = M->cum_freq + i;
M->index to symb =M->symb to_index +i; }
for (i=0;i <ns; i++) {

M->symb_to_index[i] =i+ 1;
M->index_to_symbl[i+1] =1i; }

M->freq[0] = 0;

for (1= 1; i <= ns; i++) M->freq[i] = 1;

for (cum =0, i=mns;1>=0; i) {
M->cum_freq[i] = cum; cum += M->freq[il; } }
M

void Dispose_Model(Adaptive Model * M)

{ if (M->numb_symb) {

free((char *) M->freq); M->numb_symb =0; }}
ittt



static void Update_Model(Adaptive Model * M, int
index)

{int i, cum, symb _i, symb_index;

if (M->cum_freq[0] == MaxFrequency)

for (cum = 0, i = M->numb_symb; i >= 0; i--) {
M->freq[i] = (M->freq[i] + 1) >> 1;
M->cum_freq[i] = cum; cum += M->freq[i]; }

for (i = index; M->freq[i] == M->freq[i-1]; i--) ;

if (i < index) {symb_i=M->index_to_symbl[i];
symb_index = M->index_to_symb[index];
M->index to symbl[i] = symb_index;
M->index_to_symb[index] = symb_i;
M->symb_to_index[symb _i] = index;
M->symb_to_index[symb_index] =i; }
M->freq[i]++;

while (i) M->cum_freq[--i]++;}
it

static int Select_Symbol(Adaptive_Model * M, long
value, long * 1, long * h)

{int index, cum, symbol; long range;

if ((value < *1) || (value > *h))

Error("invalid < Adaptive_Model > value");

range = *h - *1 + 1;

cum = (int) (((value - *1 + 1) * M->cum_freq[0] - 1) /
range);

for (index = 1; M->cum_freq[index] > cum; index++);
*h = *] + (range * M->cum_freq[index-1]) / M->

cum_freq[0] - 1;

*] = *] + (range * M->cum_freq[index]) / M->cum_freq

[0];

symbol = M->index_to_symb[index];

Update Model(M, index);

return symbol;}

it

static void New_Interval(Adaptive_Model * M, int
symb, long * 1, long * h)

{int index; long range;

if ((symb < 0) || (symb >= M->numb_symb))
Error("invalid < Adaptive_Model > symbol"),

index = M->symb_to_index[symb];
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range = *h - *1 + [;

*h = *] + (range * M->cum_freq[index-1]) / M->cum_freq[0]
-1;

*] =*] + (range * M->cum_freq[index]) / M->cum_freq[0];
Update Model(M, index); }
it

// Encoder

M

static void Output_Byte(Encoder * E)

{E->byte counter++; E->bit_index = 8;

if (putc(E->bit_buffer, E->out_file) == EOF)

Error("< Encoder > cannot write to file");}
M

static void Bit_Plus_Follow(Encoder * E, int b)

{ E->bit_buffer >>= 1,

if (b) E->bit_buffer |= 0x80;

if (--E->bit_index == 0) Output_Byte(E);

while (E->bits_to_follow > 0) {

E->bit_buffer >>= 1; --E->bits_to_follow;

if ('b) E->bit_buffer [= 0x80;

if (--E->bit_index == 0) Output_Byte(E); }}
M

static void Update_Encoder(Encoder * E)

{ for (;;) {if (E->high < Half) Bit_Plus_Follow(E, 0);
else if (E->low >= Half)

{Bit_Plus_Follow(E, 1);

E->low -= Half; E->high -= Half; }

else if ((E->low >= FirstQtr) && (E->high < ThirdQtr))
{E->bits_to_follow++; E->low -= FirstQtr;

E->high -= FirstQtr; }

else break;

E->low <<= 1; E->high += E->high + 1; }}
M

long Bytes_Used(Encoder * E)

{return E->byte counter;}
M

void Start_Encoder(Encoder * E, char * file_name)
{char * msg = "< Encoder > cannot write to file";

if ((E->out_file = fopen(file_name, "wb")) == NULL) Error

(msg);



E->bit_index = 8§;

