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ABSTRACT 

�

As use and reliance on computers continues to grow, so does the need for eff icient ways 

of storing large amount of data. For example, someone with a web page or online catalog 

that uses dozens or hundreds of images will more than likely need to use some form of 

image compression to store those images. The purpose of image compression is to 

achieve a very low bit rate representation, while preserving a high visual quali ty of 

decompressed images. 

 Basically there are two compression techniques, lossless and lossy. In lossy 

compression techniques various transforms are used. There are many transforms like 

Fourier transform, K-L transform, Haar transform, Hartley transform etc. In general the 

Fourier transform is diff icult to apply because it depends on complex numbers. This 

problem can be avoided by using a similar transform known as the Hartley transform The 

Hartley transform maps real-valued sequences into real-valued frequency domain 

sequences.  

This work aims to implement the image compression using fractional Hartley 

transform (FRHT). The fractional Hartley transform is the generalization of Hartley 

transform that depends on a parameter ‘a’ , which provides the additional degree of 

freedom. With variation of its parameter ‘a’ . It is found that by using fractional Hartley 

transform, high visual quali ty decompressed image can be achieved for same amount of 

compression as compared to Hartley transform. By varying ‘a’ to different values, an 

optimum value of ‘ a’  can be achieved with low root mean square error (RMSE), better 

peak signal to noise ratio (PSNR) i.e. better quality of decompressed image. 
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(IILFLHQW� GLJLWDO� UHSUHVHQWDWLRQ� RI� LPDJH� DQG� YLGHR� VLJQDOV� KDV� EHHQ� WKH�
VXEMHFW�RI�FRQVLGHUDEOH�UHVHDUFK�RYHU�WKH�SDVW����\HDUV��0RGHUQ� LPDJH�DQG�
YLGHR� FRGLQJ� WHFKQLTXHV� RIIHU� WKH� SRVVLELOLW\� WR� VWRUH� RU� WUDQVPLW� WKH� YDVW�
DPRXQW� RI� GDWD� QHFHVVDU\� WR� UHSUHVHQW� GLJLWDO� LPDJHV� DQG� YLGHR� LQ� DQ�
HIILFLHQW� DQG� UREXVW� ZD\�� 1HZ� DXGLR�YLGHR� DSSOLFDWLRQV� LQ� WKH� ILHOG� RI�
FRPPXQLFDWLRQV�� PXOWLPHGLD� DQG� EURDGFDVWLQJ� EHFDPH� SRVVLEOH� EDVHG� RQ�
WKHVH� GLJLWDO� LPDJH� DQG� YLGHR� FRGLQJ� WHFKQLTXHV� >�@�� ,QFUHDVLQJO\��PHGLFDO�
LPDJHV� DUH� DFTXLUHG� RU� VWRUHG� GLJLWDOO\�� 7KLV� LV� HVSHFLDOO\� WUXH� RI� JUD\VFDOH�
LPDJHV� WKDW� DUH� XVHG� LQ� UDGLRORJ\� DSSOLFDWLRQV�� 7KHVH� LPDJHV�PD\�EH� YHU\�
ODUJH�LQ�VL]H�DQG�QXPEHU�DQG�FRPSUHVVLRQ�RIIHUV�D�PHDQV�WR�UHGXFH�WKH�FRVW�
RI�VWRUDJH�DQG�LQFUHDVH�WKH�VSHHG�RI�WUDQVPLVVLRQ�>�@��

$OWKRXJK�WKH�FRVW�RI�VWRUDJH�LV�IDOOLQJ�SUHFLSLWRXVO\�DV�WKH�FDSDFLW\�SHU�
GHYLFH�LQFUHDVHV�DQG�WKH�FRVW�RI�WUDQVPLVVLRQ�EDQGZLGWK�LV�DOVR�IDOOLQJ��WKHUH�
UHPDLQV� D� VWURQJ� GHPDQG� IRU� LPDJH� FRPSUHVVLRQ�� 6LQFH� WKH� VSHHG� RI�
FRPSXWLQJ� LV�DOVR� LQFUHDVLQJ�GUDPDWLFDOO\�� WKH�VRSKLVWLFDWLRQ�DQG�FRPSOH[LW\�
RI� FRPSUHVVLRQ� VFKHPHV� WKDW� LV� SUDFWLFDO� IRU� XVH� LV� LQFUHDVLQJ�� )RU� WUDQVIHU�
RYHU� QHWZRUNV� ZLWK� KLJK� EDQGZLGWK�� RU� IRU� VWRUDJH� RQ� HOHFWURPHFKDQLFDO�
GHYLFHV��GLVN�RU�WDSH���FRQVLGHUDEOH�WLPH�FDQ�EH�VSHQW�RQ�FRPSUHVVLRQ�EHIRUH�
LW�EHFRPHV�D�IDFWRU�LQ�WKH�WRWDO�WUDQVIHU�WLPH��

$�GLJLWDO�LPDJH�LV�FRPSRVHG�RI�SL[HOV��ZKLFK�FDQ�EH�WKRXJKW�RI�DV�VPDOO�
GRWV� RQ� WKH� VFUHHQ� DQG� LW� EHFRPHV� PRUH� FRPSOH[� ZKHQ� WKH� SL[HOV� DUH�
FRORUHG��$Q�HQRUPRXV�DPRXQW�RI�GDWD� LV�SURGXFHG�ZKHQ�D� WZR�GLPHQVLRQDO�
OLJKW� LQWHQVLW\� IXQFWLRQ� LV�VDPSOHG�DQG�TXDQWL]HG� WR�FUHDWH�GLJLWDO� LPDJH�� ,Q�
IDFW�� WKH� DPRXQW� RI� GDWD� JHQHUDWHG� PD\� EH� VR� JUHDW� WKDW� LW� UHVXOWV� LQ�
LPSUDFWLFDO�VWRUDJH��SURFHVVLQJ�DQG�FRPPXQLFDWLRQ�UHTXLUHPHQWV�>��@��
�



��� �,PDJH�&RPSUHVVLRQ�
,PDJH� FRPSUHVVLRQ� PHDQV� PLQLPL]LQJ� WKH� VL]H� LQ� E\WHV� RI� D� JUDSKLFV� ILOH�
ZLWKRXW� GHJUDGLQJ� WKH� TXDOLW\� RI� WKH� LPDJH� WR� DQ� XQDFFHSWDEOH� OHYHO�� 7KH�
UHGXFWLRQ� LQ� ILOH�VL]H�DOORZV�PRUH� LPDJHV�WR�EH�VWRUHG� LQ�D�JLYHQ�DPRXQW�RI�
GLVN� RU�PHPRU\� VSDFH�� ,W� DOVR� UHGXFHV� WKH� WLPH� UHTXLUHG� IRU� LPDJHV� WR� EH�
VHQW�RYHU�WKH�LQWHUQHW�RU�GRZQORDGHG�IURP�ZHE�SDJHV��

8QFRPSUHVVHG�PXOWLPHGLD� �JUDSKLFV�� DXGLR� DQG� YLGHR�� GDWD� UHTXLUHV�
FRQVLGHUDEOH� VWRUDJH� FDSDFLW\� DQG� WUDQVPLVVLRQ� EDQGZLGWK�� 'HVSLWH� UDSLG�
SURJUHVV� LQ� PDVV�VWRUDJH� GHQVLW\�� SURFHVVRU� VSHHGV�� DQG� GLJLWDO�
FRPPXQLFDWLRQ�V\VWHP�SHUIRUPDQFH��GHPDQG� IRU�GDWD�VWRUDJH�FDSDFLW\�DQG�
GDWD�WUDQVPLVVLRQ� EDQGZLGWK� FRQWLQXHV� WR� RXWVWULS� WKH� FDSDELOLWLHV� RI�
DYDLODEOH�WHFKQRORJLHV��7KH�UHFHQW�JURZWK�RI�GDWD�LQWHQVLYH�PXOWLPHGLD�EDVHG�
ZHE�DSSOLFDWLRQV�KDYH�QRW�RQO\�VXVWDLQHG�WKH�QHHG�IRU�PRUH�HIILFLHQW�ZD\V�WR�
HQFRGH� VLJQDOV� DQG� LPDJHV� EXW� KDYH� PDGH� FRPSUHVVLRQ� RI� VXFK� VLJQDOV�
FHQWUDO�WR�VWRUDJH�DQG�FRPPXQLFDWLRQ�WHFKQRORJ\�>�����@��
�
��� �1HHG�RI�&RPSUHVVLRQ�
$Q�LPDJH�������SL[HO
�����SL[HO
���ELW��ZLWKRXW�FRPSUHVVLRQ��ZRXOG�UHTXLUH�
��0%� RI� VWRUDJH� DQG� ��PLQXWHV� RI� WUDQVPLVVLRQ�� XWLOL]LQJ� D� KLJK� VSHHG�� ���
NESV��,6'1�OLQH��,I�WKH�LPDJH�LV�FRPSUHVVHG�DW�D������FRPSUHVVLRQ�UDWLR��WKH�
VWRUDJH�UHTXLUHPHQW�LV�UHGXFHG�WR�����.%�DQG�WKH�WUDQVPLVVLRQ�WLPH�UHGXFHV�
WR�OHVV�WKDQ���VHFRQGV��

,PDJH� ILOHV�� LQ� DQ� XQFRPSUHVVHG� IRUP�� DUH� YHU\� ODUJH�� $QG� WKH�
LQWHUQHW��HVSHFLDOO\� IRU�SHRSOH�XVLQJ�D���NESV�GLDOXS�PRGHP��FDQ�EH�SUHWW\�
VORZ�� 7KLV� FRPELQDWLRQ� FRXOG� VHULRXVO\� OLPLW� RQH� RI� WKH� ZHE
V� PRVW�
DSSUHFLDWHG�DVSHFWV���LWV�DELOLW\�WR�SUHVHQW�LPDJHV�HDVLO\�>�@���

7KH� ILJXUHV� LQ� 7DEOH� ���� VKRZ� WKH� TXDOLWDWLYH� WUDQVLWLRQ� IURP� VLPSOH�
WH[W� WR� IXOO�PRWLRQ� YLGHR� GDWD� DQG� WKH� GLVN� VSDFH�� WUDQVPLVVLRQ� EDQGZLGWK��
DQG� WUDQVPLVVLRQ� WLPH� QHHGHG� WR� VWRUH� DQG� WUDQVPLW� VXFK� XQFRPSUHVVHG�
GDWD��

7KH� H[DPSOHV� DERYH� FOHDUO\� LOOXVWUDWH� WKH� QHHG� IRU� VXIILFLHQW� VWRUDJH�
VSDFH�� ODUJH�WUDQVPLVVLRQ�EDQGZLGWK��DQG� ORQJ�WUDQVPLVVLRQ�WLPH�IRU� LPDJH��



DXGLR�� DQG� YLGHR� GDWD�� $W� SUHVHQW�� WKH� RQO\� VROXWLRQ� LV� WR� FRPSUHVV�
PXOWLPHGLD� GDWD� EHIRUH� LWV� VWRUDJH� DQG� WUDQVPLVVLRQ�� DQG�GHFRPSUHVV� LW� DW�
WKH�UHFHLYHU�IRU�SOD\�EDFN��)RU�H[DPSOH��ZLWK�D�FRPSUHVVLRQ�UDWLR�RI�������WKH�
VSDFH��EDQGZLGWK��DQG�WUDQVPLVVLRQ�WLPH�UHTXLUHPHQWV�FDQ�EH�UHGXFHG�E\�D�
IDFWRU�RI�����ZLWK�DFFHSWDEOH�TXDOLW\��

�

 

Table 1.1: Multimedia data types and uncompressed storage space, transmission 

bandwidth, and transmission time required 

0XOWLPHGLD�
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%LWV�3L[HO�
RU���

%LWV�6DPSOH�

8QFRPSUHVVHG���
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�%�IRU�E\WHV��

7UDQVPLVVLRQ��
%DQGZLGWK��
�E�IRU�ELWV��

7UDQVPLVVLRQ��
7LPH��XVLQJ�

D��
����.�
0RGHP��

$�SDJH�RI�
WH[W�� ��

�[����

� 9DU\LQJ�

UHVROXWLRQ� ����.%� ������
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7HOHSKRQH�
TXDOLW\�
VSHHFK��
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*UD\VFDOH�
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&RORU�
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0E�LPDJH� ��PLQ����VHF�
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0E�LPDJH� ���PLQ����VHF�

6+'�,PDJH�� �����[������ ���ESS� ������0%� ����0E�LPDJH� ���PLQ����VHF�
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9LGHR��
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PLQ�� ���ESS� �����*%� ����0E�VHF� ��GD\V���KUV�



����
IUDPHV�VHF��

 

�
��� �7\SHV�RI�&RPSUHVVLRQ�
,Q�WKH�FDVH�RI�YLGHR��FRPSUHVVLRQ�UDWLR�FDXVHV�VRPH�LQIRUPDWLRQ�WR�EH� ORVW��
VRPH� LQIRUPDWLRQ� DW� D� GHWDLOHG� OHYHO� LV� FRQVLGHUHG� QRW� HVVHQWLDO� IRU� D�
UHDVRQDEOH� UHSURGXFWLRQ� RI� VFHQH�� 7KLV� W\SH� RI� FRPSUHVVLRQ� LV� FDOOHG� ORVV\�
FRPSUHVVLRQ��$XGLR�FRPSUHVVLRQ�RQ�WKH�RWKHU�KDQG��LV�QRW�ORVV\��,W� LV�FDOOHG�
ORVVOHVV�FRPSUHVVLRQ��
�
����� /RVVOHVV�&RPSUHVVLRQ�
,Q� ORVVOHVV� FRPSUHVVLRQ� VFKHPHV�� WKH� UHFRQVWUXFWHG� LPDJH�� DIWHU�
FRPSUHVVLRQ��LV�QXPHULFDOO\�LGHQWLFDO�WR�WKH�RULJLQDO�LPDJH��+RZHYHU�ORVVOHVV�
FRPSUHVVLRQ�FDQ�RQO\�D�DFKLHYH�D�PRGHVW�DPRXQW�RI�FRPSUHVVLRQ��/RVVOHVV�
FRGLQJ�JXDUDQWLHV�WKDW�WKH�GHFRPSUHVVHG�LPDJH�LV�DEVROXWHO\�LGHQWLFDO�WR�WKH�
LPDJH� EHIRUH� FRPSUHVVLRQ�� 7KLV� LV� DQ� LPSRUWDQW� UHTXLUHPHQW� IRU� VRPH�
DSSOLFDWLRQ�GRPDLQV�� H�J��PHGLDO� LPDJLQJ��ZKHUH�QRW�RQO\�KLJK� TXDOLW\� LV� LQ�
GHPDQG��EXW�XQDOWHUHG�DUFKLYLQJ� LV�D� OHJDO�UHTXLUHPHQW��/RVVOHVV�WHFKQLTXHV�
FDQ� DOVR� XVHG� IRU� WKH� FRPSUHVVLRQ� RI� RWKHU� GDWD� W\SHV� ZKHUH� ORVV� RI�
LQIRUPDWLRQ� LV� QRW� DFFHSWDEOH�� H�J�� WH[W� GRFXPHQWV� DQG� SURJUDP�
H[HFXWDEOHV>����@��
�
����� /RVV\�&RPSUHVVLRQ�
/RVV\� LV� D� WHUP� DSSOLHG� WR� GDWD� FRPSUHVVLRQ� WHFKQLTXHV� LQ� ZKLFK� VRPH�
DPRXQW� RI� WKH� RULJLQDO� GDWD� LV� ORVW� GXULQJ� WKH� FRPSUHVVLRQ� SURFHVV�� /RVV\�
LPDJH� FRPSUHVVLRQ� DSSOLFDWLRQV� DWWHPSW� WR� HOLPLQDWH� UHGXQGDQW� RU�
XQQHFHVVDU\� LQIRUPDWLRQ� LQ� WHUPV�RI�ZKDW� WKH�KXPDQ�H\H� FDQ�SHUFHLYH��$Q�
LPDJH� UHFRQVWUXFWHG� IROORZLQJ� ORVV\� FRPSUHVVLRQ� FRQWDLQV� GHJUDGDWLRQ�
UHODWLYH� WR� WKH� RULJLQDO�� 2IWHQ� WKLV� LV� EHFDXVH� WKH� FRPSUHVVLRQ� VFKHPH�



FRPSOHWHO\� GLVFDUGV� UHGXQGDQW� LQIRUPDWLRQ�� +RZHYHU�� ORVV\� VFKHPHV� DUH�
FDSDEOH� RI� DFKLHYLQJ� PXFK� KLJKHU� FRPSUHVVLRQ�� 8QGHU� QRUPDO� YLHZLQJ�
FRQGLWLRQV��QR�YLVLEOH�ORVV�LV�SHUFHLYHG��YLVXDOO\�ORVVOHVV���

/RVV\� LPDJH�GDWD�FRPSUHVVLRQ� LV�XVHIXO� IRU�DSSOLFDWLRQ� WR�ZRUOG�ZLGH�
ZHE� LPDJHV� IRU� TXLFNHU� WUDQVPLVVLRQ� DFURVV� WKH� LQWHUQHW�� $Q� LPDJH�
UHFRQVWUXFWHG� IROORZLQJ� ORVV\� FRPSUHVVLRQ� FRQWDLQV� GHJUDGDWLRQ� UHODWLYH� WR�
WKH� RULJLQDO�� 2IWHQ� WKLV� LV� EHFDXVH� WKH� FRPSUHVVLRQ� VFKHPH� FRPSOHWHO\�
GLVFDUGV�WKH�UHGXQGDQW�LQIRUPDWLRQ�>��@��

�
�

����$SSOLFDWLRQV�
$SSOLFDWLRQV�RI�GDWD�FRPSUHVVLRQ�DUH�SULPDULO\�LQ�WUDQVPLVVLRQ�DQG�VWRUDJH�RI�
LQIRUPDWLRQ�� ,PDJH� WUDQVPLVVLRQ� DSSOLFDWLRQ� DUH� LQ� EURDGFDVW� WHOHYLVLRQ��
UHPRWH� VHQVLQJ� YLD� VDWHOOLWH�� PLOLWDU\� DSSOLFDWLRQV� YLD� DLUFUDIW�� UDGDU� DQG�
VRQDU�� WHOHFRQIHUHQFLQJ�� FRPSXWHU� FRPPXQLFDWLRQV�� IDFVLPLOH� WUDQVPLVVLRQ�
HWF�� LPDJH�VWRUDJH� LV� UHTXLUHG� IRU�HGXFDWLRQDO�EXVLQHVV�GRFXPHQWV��PHGLFDO�
LPDJHV�WKDW�DULVH�LQ�FRPSXWHU�WRPRJUDSK\��PDJQHWLF�UHVRQDQFH�LPDJLQJ�DQG�
GLJLWDO� UDGLRORJ\�� PRWLRQ� SLFWXUHV�� VDWHOOLWH� LPDJHV�� ZHDWKHU� PDSV� HWF��
$SSOLFDWLRQ� RI� GDWD� FRPSUHVVLRQ� LV� DOVR� SRVVLEOH� LQ� WKH� GHYHORSPHQW� RI� IDVW�
DOJRULWKPV� ZKHUH� WKH� QXPEHU� RI� RSHUDWLRQV� UHTXLUHG� WR� LPSOHPHQW� DQ�
DOJRULWKP�LV�UHGXFHG�E\�ZRUNLQJ�ZLWK�FRPSUHVVHG�GDWD�>��@��
� 2YHU� WKH�\HDUV�� WKH�QHHG� IRU� LPDJH�FRPSUHVVLRQ�KDV�JURZQ�VWHDGLO\��
&XUUHQWO\�LW�LV�UHFRJQL]HG�DV�DQ�³(QDEOLQJ�7HFKQRORJ\´��,W�SOD\V�D�FUXFLFDO�UROH�
LQ�PDQ\�LPSRUWDQW�DQG�GLYHUVH�DSSOLFDWLRQV�VXFK�DV��

,� %XVLQHVV�GRFXPHQWV��ZKHUH�ORVV\�FRPSUHVVLRQ�LV�SURKLELWHG�IRU�OHJDO�
UHDVRQV��

,,� 6DWHOOLWH�LPDJHV��ZKHUH�WKH�GDWD�ORVV�LV�XQGHVLUDEOH�EHFDXVH�RI�LPDJH�
FROOHFW�FRVW��

,,,� 0HGLFDO� LPDJHV�� ZKHUH� GLIIHUHQFH� LQ� RULJLQDO� LPDJH� DQG�
XQFRPSUHVVH�G�RQH�FDQ�FRPSURPLVH�GLDJQRVWLF�DFFXUDF\��

,9� 7HOHYLGHR�FRQIHUHQFLQJ��
9� 5HPRWH�VHQVLQJ��



9,� 6SDFH�DQG�KD]DUGRXV�ZDVWH�FRQWURO�DSSOLFDWLRQV��
9,,� &RQWURO�RI�UHPRWHO\�SLORWHG�YHKLFOHV�LQ�PLOLWDU\��
9,,,� )DFVLPLOH�WUDQVPLVVLRQ��)$;���

�
��� �)UDFWLRQDO�+DUWOH\�7UDQVIRUP�
%HIRUH� GLVFXVVLQJ� WKH� IUDFWLRQDO� +DUWOH\� WUDQVIRUP� IUDFWLRQDO� RSHUDWLRQV� DUH�
GLVFXVVHG�DV�IROORZV��
������)UDFWLRQDO�2SHUDWLRQV�
*RLQJ� IURP� WKH�ZKROH� RI� DQ� HQWLW\� WR� IUDFWLRQV� RI� LW� UHSUHVHQWV� D� UHODWLYHO\�
PDMRU� FRQFHSWXDO� OHDS�� 7KH� IRXUWK� SRZHU� RI� �� PD\� EH� GHILQHG�
DV 333334 ×××= ��EXW�LW�LV�QRW�REYLRXV�IURP�WKLV�GHILQLWLRQ�WKDW�KRZ������PLJKW�
EH� GHILQHG�� ,W� PXVW� KDYH� WDNHQ� VRPHWLPH� EHIRUH� WKH� FRPPRQ� GHILQLWLRQ�

72/75.3 333 == � HPHUJHG�� 7KH� ILUVW� DQG� VHFRQG� GHULYDWLYHV� RI� WKH� IXQFWLRQ�

)(xf � LV� FRPPRQO\� GHQRWHG� E\� �
dx
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xfd


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
==



= �UHVSHFWLYHO\��

6LPLODUO\� KLJKHU� RUGHU� GHULYDWLYHV� DUH� GHILQHG�� 1RZ� ZKDW� LV� PHDQW� E\� WKH�
���WK�GHULYDWLYH�RI�D�IXQFWLRQ"�,W�PLJKW�QRW�EH�FOHDU�IURP�WKH�DERYH�GHILQLWLRQ��
/HW� )�µ�� GHQRWH� WKH� )7� RI� )(xf �� 7KH� )7� RI� WKH� QWK� GHULYDWLYH� RI� )(xf � >L�H��

n

n

dx

xfd )( @LV�NQRZQ�WR�EH�JLYHQ�E\�� i �πµ�Q)�µ���IRU�DQ\�SRVLWLYH�LQWHJHU�Q��1RZ�

OHW�XV�JHQHUDOL]H�WKLV�SURSHUW\�E\�UHSODFLQJ�Q�ZLWK�WKH�UHDO�RUGHU�µD¶�DQG�WDNH�

LW� DV� WKH� DWK� GHULYDWLYH� RI )(xf �� 7KXV� WR� ILQG�
a

a

dx

xfd )( �� WKH� DWK� GHULYDWLYH� RI�

)(xf �� ILQG� WKH� LQYHUVH� )RXULHU� WUDQVIRUP� RI� � � i �πµ�D)�µ��� %RWK� RI� WKHVH�
H[DPSOHV� DUH� GHDOLQJ� ZLWK� WKH� IUDFWLRQV� RI� DQ� RSHUDWLRQ� SHUIRUPHG� RQ� DQ�
HQWLW\��UDWKHU�WKDQ�IUDFWLRQV�RI�WKH�HQWLW\�LWVHOI�������LV�WKH�VTXDUH�URRW�RI�WKH�
LQWHJHU����7KH�IXQFWLRQ�> )(xf @����LV�WKH�VTXDUH�URRW�RI�WKH�IXQFWLRQ� )(xf ��%XW�



5.0

5.0 )(

dx

xfd �LV�WKH����WK�GHULYDWLYH�RI� )(xf ��ZLWK�
5.0

)(







dx

xdf �EHLQJ�WKH�VTXDUH�URRW�

RI� WKH� GHULYDWLYH� RSHUDWRU�
dx

d �� 7KH� SURFHVV� RI� JRLQJ� IURP� WKH� ZKROH� RI� DQ�

HQWLW\� WR� IUDFWLRQV� RI� LW� XQGHUOLHV� VHYHUDO� RI� WKH�PRUH� LPSRUWDQW� FRQFHSWXDO�
GHYHORSPHQWV�� H�J�� IX]]\� ORJLF�� ZKHUH� WKH� ELQDU\� �� 	� �� DUH� UHSODFHG� E\�
FRQWLQXRXV� YDOXHV� UHSUHVHQWLQJ� FHUWDLQW\� RU� XQFHUWDLQW\� RI� D� SURSRVLWLRQ�>���
������@��
�
������+DUWOH\�DQG�)UDFWLRQDO�+DUWOH\�7UDQVIRUP�
&RQYHQWLRQDOO\�� WKH� XQLWDU\� WUDQVIRUPV� KDYH� EHHQ� ZLGHO\� XVHG� LQ� VLJQDO�
FRPSUHVVLRQ��LQWHUSRODWLRQ��DQG�DGDSWLYH�ILOWHULQJ��6RPH�W\SLFDO�RQHV�DUH�WKH�
GLVFUHWH�+DGDPDUG�WUDQVIRUP��WKH�GLVFUHWH�+DUWOH\�WUDQVIRUP��'+7��GLVFUHWH�
)RXULHU� WUDQVIRUP� �')7��� WKH� GLVFUHWH� FRVLQH� WUDQVIRUP� �'&7��� DQG� WKH�
GLVFUHWH�VLQH�WUDQVIRUP��'67���DPRQJ�RWKHUV��
� 7KH�GLVFUHWH�+DUWOH\�WUDQVIRUP��'+7�� LV�DQ� LQYHUWLEOH� OLQHDU�WUDQVIRUP�
FORVHO\�UHODWHG�WR�WKH�')7��,Q�WKH�')7��RQH�PXOWLSOLHV�HDFK�LQSXW�E\�FRV���L�
�
VLQ��D�FRPSOH[�H[SRQHQWLDO���ZKHUHDV�LQ�WKH�'+7�HDFK�LQSXW�LV�PXOWLSOLHG�E\�
VLPSO\� FRV� �� VLQ�� 7KXV�� WKH� '+7� WUDQVIRUPV� n� UHDO� QXPEHUV� WR� n� UHDO�
QXPEHUV��DQG�KDV�WKH�FRQYHQLHQW�SURSHUW\�RI�EHLQJ�LWV�RZQ�LQYHUVH��
� ,Q� UHFHQW� \HDUV� WKH� FRQFHSW� RI� IUDFWLRQDO� RSHUDWRU� DQG� PHDVXUH� KDV�
EHHQ�LQYHVWLJDWHG�H[WHQVLYHO\� LQ�PDQ\�HQJLQHHULQJ�DQG�VFLHQFH�DSSOLFDWLRQV��
)RXU� W\SLFDO� H[DPSOHV� DUH� GHVFULEHG� DV� IROORZV�� 7KH� ILUVW� LV� IUDFWLRQDO�
GHULYDWLYH�DQG� LQWHJUDO�DUH�GHILQHG�E\�PDQ\�PDWKHPDWLFLDQV�DQG�DSSOLHG� WR�
VROYH�VRPH�SK\VLFDO�SUREOHPV��7KH�VHFRQG�LV�WKH�IUDFWLRQDO�)RXULHU�WUDQVIRUP�
KDV� EHHQ� VWXGLHG� LQ� WKH� RSWLF� FRPPXQLW\� DQG� VLJQDO� SURFHVVLQJ� DUHD�� 7KH�
WKLUG�LV�IUDFWLRQDO�GLPHQVLRQ�LV�XVHG�WR�PHDVXUH�VRPH�UHDO�ZRUG�GDWD�VXFK�DV�
FRDVWOLQH�� GXVW� LQ� WKH� DLU�� FORXGV� DQG� QHXURQV� LQ� WKH� ERG\�� 7KH� IUDFWLRQDO�
GLPHQVLRQDO� KDV� EHLQJ� DSSOLHG� ZLGHO\� WR� SDWWHUQ� UHFRJQLWLRQ� DQG�
FODVVLILFDWLRQ�� 7KH� ODVW� LV� IUDFWLRQDO� ORZHU�RUGHU� PRPHQW� KDV� EHHQ� XVHG� WR�
DQDO\]H�QRQ�*DXVVLDQ�VLJQDO�ZKLFK�LV�PRUH�UHDOLVWLF�WKDQ�WKH�*DXVVLDQ�PRGHO�
LQ� VLJQDO� SURFHVVLQJ� DSSOLFDWLRQV�� 2Q� WKH� RWKHU� KDQG�� YDULRXV� XQLWDU\�



WUDQVIRUPV� KDYH� EHHQ� ZLGHO\� XVHG� LQ� LPDJH� FRPSUHVVLRQ� DQG� DGDSWLYH�
ILOWHULQJ� H[FHSW� )RXULHU� WUDQVIRUP�� 6RPH� W\SLFDO� RQHV� DUH� VLQH�� FRVLQH� DQG�
+DUWOH\� WUDQVIRUP� HWF�� 6R� IDU�� WKH� IUDFWLRQDO� YHUVLRQV� RI� WKHVH� YHUVLRQV� DUH�
JHQHUDOL]HG��7KH�JHQHUDOL]HG�IRUP�RI�+DUWOH\�WUDQVIRUP�LV�FDOOHG�DV�IUDFWLRQDO�
+DUWOH\�WUDQVIRUP�>��@���
�
��� ��2EMHFWLYH�RI�7KHVLV�
7KH�REMHFWLYHV�RI�WKHVLV�DUH��

• 7R� DFKLHYH� LPDJH� FRPSUHVVLRQ� XVLQJ� D� QHZ� WHFKQLTXH� L�H�� IUDFWLRQDO�
+DUWOH\�7UDQVIRUP��

• 7R� FRPSDUH� WKH� SHUIRUPDQFH� RI� WKLV� QHZ� WUDQVIRUP� ZLWK� H[LVWLQJ�
WUDQVIRUP�L�H��+DUWOH\�WUDQVIRUP��

• 7R� LPSOHPHQW� IUDFWLRQDO�+DUWOH\� WUDQVIRUP�RQ�PDQ\�QDWXUDO�JUD\VFDOH�
LPDJHV��

• 7R� VWXG\� WKH� HIIHFWV�RI� YDULDWLRQV� RI�&5� RQ�5RRW�0HDQ�6TXDUH� (UURU��
3HDN�VLJQDO�WR�1RLVH�5DWLR��

• 7R�FRPSDUH� WKH�506(�DQG�3615� IRU�YDULRXV�YDOXH�RI� IUDFWLRQDO�RUGHU�
µD¶�IRU�VDPH�FRPSUHVVLRQ�UDWLR��

��� �0HWKRGRORJ\�
3&�&RQILJXUDWLRQ�� � $0'�
� � � � �����*+]�
� � � � ����0E�RI�5$0�
2SHUDWLQJ�6\VWHP��� :LQGRZV� ;3� 3URIHVVLRQDO�� 9HUVLRQ� �����6HUYLFH�
3DFN����
6RIWZDUH�� � � 0$7/$%�����
�
��� �2UJDQL]DWLRQ�RI�7KHVLV�
&KDSWHU���GLVFXVVHV� WKH� LQWURGXFWLRQ� WR� FRPSUHVVLRQ��QHHG�RI� FRPSUHVVLRQ��
W\SHV� RI� FRPSUHVVLRQ�� DSSOLFDWLRQV� RI� LPDJH� FRPSUHVVLRQ�� LQWURGXFWLRQ� WR�
IUDFWLRQDO� +DUWOH\� WUDQVIRUP� DQG� REMHFWLYH� RI� WKHVLV�� ,Q� FKDSWHU� �� WKH�
SULQFLSOHV� EHKLQG� FRPSUHVVLRQ� DUH� GLVFXVVHG�� 9DULRXV� W\SHV� RI� GDWD�



UHGXQGDQF\� L�H�� FRGLQJ� UHGXQGDQF\�� LQWHUSL[HO� UHGXQGDQF\�� SV\FKRYLVXDO�
UHGXQGDQF\�SUHVHQW�LQ�LPDJH�DUH�GLVFXVVHG��,Q�FKDSWHU���LPDJH�FRPSUHVVLRQ�
WHFKQLTXHV� L�H�� ORVVOHVV� FRPSUHVVLRQ� WHFKQLTXHV� DQG� ORVV\� FRPSUHVVLRQ�
WHFKQLTXHV�DUH�GLVFXVVHG��

,Q� FKDSWHU� �� WKH� OLQHDU� IUDFWLRQDO� WUDQVIRUP� DQG� IUDFWLRQDO� +DUWOH\�
WUDQVIRUP� DUH� GLVFXVVHG�� ,Q� FKDSWHU� �� WKH� LPDJH� FRPSUHVVLRQ� PRGHO� IRU�
IUDFWLRQDO� +DUWOH\� WUDQVIRUP� DQG� WKH� LPDJH� FRPSUHVVLRQ� FKDUDFWHULVWLFV� DUH�
GLVFXVVHG��&KDSWHU���SURYLGHV�WKH�VLPXODWLRQ�UHVXOWV�RI�ILYH�LPDJHV�L�H��/HQD��
&DPHUDPDQ��)ORZHU��5LFH��%DUEDUD�ZLWK�WKH�YDULDWLRQ�RI�SDUDPHWHU� µD¶�XVLQJ�
IUDFWLRQDO� +DUWOH\� WUDQVIRUP�� &KDSWHU� �� GHVFULEHV� WKH� FRQFOXVLRQV� DQG�
SURVSHFWV�RI�WKH�IXWXUH�ZRUN��
�
�
�
�
�
�
�

�
�

&+$37(5���
35,1&,3/(6�%(+,1'�&2035(66,21�

�
����,QWURGXFWLRQ�
7KHUH� LV� D� GLIIHUHQFH� EHWZHHQ� LQIRUPDWLRQ� DQG� GDWD�� ,QIRUPDWLRQ� LV� WKH�
PHVVDJH�WKDW�LV�FRQYH\HG��GDWD�LV�WKH�ZRUGV�XVHG�WR�FRQYH\�LW��,QIRUPDWLRQ�
LV�� VLPSO\� SXW�� XQH[SHFWHG� LQIRUPDWLRQ�� 7KHUH� LV� VLJQLILFDQW� GDWD� FRQWHQW�
EHWZHHQ�� �,W
V� ������ DQG� DOO
V� ZHOO��� DQG� �)LUH��� 7KH� ORQJHU� PHVVDJH� LV�
H[SHFWHG�� VR� ZH� GRQ
W� UHDOO\� WKLQN�PXFK� DERXW� LW�� KHQFH� OLWWOH� LQIRUPDWLRQ��
7KH� VKRUWHU� PHVVDJH� LV� XQH[SHFWHG�� DQG� WKXV� KDV� YHU\� KLJK� LQIRUPDWLRQ�



FRQWHQW��2QH�VKRXOG�EDVLFDOO\�MXGJH�WKH�LQIRUPDWLRQ�FRQWHQW�RI�D�PHVVDJH�E\�
WKH�GLIIHUHQFH�LQ�WKH�ZD\�RQH�ZRXOG�DFW�LI�WKH\�KHDUG�WKH�PHVVDJH�DQG�LI�WKH\�
GLGQ
W���

&RQVLGHU�DQRWKHU�H[DPSOH�� LI�D� OHWWHU� LV�GURSSHG�IURP�D�ZRUG�VR�WKDW�
\RX� RQO\� JRW� �KHO"R��� \RX� FRXOG� SUREDEO\� JXHVV� WKDW� WKH� OHWWHU� �O�� ZDV�
PLVVLQJ��+HQFH��WKH�OHWWHU��O�� LQ�WKLV�FRQWH[W�KDV�OLWWOH�LQIRUPDWLRQ��+RZHYHU��
LI�,�JDYH�\RX�ZLWK�ZRUG��"RRN���\RX�PLJKW�HTXDOO\�JXHVV��O����E����K����F���DQG�
VR�RQ��,Q�WKLV�FDVH��WKH�OHWWHU��O��ZRXOG�KDYH�VLJQLILFDQW�LQIRUPDWLRQ�FRQWHQW��
7KH�YHU\�VDPH�V\PERO�FDQ�KDYH�GLIIHUHQW� LQIRUPDWLRQ�FRQWHQW�GHSHQGLQJ�RQ�
WKH�FRQWH[W�>�@���

5HGXQGDQF\� LV� WKH� GLIIHUHQFH� EHWZHHQ� WKH� VKRUWHVW� ZD\� RQH� FRXOG�
FRQYH\� D� SLHFH� RI� LQIRUPDWLRQ� �L�H��� WKH� LQIRUPDWLRQ� FRQWHQW� LWVHOI�� DQG� WKH�
GDWD� XVHG� WR� UHSUHVHQW� LW�� ,Q� WKH� SUHYLRXV� H[DPSOH�� WKH� ILUVW� �O�� LV� KLJKO\�
UHGXQGDQW�ZKLOH�WKH�VHFRQG��O��LV�QRW��

7KHUH�DUH�WKUHH�EDVLF�W\SHV�RI�UHGXQGDQF\�LQ�LPDJHV���

,� &RGLQJ�5HGXQGDQF\��
,,� ,QWHUSL[HO�5HGXQGDQF\��
,,,� 9LVXDO�5HGXQGDQF\��

$OO� LPDJH� FRPSUHVVLRQ� DOJRULWKPV� DWWDFN� RQH� RU� PRUH� RI� WKHVH� NLQGV� RI�
UHGXQGDQF\��

�

����&RGLQJ�5HGXQGDQF\�
3L[HOV�KDYH�WR�EH�HQFRGHG�LQ�LPDJHV��/LNH�DOO�WKLQJV�LQ�D�FRPSXWHU��ZH�KDYH�
WR�DVVLJQ�VRPH�DUELWUDU\�VHW�RI�ELWV�IRU�GLIIHUHQW�SRVVLEOH�YDOXHV��6RPHWLPHV��
VRPH�YDOXHV�DUH�PRUH�SUREDEOH�WKDW�RWKHUV��$V�VXFK��WKH\�DUH�PRUH�H[SHFWHG�
DQG� WKXV� KDYH� OHVV� LQIRUPDWLRQ� FRQWHQW�� 2WKHUV� DUH� OHVV� SUREDEOH� �OHVV�
H[SHFWHG�� DQG� WKXV� KDYH� PRUH� LQIRUPDWLRQ� FRQWHQW�� 7KH� NH\� WR� UHGXFLQJ�



FRGLQJ�UHGXQGDQF\�LV�WR�DVVLJQ�ELWV�DFFRUGLQJ�WR�WKH�LQIRUPDWLRQ�FRQWHQW��7KH�
PRUH�LQIRUPDWLRQ��WKH�PRUH�ELWV��WKH�OHVV�LQIRUPDWLRQ��WKH�IHZHU�ELWV���

,I�ZH�WU\�WR�HOLPLQDWH�FRGLQJ�UHGXQGDQF\�LQ�WH[WXDO�LQIRUPDWLRQ��ZH�FDQ�
PHDVXUH� WKH� IUHTXHQF\� ZLWK� ZKLFK� HDFK� OHWWHU� RFFXUV�� ,I� LW� RFFXUV� PRUH�
IUHTXHQWO\��HQFRGH�LW�ZLWK�DV�IHZ�ELWV�DV�SRVVLEOH��,I�LW�GRHVQ
W�RFFXU�PXFK�DW�
DOO��XVH�PRUH�ELWV��7KXV��ZH�PLJKW�HQFRGH��(��ZLWK�D�IHZ�ELWV�DQG��;��RU��4��
ZLWK�ORWV�RI�WKHP��:KR�FDUHV�LI��;��WDNHV���������RU�HYHQ����ELWV��LW�GRHVQ
W�
RFFXU�WKDW�RIWHQ�DQ\ZD\���

/LNHZLVH��ZH� FDQ� XVH� VXFK�YDULDEOH�OHQJWK� FRGLQJ� IRU� SL[HOV� RU� RWKHU�
LQIRUPDWLRQ�IRU�LPDJHV��)RU�H[DPSOH��LI�DQ�LPDJH�LV����DQG����EODFN�SL[HOV"�
:K\�QRW�XVH�RQH�ELW�WR�VLJQDO�LI�WKH�SL[HO�LV�EODFN�RU�QRW��DQG�WKHQ�IROORZ�WKH�
QRQ�EODFN�RQHV�E\�WKH�DFWXDO�JUH\�OHYHO�YDOXH����ELWV���7KLV�ZRXOG�XVH�RQH�ELW�
IRU�KDOI�WKH�LPDJH�DQG�QLQH�ELWV�IRU�WKH�RWKHU�KDOI��7KLV�ZRXOG�XVH�����ELWV�SHU�
SL[HO�LQVWHDG�RI�HLJKW���

7KH� EHVW� NQRZQ� DQG� PRVW� HIILFLHQW� PHWKRG� IRU� YDULDEOH�OHQJWK�
HQFRGLQJ� LV� +XIIPDQ� FRGLQJ�� 3XUH� +XIIPDQ� FRGLQJ� LV� FRPSXWDWLRQDOO\�
H[SHQVLYH�DQG�UHTXLUHV�PHDVXULQJ�WKH�IXOO�VWDWLVWLFV�RI�WKH�GDWD��7\SLFDOO\��D�
PRGLILHG�IRUP�LV�XVHG�WKDW�LV�EDVHG�RQ�SUHVXPHG�IUHTXHQF\�GLVWULEXWLRQV�DQG�
QRW�TXLWH�SHUIHFW�HQFRGLQJ�>�@��

2.3 Interpixel Redundancy 

,I�\RX�ZHUH�WR�VFDQ�DFURVV�D�URZ�RI�D�ELQDU\�LPDJH�DQG�UHDG�RII�WKH�YDOXHV��
DQG�LI�WKH�YDOXHV�ZHUH��ZKLWH����ZKLWH����ZKLWH����ZKLWH����ZKLWH���ZKDW�ZRXOG�
\RX�JXHVV�WKH�QH[W�RQH�WR�EH"�:KLOH�HLWKHU��EODFN��RU��ZKLWH��DUH�SRVVLEOH��
\RX
G� SUREDEO\� JXHVV� WKDW� WKH� QH[W� RQH� LV� ZKLWH�� 7KLV� PDNHV� VHQVH� IRU�
LPDJHV�EHFDXVH�WKH\�XVXDOO\�KDYH�UHJLRQV�RI�FRQVWDQW�RU�VLPLODU�YDOXHV��7KLV�
LV�FDOOHG�LQWHUSL[HO�UHGXQGDQF\���

,Q� RUGHU� WR� UHGXFH� WKH� LQWHUSL[HO� UHGXQGDQFLHV� LQ� DQ� LPDJH�� WKH� ��'�
SL[HO� DUUD\� QRUPDOO\� XVHG� IRU� KXPDQ� YLHZLQJ� DQG� LQWHUSUHWDWLRQ� PXVW� EH�



WUDQVIRUPHG� LQ� WR� D� PRUH� HIILFLHQW� IRUPDW�� )RU� H[DPSOH�� WKH� GLIIHUHQFHV�
EHWZHHQ�DGMDFHQW�SL[HOV�FDQ�EH�XVHG�WR�UHSUHVHQW�DQ�LPDJH��7UDQVIRUPDWLRQV�
RI� WKLV� W\SH� DUH� UHIHUUHG� WR� DV� PDSSLQJ�� 7KH\� DUH� FDOOHG� UHYHUVLEOH� LI� WKH�
RULJLQDO�LPDJH�HOHPHQWV�FDQ�EH�UHFRQVWUXFWHG�IURP�WKH�WUDQVIRUPHG�GDWD�VHW�
>�@��

$�FRPPRQ�FKDUDFWHULVWLF�RI�PRVW�LPDJHV�LV�WKDW�WKH�QHLJKERULQJ�SL[HOV�
DUH� FRUUHODWHG� DQG� WKHUHIRUH� FRQWDLQ� UHGXQGDQW� LQIRUPDWLRQ�� 7KH� IRUHPRVW�
WDVN� WKHQ� LV� WR� ILQG� OHVV� FRUUHODWHG� UHSUHVHQWDWLRQ� RI� WKH� LPDJH�� 7ZR�
IXQGDPHQWDO� FRPSRQHQWV� RI� FRPSUHVVLRQ� DUH� UHGXQGDQF\� DQG� LUUHOHYDQF\�
UHGXFWLRQ�� 5HGXQGDQF\� UHGXFWLRQ� DLPV� DW� UHPRYLQJ� GXSOLFDWLRQ� IURP� WKH�
VLJQDO�VRXUFH��LPDJH�YLGHR��� ,UUHOHYDQF\�UHGXFWLRQ�RPLWV�SDUWV�RI� WKH�VLJQDO�
WKDW� ZLOO� QRW� EH� QRWLFHG� E\� WKH� VLJQDO� UHFHLYHU�� QDPHO\� WKH� +XPDQ� 9LVXDO�
6\VWHP��+96���,Q�JHQHUDO��WKUHH�W\SHV�RI�UHGXQGDQF\�FDQ�EH�LGHQWLILHG���

• 6SDWLDO�5HGXQGDQF\�RU�FRUUHODWLRQ�EHWZHHQ�QHLJKERULQJ�SL[HO�YDOXHV���
• 6SHFWUDO� 5HGXQGDQF\� RU� FRUUHODWLRQ� EHWZHHQ�GLIIHUHQW� FRORU� SODQHV� RU�
VSHFWUDO�EDQGV���

• 7HPSRUDO� 5HGXQGDQF\� RU� FRUUHODWLRQ� EHWZHHQ� DGMDFHQW� IUDPHV� LQ� D�
VHTXHQFH�RI�LPDJHV��LQ�YLGHR�DSSOLFDWLRQV����

,PDJH� FRPSUHVVLRQ� UHVHDUFK� DLPV� DW� UHGXFLQJ� WKH� QXPEHU� RI� ELWV�
QHHGHG� WR� UHSUHVHQW� DQ� LPDJH� E\� UHPRYLQJ� WKH� VSDWLDO� DQG� VSHFWUDO�
UHGXQGDQFLHV� DV�PXFK� DV� SRVVLEOH�� 6LQFH� ZH� ZLOO� IRFXV� RQO\� RQ� VWLOO� LPDJH�
FRPSUHVVLRQ��ZH�ZLOO�QRW�ZRUU\�DERXW�WHPSRUDO�UHGXQGDQF\���

����9LVXDO�5HGXQGDQF\�
7KH� WKLUG� ZD\� RI� UHGXFLQJ� UHGXQGDQF\� LV� WR� UHDOL]H� WKDW� RXU� VHQVHV� DUHQ
W�
HTXDOO\� VHQVLWLYH� WR�DOO� WKLQJV�� ,Q� WKLV� VHQVH�� LQIRUPDWLRQ� FRQWHQW� UHODWHV� WR�
WKH�DELOLW\�RI�RXU�YLVXDO�V\VWHPV�WR�WHOO�WKH�GLIIHUHQFH���

([DPSOHV�RI�WKLV�LQFOXGH��



• 2XU�JUHDWHU� VHQVLWLYLW\� WR�FKDQJHV� LQ� LQWHQVLW\� WKDQ� WR�FKDQJHV�
LQ�KXH���
• 2XU�JUHDWHU� VHQVLWLYLW\� WR� ORZ�IUHTXHQF\� FKDQJHV� WKDQ� WR�KLJK�
IUHTXHQF\�RQHV���

%\� WUDQVIRUPLQJ� RXU� LPDJH� LQWR� VSDFHV� WKDW� FRUUHVSRQG� WR� WKHVH�
SURSHUWLHV��ZH�FDQ�WKHQ�EHWWHU�UHGXFH�WKH�QXPEHU�RI�ELWV�ZH�GHYRWH�WR�WKHP���

)RU� H[DPSOH�� E\� WUDQVIRUPLQJ� WR� <,4� FRORU� VSDFHV�� ZH� VHSDUDWH�
LQWHQVLW\� IURP� FRORU� DQG� FDQ� FRUUHFWO\� DSSRUWLRQ� WKH� ELWV�� /LNHZLVH�� E\�
WUDQVIRUPLQJ�WR�IUHTXHQF\�EDVHG�VSDFHV��VXFK�WKH�IUHTXHQF\�GRPDLQV�RI�WKH�
)RXULHU�7UDQVIRUP�RU�'&7���ZH�FDQ�GLVWULEXWH�RXU�SUHFLRXV�ELWV�DFFRUGLQJ�WR�
VSDWLDO�IUHTXHQF\����

3V\FKRORJLFDO� UHGXQGDQF\� LV� IXQGDPHQWDOO\� GLIIHUHQW� IURP� WKH�
UHGXQGDQFLHV� GLVFXVVHG� HDUOLHU�� 8QOLNH� FRGLQJ� DQG� LQWHUSL[HO� UHGXQGDQF\��
SV\FKRORJLFDOO\� UHGXQGDQF\� LV� DVVRFLDWHG� ZLWK� UHDO� RU� TXDQWLILDEOH� YLVXDO�
LQIRUPDWLRQ��,WV�HOLPLQDWLRQ� LV�SRVVLEOH�RQO\�EHFDXVH�WKH�LQIRUPDWLRQ� LWVHOI� LV�
QRW� HVVHQWLDO� IRU� QRUPDO� YLVXDO� SURFHVVLQJ�� 6LQFH� WKH� HOLPLQDWLRQ� RI� SV\FKR�
YLVXDOO\� UHGXQGDQW� GDWD� UHVXOWV� LQ� D� ORVV� RI� TXDQWLWDWLYH� LQIRUPDWLRQ�� LW� LV�
FRPPRQO\� UHIHUUHG� WR� DV� TXDQWL]DWLRQ�� 7KLV� WHUPLQRORJ\� LV� FRQVLVWHQW� ZLWK�
QRUPDO�XVDJH�RI� WKH�ZRUG��ZKLFK�JHQHUDOO\�PHDQV� WKH�PDSSLQJ�RI� D�EURDG�
UDQJH� RI� LQSXW� YDOXHV� WR� D� OLPLWHG� QXPEHU� RI� RXWSXW� YDOXHV�� $V� LW� LV� DQ�
LUUHYHUVLEOH�RSHUDWLRQ��YLVXDO�LQIRUPDWLRQ�LV�ORVW���TXDQWL]DWLRQ�UHVXOWV�LQ�ORVV\�
GDWD�FRPSUHVVLRQ�>����@���
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����,QWURGXFWLRQ�
%DVLF� LPDJH�FRPSUHVVLRQ�WHFKQLTXHV�DUH�RI�WZR�W\SHV�� ORVVOHVV�FRPSUHVVLRQ�
WHFKQLTXHV� DQG� ORVV\� FRPSUHVVLRQ� WHFKQLTXHV�� ,Q� ORVVOHVV� FRPSUHVVLRQ�
VFKHPH��WKH�UHFRQVWUXFWHG�LPDJH�DIWHU�FRPSUHVVLRQ��LV�QXPHULFDOO\� LGHQWLFDO�
WR� WKH�RULJLQDO� LPDJH�� L�H�� RULJLQDO� LPDJH� FDQ�EH� UHFRQVWUXFWHG�ZLWKRXW�DQ\�
HUURUV��2Q� WKH�RWKHU�KDQG� ORVV\�FRPSUHVVLRQ�VFKHPHV� LQYROYH�VRPH� ORVV�RI�
LQIRUPDWLRQ��DQG�GDWD�FDQ�QRW�EH�UHFRYHUHG�H[DFWO\��2IWHQ�WKLV�LV�EHFDXVH�WKH�
FRPSUHVVLRQ�FRPSOHWHO\�GLVFDUGV�UHGXQGDQW�LQIRUPDWLRQ�>��@��

����/RVVOHVV�&RPSUHVVLRQ�7HFKQLTXHV�
,Q�ORVVOHVV�FRPSUHVVLRQ�VFKHPH��WKH�UHFRQVWUXFWHG�LPDJH�DIWHU�FRPSUHVVLRQ��
LV� QXPHULFDOO\� LGHQWLFDO� WR� WKH� RULJLQDO� LPDJH�� L�H�� RULJLQDO� LPDJH� FDQ� EH�
UHFRQVWUXFWHG� ZLWKRXW� DQ\� HUURUV�� +RZHYHU� ORVVOHVV� FRPSUHVVLRQ� FDQ� RQO\�
DFKLHYH�PRGHVW� DPRXQW� RI� FRPSUHVVLRQ�� 7KLV� LV� LPSRUWDQW� IRU� DSSOLFDWLRQV�
OLNH� FRPSUHVVLRQ� RI� WH[W�� ,W� LV� YHU\� LPSRUWDQW� WKDW� WKH� UHFRQVWUXFWLRQ� LV�
LGHQWLFDO� WR� WKH� RULJLQDO� WH[W�� DV� YHU\� VPDOO� GLIIHUHQFHV� FDQ� UHVXOW� LQ�
VWDWHPHQWV�ZLWK� YHU\� GLIIHUHQW�PHDQLQJV�� &RQVLGHU� WKH� VHQWHQFHV�� ³GR�QRZ�
VHQG� PRQH\´� DQG� ³GR� QRW� VHQG� PRQH\´�� $� VLPLODU� DUJXPHQW� KROGV� IRU�
FRPSXWHU� ILOHV� DQG� IRU� FHUWDLQ� W\SHV�RI� GDWD� VXFK�DV�EDQN� UHFRUGV��9DULRXV�
WHFKQLTXHV�IRU�ORVVOHVV�FRPSUHVVLRQ�DUH�EHORZ��

������3L[HO�&RGLQJ�
,Q�WKHVH�WHFKQLTXHV�HDFK�SL[HO�LV�SURFHVVHG�LQGHSHQGHQWO\��LJQRULQJ�WKH�LQWHU�
SL[HO�GHSHQGHQFLHV��6RPH�SL[HO�FRGLQJ�DUH�GLVFXVVHG�DV�IROORZV��



3.2.1.1 Optimal Entropy Pixel Coding  

By using an appropriate code, the bit rate of the encoded data can come close to the 

entropy of the data itself. This is achieved by using a code in which the length of each 

codeword is proportional to the frequency that it is used, such as a Huffman code or 

arithmetic coding. On the test images this resulted in a rate of 7.39 bits per pixel -- a 7% 

compression.  

3.2.1.2 Adjacent Pixel Pair Coding  

Neighboring pixels are generally highly correlated. In order to exploit this fact, the code 

may be chosen so that pixels are coded in sequential pairs rather than alone. Since there 

are more possibiliti es, this will i ncrease the code rate; on the test images a rate of 11.98 

bits per symbol was achieved. Since the symbols each represent 2 pixels, this translates to 

a normalized rate of 5.99 bits per pixel, or a 25% compression.  

3.2.1.3 Predictive Pixel Coding  

Another way to exploit this correlation is to predict the pixel value based on its 

neighbors, and then to code only the error. The values of the majority of these errors 

should be a small number of discrete integers, and hence these frequent errors should 

compress well .  

3.2.1.4 Prediction using Previous Pixel 

Prediction of a pixel as the value of the adjacent left pixel resulted in a rate of 5.31 bits 

per pixel for the error, a compression of 33%. This is also known as differential pulse 

code modulation (DPCM).  

3.2.1.5 Prediction using Neighborhood Pixels  

It is logical that with more information, prediction could be improved. Prediction using 

all adjacent received pixels was then implemented using first the minimum variance 

predictor, and then the minimum entropy predictor. The minimum variance predictor 

yielded 4.85 bits per pixel rate for 39% compression. The minimum entropy predictor 



resulted in a rate of 4.90 bits per pixel, for 38% compression. The 2 predictors are so 

close that the difference between them in this case is more likely due to image content 

than general superiority of design [11].  

������3&0�&RGLQJ�
�
,Q� 3&0� WKH� LQFRPLQJ� YLGHR� VLJQDO� LV� VDPSOHG�� TXDQWL]HG� DQG� FRGHG� E\� D�
VXLWDEOH�FRGH�ZRUG��EHIRUH�IHHGLQJ�LW�WR�D�GLJLWDO�PRGXODWRU�IRU�WUDQVPLVVLRQ���
7KH�TXDQWL]HU�RXWSXW� LV�JHQHUDOO\�FRGHG�E\�D�IL[HG�OHQJWK�ELQDU\�FRGH�ZRUG�
KDYLQJ�%�ELWV��&RPPRQO\����ELWV�DUH�VXIILFLHQW�IRU�PRQRFKURPH�EURDGFDVW�RU�
YLGH�R�FRQIHUHQFLQJ�TXDOLW\� LPDJHV��ZKHUHDV�PHGLFDO� LPDJHV�RU�FRORU�YLGHR�
VLJQDOV�PD\�UHTXLUH����WR����ELWV�SHU�SL[HOV��

�7KH�QXPEHU�RI�TXDQWL]LQJ�ELWV�QHHGHG�IRU�YLVXDO�GLVSOD\�RI�LPDJHV�FDQ�
EH� UHGXFHG� WR� �� WR� �� ELWV� SHU� SL[HO� E\� XVLQJ� FRPSDQGLQJ�� FRQWUDVW�
TXDQWL]DWLRQ�� RU� GLHWKHULQJ� WHFKQLTXHV�� +DOIWRQH� WHFKQLTXHV� UHGXFH� WKH�
TXDQWL]HU�RXWSXW�WR���ELW�SHU�SL[HO��EXW�XVXDOO\�WKH�LQSXW�VDPSOLQJ�UDWH�PXVW�
EH� LQFUHDVHG� E\� D� IDFWRU� RI� �� WR� ���� 7KH� FRPSUHVVLRQ� DFKLHYHG� E\� WKHVH�
WHFKQLTXHV�LV�JHQHUDOO\�OHVV�WKDQ�����>�@��
�,Q�WHUPV�RI�D�PHDQ�VTXDUH�GLVWRUWLRQ��WKH�PLQLPXP�DFKLHYDEOH�UDWH�E\�3&0�
LV�JLYHQ�E\�WKH�UDWH�GLVWRUWLRQ�IRUPXOD��
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An important term in the recording of sound waves is sampling taking a 

representation of the waveform at a given moment. The frequency between each sample 

is one key aspect in determining the accuracy of the waveform representation. In the two 

diagrams below, each vertical bar represents a time-slice the top of the bar representing 

the waveform. It can be seen quite clearly that the more frequent the sample the more 

accurate the waveform representation. 

