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ABSTRACT
kmlon?pWn?q

-rtsbuvu?wbxzyWr{so|6w}y�~ lbn r{u n ~^wbx n?� s}u?s p wo���Ww}sb�6xzsb�
yWr{so|6w n?� yW�6xvy l wb~��M�h�?w lbn?pWn?q�n?� wbs l �zu?yW�6w p y�~j�W�6w$uvs p wb�W��wlon?pWn?qhq w � w q wb� l wbxH�v�t�W�6w�uvy��?w p�� ~fyW�6x?wo�D���h�?w�y��?x?y l wb~�y�rtsb|6wBy�~� ~ � s pWp � � s q��2q�n r �?wbyW�6|�~^r nvn �W�D���h�6yW~)s �2� w l �W~)yW��~lon rtu q wb~G~^y��vy p yW�����?� pWn ~^~ p wb~G~�yWr{so|6w lon rtu q wb~^~Gy n �;rtwb�W� n x?~G�
x � w�� n �W�6woy qfq w p yWsb� l w n �(���6w��?sb� � q s p ~Gr n?n ���?�6wb~^~ n?� y�rtsb|?wb~��
�M�6w$y��?x?y l wb~jyWrtsb|6wb~ l sb�z�?w$~^r nvn �W�6wbx��v� q w -n?q x?w q yW�6|�W�6w
uvs p wb�W��wo��yE� w`� ��so~G~^y�|6�6yW�6|��W�6w�y��6xvy l wb~{� n ���6w lbnvp�nvq ~{y���s��?wb�W�Ww q
way. �����W�6yW~�u?sou?w qB� w u q�n u n ~Gw�s �6w � r{wo��� n x �2nvq uvs p wb�W��wnvq xvw q y��6|��?sb~^wbx n ��sb��sbu?u q�n �6yWr{so��w�~ n?p � �Wy n � n?� �W�6w
� q so�6w p y��?|¡ �s p wb~^r{so�¡¢ q�n � p wor(�£�M�6w�u q�n u n ~^wbx¡rtwb�W� n x;�6sb~pWn?��lon rtu p wb�6yW���{x?wbuvwb�6xvwb�6� n � p � n �{���?w¤~^y�¥ow nv� �W�6w¦u?s p wb�W�Ww`�]���
yW~ ��n � �6x�� n ~GyW|6�6y � y l sb�?� p ��y�rtu q�n �?wB�W�6w lon rtu q wb~G~^y n � q sb�Wy n ~ n?�
color-rtsbu?uvwbx§y�rtsb|6wo~ lbn x?wbx � yW���¨�W�6w¡©i¢"ªh« -¬  pWn ~G~ p wo~G~lon rtu q wb~G~^y n �B~^��so�6x?s q x®�S�h�6w q wb~ � p �Wy��?| lbn r{u q wo~G~^y n � q sb�Wy n ~Ms q w
�vwb�W��w q ���6so�,�W� n ~Gw(s l �?y�wo�6wbx}�?�,���?w¯u n u � p s q «°��±�yWr{so|6w � y p w
format.

1. INTRODUCTION

�M�6w²u?yW�6w p ~ nv�$lbn?pWn?q -rtsbuvu?wbx³yWrtsb|6wo~ lbn �?��soy��´yW�6x?y l wo~�� n
uvs p wb�W��w lbn?pWn?q ~�yW�6~^��wbsox nv� �W�6w lbnvp�nvq ~����6wor{~^w p �6wb~�sb~HyW�$� q � wlon?pWn?q y�rtsb|?wb~��mµ n?pWn?q -rtsbu?uvwbx¶y�rtsb|?wb~�s q w � ~Gwox ��n?q
xvy�~^u p sb�:yW�6| yWr{so|6wb~ n � lon?pWn?q -p y�rtyW��wox x?yW~Gu p so�:~ nvq¤��n?q ~G� n?q y��6|
�vy��Wr{sou?uvwbxty�rtsb|6wo~��
�M�6w lbn r{r n � � y p w �2nvq rtsb� �2nvq ~G� n?q yW�6| lbnvp�n r-r{sou?u?wox�yWr{so|6wb~
yW~j���?w$«°��± � y p w �2n?q r{so��·�¸]¹]�h�M�6yW~ � y p w �2nvq rtsb�°wor{u p�n �:~¯�W�6w
¬º»¼s p | nvq yW���?r½·¿¾?¹t� n wo� lbn x?w��W�6w�yW�6xvy l wb~HyWr{so|6w`�®À°�?w n?�
�W�6wÁr{soy���x q s � �?s lbÂ ~ n?� «°��±,y�~¦���?sb�Vy��Vwo� lbn x?wb~¦�W�6w{yWrtsb|6wtsb~
s;¸ -x?yWrtwb�6~^y n �6s p ~^� q wbsor n �?�WsbyW�6wox��v�Ãs q sb~G�Ww q ~ l so� nv� �W�6w
yWr{so|6w`��ª�� l wbu?� ��n?q ���6w p w � �e�6woy�|?�6� nvq¦nv� s�u?yW�6w p ���W�6w�~^u?sb�WyWs plon?q�q w p so��y n ���?wo� � wbwb���W�6w�u?yW�6w p so�6xÄy��W~´�6wbyW|6�6� n?q ~ÅyW~G� � �
exploited.