E->bit_buffer = E->bits_to_follow = 0;

E->byte counter = E->low = 0;

E->high = TopValue; }
long Stop_Encoder(Encoder * E)

{char * msg = "< Encoder > cannot write to file";

++E->bits_to_follow; ++E->byte counter;

Bit_Plus_Follow(E, E->low >= FirstQtr);

if (putc(E->bit_buffer >> E->bit_index, E->out_file)
== EOF) Error(msg);
if (fclose(E->out_file) == EOF) Error(msg);
return E->byte counter;}
it
void Write_Symbol(Encoder * E, Adaptive_Model * M,
int s)

{New_Interval(M, s, &(E->low), &(E->high));

Update_Encoder(E); }
it

void Write Bits(Encoder * E, int bits, int word)

{long Im1 = E->low - 1, range = E->high - Im1, prod =
range;
word &= (1 <<bits) - 1;

prod *= word;

E->high = Im1 + ((prod + range) >> bits);
E->low += prod >> bits;

Update_Encoder(E); }
it
// Decoder
it
static void Input_Byte(Decoder * D)

{ if (D->bit_buffer = getc(D->in_file)) == EOF)

if (++D->extra_bits > CodeValueBits - 2)

Error("< Decoder > attempted to read past end of file");
++D->byte_counter; D->bit_index = 8;}
it
static void Update_Decoder(Decoder * D)

{for (;;) { if (D->high >= Half)
if (D->low >= Half)

{D->value -= Half;, D->low -= Half;, D->high -= Half;}

else if ((D->low >= FirstQtr) && (D->high < ThirdQtr))

{D->value -= FirstQtr; D->low -= FirstQtr;
D->high -= FirstQtr; }
elsebreak;
if (!D->bit_index) Input_Byte(D);
D->low <<= 1; D->high +=D->high + 1;
D->value += D->value + (D->bit_buffer & 1);
D->bit_buffer >>= 1; --D->bit_index; }}
long Bytes_Read(Decoder * D)

{return D->byte counter;}
it
void Start Decoder(Decoder * D, char * file_name)
{int i;
char * msg = "< Decoder > cannot read file";
if (D->in_file = fopen(file_name, "rb")) == NULL)
Error(msg);
D->value = D->low = D->bit_index = D->extra_bits = 0;
D->high = TopValue; D->byte_counter = 0;
for (i = 1; i <= CodeValueBits; i++) {
if ('\D->bit_index) Input_Byte(D);
D->value += D->value + (D->bit_buffer & 1);
D->bit_buffer >>= 1; --D->bit_index; }}
M
void Stop_Decoder(Decoder * D)

{ fclose(D->in_file);}
M

int Read_Symbol(Decoder * D, Adaptive Model * M)

177

{int symbol = Select Symbol(M, D->value, &(D->low), &(D-

>high));

Update Decoder(D); return symbol; }
M

int Read_Bits(Decoder * D, int bits)

{ long Im1 = D->low - 1, range = D->high - Im1, prod =

range;

int word = (int) ((((D->value - Im1) << bits) - 1) / range);

prod *= word;

D->high = Im1 + ((prod + range) >> bits);
D->low += prod >> bits;

Update Decoder(D);

return word; }
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T15uns3 write_wavelet.m

/* */

// dalae: we sigiius siaiinena
a a =g a Y = ~
/ dvansiluveaunminendomaluladgsuis ,n.n. 2545

/* */

%Read BMP file

X = imread('sut3.bmp','bmp");
im_in = double(X);

clear X;

save('original image','im_in');
%size and level decomposition
x =960; %size row
y=1280; %size column

% Write Binary File
fid=fopen('D:\dwt\ant1.dat','w");
%Write Data in File
fwrite(fid,im_in,'uint8");

fclose(fid);

1151053 read_wavelet.m

/* */

v o v W d v aAaou o
/A lag: e UIUHUN NANNNYNA

a a &g a @ = ~
// a“llﬁ‘Vl‘ﬁ!‘lJusll@QNWTJﬂEﬂaﬂl‘l’]ﬂIUIﬁfJQ'ﬁu']ﬁ ,ALNL 2545

/* */
%size ana level

sx = 512; %row

sy=512;  %column
fl1=fopen('D:\dwt\zucchini.dat','r");
[Picl,c]=fread(f1,[sx sy],'uint8");