 

(a) 

 

(b) 

Figure3.2: Pulse code modulation with varying step size 

$PSOLWXGH�

$PSOLWXGH�



The next influential factor is that of resolution, that is, the smallest level of 

change that can be detected in the waveform referred to as Quantization levels [13]. The 

following diagram attempts to illustrate this. The top-most peak of the wave doesn’ t 

reach the threshold of the next quantization level and is therefore truncated to the lower 

level. The result is that further detail i s lost, therefore reducing the quali ty of the sound. 

 

Figure3.3: Error in quantization 

Knowing this and the information mentioned earlier, it can be used to effectively 

compress audio data such that the data requirements are reduced but the information is 

still i ntact, referred to as downsampling. Waveform coding and downsampling can be 

applied to visual as well as audio signals (or data) as light is also a waveform consisting 

of both colour and intensity values. In bitmap graphics, downsampling refers to reducing 

the resolution, that is, the number of dots per inch (dpi) or reduction in the color depth, 

for example, from a 16 milli on to 256 color palette. 

Application of PCM 

The above describes the basis of Pulse Code Modulation (PCM) which is used 

significantly in computers for digitizing analogue signals. It can be implemented in both 

hardware and software. There are various implementations and variations of PCM, for 

example, Differential Pulse Code Modulation (DPCM), which is also used by the JPEG 

$PSOLWXGH�



graphics compression, Adaptive DPCM (ADPCM) and Interactive Multimedia 

Association ADPCM (IMA ADPCM) [20]. 

3.2.3 Entropy Coding 

,I� WKH�TXDQWL]HG�SL[HOV�DUH�QRW�XQLIRUPO\�GLVWULEXWHG��WKHQ�WKHLU�HQWURS\�ZLOO�
EH�OHVV�WKDQ�%��DQG�WKHUH�H[LVW�D�FRGH�WKDW�XVHV�OHVV�WKDQ�%�ELWV�SHU�SL[HOV��
,Q�HQWURS\�FRGLQJ�WKH�JRDO�LV�WR�HQFRGH�D�EORFN�RI�0�SL[HOV�FRQWDLQLQJ�0%�ELWV�
ZLWK�SUREDELOLWLHV�SL��L ���������«««««��/����/ ��0%��E\�±ORJ��SL�ELWV��VR�WKDW�
WKH�DYHUDJH�ELW�UDWH�LV�
� ( ) Hpp

i
ii =−∑ 2log � � � � � � � �

� ��������
7KLV� JLYHV� D� YDULDEOH�OHQJWK� FRGH� IRU� HDFK� EORFN�� ZKHUH� KLJKO\�

SUREDEOH� EORFNV� �RU� V\PEROV�� DUH� UHSUHVHQWHG� E\� VPDOO�OHQJWK� FRGHV�� DQG�
YLFH� YHUVD�� ,I� � ±ORJ�� SL� LV� QRW� DQ� LQWHJHU�� WKH� DFKLHYHG� UDWH� H[FHHGV�+� EXW�
DSSURDFKHV� LW� DV\PSWRWLFDOO\� ZLWK� LQFUHDVLQJ� EORFN� VL]H�� )RU� D� JLYHQ� EORFN�
VL]H��D�WHFKQLTXH�FDOOHG�+XIIPDQ�FRGLQJ�LV�WKH�PRVW�HIILFLHQW�IL[HG�WR�YDULDEOH�
OHQJWK�HQFRGLQJ�PHWKRG��
�

��������7KH�+XIIPDQ�&RGLQJ�$OJRULWKP�
As there are many interpretations and enhancements to this method, we will t ake a brief 

look at the principle behind it. This method first determines the frequency with which 

symbols appear within the data. A binary-tree structure is then generated by sequentially 

combining the two least-frequent symbols via a node with the most frequent of the two 

on the left. The value of the node then becomes the sum of the two symbols' frequencies, 

and is subsequently treated as a symbol and included with the other symbols in the 

completion of the tree. Once the tree has been generated, the new binary representation 

of a symbol is ascertained by traversing the tree (in one direction) from the root node to 

the symbol recording a 0 whilst traversing a left-path and 1 for a right-path. For example, 

consider the symbols that appear in the sentence: "It then encodes each symbol with a 

variable-length code - the more frequent the symbol the shorter the code." 



Below is a table showing the frequency of appearance of each symbol along with 

the number of bits required to represent them all  using a fixed 8-bit representation. Along 

side is a possible representation of the bit-pattern generated by this compression 

technique, and the total number of bits required [7, 16]. 

 

Figure3.4: Huffman code tree 

 

Table3.1: Comparison of uncompressed and compressed by Huffman coding 

Symbol f Number of Bits 

required for 

symbols 

(uncompressed)  

New Binary 

Representation 

Number of 

Bits required 

for symbols 

(compressed) 

space  18  144  011  54  

e 16  128  001  48  

t  10  80  101  30  

h 9 72  111  27  

o 7 56  1001  28  

r  5 24  1101  20  



a 4 32  01011  20  

c  4 32  01010  20  

l  4 32  01001  20  

n 4 32  00011  20  

s  4 32  00001  20  

b 3 24  10001  15  

d 3 24  10000  15  

m 3 24  11001  15  

i  2 16  11000  10  

y  2 16  010001  12  

-  1 8 0100001  7 

— 1 8 0100000  7 

.  1 8 0001011  7 

f  1 8 0001010  7 

g 1 8 0001001  7 

I  1 8 0001000  7 

q 1 8 0000011  7 

u 1 8 0000010  7 

v  1 8 0000001  7 

w 1 8 0000000  7 

Total: Σ 108 Σ 848 � Σ 444 

�
$GYDQWDJHV���
���$OJRULWKP�LV�HDV\�WR�LPSOHPHQW��
���3URGXFH�D�ORVVOHVV�FRPSUHVVLRQ�RI�LPDJHV��
'LVDGYDQWDJH���
���(IILFLHQF\�GHSHQGV�RQ�WKH�DFFXUDF\�RI�WKH�VWDWLVWLFDO�PRGHO�XVHG�DQG�W\SH�
RI� LPDJH�� .D\� DQG� /HYLQH� VWDWH� WKDW� �7KH� DOJRULWKP� YDULHV� ZLWK� GLIIHUHQW�
IRUPDWV��EXW�IHZ�JHW�DQ\�EHWWHU�WKDQ�����FRPSUHVVLRQ����



��� &RPSUHVVLRQ� RI� LPDJH� ILOHV� WKDW� FRQWDLQ� ORQJ� UXQV� RI� LGHQWLFDO� SL[HOV� E\�
+XIIPDQ�LV�QRW�DV�HIILFLHQW�ZKHQ�FRPSDUHG�WR�5/(���

���7KH�+XIIPDQ�HQFRGLQJ�SURFHVV� LV�XVXDOO\�GRQH� LQ�WZR�SDVVHV��'XULQJ�WKH�
ILUVW�SDVV��D�VWDWLVWLFDO�PRGHO�LV�EXLOW��DQG�WKHQ�LQ�WKH�VHFRQG�SDVV�WKH�LPDJH�
GDWD� LV�HQFRGHG�EDVHG�RQ�WKH�JHQHUDWHG�PRGHO��)URP�KHUH�ZH�FDQ�VHH�WKDW�
+XIIPDQ�HQFRGLQJ�LV�D�UHODWLYHO\�VORZ�SURFHVV�DV�WLPH�LV�UHTXLUHG�WR�EXLOG�WKH�
VWDWLVWLFDO�PRGHO�LQ�RUGHU�WR�DUFKLYH�DQ�HIILFLHQW�FRPSUHVVLRQ�UDWH��

��� $QRWKHU� GLVDGYDQWDJH� RI�+XIIPDQ� LV� WKDW�� DOO� FRGHV� RI� WKH� HQFRGHG�GDWD�
DUH�RI�GLIIHUHQW�VL]HV��QRW�RI�IL[HG�OHQJWK���7KHUHIRUH�LW�LV�YHU\�GLIILFXOW�IRU�WKH�
GHFRGHU�WR�NQRZ�WKDW�LW�KDV�UHDFKHG�WKH�ODVW�ELW�RI�D�FRGH��DQG�WKH�RQO\�ZD\�
IRU�LW�WR�NQRZ�LV�E\�IROORZLQJ�WKH�SDWKV�RI�WKH�XS�VLGH�GRZQ�WUHH�DQG�FRPLQJ�
WR�DQ�HQG�RI� LW� �RQH�RI� WKH�EUDQFK���7KXV�� LI� WKH�HQFRGHG�GDWD� LV� FRUUXSWHG�
ZLWK�DGGLWLRQDO�ELWV�DGGHG�RU�ELWV�PLVVLQJ��WKHQ�ZKDWHYHU�WKDW�LV�GHFRGHG�ZLOO�
EH�ZURQJ�YDOXHV��DQG�WKH�ILQDO�LPDJH�GLVSOD\HG�ZLOO�EH�JDUEDJH�
������5XQ�/HQJWK�(QFRGLQJ��5/(��
�
,QVWHDG�RI�XVLQJ�LQGLYLGXDO�FRGHV�IRU�EODFN�DQG�ZKLWH�SL[HOV�LQ�ELQDU\�LPDJHV��
ZH� FDQ� HQFRGH� UXQV� RI� EODFN� RU� ZKLWH� SL[HOV�� 7KH� VHTXHQFH�
����������������������WKXV�EHFRPHV����V������V��DQG����V��7KLV�LV�FDOOHG�
UXQ�OHQJWK�HQFRGLQJ�RU�5/(���

An RLE image is thus encoded as a sequence of (count, value) pairs. Typically, there is 

fixed size for the count value, such as one byte. In this case, a run of 500 1s would be 

(256, 1), (244, 1). The size of the count value is a tradeoff: if too small , you end up 

encoding long runs with several short pieces instead of one, if too large, there's wasted 

space used for short runs.  

There are some perverse cases where RLE can actually cause negative 

compression--cases where the compressed data, because of overhead, takes more space 

than the original. A pattern of alternating black and white pixels, for example, would be 



encoded as (1,1),(1,0),(1,1),(1,0), etc. Instead of one bit per pixel, we're using one bit 

plus the length of the count field!  

RLE is usually used for binary images, and is commonly used for FAX 

transmission encoding or other scanned paper documents. These use not just runs across 

one row, but also use redundancy across the rows.  

RLE can also be used for grey-level images, though. Typically regular RLE won't 

work for noisy grey-level images because the value changes from pixel to pixel. 

However, if we look at the bit planes of the grey-level values, we see that there are large 

runs where the most-significant bit is 1 (lighter regions) and others where it is 0 (darker 

regions). It doesn't make sense to use this all the way down to the lease-significant bit, 

but is useful for the most-significant bits when combined with regular encoding of the 

least significant bits.  

Consider the following example: 

 

Here we have a series of blue x 6, magenta x 7, red x 3, yellow x 3 and green x 4, that is: 

                             

which is clearly a representation using fewer bits (only 2/3 the original). 

This would not be a feasible method of compression if the raw data did not 

contain repeating symbols. In such a circumstance the compressed data would probably 

be larger. Consider the following: 

                                    

This would give: 

                                   



which is twice the size! 

One advantage of this method is that it is sequential — once a particular series 

has been counted it could be transmitted. Consequently the principles of this method are 

also employed by the CCITT codec for fax communication in conjunction with the 

Huffman method [7].  

$GYDQWDJH���
• $OJRULWKP�LV�VLPSOH�WR�LPSOHPHQW��
• )DVW�WR�H[HFXWH��
• 3URGXFH�ORVVOHVV�FRPSUHVVLRQ�RI�LPDJHV��

'LVDGYDQWDJH���
• &RPSUHVVLRQ�5DWLR�QRW�DV�KLJK�FRPSDUHG�WR�RWKHU�PRUH�DGYDQFHG�
FRPSUHVVLRQ�DOJRULWKPV���

3.2.5 Bit-Plane Coding 

A 256 gray level image can be considered as a set of eight 1-bit planes, each of which 

can be run-length encoded. For 8-bit monochrome images, compression ratio of 1.5 to 2 

can be achieved. This method becomes very sensitive to channel errors unless the 

significant bit planes are carefully protected.  

Break image up into bit planes and apply run length coding to each plane.To get the bit 

planes of the above 8-bit grayscale image, AND the picture with the binary value 

corresponding to the desired plane; i.e., ANDing the image with 10000000 should give 

the 7th bit plane, ANDing the image with 00100000 should give the 5th bit plane, etc. 

After the AND operation, use the thresholding operation to make a binary image. It may 

also be necessary to invert the result [3]. 

3.2.6 Lossless Predictive Coding 

Let us turn to now an error free compression approach that does not require 

decomposition of an image into a collection of bit planes. The approach, commonly 



referred to as lossless predictive coding, is based on eliminating the interpixel 

redundancies of closely spaced pixels by extracting and coding only the new information 

in each pixel. The new information of a pixel is defined as the difference between the 

actual and predictive value of that pixel. 

Figure 3.8 shows the basic components of a lossless predictive coding system. 

The system consists of an encoder and a decoder, each containing an identical predictor. 