�M�6w(©^¢Dª�« -¬ ¨·ÇÆv¹ p�n ~G~ p wb~^~Áy�rtsb|6w lbn r{u q wo~G~^y n � ~G�Wsb�?x?s q x�y�~
yW�6�Wwb�6xvwbx �2n?qzpWn ~^~ p wo~G~�sb�6xÈ�6wos q -pWn ~G~ p wo~G~ lbn r{u q wo~G~Gy n � n?�lon �6�Wy�� � n � ~É� n �?w°y�rtsb|6wo~��o�h�6yW~Értwb�W� n x lon rt�?yW�6wb~És°u q wox?y l � n?q
so�6x¡sb��wo� lbn x?w q �M�h�6w$u q wox?y l � n?q u q wox?y l �W~j���?w$�6s p � w n?� �W�6wl � q�q wb�?�Duvy��6w p s lblon?q xvy��?|H� n y��W~f�6woy�|6�?� n?q ~f�W�6sb�Du q w l wbx?wBy��Dy���sq sb~^��w q ~ l so� n?� �W�6wÊyWr{so|6w`���h�6w�wb� lbn xvw q wb� lon xvwb~��W�6w
u q wox?y l �Wy n � q wb~^y�x � s p ~ � ~GyW�6|�s lbn �6��wo�6� -�?so~Gwox�« nvp�n r{� -ËÉy l w

lon xvy��6|®�V�h�6w,wb� lon x?w q so~G~ � r{wo~�s�¬sou p s l y�so�$x?yW~G� q yW� � �Wy n � n?�
�W�6wÁu q wbxvy l � nvqÉq wo~GyWx � s p ~^� � �6y l �¯y�~ÌsÁ| n?n x�sou?u q�n �6y�rtsb�Wy n � ��n?q
�?sb� � q s p/lbn �?��yW� � n � ~M� n �6w¦yWr{so|6wb~O�
�M�6w²©i¢"ª�« -¬ Íwb� lon x?w q x n wb~^� � �,|6yW�6w²| nvn x lbn r{u q wo~G~^y n �q wb~ � p ��~ �2nvq ���6w�yW�6x?y l wo~,yWr{so|6w n?� s�W�:u?y l s ptlon?pWn?q -rtsbuvu?wbx
yWrtsb|6w/�O�h�6yW~fyW~fx � wB� n �W�6w p s loÂ�n?� ~^r nvn �W�6�6wo~G~ nv� ���?w�y��?x?y l wb~
yWrtsb|6wo� � �6y l �ÎyW�6�6s p yWx?so��wo~��W�6w�¬sbu p s l y�so�Îxvy�~^� q y�� � �Wy n �
so~G~ � r{uv��y n � �2n?q �W�6w¯u q wbx?y l �Wy n � q wb~^y�x � s p ~����h�6w�~GyW� � sb�Wy n � l so�
�vw�yWr{u q�n �6wbxH�v�tsB�?wb�W�Ww q so~G~GyW|6�6rtwb�?� n?� �W�6w°u?s p wo���Ww � ~Éy��?x?y l wb~
�W�6so� �¦n � p x q wo~ � p �/y��{s¤~^r nvn �W�6w q yW�6x?y l wo~ image.

�M�6w¯�6wbwox ��n?qÌlbn?pWn?qÌnvq xvw q y��6| n?��lon?pWn?q -rtsbuvu?wbx,y�rtsb|?wb~ � sb~� y q ~G� sbx?x q wo~G~^wbx �2nvq�p�n ~G~^� lon rtu q wb~G~^y n � nv� ���6wo~Gw�yWr{so|6wb~O�
ºs lbl s q y���wb�Vs p �"·¿Ï?�ÇÐv�ÇÑ?¹ � ~^wbx p � rty��?sb� l w -�vsb~^wbx nvq xvw q y��?| � yW�W�
sjxvy ��� w q wo�6� n?q x?w q yW�6| �2nvq x?y �2� w q wb�6� q wb|6y n �?~ nv� ���6w(yWr{so|6w`� k
~^y�rty p s q�n?q x?w q yW�6|�sbuvu q�n s l � � so~jwbrtu pWn �:wox��?��µÉ�6wb�zwb�Bs p �
·¿Ò?¹]�¨»zs p xvwbr{s q sb�6x�ËÉsbrt~G�WsbxÓ·¿Ô?¹�~ nvq �Wwbx����?w lbnvp�nvq ~
s lblon?q x?yW�6|Ã� n �W�6w � � r{�vw qtn?� �WyWr{wo~�s lon?pWn?q sbuvu?wbs q ~�y��Ã���6w
�?wbyW|6�6� nvq � n?n x nv� sb� n ���?w q�lon?pWn?q �"¢Dwbyfso�6x$¬ n ·¿Õ?¹ � ~^wbx$ �w p��
À q |6so�6y�¥oy��?|ÍÖ�sou?~²� n ~GyWr � p �Wsb�?w n � ~ p � lon?pWn?q¡× � sb�?��yW¥bw³so�
yWrtsb|6wzsb�?x nvq xvw q �W�6w q wo~ � p ��yW�6| lbnvp�nvq ~}s lolbnvq xvy��6|�� n �W�6woy qpWn?l sb�Wy n �6~£y��{���6w¦Æ -x?yWr{wo�6~Gy n �6s p/lbn?pWn?q ~^u?s l w`�
Ö}wor n ��sb�6x¡Ø°wo� Â sb�Wwb~ � s q so�Ù·�¸SÚ?¹�u q�n u n ~Gwox�� �¦n �6w � q yW~G�Wy llon?pWn?qen?q x?w q yW�6|�s p | n?q y��W�6rt~ ��n?q£p�n ~G~ p wb~^~ lon?pWn?q -rtsbu?uvwbx�y�rtsb|6wlon rtu q wb~^~Gy n �D�t�h�?w n?q x?w q yW�6| � so~�x n �6w¨s lolbn?q x?yW�6|´� n ���6w
numbe

q�nv� ��yWr{wo~�uvy��?w p ~��?sb�6yW�6| n �6w lbnvp�nvqj� w q w � ~^wbx�sb~
u q wox?y l � n?q ~�� n uvy��6w p ~��?sb�6yW�6|´sb� n ���?w q$lbnvp�nvq �BÖ}wbr n �Åsb�6x
Ë n x?y p sz·�¸v¸]¹ � ~GwoxÃ�W�6w ¢Dsby q�� y�~^w Ö}w q |6w,Û�¢DÖ�Ü �2q�n r'·�¸]Ú?¹{� n
� q sb�6~ lbn xvw lon?p�nvq -r{sou?uvwbx²yWr{so|6wb~ �2q�n rÝ«°��±³� n ©^¢Dª�« -¬ £�
�M�6wb�Þs p ~ n u q�n u n ~^wbxßso�àyW��w q so��yW�6w��?w q ~Gy n � n?� ���6w�¢"Ö
xvwb~^y�|6�?wbx¨~Guvw l y � y l s p�p � �2n?q ���6w�Ö}wox?yWsb��ª�x?|6wz¢ q wox?y l � n?qjn?�
JPEG-LS.