Picl = double(Picl);



fclose(f1);
imwrite(Pic,gray(256),'E:\zucchini_0125.bmp','bmp")
%read original image

load original image;

PSNR(Pic,im_in)

Wan¥4 PSNR.m

/* */

v o v W d v Ao o
/A lag: e UIUHUN NANNNYNA

a a &g a [ = ~
/l aﬂlﬁﬂﬁLﬂuﬂl@ﬁNﬁ’nﬂﬂWaEllfﬂﬂIUIaﬂq’ﬁu']ﬁ

/], DN, 2545

/* */
function PSNR = PSNR(input,output)
%PSNR = PSNR(input,output)

%input = image input

%output = image output
[Nr,Nc]=size(input);

%Check Error

%MSE = Mean square error
error=abs(input-output);
MSE=sum((sum(error.”2)))/(Nr*Nc);
%PSNR = Peak signal-to-noise ratio (dB)

PSNR =10*log10(255"2/MSE);
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EM Image Compression Using the Discrete Wavelet Transform

N. Thatphithakkul, K. Attakitmongcol, S. Sujitjorn

School of Electrical Engineering, Suranaree University of Technology, Thailand

The image from the Electron Microscope (EM) is effectively used to analyze
the fine details of the object’s surface. When the discrete wavelet transform is applied
to the image, the plain surface of the object will be in the low-frequency subband and
the edge will be in the high-frequency subbands. Thus, compression algorithm for the
EM image must take every subband of the wavelet coefficients into account. A
powerful image compression algorithm we consider is the Set Partitioning in
Hierarchical Tree (SPIHT). This coding scheme exploits the self-similarity of the
wavelet coefficients across different scales and searches for the high magnitude
coefficients in every subband so its compression rate is better than the one by the
Joint Photographic Group (JPEG) method. Furthermore, SPIHT does not cause Block
Artifacts as the JPEG does. In this work, we propose an improvement of the SPIHT
algorithm to increase the image compression capability by adding List of Forbidden
Coefficients (LFC), extending the encoding and decoding condition, and assessing the
image compression efficiency by using the Peak-signal-to-noise-ratio (PSNR) method
and the Bit rate method.

The proposed algorithm for EM image compression has been coded in C. The
codes run on PentiumlIIl, 1 GHz, by 2-10 seconds according to different bit rates used.
As shown in figure 1(a-d), the quality of the image in figure 1(d) is almost the same
as that of the original in figure 1(a). The size of the compressed image file is 1/8 times
the size of the original. With lower bit rates, the smaller compressed files could be
obtained with degraded quality of the compressed images. The suitable bit rate
should be judged against the required image quality.
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(a) Original Image (Zucchini) (b) Bitrate= 0.25 bpp,
PSNR = 23.1409 dB

(c) Bit rate = 0.5 bpp, (d) Bitrate = 1.00 bpp,
PSNR =26.4209 dB PSNR =31.4849 dB

Figure 1: Images obtained using the improved SPIHT algorithm.
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ABSTRACT - The image from the Electron Microscope (EM) is effectively used to
analyze the fine details of the object’s surface. When the discrete wavelet transform is
applied to the image, the plain surface of the object will be in the low-frequency
subband and the edge will be in the high-frequency subbands. Thus, compression
algorithm for the EM image must take every subband of the wavelet coefficients into
account. A powerful image compression algorithm we consider is the Set Partitioning in
Hierarchical Tree (SPIHT). This coding scheme exploits the self-similarity of the
wavelet coefficients across different scales and searches for the high magnitude
coefficients in every subband. In this paper, we propose an improvement of the SPIHT
algorithm. Several wavelets are then applied for comparison in order to find the best
wavelet basis for the EM image with the improved algorithm.

KEY WORD - Image compression, SPIHT, Wavelet
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