As each successive pixels of the input image, denoted nf  is introduced to the encoder, 

the predictor generates the anticipated value of that pixel based on some number of past 

inputs. The output of the predictor is then rounded to the nearest integer, denoted as nf̂ , 

and used to form the difference or prediction error 

nnn ffe ˆ−=  

which is using a variable length code (by the symbol encoder) to generate the next 

element of the compressed data stream. The decoder reconstructs ne  from the received 

variable length code words and performs the inverse operations. 

nnn fef ˆ+=  

Variable local, global and adaptive methods can be used to generate nf̂ . In the most cases, 

however, the prediction is formed by a linear combination of m previous pixels. That is, 





= ∑

=
−

m

i
nin froundf

1
1

ˆ α  

Where m is the order of the linear predictor, round is a function used to denote the 

rounding or nearest integer operation, and the iα  for i=1, 2, 3....,m are prediction 

coeff icient. In raster scan application, the subsequent n indexes the predictor outputs in 

accordance with their time of occurrence. That is, nf , nf̂  and ne . In other cases, n is used 

as an index on the spatial coordinates and/or frame number (in a time sequences of 



images) of an images. In 1-D linear predictive coding. For an example above equation 

can be written as 


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Figure 3.5: A lossless predictive coding model: (a) Encoder; (b) Decoder 

where each subscribed variable is now expressed explicity as a function of spatial 

coordinates x and y. Note that the 1-D linear prediction ),(ˆ yxf n  is a function of the 

previous pixels on the current line alone. In 2-D predictive coding, the prediction 
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function is a function of the previous pixels in a left to right, top to bottom scan of an 

image. In the 3-D case, it is based on these pixels and the previous pixels of preceding 

frames [15]. 

3.3 Lossy Compression Techniques 

Lossy compression techniques involve some loss of information and data that have been 

compressed using lossy techniques generally can not be recovered or reconstructed 

exactly. Often this is because the compression completely discards redundant 

information. However, lossy schemes are capable of achieving much higher compression. 

This is important for application like TV signals, Teleconferencing. Here is tradeoff 

between compression and accuracy [15, 19]. Various techniques for lossy compression 

are below: 

3.3.1 Lossy Predictive Coding 

A quanytizer, that also executes rounding, is now added between the calculation of the 

prediction error ne  and the symbol encoder. It maps ne to a limited range of values nq  

and determines both the amount of extra compression and the deviation of the error free 

compression. This happens in a closed circuit with the predictor to restrict an increase in 

errors. The predictor does not use ne but rather nq , because both the encoder and decoder 

know it [3]. 

3.3.2 Transform Coding 

By transforming an image from one space to another, we can not only separate different 

visual properties, but we can also change the predictive (and thus information containing) 

properties of the data. If we can transform it so that there is more coding or interpixel 

redundancy, we can compress the image better. 

Energy compaction is a term often used to describe the abili ty of a particular 

transform to separate the information content and compact it into one part of the space. 

As we discussed earlier, the Hotelli ng or Karthunen-Loeve transform has optimal energy 

compaction [8]. 



 

(a) 

 

 

(b) 

Figure3.6: A lossy predictive coding model: (a) Encoder, (b) Decoder 

In this section, we consider compression techniques that are based on modifying the 

transform of an image. In transform coding, a reversible, linear transform is used to map 
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the image in to a set of transform coefficients, which are then quantized and coded. For 

most natural images, a significant number of coefficients have small magnitudes and can 

be coarsely quantized (or discarded entirely) with littl e image distortion. Any of the 

transforms can be used to transform the image data. 

3.3.2.1 General Model 

Figure1 shows a typical transform coding system. The decoder implements the inverse 

sequence of steps (with the exception of the quantized function) of the decoder, which 

performs four relatively straight forward operations: sub image decomposition, 

transformations, quantization and coding. 
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VXE� LPDJH�� RU� WR� SDFN� DV� PXFK� LQIRUPDWLRQ� DV� SRVVLEOH� LQWR� WKH� VPDOOHVW�
QXPEHU� RI� WUDQVIRUP� FRHIILFLHQWV�� 7KH� TXDQWL]DWLRQ� VWDJH� WKHQ� VHOHFWLYHO\�
HOLPLQDWHV� RU�PRUH� FRDUVHO\� TXDQWL]HV� WKH� FRHIILFLHQWV� WKDW� FDUU\� WKH� OHDVW�
LQIRUPDWLRQ�� 7KHVH� FRHIILFLHQWV� KDYH� WKH� VPDOOHVW� LPSDFW� RQ� UHFRQVWUXFWHG�
VXE� LPDJH� TXDOLW\�� 7KH� HQFRGLQJ� SURFHVV� WHUPLQDWHV� E\� FRGLQJ� �QRUPDOO\�
XVLQJ� D� YDULDEOH� OHQJWK� FRGH�� LPDJH� FRQWHQW�� FDOOHG� DGDSWLYH� WUDQVIRUP�
FRGLQJ��RU�IL[HG�IRU�DOO�LPDJHV��FDOOHG�QR�DGDSWLYH�WUDQVIRUP�FRGLQJ�>��@��

��������7UDQVIRUP�6HOHFWLRQ�
7UDQVIRUP� FRGLQJ� V\VWHPV� EDVHG� RQ� WKH� .DUKXHQ�/RHYH� WUDQVIRUP�./7���
GLVFUHWH� )RXULHU� WUDQVIRUP�')7��� GLVFUHWH� +DUWOH\� WUDQVIRUP�'+7��� :DOVK�
+DGDPDUG� WUDQVIRUP� �:+7�� DQG� YDULRXV� RWKHU� WUDQVIRUPV� KDYH� EHHQ�
FRQVWUXFWHG�DQG�RU�VWXGLHG�H[WHQVLYHO\��7KH�FKRLFH�RI�D�SDUWLFXODU�WUDQVIRUP�
LQ�D�JLYHQ�DSSOLFDWLRQ�GHSHQGV�XSRQ�WKH�DPRXQW�RI�UHFRQVWUXFWLRQ�HUURU�WKDW�
FDQ�EH�WROHUDWHG�DQG�WKH�FRPSXWDWLRQDO�UHVRXUFHV�DYDLODEOH��&RPSUHVVLRQ� LV�
DFKLHYHG�GXULQJ� WKH�TXDQWL]DWLRQ�RI� WKH� WUDQVIRUPHG�FRHIILFLHQWV�QRW�GXULQJ�
WKH�WUDQVIRUPDWLRQ�VWHS�>�@��

��������6XE�LPDJH�6L]H�6HOHFWLRQ�
$� VLJQLILFDQW� IDFWRU� DIIHFWLQJ� WUDQVIRUP� FRGLQJ�� HUURU� DQG� FRPSXWDWLRQDO�
FRPSOH[LW\�LV�IXQFWLRQ�RI�VXE�LPDJH�VL]H��,Q�PRVW�DSSOLFDWLRQ�LPDJHV�DUH�VXE�
GLYLGHG�VR�WKDW�WKH�FRUUHODWLRQ��UHGXQGDQF\��EHWZHHQ�DGMDFHQW�VXE�LPDJHV�LV�
UHGXFHG�WR�VRPH�DFFHSWDEOH�OHYHO�VR�WKDW�Q�FDQ�EH�H[SUHVVHG�DV�DQ�LQWHJUDO�
SRZHU� RI� ��� ZKHUH� Q� LV� WKH� VXE� LPDJH� GLPHQVLRQ�� 7KH� ODWWHU� FRQGLWLRQ�
VLPSOLILHV� WKH� FRPSXWDWLRQDO� RI� WKH� VXE� LPDJH� WUDQVIRUPDWLRQ�� ,Q� JHQHUDO��
ERWK�WKH�OHYHOV�RI�FRPSUHVVLRQ�DQG�FRPSXWDWLRQDO�FRPSOH[LW\�LQFUHDVH�DV�WKH�
VXE� LPDJH� VL]H� LQFUHDVHV�� 7KH�PRVW� SRSXODU� VXE� LPDJH� VL]HV� DUH� �
�� DQG�
��
���>�����@���

��������%LW�$OORFDWLRQ�
7KH�UHFRQVWUXFWLRQ�HUURU�DVVRFLDWHG�ZLWK�TXDQWL]DWLRQ�LV�D�IXQFWLRQ�RI�QXPEHU�
DQG� UHODWLYH� LPSRUWDQFH� RI� WKH� WUDQVIRUPHG� FRHIILFLHQW� RI� WKH� GLVFDUGHG�� DV�



ZHOO�DV�SUHFLVLRQ�RI�WKH�UHWDLQHG�FRHIILFLHQW��,Q�WUDQVIRUPHG��FRGLQJ�V\VWHP��
WKH�UHWDLQHG�FRHIILFLHQW�FDQ�EH�VHOHFWHG�RQ�WKH�EDVLV�RI�PD[LPXP�YDULDQFH��
FDOOHG�]RQDO�FRGLQJ��RU�RQ�WKH�EDVLV�RI�PD[LPXP�PDJQLWXGH��FDOOHG�WKUHVKROG�
FRGLQJ�� 7KH� RYHUDOO� SURFHVV� RI� WUXQFDWLQJ�� TXDQWL]LQJ� DQG� FRGLQJ� WKH�
FRHIILFLHQW� RI� WKH� WUDQVIRUPHG� VXE� LPDJH� LV� FRPPRQO\� FDOOHG� ELW� DOORFDWLRQ�
>��@��

=RQDO�FRGLQJ� LV�EDVHG�RQ� WKH� LQIRUPDWLRQ� WKHRU\��7KH�]RQDO�VDPSOLQJ�
SURFHVV� FDQ� EH� YLHZHG�� DV� PXOWLSO\LQJ� HDFK� WUDQVIRUPHG� FRHIILFLHQW� E\�
FRUUHVSRQGLQJ�HOHPHQW�LQ�D�]RQDO�PDVN��ZKLFK�LV�FRQVWUXFWHG�E\�SODFLQJ���LQ�
WKH�ORFDWLRQ�RI�PD[LPXP�YDULDQFH�DQG���LQ�DOO�RWKHU�ORFDWLRQV��7KH�FRHIILFLHQW�
UHWDLQHG� GXULQJ� WKH� ]RQDO� VDPSOLQJ� SURFHVV�PXVW� EH� TXDQWL]HG� DQG� FRGHG��
=RQDO�FRGLQJ�LV�XVXDOO\�LPSOHPHQWHG�E\�XVLQJ�XVXDOO\�D�VLQJOH�IL[HG�PDVN�IRU�
DOO�VXE�LPDJHV��

7KUHVKROG� FRGLQJ�� KRZHYHU�� LV� LQKHUHQWO\� DGDSWLYH� LQ� WKH� VHQVH� WKDW�
WKH� ORFDWLRQ�RI� WKH� WUDQVIRUP�FRHIILFLHQW� UHWDLQHG� IRU�HDFK�VXE� LPDJH�YDULHV�
IURP� RQH� LPDJH� WR� DQRWKHU�� 7KHUH� DUH� WKUHH� EDVLF� ZD\V� WR� WKUHVKROG� D�
WUDQVIRUPHG�VXE�LPDJH��

�� $�VLQJOH�JOREDO�WKUHVKROG�FDQ�EH�DSSOLHG�WR�DOO�VXE�LPDJHV��
�� $�VLQJOH�JOREDO�WKUHVKROG�FDQ�EH�D�DSSOLHG�WR�DOO�VXE�LPDJHV��
�� 7KH� WKUHVKROG� FDQ� EH� YDULHG� DV� D� IXQFWLRQ� RI� HDFK� FRHIILFLHQW�

ZLWK�LQ�WKH�VXE�LPDJH��

,Q� WKH� ILUVW�DSSURDFK�� WKH� OHYHO�RI� FRPSUHVVLRQ�GLIIHUV� IURP� LPDJH� WR�
LPDJH�� GHSHQGLQJ� RQ� WKH� QXPEHU� RI� FRHIILFLHQW� WKDW� H[FHHGV� WKH� JOREDO�
WKUHVKROG�� ,Q� WKH� VHFRQG�� FDOOHG� 1�ODUJHVW� FRGLQJ�� WKH� VDPH� QXPEHU� RI�
FRHIILFLHQW� LV� GLVFDUGHG� IRU� HDFK� VXE� LPDJH�� $V� D� UHVXOW�� WKH� FRGH� UDWH� LV�
FRQVWDQW�DQG�LV�NQRZQ�LQ�DGYDQFH��7KH�WKLUG�WHFKQLTXH��OLNH�WKH�ILUVW��UHVXOWV�
LQ� D� YDULDEOH� FRGH� UDWH�� EXW� RIIHUV� WKH� DGYDQWDJH� WKH� WKUHVKROGLQJ� DQG�
TXDQWL]DWLRQ�FDQ�EH�FRPELQHG��

��������4XDQWL]DWLRQ�0DWUL[�



+HUH�D�SDUWLFXODU�TXDQWL]DWLRQ�PDWUL[�KDYH�QRW�EHHQ�FKRVHQ��LQVWHDG�LW�FDQ�EH�
GHILQHG� DW� UXQWLPH� ZKHQ� FRPSUHVVLRQ� WDNHV� SODFH�� 6HOHFWLQJ� TXDQWL]DWLRQ�
PDWUL[� DW� UDQ�WLPH� LV� MXVW� OLNH� WR� GLDO� LQ� D� SLFWXUH� TXDOLW\� YDOXH� ZKHQ�
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YDOXHV� LQ� WKH� TXDQWL]HG� LPDJH�� WKLV� JLYH� D� PHDVXUH� IRU� RXWVWDQGLQJ�
FRPSUHVVLRQ�� %HFDXVH� TXDQWXP� EDQGV� RI� VRPH� YDOXHV� DUH� DUUDQJHG� DORQJ�
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$IWHU� UHRUGHULQJ� WKH�TXDQWL]HG�EORFN� LQ� WKH�]LJ�]DJ�VHTXHQFH��%DVLFDOO\�� WKH�
RXWSXW�RI� WKH� UXQ�OHQJWK�DQG�YDULDEOH� OHQJWK� LQWHJHU�HQFRGLQJ�FRQVLVWV�RI�D�
VHTXHQFH� RI� WKUHH� WRNHQV�� UHSHDWHG� XQWLO� WKH� EORFN� LV� FRPSOHWH�� 7KH� WKUHH�
WRNHQV�DUH�OLNH�WKLV��

5XQ�OHQJWK��7KH�QXPEHUV�RI�FRQVHFXWLYH�]HURV�SUHFHGH�WKH�FXUUHQW�HOHPHQW�
LQ�WKH�RXWSXW�PDWUL[��

%LW�&RXQW��7KH�QXPEHU�RI�ELWV�WR�IROORZ�LQ�WKH�DPSOLWXGH�QXPEHU��

$PSOLWXGH�� 7KH� DPSOLWXGH� RI� WKH� WUDQVIRUP� FRHIILFLHQW�� WKH� YDULDEOH� OHQJWK�
LQWHJHU� FRGLQJ� VFKHPHV� WDNHV� DGYDQWDJH� RI� WKH� IDFW� WKDW� WKH� WUDQVIRUP�
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LQ�VLJQDO�SURFHVVLQJ�DSSOLFDWLRQV�>��@��
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5.3 Image Compression Character istics 

There are three main characteristics by which you can judge image-compression 

algorithms: compression ratio, compression speed, and image quali ty. These 

characteristics can be used to determine the suitabili ty of a given compression algorithm 



to the various applications. The following paragraphs discuss each of these attributes in 

more detail  [11]. 