�M�6wtu?sbuvw q yW~ n?q |6so�6y�¥owbx¯sb~ �2n?pWpWn?� ~�á? �w l ��y n �H¾�w p � l yWx?so��wo~ n �
�W�6w��6wbwox �2nvq�lbnvp�nvq�n?q x?w q yW�6|jso�6x�x?wo~ loq yW�?wo~�u q wb�6y n � ~ p � � ~Gwbxnvq xvw q y��?|trtwb�W� n xv~Ésb�6x��W�6w°u q�n u n ~^wbx�rtwb�W� n xV�o�h�6w°� q so�6w p y��?|
 "s p wb~Grtsb��¢ q�n � p wbr so�6x�yW�W~Ê~ n?p � ��y n ���?�'�W�6wß±"s q ���6wo~G�
���6~^w q ��y n � kÌp | n?q y��W�6r�Û�±�� k Ü�sbuvu?wos q yW�j �w l �Wy n �¯ÆV�v���( �w l �Wy n �
Ï � w lbn r{uvs q w§�?�³~^y�r � p sb�Wy n �6~;�W�6wÙuvw q��2nvq rtsb� l w n?� ���6w
u q�n u n ~GwbxÄrtwb�W� n xÄ� n �W�6so� n?� «°��±âsb�6x n �W�6w q�nvq xvw q y��?|
rtwb�W� n x?~��Sµ n � lop � xvy��?| q wbrts q�Â ~Ms q w¦rtsbx?w¦yW�B �w l �Wy n �BÒ®�
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ª�s l � lbnvp�nvq y��Å�W�6w�uvs p wb�W��w nv� s lon?pWn?q -rtsbu?uvwbx´yWr{so|6w�y�~
so~G~GyW|6�6wox,so� yW�6x?wo�D�J»zw q w � w q � n �W�6y�~{sb~^~GyW|6�6rtwb�6� n?� y��6xvy l wb~
so~ lbn?pWn?qBn?q x?w q yW�6|D�DµÉ�6sb�6|?y��6|}�W�6w lbnvp�nvq�n?q x?w q yW�6|�Û lon?pWn?q°q w -nvq xvw q y��6|?Ühx n wb~^� � � l �6sb�?|6w°���?w lbn?pWn?q -rtsbuvu?wox�y�rtsb|6w°�?y�~ � s pWp �:�
� � � l so�s �2� w l �°yW��~ lbn r{u q wo~G~^y��vy p y��W�Ã�v� pWn ~^~ p wb~G~(Û�sb�6x pWn ~^~G�:Ülon rtu q wb~G~^y n �Bs p | nvq yW���?r{~O�
�M�6w lbn r{u q wo~G~^y n �¯uvw q��2n?q rtsb� l w n?� �W�6w�«°��± � y p w �2nvq rtsb��yW~G� � �
s �2� w l �WwbxH�v� lbn?pWn?qMn?q x?w q yW�6|D� kÌp�p"lbn?pWn?qhn?q x?w q yW�6|6~Éu q�n x � l w°�W�6w
wo�6s l �¤~^sbrtw lbn r{u q wo~G~Gy n � q so��y nÃ��n?q s |6yW�6wb�Ãy�rtsb|6w/�V�h�?y�~�y�~
x � w,� n ���6w � s l �¦���6so�¤�W�6w,¬º»�wo� lbn x?w q wor{u p�n �:wbxÃ�v�$«°��±q wb|6s q xv~{xvy ��� w q wo�6�ey��6xvy l wb~tsb~tx?y �2� w q wo�6�e~G�:rt� nvp ~tsb�6x,x n wb~G� � �� ~^w¤�W�6woy q � � rtw q y l s p �6s p � wo~��
�M�6w}~GyW� � so��y n ��yW~¯xvy ��� w q wb�?� �2n?q ©i¢"ªh« -¬ M��©^¢Dª�« -¬  � ~Gwo~�s
u q wox?y l � n?q � n u q wox?y l �V���?w{�6s p � w nv� �W�6w l � q�q wo�6�Vu?yW�6w pV��q�n rÅ�W�6w
�6s p � wb~ n?� y��W~{�?wbyW|6�6� nvq ~t���?sb�eu q w l wbx?w�y��£yW��s q sb~^��w q ~ l sb�®�/���
±�yW| � q w�¸S���S���,x?wo� n �Wwb~��W�6w l � q�q wo�6�¦u?yW�6w p¦� �?y p w�u?yW�6w p ~��bs��b�
�S����so�6x�� l ��s q w � ~Gwox �v�j©^¢Dª�« -¬ �� n u q wox?y l �£���?w��6s p � w n?�
�S���`��µÉ�6so�6|6yW�6|����?w�y��6xvy l wb~É�v� lon?pWn?q�q w -n?q x?w q yW�6| l �6so�6|6wb~É�W�6wn � � lon rtw nv� ���?wmu q wbx?y l �Wy n �Þsb�?x � yW�W�Þy������6w�s l �?y�wo�6wbx
c
n rtu q wb~G~^y n � q sb�Wy n �e�h�6w l �6so�6|6wÃyW�¡�W�6w lon rtu q wb~^~Gy n � q sb�Wy n
rtsb���vw¤~ � �?~^��so�6�Wy�s p �

c

b x

a

Fig. �®áo�h�6w¦u?yW�6w p ~ � ~Gwox ��n?q ���?w¤u q wox?y l � n?qVn?� ©^¢Dª�« -LS

kÅlbnvp�nvq�n?q x?w q yW�6|j~ l �6wbrtw ��n?qfpWn ~^~ p wb~G~ lon?pWn?q -rtsbuvu?wbxjyWrtsb|6wlon rtu q wb~G~^y n � � sb~fu q wb~^wb�6�Wwbx��?�ÁÖ}wbr n ��wb����s p �J·�¸]Ú?��¸?¸]¹]���h�?y�~
~ l �6wor{wzyW~�~ � yW��so� p w ��n?q yWr{so|6w lbn rtu q wb~^~Gy n ��r{wo��� n x?~����?sb�
u q wox?y l �B�W�6w$�6s p � w nv� ���?w l � q�q wo�6��uvy��6w p��2q�n rß���6w$�?s p � w n?�
so� n �W�6w q uvy��?w p Û����6w p w � �juvy��?w p �S��� nvq � n u§uvy��?w p �Ss��o� ��n?q
yW�6~G�Wsb� l wbÜ]�h�������?w ��n?pWp�nv� yW�6|Ãxvwb~ lbq y�uv��y n � n?� ���6yW~¯~ l �?wbrtwb��yW�� y pWp �?wÌso~G~ � r{woxt�W�6sb�J�W�6w p w � �Juvy��?w p �S���¦yW~ � ~GwoxÁ� n u q wbxvy l �`�W�6w
�6s p � w nv� �W�6w l � q�q wo�6�/u?yW�6w p �S���/�
�M�6wB~ l �6wor{w �¤nvq�Â ~¤sb~ ��n?pWp�nv� ~O�������W�6w � y q ~G�Du?�6so~Gwb�J�W�6w�yWrtsb|6w
yW~�~ l sb�6�?wbx�so�6x��W�6w�� � rt�?w q�n?� �Wy�rtwb~°wos l � lon?pWn?q sou?u?wos q ~°sb~
�W�6w p w � �°�6woy�|?�6� nvqÁnv� sb�6� n?� ���?w n ���6w qÁlbn?pWn?q ~¯y�~ q w lbnvq xvwbx®�
Evw q �Î~ � l �Óy��6~^��so� l w¼yW~ �?sbrtwbx �?� ���6w¼s � ��� n?q ~�s
� lon �6�?w l �Wy n ���,�?wb� � wowb���W�6w,� �¦n �6woy�|?�6� nvq yW�6| lbnvp�nvq ~O�®���$�W�6w
~^w lbn �6x�u?�?sb~Gw$�W�6w lbnvp�nvq ~js q w nvq xvw q wbx�yW�z~ � l ��s � sb����?sb�lon?pWn?q ~ � yW���År{so�6� lon �6�6w l �Wy n �6~��?wb� � wbwb�§���?wbr � y pWp �?sb�6wlop�n ~Gw¦y��6xvy l wb~£y��{���?w n?q x?w q yW�6|D�
�M�6w n?q x?w q yW�6|ÙyW~x n �6w��?�²� �¦n sou?u q�n s l �6wo~�á{s� �y�r � p sb�Wwbxk �6�6wos p y��?|¯Û�  k Üfsou?u q�n s l �(sb�6xjs��?w � q y�~^��y l sbuvu q�n s l �¯�6sbrtwbx
�W�6w}¢"soy q�� yW~Gw}Ö}w q |6w}Û�¢DÖ}Üt�?w � q y�~^��y l ���h�6w�  k sou?u q�n s l �y�~

r � l �{r n?q w lbn rtu p wb� lbn r{u � ��so��y n �?s pWp ���W�6so�B�W�6w¤¢DÖÍ�6w � q yW~G�Wy l
so�6xjx n wb~^� � ��|6yW�6wÁ~GyW|6�6y � y l so�6� p ���?wb�W�Ww qÉq wb~ � p �W~��?���yW~Ì~G� nv� �¯yW�
·�¸]Úv¹ �W�6sb�����?y�~ lon?pWn?q nvq xvw q y��?| p�nv� w q ~$�W�6w�wb�?� q�n uv� nv� ���6w
u q wox?y l �Wy n � q wb~GyWx � s p ~ nv� �W�6w lbn rtu q wb~^~Gwox{yW�6x?y l wo~MyWrtsb|6wo~��
���Ê·�¸?¸S¹Ã�W�6w²¢"Ö¶�6w � q yW~G�Wy l y�~¡sox?sou?�Wwbx
� n ©i¢"ª�« -¬ M� k �
sox?sou?�Wsb�Wy n ��y�~f�6w l wo~G~Gs q �Á�vw l s � ~GwB©^¢Dª�« -¬  � ~^wb~f�W� q wbw°uvy��6w p ~
� n u q wbxvy l �J���6wÌ�6s p � w nv� �W�6w l � q�q wb�6�Juvy��?w p sb�?xt� n � n � p � n �6wÌsb~
yW~Ìsb~^~ � rtwbx(yW���W�6wÁ¢"Öà�6w � q y�~^��y l �?± � q ���?w q r n?q wb�®y��Ww q sb�Wy��?w q w -nvq xvw q y��?| n?� �W�6w�yW�6x?y l wo~Hy�rtsb|?w�y�~�~ � |6|?wb~G�Wwbx �2n?q ©^¢Dª�« -¬ £�
 "y�|6�?y � y l sb�6�§y�rtu q�n �6wor{wo�6��~ n �6w q �W�6w lbn r{u q wo~G~Gy n � q sb�Wy n
s l �6yWwb�?wbx��v�¯«°��±$s q w q wbu nvq �WwbxV�`�h�6w�yW�Ww q sb�Wy��6w q w -n?q x?w q yW�6|(y�~q wbu n?q ��wox{� n y�rtu q�n �6w¦���?wb~Gw q wb~ � p �W~ n � p ��~ p y�|?�6� p �"�
�M�6w�rtwb�W� n x�u q�n u n ~Gwbx��6w q w�yW~f�?so~Gwbx n ���W�6w�sb~^~ � rtu?�Wy n ���W�6sb�
yWrtsb|6wo~ lon �6�WsbyW� n ���4w l ��~}so�6x����6so� n ����w l �W~}s q w lon �6~^� q � l �Wwbx��q�n r�u?yW�6w p ~ � y��W� ~^y�rty p s q¦lon?pWn?q ~����h�6w lbn � lbp � ~Gy n � �2q�n r��W�6y�~
so~G~ � r{uv��y n �¨yW~��W�6sb�����6w lbn?pWn?q ~�~^� n � p x¨�?w nvq xvw q wbx¨yW�����6w
uvs p wb�W��w¨s lblon?q x?y��?|Å� n �W�6w¨x?yW~G�Wsb� l wb~��vwb� � wowb�Å���6wor�y��ÅÆ -
xvy�rtwb�?~Gy n �6s p®lon?pWn?q ~Gu?s l w/�O�h�6w q wo~ � p � n?� �W�6yW~ nvq xvw q y��6| �¤n � p x
�vwH�W�6sb�M�6wbyW|6�6� nvq yW�6|(u?yW�6w p ~ ��q�n r
���?w�~Gsbrtw n ���4w l � � y p�p �6sb�6wlop�n ~Gw¦y��?x?y l wb~ � �?y l �B~G� n � p x q wb~ � p �`yW�B�vwb�W��w q u q wbx?y l �Wy n �D�
Ø°s q y n � ~fr{wo��� n x?~ ��n?qMn?q x?w q yW�6|����?w lbnvp�nvq ~ÉyW�Á~ � l �ts � sb�t�W�6sb�
~^y�rty p s q¨lbn?pWn?q ~ �¤n � p xÄ�6so�6w lbpWn ~^wÈyW�6xvy l wb~ � w q wÈ��wo~G�WwbxV�k r n �6|��W�6wo~Gw � w q w°rtwb�W� n x?~É�?so~Gwox n �Á���?w��fy��?s q �{  � yW� l �6y��?|kÌp | n?q yW���6rÄÛ��f  k Ü�·�¸S¾?¹���Ö � p ��yWx?yWr{wo�6~Gy n �?s p   l s p yW�6|Û�Ö��° �Ü
·�¸]Æv¹��¦�W�6w}~Gu?s l w � y p�p yW�6| �°y p �?w q �Ì~ l sb��·�¸]Ïv¹Ásb�6x n �W�6w q ~����h�6w
�vwb~^� q wb~ � p ��~ � w q w n �v��soy��6wox �v�
sÅr{wo��� n x �vsb~^wbx n �
so�
sou?u q�n �6y�rtsb�Ww�~ nvp � ��y n � nv� ���6wj� q so�6w p yW�6|} �s p wb~^r{so��¢ q�n � p wbr
Û��h "¢"Ü]�£�h�6yW~�r{wo��� n x¡yW~�x?y q w l �Wwbx;sb�B|?wb�6w q so��yW�6|�s�rty��?y�rts pp wb�?|6����� n � q uvsb~G~^y��6| n � p � n � l w¯��� q�n � |6� wos l � n?� �W�6w�uvs p wb�W��wlon?pWn?q ~ q wb~^y�xvy��6|�y���Æ -dime�6~Gy n �6s pVlbn?pWn?q ~Guvs l w`�O�M�6wByW�6x?wo� n?�
s lon?pWn?q yW~°x?wo��w q rty��?wbxjs lolbnvq xvy��6|(� n y��W~°u n ~GyW��y n �¯yW���W�6wÁ� n � q �
�M�6w°r n �Wy��6so��y n �ÁyW~É���6so�J~ � l �{so� nvq xvw q y��?|{yW~ewb�6uvw l �WwbxÁ� n �6sb�6w
�W�6wtx?wo~Gy q wox × � s p y��Wy�wo~�so�6x n �?�WsbyW�HsB�vwb�W��w qMlon rtu q wb~G~^y n � q sb�Wy n �k x?wb�Wsby p wbx}x?wb~ lbq y�uv��y n � n?� �W�6y�~trtwb�W� n x�sbuvu?wbs q ~tyW� �W�6w��?wb�6�
section.

���fyW~�y�rtu nvq �Wsb�6��� n � n ��wo�M�W�6sb�Éy � ���?w lon?pWn?q -rtsbuvu?wbx}yWr{so|6w(y�~
|?wb�6w q so��wox��v� lbnvp�nvq°× � so�6�Wy�¥oy��6|�s¯� q � w lbn?pWn?q yWr{so|6wb�Ms�| n?n xlon?pWn?qHnvq xvw q y��?| l sb���?w}|6wb�?w q sb�Wwbxz�?� � ~GyW�6|����6w}¬!�f«½·�¸SÒ?¹
�?w l � n?qV× � sb�6�WyW¥bsb�Wy n �Bs p | nvq yW�W�6r(�S�h�6w¦~Gu p yW�W��yW�6|Bu q�nvl wox � q w � ~Gwbx
�v�²�W�6y�~�s p | nvq yW���6r �Wwb�6xv~Ã� n | q�n � u§~GyWr{y p s q u?s p wb�W�Ww lbnvp�nvq ~
� n |?wb�W�6w q sb�?x{|6wo�6w q sb�Ww¤s¦| nvn x lbn?pWn?qVnvq xvw q y��6|®�

3.
����������������	���
"��$#�%�&���&�'(')����*�
�+,&�-�	

. �/����0�-�
"������12-�3�	4-���&�5�	���
���
. &���	 . +,&���'(����#���	�+

�M�6wt�h �¢�y�~¤���6w{u q�n � p wor nv�h� yW�6xvy��6|����6w{~G� nvq �Wwb~^� lop�n ~Gwox�� n � q
uvsb~^~GyW�6| n � p � n � l w���� q�n � |6�$wbs l � n �6w n?�76 u n yW�6�W~Hy��$s98 -
xvy�rtwb�?~Gy n �6s p ~Gu?s l wÃ·�¸]Ðv¹ �D�h�?y�~ÁyW~tso� 6 ¢ -

lon rtu p wb�Ww¯u q�n � p wbr��n?q � �6y l � wo�6�Wwb�6~^y��6w q wb~^wbs q�l � �6so~¶�:yWw p x?wox r{so�6�
sou?u q�n �6y�rtsb�Ww�~ n?p � �Wy n �6~�W�6so�¯|?y��6w��6w q �¨| nvn x q wo~ � p ��~ � yW�W�q w p sb�WyW�6w p � pWn?�zlbn rtu p wb�?y��W�"�



��

À°�6w nv� �W�6w�~GyWrtu p wo~G�j~ n?p � ��y n �?~�yW~����6w�±�s q �W�6wb~^�(���6~^w q ��y n �kÌp | n?q y��W�6r§Û�±�� k Ü¦·�¸]Ð?¹]���h�?y�~fs p | n?q y��W�6r �¦n?q�Â ~ ��n?q �h �¢D~ � yW���
szx?yW~G�Wsb� l wzr{wosb~ � q wz�W�6sb��~^sb�Wy�~ � yWwb~}���?w�� q y�so�6| p w�yW�6w × � s p yW���"�
�M�6w¤±"� kH� ~£~G�Wwbuv~Ms q w/á
 ��Wwbuj¸?á ��Ws q � � yW���²s;u?s q �Wy�s p � n � q,lbn �?~GyW~G�Wy��6| nv� s¡~^y��6| p w

u n yW�6�/yE�
 ��Wwbut¾®á�� � ���?w l � q�q wo�6�fu?s q �WyWs p � n � q �¨x n wo~�� n ��y�� lop � x?wjs pWp

�W�6wzu n y��6�W~G� � yW�6x����?w�u n yW�6� Â � n � n ��� � y��W���W�6w
rtsb�6yWr � r x?yW~G�Wsb� l w ��q�n r �h�Þy�� w/� � � yW�W�Ó�W�6w
rtsb�6yWr � rmx?yW~G�Wsb� l w �2q�n rÍ�W�6w lbpWn ~^wb~G�Éu n yW�6� � n �,�
Û�±�yW| � q w¤¾vsbÜ �

 ��WwbutÆ®á k x?x Â � n �W�6w°u?s q �Wy�s p � n � q �$�v�{yW�6~^w q ��yW�6|Áy��"�?wb� � wbwb�
�,so�6x n �6w n?� �W�6wz� �¦n � n � q �6wbyW|6�6� n?q ~ nv� �o�f�h�6w
�6woy�|?�6� nvq y�~É~^w p w l �Wwbx�so~É� n rtyW�6y�rtyW¥bwÌ���?w¦sox?xvwbxÁ� n � qp wb�6|?���{Û�±�yW| � q w¤¾v�?Ü]�
6°n ��w/á:�������6w � y q ~G�D� �¦n yW��w q so��y n �?~ �£�6so~ p wo~G~É�W�6sb�Á� �¤n
�6woy�|?�6� nvq ~��Ù�����W�6wb~^w y��Ww q sb�Wy n �6~½sbxvx Â � n �
anywhere.

 ��WwbutÏ®á�ËÉwou?wbso�°~G�Wwbu?~$¸ -Æ 6 ��yWr{wo~G�¤��y p�p s p�p �W�6w,u n yW�6�W~�s q w
sox?x?wox{� n ���6w¦� n � q �¦�

 ��WwbutÒ®á�ËÉwou?wbso�{~^��wou?~�¸ -Ï 6 ��yWr{wo~G��wos l ����yWr{wÃ�?wb|?y��6�?y��6|� y��W��s�xvy ��� w q wb�?��u n yW�6��y��f± q�n r �W�6w 6 |6wo�6w q sb�Wwbx
� n � q ~£~Gw p w l �`�W�6w¦~G� nvq �Wwb~^� n �6w/�

�M�6w�±�� k �6sb~ lbn r{u p wo�6y��W� nv� À°Û 6 3Ü]�j���zy�~ÅsÈ�6w � q yW~G�Wy l
sou?u q�n s l ���W�6sb� x n wo~G� � ���6so�6w so�6s p �:��y l � n � �6xv~ n � yW��~
uvw q��2n?q rtsb� l w`���h�6w q w �6sb�?wÓ�vwbwo� ~Guvw l y�s p�p � |6wo�6w q sb�Wwbx
yW�6~G�Wsb� l wb~ n?� �W�6w,�M �¢ ��n?qÁ� �6y l �Ã�W�6w�±�� k � n � qt� sb~��?wbs q�p �
ÒvÚ �mpWn �6|?w q �W�6sb�¯���6w n u?�Wy�rts pn �6wb�®� � � ��n?q ���:uvy l s p yW�6~G�Wsb� l wb~
yW�/y�~ � yW�W�6y��{Ò �³nv� �W�6w n u?�Wy�rts p � n � q ·�¸]Ðv¹ �
k�lbq � x?wB� � � � ~Gw � � p rtwb�W� n x ��n?q wo�6s p � so��yW�6|Á���?w × � s p yW��� n?� �W�6w
±�� k � n � q � �2nvq s|6y��6wo�¡~Gwo� nv� 6 u n y��?��~^�°y�~ lon rtu?s q yW�6|�yW��~p wb�6|?���Á� n ���6w p wb�?|6��� n?� �W�6wÌÖ}y��?y�r � r¨ �uvsb�6�6yW�6|t� q wbwÌÛ�Ö� "�hÜnv� ���6w°u n yW�6�W~�� k Ö} ��$yW~£s lon �6�6w l �WwbxÁ| q sbuv�{uvsb~G~^y��?|{�W� q�n � |6�
s p�p �W�6wzu n y��?��~}sb�?x��6so�6yW�6|�szrty��?y�r � r'~ � r n?� ���?w�s q�l ~ �p wb�6|?���6~O�®�h�6w p wb�?|6��� n?� �W�6wjÖ} ��¨yW~�s p�nv� w q � n � �6x n ���W�6wp wb�6|?��� n?� ���6w n uv��yWr{s p � n � q(�2n?q �W�6w��h �¢D� � �6y p wÃ� � y l wÃyW��~p wb�6|?����y�~¦sb� � u?uvw q � n � �?x n �����6w p wo�6|6�W� n?� ���?w n uv��yWrts p �h �¢
� n � q �]�M�6w¦Ö� "� l sb�B�vw ��n � �6xtyW�BÀ°Û 6 2Üf·�¸SÐ?¹]�
�M�6w}±�� k�q wo~ � p ��~ lbn � p x��vw,yWrtu q�n �6wox�v��sbuvu p �:y��6|sb� n ���?w q
�6w � q y�~^��y l sou?u q�n s l �Dá � ~GyW�6| �W�6wâx � s p 6 wbs q wo~G�§���6~^w q ��y n �kÌp | n?q y��W�6rÅÛ 6 � k ÜÌ·�¸]Ðv¹���so�6x�~^w p w l ��yW�6|H�W�6wB�vwb~^�"� n � qM�2q�n rÙ�W�6wq wb~ � p �W~ nv� � n ����s p | nvq yW���?r{~O���h�6w�so�6w q sb|?w°u?w q��2nvq rtsb� l w n?� �W�6w6 � k
�2nvq ���:uvy l s p yW�6~G�Wsb� l wb~ n?� ���?w��M �¢yW~t~GyWr{y p s q � n ���?sb� n?�
�W�6wH±�� k �`�h�6w lbn rtu p wb�6yW�W� nv� �W�6w 6 � k yW~�s p ~ n À°Û 6 3Ü ���°~^y��6|
� n �W� s p | nvq yW���?r{~ l sb�,|6yW�6w�s¯~ n r{w � �?sb�e�?wo���Ww q � n � q y���rtsb�?�
yW�6~G�Wsb� l wb~£sb�/�W�6w¦wb�6u?wo�6~Gw n?� x n � � p yW�6|B�W�6w lbn rtu p wb�?y��W�"�

k j

T

k j

T

(a) (b)
Fig �®áoÛ�sbÜV �w p w l ��yW�6|{���6w¦u n y��?�`� n �?w¦sbx?xvwbxt� n �W�6w¤� n � q �

Û��?Ü k x?xvy��6|{���?w¤~^w p w l �Wwbxtu n y��?�`� n ���6w¦� n � q �
4.

. 
�+,0���&�-�
"������	 . 0���- .

�M�6yW~$~Gw l ��y n � lbn r{uvs q wb~}�W�6wzu q�n u n ~Gwox��M �¢ -�?so~Gwbx�rtwb�W� n x� yW��� n �W�6w qHlbn?pWn?q�n?q x?w q yW�6|zr{wo��� n x?~O���M�6wb~^w�rtwb�W� n x?~ � w q w� ~Gwbx(� n(n?q x?w q �W�6wÁu?s p wo���Wwb~ n?� �6s q y n � ~ lon?pWn?q -rtsbuvu?wbx(yWr{so|6wb~
Û � y��W�Ù¾vÒ?Ð lbn?pWn?q ~GÜ}�?w �2nvq w � ~GyW�6|§���6w �°¢È¬sb�?~�©i¢"ª�« -¬ 
so
� � � s q w,·�¸]Ô?¹¤� n�lon rtu q wb~^~°���6woy q y��6xvy l wb~°yWr{so|6wb~O�v« q so�:~ l s p w

�?w q ~Gy n �6~ n?� ���6w�yWr{so|6wb~�sbuvu?wbs q y���±�y�| � q w�Æ®�f�h�6wx?w � s � p �
uvs q sbrtwb�Ww q ~{�?s p � wb~ n?� �W�6w�~ n?� � � s q w � w q w � ~Gwbxv� � y��W� n � �Mso�6�
so���Wwbrtu?�,� n �?wb�W��w q sbx�� � ~G���W�6wor�� n �W�6w¨~^u?w l y�s p �6so� � q w n?�
yW�6xvy l wb~£y�rtsb|6wo~��
�Msb� p w�¸¦wo�6u q wb~G~^wb~É�W�6w q wb~ � p �Wy��?| lon rtu q wb~^~Gy n � q so��y n ~eyW�{�Ww q r{~
of ���?w°� � rt�?w q�nv� �?yW��~eu?w q u?yW�6w p Û��f¢D¢"Ü n?� �W�6wÌy��?x?y l wb~eyWr{so|6wb~��n?q �W�6wÌ�6s q y n � ~ n?q x?w q yW�6|6~O�S�M�6w � y q ~^� lbn?p � rt� n �{�W�6w p w � �/|6yW�6wb~
�W�6w q wb~ � p ��~ nv� ���?w�u q�n u n ~GwoxH�h "¢��?so~Gwbx�r{wo��� n x®�o�h�?w°~Gw lon �6xlon?p � rt� lbn �6��soy��6~����?w q wb~ � p �W~ nv� ���?w n?q x?w q yW�6|$|6wo�6w q sb�Wwbx��v�
c
n?pWn?q�× � so�6��yW¥byW�6| � yW�W���W�6w$¬!�f«�s p | nvq yW���?r(�Mµ n?p � rt�z��� q wbw
|?y��6wo~��W�6wÅ�?wb~^� q wo~ � p ��~ �2q�n r¼�W� q wbwÙ�?w q ~Gy n �6~ n?� �W�6w§¢"Ö
�?w � q y�~^��y l �B�h�?w��6w q ~^y n �6~yW� lop � xvw�u q wox?y l �Wy n � � y��W�Ù�W�6w p w � �
uvy��?w p Û�x?wo� n �Wwbx��?� �S¬!�Ìy�� lbnvp � r{�t��� q wowbÜ��vu q wox?y l �Wy n � � y��W�t���6w
� n uÊu?yW�6w p Û�x?wb� n ��wox��v� �S�)�oÜ;sb�?xm���?w
y��Ww q sb�WyW�6w
�6w q ~^y n �
sox?sou?�WwbxÁ� n �W�6w¤©i¢"ªh« -¬ �u q wox?y l � n?q Û��6wb�6w q ���6w¦�?wo~G�WÜ �Sµ n?p � rt���n � q}lon �6�WsbyW�6~�W�6w�sb�6w q so|6w q wb~ � p �W~ nv� � y��6w q so�6x n r lon?pWn?q
nvq xvw q y��?|6~��b�h�6w p sb~G� lon?p � rt�B|6yW�6wb~ �2nvqVlbn rtu?s q yW~ n �B�W�6w results
yW� BPP