5.3.1 Compression Ratio 

The compression ratio is equal to the size of the original image divided by the size of the 

compressed image. This ratio gives an indication of how much compression is achieved 

for a particular image. 

The compression ratio achieved usually indicates the picture quali ty. Generally, 

the higher the compression ratio, the poorer the quali ty of the resulting image. The trade-

off between compression ratio and picture quali ty is an important one to consider when 

compressing images.  

Furthermore, some compression schemes produce compression ratios that are 

highly dependent on the image content. This aspect of compression is called data 

dependency. Using an algorithm with a high degree of data dependency, an image of a 

crowd at a football game (which contains a lot of detail ) may produce a very small 

compression ratio, whereas an image of a blue sky (which consists mostly of constant 

colors and intensities) may produce a very high compression ratio.  

5.3.2 Compression Speed 

Compression time and decompression time are defined as the amount of time required to 

compress and decompress a picture, respectively. Their value depends on the following 

considerations:  

• WKH�FRPSOH[LW\�RI�WKH�FRPSUHVVLRQ�DOJRULWKP��
• WKH� HIILFLHQF\� RI� WKH� VRIWZDUH� RU� KDUGZDUH� LPSOHPHQWDWLRQ� RI� WKH�
DOJRULWKP��
• WKH�VSHHG�RI�WKH�XWLOL]HG�SURFHVVRU�RU�DX[LOLDU\�KDUGZDUH��

Generally, the faster that both operations can be performed, the better. Fast 

compression time increases the speed with which material can be created. Fast 



decompression time increases the speed with which the user can display and interact with 

images.  

5.3.3 Image Quality 
,PDJH� TXDOLW\� GHVFULEHV� WKH� ILGHOLW\� ZLWK� ZKLFK� DQ� LPDJH�FRPSUHVVLRQ�
VFKHPH� UHFUHDWHV� WKH� VRXUFH� LPDJH� GDWD�� &RPSUHVVLRQ� VFKHPHV� FDQ� EH�
FKDUDFWHUL]HG�DV�EHLQJ�HLWKHU�ORVV\�RU�ORVVOHVV��/RVVOHVV�VFKHPHV�SUHVHUYH�DOO�
RI�WKH�RULJLQDO�GDWD��/RVV\�FRPSUHVVLRQ�GRHV�QRW�SUHVHUYH�WKH�GDWD�SUHFLVHO\��
LPDJH�GDWD�LV�ORVW��DQG�LW�FDQQRW�EH�UHFRYHUHG�DIWHU�FRPSUHVVLRQ��0RVW�ORVV\�
VFKHPHV�WU\�WR�FRPSUHVV�WKH�GDWD�DV�PXFK�DV�SRVVLEOH��ZLWKRXW�GHFUHDVLQJ�
WKH�LPDJH�TXDOLW\�LQ�D�QRWLFHDEOH�ZD\��6RPH�VFKHPHV�PD\�EH�HLWKHU�ORVV\�RU�
ORVVOHVV��GHSHQGLQJ�XSRQ�WKH�TXDOLW\�OHYHO�GHVLUHG�E\�WKH�XVHU�>�����@��
�
�

&+$37(5���
5(68/76�$1'�',6&866,21�

�
����,QWURGXFWLRQ�
7KH� TXDOLW\� RI� FRPSUHVVHG� LPDJH� FDQ� EH� PHDVXUHG� E\� PDQ\� SDUDPHWHUV��
ZKLFK�FRPSDUH�WR�WKH�GLIIHUHQW�FRPSUHVVLRQ�WHFKQLTXHV��7KH�PRVW�FRPPRQO\�
XVHG� SDUDPHWHUV� DUH� 5RRW� 0HDQ� 6TXDUH� HUURU� �506(�� DQG� 3HDN� 6LJQDO� WR�
1RLVH�5DWLR��3615���7KH�3615�YDOXH�XVHG�WR�PHDVXUH�WKH�GLIIHUHQFH�EHWZHHQ�
D�GHFRGHG�LPDJH� f̂ DQG�LWV�RULJLQDO�LPDJH� f �LV�GHILQHG�DV�IROORZV��,Q�JHQHUDO��
WKH�ODUJHU�3615�YDOXH��WKH�EHWWHU�ZLOO�EH�WKH�GHFRGHG�LPDJH�TXDOLW\��
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ZKHUH� 0
1� LV� WKH� VL]H� RI� WKH� LPDJHV�� ),(ˆ jif � DQG� ),( jif � DUH� WKH� PDWUL[�
HOHPHQWV�RI�WKH�GHFRPSUHVVHG�DQG�WKH�RULJLQDO�LPDJHV�DW� ( )ji, �SL[HO��,Q�RUGHU�
WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� LPDJH� FRPSUHVVLRQ� V\VWHPV�� FRPSUHVVLRQ�
UDWLR� PDWUL[� LV� RIWHQ� HPSOR\HG�� ,Q� RXU� UHVXOWV�� FRPSUHVVLRQ� UDWLR� �&5�� LV�
FRPSXWHG� DV� WKH� UDWLR� RI� QRQ]HUR� HQWULHV� LQ� WKH� RULJLQDO� LPDJH� WR� WKH� QRQ�
]HUR�HQWULHV�LQ�WKH�GHFRPSUHVVHG�LPDJH��

&5 RULJLQDO�LPDJH�VL]H�FRPSUHVVHG�LPDJH�VL]H�
&5� ������&5��
����

,PDJH�FRPSUHVVLRQ�H[SHULPHQWV�XVLQJ� IUDFWLRQDO�+DUWOH\� WUDQVIRUP�DUH�
FRQGXFWHG� RQ� PDQ\� LPDJHV�� 7KH� ILUVW� LPDJH� LV� WKH� VWDQGDUG� /HQD� LPDJH��
ZKRVH� IDFH�KDV�JUDFHG� WKH�SDJHV�RI�PDQ\� LPDJH�SURFHVVLQJ�ERRNV��SDSHUV�
DQG� SURMHFWV�� 7KH� VHFRQG� DQG� WKLUG� LPDJHV� DUH� FDPHUD�PDQ� DQG� IORZHU� LQ�
ZDWHU�XVHG�IUHTXHQWO\�LQ�WKH�LPDJH�SURFHVVLQJ�OLWHUDWXUH��

��� /HQD�,PDJH�
��������(IIHFW�RI�YDULDWLRQ�RI�&RPSUHVVLRQ�5DWLR�RQ�5RRW�0HDQ�6TXDUH�
(UURU�
)LJXUH����� �D�� VKRZV� WKH�RULJLQDO� LPDJH�� )LJXUH����� �E��� �G��� �I�� VKRZV� WKH�
GHFRPSUHVVHG� /HQD� LPDJH� IRU� GLIIHUHQW� FRPSUHVVLRQ� UDWLR� IRU� D ��� )LJXUH�
����F��� �H��� �I�� VKRZV� WKH� FRPSUHVVHG� LPDJH� IRU� ILJXUH���� �E��� �G��� �I��
UHVSHFWLYHO\�� $V� FRPSUHVVLRQ� UDWLR� LV� LQFUHDVHG� 5RRW� 0HDQ� 6TXDUH� (UURU� LV�
DOVR� LQFUHDVHG�� $W� WKH� KLJKHVW� &5��� 506(� LV� KLJKHVW� DQG� DW� ORZHVW� &5���
506(�LV�KLJKHVW��)LJXUH�����WR�ILJXUH�����VKRZV�WKH�GLIIHUHQW�FRPSUHVVHG�DQG�
GHFRPSUHVVHG�/HQD�LPDJH�IRU�D �����������������������������UHVSHFWLYHO\��

����� ��(IIHFW� RI� YDULDWLRQ� RI� &RPSUHVVLRQ� 5DWLR� RQ� 3HDN�
6LJQDO�WR�1RLVH�5DWLR�

)LJXUH� ���� �E��� �G��� �I�� VKRZV� WKH� GHFRPSUHVVHG� /HQD� LPDJH� IRU� GLIIHUHQW�
FRPSUHVVLRQ� UDWLR� IRU� D ��� )LJXUH� ����F��� �H��� �I�� VKRZV� WKH� FRPSUHVVHG�
LPDJH� IRU� ILJXUH���� �E��� �G��� �I�� UHVSHFWLYHO\�� $V� FRPSUHVVLRQ� UDWLR� LV�



LQFUHDVHG� 5RRW� 0HDQ� 6TXDUH� (UURU� LV� DOVR� LQFUHDVHG�� $W� WKH� KLJKHVW� &5���
3615�LV�ORZHVW�DQG�DW�ORZHVW�&5���3615�LV�KLJKHVW��)LJXUH�����WR�ILJXUH�����
VKRZV�WKH�GLIIHUHQW�FRPSUHVVHG�DQG�GHFRPSUHVVHG�/HQD� LPDJH�IRU�D ������
�����������������������UHVSHFWLYHO\��

����� (IIHFW�RI�YDULDWLRQ�RI��µD¶�RQ�5RRW�0HDQ�6TXDUH�(UURU�
)LJXUH� ���� WR� ���� VKRZV� WKH� GLIIHUHQW� FRPSUHVVHG� DQG� GHFRPSUHVVHG� /HQD�
LPDJHV�IRU�GLIIHUHQW�&5����)URP�WKH�ILJXUHV�LW�LV�FOHDU�EHVW�WKDW�IRU�D ������
ORZHVW�506(� LV� DFKLHYHG� IRU� YDULRXV� YDOXHV� RI� µD¶�� $W� D ����� KLJKHVW�506(�
L�H��SRRU�TXDOLW\�RI�LPDJH�LV�REWDLQHG��

����� (IIHFW�RI�YDULDWLRQ�RI��µD¶�RQ�3HDN�VLJQDO�WR�1RLVH�5DWLR��
)LJXUH� ���� WR� ���� VKRZV� WKH� GLIIHUHQW� FRPSUHVVHG� DQG� GHFRPSUHVVHG� /HQD�
LPDJHV�IRU�GLIIHUHQW�&5����)URP�WKH�ILJXUHV�LW�LV�FOHDU�EHVW�WKDW�IRU�D ������
KLJKHVW�3615�LV�DFKLHYHG�IRU�YDULRXV�YDOXHV�RI�µD¶��$W�D �����ORZHVW�3615�L�H��
SRRU�TXDOLW\�RI�LPDJH�LV�REWDLQHG��

���� �

������������)LJ����D��2ULJLQDO�/HQD�,PDJH������� ������)LJ����E�'HFRPSUHVVHG�
/HQD�LPDJH�
������������������������������������������������������������������������������D ���&5� ���������
506( ���������
�
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�������)LJ����F��&RPSUHVVHG�/HQD�LPDJH�����������������)LJ����G�'HFRPSUHVVHG�
/HQD�LPDJH�
���D ���&5� ���������506( ���������������������D ���&5� ���������
506( ���������
�

���� ��
�������)LJ����H�&RPSUHVVHG�/HQD�LPDJH������������������)LJ����I��'HFRPSUHVVHG�
/HQD�LPDJH�
�����D ���&5� ��������506( ��������������������D ���
&5� ��������506( ���������
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������)LJ�����J��&RPSUHVVHG�/HQD�LPDJH�������������������������
����D ���&5� ���������506( �������������
�

)LJ�����6LPXODWLRQ�UHVXOWV�IRU�/HQD�LPDJH��D ���
�
�7DEOH�����9DOXHV�RI�506(��3615�IRU�GLIIHUHQW�&5��IRU�/HQD�LPDJH��D ���

&RPSUHVVLRQ�5DWLR����� 506(� 3615�
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/HQD�LPDJH�
�����������������������������������������������������������������������������D ����� &5� ���������
506( ���������
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����)LJ����F��'HFRPSUHVVHG�/HQD�LPDJH����������������)LJ����G�'HFRPSUHVVHG�
/HQD�LPDJH�
���D ����&5� ��������506( �������������������
�D ����&5� ��������506( ���������
�

)LJ�����6LPXODWLRQ�UHVXOWV�IRU�/HQD�LPDJH��D ������
�
�

�
�

�����7DEOH�����9DOXHV�RI�506(��3615�IRU�GLIIHUHQW�&5��IRU�/HQD�LPDJH�
�D ������



&RPSUHVVLRQ�5DWLR����� 506(� 3615��
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/HQD�LPDJH�
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������)LJ����F�'HFRPSUHVVHG�/HQD�LPDJH����������������)LJ����G�'HFRPSUHVVHG�
/HQD�LPDJH�
����D �����&5� ��������506( ���������������D ������
&5� ��������506( ���������
�
�
�������
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7DEOH�����9DOXHV�RI�506(��3615�IRU�GLIIHUHQW�&5��IRU�/HQD�LPDJH��D �������
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������)LJ����F�'HFRPSUHVVHG�/HQD�LPDJH����������������)LJ����G�'HFRPSUHVVHG�
/HQD�LPDJH�
�����D ����&5� ���������506( ������������������D ����
&5� ��������506( ���������
�
�

)LJ�����6LPXODWLRQ�UHVXOWV�IRU�/HQD�LPDJH��D ������
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7DEOH�����9DOXHV�RI�506(��3615�IRU�GLIIHUHQW�&5��IRU�/HQD�LPDJH��D ����������

&RPSUHVVLRQ�5DWLR����� 506(� 3615�
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&RPSUHVVLRQ�5DWLR����� 506(� 3615�
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)LJXUH�����506(�YHUVXV�&5��IRU�GLIIHUHQW�YDOXHV�RI�µD¶�IRU�/HQD�LPDJH�



�
)LJXUH�����3615�YHUVXV�&5��IRU�GLIIHUHQW�YDOXHV�RI�µD¶�IRU�/HQD�LPDJH�

�
)LJXUH�����506(�YHUVXV�µD¶�IRU�GLIIHUHQW�YDOXHV�RI�&5��IRU�/HQD�LPDJH�



�
)LJXUH������3615�YHUVXV�µD¶�IRU�GLIIHUHQW�YDOXHV�RI�&5��IRU�/HQD�LPDJH�

��� &DPHUDPDQ�,PDJH�
������(IIHFW�RI�YDULDWLRQ�RI�&RPSUHVVLRQ�5DWLR�RQ�5RRW�0HDQ�6TXDUH�
(UURU�
)LJXUH�������D��VKRZV�WKH�RULJLQDO�LPDJH��)LJXUH�������E����G����I��VKRZV�WKH�
GHFRPSUHVVHG� &DPHUDPDQ� LPDJH� IRU� GLIIHUHQW� FRPSUHVVLRQ� UDWLR� IRU� D ���
)LJXUH������F����H����I��VKRZV�WKH�FRPSUHVVHG�LPDJH�IRU�ILJXUH������E����G���
�I��UHVSHFWLYHO\��$V�FRPSUHVVLRQ�UDWLR�LV�LQFUHDVHG�5RRW�0HDQ�6TXDUH�(UURU�LV�
DOVR� LQFUHDVHG�� $W� WKH� KLJKHVW� &5��� 506(� LV� KLJKHVW� DQG� DW� ORZHVW� &5���
506(�LV�KLJKHVW��)LJXUH������WR�ILJXUH������VKRZV�WKH�GLIIHUHQW�FRPSUHVVHG�
DQG� GHFRPSUHVVHG� &DPHUDPDQ� LPDJH� IRU� D ������ ������� ������ ������ ����
UHVSHFWLYHO\��

������ (IIHFW� RI� YDULDWLRQ� RI� &RPSUHVVLRQ� 5DWLR� RQ� 3HDN� 6LJQDO� WR�
1RLVH�5DWLR�
)LJXUH� ����� �E��� �G��� �I�� VKRZV� WKH� GHFRPSUHVVHG� &DPHUDPDQ� LPDJH� IRU�
GLIIHUHQW� FRPSUHVVLRQ� UDWLR� IRU� D ��� )LJXUH� �����F��� �H��� �I�� VKRZV� WKH�



FRPSUHVVHG� LPDJH� IRU� ILJXUH����� �E��� �G��� �I�� UHVSHFWLYHO\�� $V� FRPSUHVVLRQ�
UDWLR� �&5�� LV� LQFUHDVHG� 3HDN� 6LJQDO� WR� 1RLVH� 5DWLR� LV� GHFUHDVHG�� $W� WKH�
KLJKHVW�&5���3615�LV�ORZHVW�DQG�DW�ORZHVW�&5���3615�LV�KLJKHVW��)LJXUH�����
WR�ILJXUH�����VKRZV�WKH�GLIIHUHQW�FRPSUHVVHG�DQG�GHFRPSUHVVHG�&DPHUDPDQ�
LPDJH�IRU�D �����������������������������UHVSHFWLYHO\��

������(IIHFW�RI�YDULDWLRQ�RI�µD¶�RQ�5RRW�0HDQ�6TXDUH�(UURU�
)LJXUH� ����� WR� ����� VKRZV� WKH� GLIIHUHQW� FRPSUHVVHG� DQG� GHFRPSUHVVHG�
&DPHUDPDQ�LPDJHV�IRU�GLIIHUHQW�&5����)URP�WKH�ILJXUHV�LW�LV�FOHDU�EHVW�WKDW�
IRU� D ������ ORZHVW� 506(� LV� DFKLHYHG� IRU� YDULRXV� YDOXHV� RI� µD¶�� $W� D �����
KLJKHVW�506(�L�H��SRRU�TXDOLW\�RI�LPDJH�LV�REWDLQHG��

������(IIHFW�RI�YDULDWLRQ�RI��µD¶�RQ�3HDN�VLJQDO�WR�1RLVH�5DWLR��
)LJXUH� ����� WR� ����� VKRZV� WKH� GLIIHUHQW� FRPSUHVVHG� DQG� GHFRPSUHVVHG�
&DPHUDPDQ�LPDJHV�IRU�GLIIHUHQW�&5����)URP�WKH�ILJXUHV�LW�LV�FOHDU�EHVW�WKDW�
IRU� D ������ KLJKHVW� 3615� LV� DFKLHYHG� IRU� YDULRXV� YDOXHV� RI� µD¶�� $W� D �����
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,Q� LPDJH�SURFHVVLQJ�DQ� LPSRUWDQW�SDUW� LV� FRPSUHVVLRQ�RI� LPDJH�� LW� UHGXFHV�
WKH�DPRXQW�RI�GDWD�UHTXLUHG�WR�UHSUHVHQW�WKH�LPDJH��7UDQVIRUP�FRPSUHVVLRQ�
WHFKQLTXH� LV�RQH�RI� WKH� LPSRUWDQW�DQG�FRPPRQO\�XVHG� WHFKQLTXH� IRU� LPDJH�
FRPSUHVVLRQ��:LWK�WKH�DGYHQW�RI�IUDFWLRQDO�FDOFXOXV�WKH�LGHD�WR�XVH�IUDFWLRQDO�
WUDQVIRUP� IRU� LPDJH� FRPSUHVVLRQ� LV� JDLQLQJ� SRSXODULW\� DQG� UHVHDUFKHUV� DUH�
WU\LQJ� WR� XVH� YDULRXV� IUDFWLRQDO� WUDQVIRUPV� IRU� LPDJH� FRPSUHVVLRQ�� 7KLV� LV�
EHFDXVH�RI�WKH�DGGLWLRQDO�GHJUHH�RI�IUHHGRP�SURYLGHG�E\�LWV�IUDFWLRQDO�RUGHU�
µD¶�WR�DFKLHYH�DQ�RSWLPDO�GRPDLQ�IRU�ZKLFK�OHVVHU�506(�IRU�VDPH�DPRXQW�RI�
FRPSUHVVLRQ� DQG� EHWWHU� GHFRPSUHVVHG� LPDJH� LV� UHWDLQHG�� %\� YDU\LQJ� WKH�
SDUDPHWHU� µD¶�ZH� FDQ� DFKLHYH� VDPH�DPRXQW� RI� FRPSUHVVLRQ� DV� WKDW� RI�+7��
EXW� )5+7� JLYHV� OHVVHU� 506(� DQG� EHWWHU� 3615� L�H�� EHWWHU� LPDJH� TXDOLW\� DV�



FRPSDUHG� WR� +7�� ,W� LV� FOHDU� WKDW� IRU� DOO� LPDJHV� D ������ LV� DQ� RSWLPXP�
GRPDLQ�IRU�ZKLFK�EHWWHU�GHFRPSUHVVHG�LV�UHWDLQHG��

7KH� VXLWDELOLW\� RI� YDULRXV� RWKHU� IUDFWLRQDO� LQWHJUDO� WUDQVIRUPV� OLNH�
IUDFWLRQDO� +DDU� WUDQVIRUP�� IUDFWLRQDO� :DYHOHW� WUDQVIRUP� HWF�� PD\� EH�
H[DPLQHG�� 7KH� UHVXOWV� FDQ� EH� FRPSDUHG� ZLWK� WKH� H[LVWLQJ� LQWHJUDO�
WUDQVIRUPV�� )RU� IXUWKHU� FRPSUHVVLRQ� WKH� TXDQWL]HG� FRHIILFLHQWV� FDQ� EH�
HQWURS\� HQFRGHG�� )UDFWLRQDO� WUDQVIRUPV� FDQ� DOVR� EH� HPSOR\HG� IRU� QHZ�
VWDQGDUGV�IRU�LPDJH��FDQ�EH�IRUPXODWHG�RQ�VLPLODU�OLQHV�WR�-3(*�VWDQGDUG��
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�
>�@ $�� %�� :DWVRQ�� ³,PDJH� &RPSUHVVLRQ� XVLQJ� WKH� '&7´�� 0DWKHPDWLFD�

MRXUQDO��SS����������������
>�@ $�� *HUVKR� DQG� 5�� 0�� *UD\�� ³9HFWRU� 4XDQWL]DWLRQ� DQG� 6LJQDO�

&RPSUHVVLRQ´��.OXZHU�$FDGHPLF�3XEOLVKHUV��������
>�@ $��.�� -DLQ�� ³)XQGDPHQWDOV� RI�'LJLWDO� ,PDJH� 3URFHVVLQJ´��3UHQWLFH�+DOO��

,QF��(QJOHZRRG�FOLIIV���������



>�@ $��:��/RKPDQQ��'��0HQGORYLF��=��=DOHZVN\�DQG���5��*��'RUVFK��³6RPH�
,PSRUWDQW�)UDFWLRQDO�������7UDQVIRUPDWLRQV�IRU�6LJQDO�3URFHVVLQJ´��2SWLFV�
&RPPXQLFDWLRQV��SS��������$SULO������

>�@ &�� &�� &KHQ�� ³2Q� 7KH� 6HOHFWLRQ� 2I� ,PDJH� &RPSUHVVLRQ� $OJRULWKPV´��
3URF�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3DWWHUQ� 5HFRJQLWLRQ�� %ULVEDQH��
$XVWUDOLD��������

>�@ &�� &�� 7VHQJ�� ³(LJKHQYDOXHV� DQG� (LJHQYHFWRUV� RI� *HQHUDOL]HG� ')7��
*HQHUDOL]HG�'+7��'&7�,9�DQG�'67�,9�0DWULFHV´��,(((�7UDQVDFWLRQV�2Q�
6LJQDO�3URFHVVLQJ��YRO������1R�����SS�����������������

>�@ '�� $�� +XIIPDQ�� ³$� 0HWKRG� IRU� &RQVWUXFWLRQ� RI� 0LQLPXP�UHGXQGDQF\�
&RGHV´��3URF��,5(��YRO����QR������SS�������������������

>�@ *��.��:DOODQFH��³7KH�-3(*�VWLOO�3LFWXUH�&RPSUHVVLRQ�6WDQGDUG´��&RPP��
$&0��YRO������QR�����SS���������������

>�@ +�0�� 2]DNWDV�� =�=DOHYVN\� DQG� 0�$�� .XWD\��7KH� )UDFWLRQDO� )RXULHU�
7UDQVIRUP�ZLWK�$SSOLFDWLRQV�LQ�2SWLFV�DQG�6LJQDO�3URFHVVLQJ��-RKQ�:LOH\�
	�6RQV�/WG���1HZ�<RUN�������

>��@ -�:��:RRGV�DQG�6�:��2¶1HLO��³6XEEDQG�&RGLQJ�RI�,PDJHV´��,(((�7UDQV��
$663��YRO������QR�����SS�������������������

>��@ .��5��3HUVRQV��3�0��3DOOLVRQ��$��0DQGXFD��³8OWUDVRXQG�*UD\VFDOH�,PDJH�
&RPSUHVVLRQ�ZLWK�-3(*�DQG�:DYHOHW�7HFKQLTXHV´��-�'LJLW�,PDJLQJ��YRO��
����SS���������������

>��@ .�6��0LOOHU�DQG�%��5RVV��³$Q�,QWURGXFWLRQ�WR�WKH�)UDFWLRQDO�&DOFXOXV�DQG�
)UDFWLRQDO�'LIIHUHQWLDO�(TXDWLRQV´��-RKQ�:LHO\��������

>��@ /��+��=HWWHUEHUJ��6��(ULFVVRQ��&��&RXWXULHU��³'3&0�3LFWXUH�&RGLQJ�ZLWK�
7ZR�'LPHQVLRQDO�&RQWURO�RI�$GDSWLYH�4XDQWL]DWLRQ´��,(((�7UDQV��&RPP��
&20�����1R����SS�����������������

>��@ 0��6KDR�DQG�&�/��1LNLDV��³6LJQDO�3URFHVVLQJ�ZLWK�)UDFWLRQDO�/RZHU�2UGHU�
0RPHQW��6WDEOH�3URFHVVHV�DQG�7KHLU�$SSOLFDWLRQV´��3URF��,(((��YRO������
SS������������������

>��@ 5�� &�� *RQ]DOH]�� 5�� (�� :RRGV�� ³'LJLWDO� ,PDJH� 3URFHVVLQJ´�� $GGLVRQ�
:HVOH\�&R����������



>��@ 5�5��&RLIPDQ�DQG�0�9��:LFNHUKDXVHU�� ³(QWURS\�%DVHGH�$OJRULWKPV� IRU�
%HVW� %DVLV� 6HOHFWLRQ´�� ,(((� 7UDQV� ,QIRUPDWLRQ� 7KHRU\�� YRO�� ���� QR�� ���
SS�����������������

>��@ 6�&��3HL��&��7VHQJ��0��+��<HK��'��-LDQ�MLXQ��-��6K\X��³'LVFUHWH�)UDFWLRQDO�
+DUWOH\� DQG� )RXULHU� 7UDQVIRUPV´� ,(((� 7UDQVDFWLRQV� 2Q� &LUFXLWV� $QG�
6\VWHPV²,L�� $QDORJ� $QG� 'LJLWDO� 6LJQDO� 3URFHVVLQJ�� 9RO����� 1R����
3S���������-XQH������

>��@ 6�&�� 3HL�� &�� 7VHQJ�� 0�� +�� <HK�� '�� -LDQ�MLXQ�� ³$� 1HZ� 'HILQLWLRQ� RI�
&RQWLQXRXV�)UDFWLRQDO�+DUWOH\�7UDQVIRUP´�,(((��SS������������������

>��@ 7�� /XF]DN�� ³$� 6XERSWLPDO� /RVV\� 'DWD� &RPSUHVVLRQ� %DVHG� RQ�
$SSUR[LPDWH� 3DWWHUQ� 0DWFKLQJ´�� ,(((� 7UDQV� ,QIRUPDWLRQ� 7KHRU\�� YRO��
����SS�������������������

>��@ 9�5�� $OJD]L� DQG� -�7�� 'H� :LWWH�� ³7KHRUHWLFDO� 3HUIRUPDQFH� RI� (QWURS\�
&RGHG� '3&0´�� ,(((� 7UDQV�� &RPP��� YRO�� ���� QR�� ��� SS�� �����������
������

>��@ =�� -LN� 7DQDND� DQG� 6�� .LWDPXUD�� ³%ORFN� 3HUPXWDWLRQ� &RGLQJ� RI� ,PDJH�
8VLQJ�&RVLQH�7UDQVIRUP´��,(((�7UDQV��&RPP���YRO������SS�������������
�������
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>�@ 3HUIRUPDQFH� RI� )UDFWLRQDO� +DUWOH\� 7UDQVIRUP� LQ� ,PDJH� &RPSUHVVLRQ��
DFFHSWHG� IRU� SUHVHQWDWLRQ� DW� ,QWHUQDWLRQDO� 5DGDU� 6\PSRVLXP� ,QGLD�
�,56,������,,6F�%DQJORUH�,QGLD��������



>�@ 6PDUW� $QWHQQDV� LQ� 0RELOH� &RPPXQLFDWLRQ�� SUHVHQWHG� DW� QDWLRQDO�
FRQIHUHQFH�RQ�(OHFWURQLFV�&LUFXLWV�DQG�&RPPXQLFDWLRQ�6\VWHPV��SS�����
����7,(7�3DWLDOD�,QGLD��������

>�@ :DYHOHW�7UDQVIRUP�$�5HYLHZ��SUHVHQWHG�DW�QDWLRQDO� FRQIHUHQFH�3RZHU�
(QJLQHHULQJ� 3UDFWLFHV� DQG� (QHUJ\� 0DQDJHPHQW�� SS�� ��������� 7,(7�
3DWLDOD�,QGLD��������
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