n �?�WsbyW�6wbx � ~^y��6|���?w,«°��± � y p w ��n?q r{so�E����¦~G� n � p xÃ�?w
� n �Wwbx?�"���6so�D�W�6wB«°��± � y p w lbn �6�WsbyW�6~fs p ~ n ���6wBu?s p wb�W�Ww�sb�6x�y�rtsb|6w
�?wbsbxvw q ��� � �D�W�6wby q ~^y�¥owb~¤s q wByW�6~GyW|6�6y � y l so�6� q w p sb�Wy��?w�� n ���6wB~GyW¥bwb~nv� �W�6w�yW�6x?y l wo~Hy�rtsb|6wo~��®± nvq �W�6w�~^y�¥owb~ nv� ���?w�y�rtsb|?wb~��Wwb~G�Wwbx
Û�Ò®¸S¾?�6ÒV¸]¾¯u?yW�6w p ~GÜe�W�6wBuvs p wb�W��w{sb�6x��6wbsox?w q sbxvx p wb~^~��W�6sb�HÚV� Ú?Æ
��¢"¢¯� n ���?w¤«°��± � y p w`�
�M�6w q wb~ � p �W~jx?wbr n �?~G� q so��w$�W�6sb�°s q sb�6x n r lon?pWn?q�n?q x?w q yW�6|�y�~
�vsbx n �$sb�6w q so|6w�sb�?x�|6wb�?w q sb�Wwb~Hs lon rtu q wb~^~Gy n � q sb�Wy n��¦n?q ~Gw
�W�6so���W�6so� n?� �W�6w�«°��± � y p w ��n?q r{so�E� �h�6w�¢DÖ �6w � q yW~G�Wy l
yWrtu q�n �6wo~��W�6w n?q x?w q yW�6|�sb�6x�~ n r{wo��yWrtwb~ n � �Wu?w q���n?q r{~�«°��±£�
�M�6w(�?wo~G� q wb~ � p �W~ts q w n �?�WsbyW�6wbx��?���W�6w¯u q�n u n ~Gwox,�M �¢ -basex
rtwb�W� n x®�"� � �W�6w lon?pWn?q -rtsbuvu?wbx}yWr{so|6w(y�~t|6wo�6w q sb�Wwbx��?� lon?pWn?q× � sb�?��yW¥byW�6| � yW���{���6w¦¬!�f«¡s p | n?q y��W�6rt�?s¦| n?n x nvq xvw q y��6| l so�B�?w
|?wb�6w q so��wox®�D�h�6wjuvw q��2n?q rtsb� l w n?� �W�6y�~ nvq xvw q y��?|,yW~Á~GyWr{y p s q � n
�W�6so� nv� �W�6w¦�?wo~G�/�6w q ~Gy n � n?� ���6w¦¢"ÖÍ�?w � q y�~^��y l �
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Fig. 3 áo« q sb�:~ l s p w¤�6w q ~^y n �6~ n?� ���6w¦�Wwb~G�WwbxtyWr{so|6wb~

Image TSP LBG PM Rand GIF

Lena 6.17 7.05 6.64(L) 8.05 7.02

Peppers 4.05 4.95 4.20(T) 5.99 4.14

Monkey 6.76 7.06 6.80(T) 8.31 7.72

Yarn 4.56 4.57 5.34(T) 6.88 4.69

Flower 3.39 3.75 4.59(L) 5.67 4.05

- ������� � : µ n r{u q wo~G~Gy n � q so��y n ~£Û��f¢"¢DÜ nv� �?s q y n � ~ nvq xvw q y��?|6~
k � n ���6w q sox?�6so�6��so|6w n?� ���6w u q�n u n ~Gwox�r{wo��� n x n �6w q ���6wj¢DÖ
�6w � q y�~^��y l yW~¯���6so�Ìy��Ìx n wb~G� � � q w × � y q w,~ l sb�?�6y��?|Ã�W�6w,yWrtsb|6w,� nlon rtu � �Ww��W�6w�� � r{�vw q¦n?� � lbn �?�6w l ��y n �6~"���vwb� � wowb��wo�6w q �(u?sby qnv� uvs p wb�W��w lon?pWn?q ~��:�M�6y�~ q wb~ � p �W~¤yW��st~G� n?q ��w q � n �Ws pVq � ���WyWr{w n?�
�W�6wÁu q�n u n ~Gwox(r{wo��� n x n �6w q �W�6wt¢"ÖÞ�6w � q yW~G�Wy l so�6x�wo~Guvw l yWs pWp �n �6w q �W�6w¤yW�Ww q sb�Wy��6w¦�6w q ~Gy n �{sbxvsbu?�Wwbx �2nvq ©^¢Dª�« -LS.

5. CONCLUSION

�M�6w,u q�n u n ~Gwbx��h "¢ -�vsb~Gwox lon?pWn?qÁn?q x?w q yW�6|y�~¯s,~^y�rtu p w�sb�6x� sb~G�hs p | n?q y��W�6r
�W�6so�V~ � �?~^��so�6�Wy�s p�p ��yWr{u q�n �6wb~Ì�W�6w lbn r{u q wo~G~Gy n �q sb�Wy n(nv�£lon?pWn?q -rtsbuvu?wbx(yWr{so|6wb~O�6�M�6y�~Ìs p | nvq yW�W�6r n � �Wu?w q���n?q r{~
u q wo�6y n � ~ p �Å~ � |6|?wb~G�Wwbx´rtwb�W� n xv~�yW�Å��w q rt~ n?�}lbn r{u q wo~G~Gy n �q sb�Wy n sb�?x lon rtu � �Wsb�Wy n �6s p/lbn r{u p wo�6yW���"�
���MyW~ nv� yW�6�Ww q wb~G�M� n � n �WwH���?sb�h�W�6wH�M �¢ -�?so~Gwbx y��6xvwb� nvq xvw q y��6|
rtwb�W� n x � sb~És p ~ n��2n � �6x � ~Gw � � p"�2n?q sb~G~^y�|?�6y��?|{yW�6x?y l wo~e� nÁlbn x?w
�6w l � n?q ~ nv� �?w l � n?q�× � so�6�Wy�¥ow q ~;Û�Ø��°Ü���� n�lon rt�?so� l �6sb�6�?w p
w q�q�n?q ~Ì·�¸]Ñv¹ �
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