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Prediction function = f(a,b,c,d)
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X : elements of prediction window W
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) $



����� $ ��� �  � ��
?���L8@~ ��rn~q��x[t*z}�5��r��#|$y ���Qx[� ��� t+~$�nv{��zA�#|$y � |.rn~$v p ��rn~q��t*y{~�z[y�~$�nv��"z[|ut*�<����s<y �U��v�z
� �#|<y���� � � ~<rn~ �O�#|<y�����x}����� t*~$�*v{��z ��r �n��x t��&y �9�[�$x[� r � o v t�� ��t*~$�Z�#|$y ����s$y �<��v{z�� R`y��n�$x}� )<�+,
z[|<r �#zJt*~ � �<t*��s<v{� r��h�[|$� ��r �n��x[y�~$��r��h��|$� o v{t�� ��s<y �U��v�zKy{~!t*~ y�� t+�n� ��rn~$z[y�z}�[y{~$��r �Tr*~$v p
4h~$�nv�y{z[| �[���9�m�$�#|$��~.�[|$�"� t*x}�n���#y�z#t,v����}����x��$�7r*x[�.t*~$��z[��~��[��~ ���*�_x[��z}s_� ���[y��n��v p �

8@z[rnv{t+��y�rn~ r�� o v t � ��s$y �U��v{z?�#y��[|�~$rn~ � �#|$y��[�Jx}����� t*~$�*v{��zAz}��x��n� �@�Tr&s$�$x[s�rnz}��z��
� y �S8O� t*v�v{r �#zJt�z:��x[������<x[��� t+~$����� ��y{��~��J��y�v{y�~$� r��?�[|$�&�#|<y����&z[s$t����&�#|$y � |�x[��z}�$v��[z y�~

|$y��n| ��rn�&s$x[��z[z}y{rn~�x�t ��y{r*z��ut*~<�

� y�y �	2A|$� o v{t�� �0s$y �U��v�z t+x[� v�r���t*v{y
	����0�#y ��|$y�~��T��v{vT�$� &$~$���(x}���ny�rn~$z��`v{r �mt+�[y{rn~$zJt*~<�b�$y �
�&��~$z}y{rn~$zAr �d�#|$y�� |Zt*x}� �n��x p �mt+z[y{v p ��~$r �#~.�[r���|$�Q�$� ��r9�$��x��

P	rn~ �O�#|$y ��� x}����� t*~$�*v{��z��mt*~ o � �$���[��x[�&y{~<��� oqp ��r9�$y�� p y�~$��69��	��$��~q�[y t*ve��y�v{y{~<��rnx	=7v�r�� �
G"x[r �#y{~$���[��� |$~$y�	��$��z5�$y{z ���$z}z[����y{~ �[|$�Qs$x[� �Uy�rn�$zA�@�Tr�z}�����[y{rn~<z��

) )



Non-white rectangle allowed to cover a complete sentence

Non-white rectangle allowed to cover individual words

Non-white rectangle allowed to cover a letter only

Image boundary

Gopal Krishna

Pixels

BlackofIsolation

ofExampleAn

Rdy{�n�$x}� )<�+,<�Ci7r �n��x}y{~$�&r�� o v t � ��s$y �U��v{z��L~<rn~ �O�#|<y����"x}���ny�rn~$z

) &
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EK~ ��� �[|$� s<x[���<y ���[���Zy�� t+�n� y�z5�[y{v������#y���|.�#|$y��[� t*~$��~$rn~ � �#|$y��[� x}������t*~$�nv���z	�$z[y�~$� ��|<�
��� � |$~$y�	9�<��zA�$��z���x}y o ����y{~&��|$�Ss$x[� �Uy�rn�$z � |$t*s<����x��ut+~ p r��j�[|$� ��~$r �#~ o y �Ov{� �*��v�y{��t*�n� ��r9�$y{~<�
��� � |$~$y�	9�<��z � �+� �$� x[�$~ �@v{��~$�*�[| ��r9�$y{~$�<�jI54h1SB ��rU�<y{~$��t*~<�0��~q��x[r*s p ��r9�$y{~$� � �mt+~ o ���$z}���
��r ��~ ��rU�$� �[|$� ��t*x[�n���Ks$y �U��v{z � s$y �<��v{z���r �n��x[��� oqp �[|$� ~$r*~ �O�#|$y ��� x[����� t*~<�nv{��z � �QP5r ��r9�$y{~<�

y{zSx[��	��$y�x[��� � r*xS��|$��s<y �U��v�z ��r �n��x[��� oqp �[|$� �#|$y��[��x[� ��� t+~$�nv{��z��J1�� �[��xK��y�v{y�~$�$� ��|$��y�� t*�*� y�z
x�t+z}����x7z �mt*~$~<����t*~$����|$�	�$y{�&��~$z}y{rn~<zTr��j�[|$�	�#|<y����St*~$��~$rn~ � �#|$y��[�Sx[� ����t*~$�nv���z?t+x[�S��~q��x[r*s p
��r9�$����t*~$�J��x�t+~$z[�&y��}�������`R`y�~ut*v�v p � �[|$�C��t*x[�*���ds$y �U��v�z`t+x[�7��~ ��r9�$��� �$z[y�~$�Kt5��r9�$y &u��� �n��x[z[y�rn~
r��`t*~ p r��Y��|$�Qz}� �n��x�t*v ��~$r �#~ o y �@v�� �n��v y{��t*�n����r9�$y{~<�,�[��� |$~<y 	��$��z��

8@~���|<y{z � |$t*s<����xKz[� �n��x�t*v ��r9�$y{~$�&��� � |$~$y 	��$��zK��r���~ ��rU�$� s$y �U��v�z���r �n��x}��� oqp ~<rn~ �T�#|$y��[�
x[� ����t*~$�nv���z5t*x[�"�<y{z����$z[z}��� �

� ��� � 	 �
���	� 
 � ��� 	 �

EK~$�5r����[|$�Sz}y{�&s$v{��z}�L��� � |$~$y�	9�<��z?r�����~ ��rU�<y{~$�J� t*x}�n���Cs$y �<��v{zCy{zh��~q�[x[rns p ��r9�$y{~<�$�`1	z[z[�<��y�~$�
��|<� y�� t*�*�K��r o �Jt��<y{z���x[�����J������rnx p v{��z}z#z[rn�$x ���+���[|$�Qs$x[r o t o y{v�y�� p r�� �&t*�&rn~$����|$�Q� t+x[�n���

s$y �<��v{z#y{z5t*z ����x}� t+y{~$��� �?2A|$y�z5s<x[r o t o y{v�y�� p y�z#�$z[���.��r ��r*��s$�U���Q��|$� t*s$s$x}r �<y�� t ��� ��r*��s$x}��z �
z[y�rn~�x�t+�[y{r,t�� |<y{� �*���Zy�~���~ ��rU�$y�~$����|$�"��t*x[�n���5s$y �U��v�zA�$z[y�~$�,1Sx}y���|<������y � ��r9�$y{~$�<�hX��Q�$� &$~$�
��|<� ��rn�&s$x}��z[z}y{rn~ x[t+��y�r y�~Z~$rn~ � �#|$y��[� x}������t*~$�nv���z"t+zS��|$� x�t+�[y{r r �L��r*��t*vd~��$� o ��xKr��L� t+x[�n���
s$y �<��v{z?�[r,�[|$�"��r*��t*v ~��$� o ��x#r�� o y��[zAx[� 	9�<y{x[�����[r,��~ ��rU�$� t*v�v_��|<�Q��t*x[�*���#s$y �<��v{z��

) (



14,10,3,13,9,10,5,15,0

table
codeword assignment from the look-up
Pattern numbers for the corresponding

patterns
Image partition by 2x2 blocks or
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R`y��n�$x}� &$��k*�h=7v{r � � i7r9�$y{~<�

� ��� � ��� � � 
 � ��� 	 �

2A|$� o t*z}y �"y��$�mt�r�� o v{r � � ��rU�<y{~$�,y{z?�[r,sut*x}�[y��[y{rn~ t+~�y�� t+�n�Ky{~q�[r,t,z}���5r��Y�@�7r��@�$y�����~$z[y�rn~ut*v
o v�r�� ��zQrnx"sut+�}����x[~$zQr��Tz[y
	�� � � � ��2A|$y{z ��rn~ ����s<�Jr�� o v{r � � ��r9�$y�~$� �mt*~ o �&�<z[��� � rnxK��|<�

��~��r9�$y{~$�"r �u� t*x}�n���Ls<y �U��v�z��`4Ct�� |,sut �[����x[~ ��rn~$z[y�z}�[zLr�� � � o y��[zLt*~$� ��t*~ o � ��rn~$z}y{�$��x[����t+zLt
z p � o rnvur���t"z[��� @?�d2A|$��~ ����|<��x[�5t*x}� $����bs_rnz}z[y o v{�Az p � o rnv�zLy{~ �[|$�#z[����@?�c2A|$�#s$x}r o t o y{v{y � p
r��	r�� ���$x}x[��~ ����r��	�mt�� |�z p � o rnv ��t*~ o � �<������x[�&y{~$��� o�p x�t*z:����x,z �mt*~$~<y{~$� ��|<� ~$rn~ � �#|$y��[�
x[� ����t*~$�nv���z��Ci7r*��s$x}��z}z[y{r*~ y{zCt�� |<y{� �*��� oqp ��~q��x}rns p ��rU�<y{~$�Jr����[|$�Ss$t+�[�[��x[~<z��haet*x[�*��x �*t+v{�$��z

r�� � t*~<� � �n��~$��x[t*v{v pQp y���v�� |$y{�*|$��x ��rn�&s$x[��z[z[y�rn~�x�t ��y{r*z��d3	r �7� �n��x����#y���|�y�~ ��x}�mt*z}y{~$���*t+v{�$��z

) *



r��Y~�t*~$� ���U�[|$�K��r*��t*v�~��$� o ��xAr��Ys_rnz}z[y o v{�Ks$t+�[�[��x[~<zAy{~ ��x[�mt+z[�"���Us�rn~$��~��[y t*v�v p 	U�[|$y{zAx}��z}�$v��[z
y{~�t*~�� �<s�rn~$��~q��y t+vjy{~ ��x[�mt+z[�Qy{~ ��r*��s$v����Uy�� p �

1�z[s�����y t*v ��t*z[�"r�� o v�r�� � ��r9�$y{~$��y�zAz�	��ut*x}� o v{r � � ��rU�$y�~$��y{~��#|<y � |�rn~$v p z�	��ut+x[� o v{r � ��z
t*x}�"�$z[��� �uy � �*� � - � �L8@~���|<y{z ��t*z[�K�[|$�Qv{��~<�*��|$z?t*~$� �#y{�<�[|$zAr��e��|<�"~$rn~ � �#|$y��[�"x[����� t*~<�nv{��z
t*x}� 	��ut+~��[y 	�����z[� � |���|ut+�A�[|$� p t+x[�"� �$v ��y�s$v{��z?r�� � �

R`y{�*�$x[� &$� k,y{v�v{�$z:��x�t ����z	��|$�,y{�<�mt�r�� o v{r � � ��r9�$y�~$�$��2A|$�&y{��t*�n� y�z"sut*x:��y��[y{rn~<��� oqp $ � $
o v�r�� ��z � &u�n�$x}� &$� k t � t*~$�J��|$��x[�At+x[�5k *	s�rnz[z}y o v��Ts$t+�[�[��x[~<z��hEK~ x[t*z}�[��x`z �mt*~<~$y{~$�<�*�mt � | r��u��|<�
$ � $ o v{r � �Ky�zj� t+��� |$���"�#y ��|Qrn~$�hr��_k *As_r*z[z[y o v{�Ls$t+�[�[��x[~<zdt+~$�Jt ��rU�$���7r*x[� ��rnx}x[��z}s_r*~$�$y{~<�#�[r
��|<� sut+�}����x[~���t+��� |$���Zy�z5t*z[z}y{�n~$������r&��|$� o v{r � � �A2A|$� s$t+�[�[��x[~<zKt*~$����|$��y{x ��rnx}x[��z[s�rn~$�$y�~$�
��r9�$���7rnx}�$z t*x}��z:��rnx}���My�~Mt�v�rUr"� �O�$s � t o v��*�HR`y��n�$x[� &$� k o z}|$r �#z ��|<��sut+�}����x[~M~��$� o ��x}z
��t+� � |$�����[r���|$� o v�r�� ��z#y{~ &u�n�<x[� &$� k t<�

� ��� � �
	�� ����	 � ��
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8@~ ��|$��s<x[rns�rnz[���0=Ai78@2A2 �[��� |$~$y�	��$�*�j��|<� v{r �mt+�[y{rn~<zSr��Tt*v�vY�[|$��~$rn~ � �#|$y��[� x[� ����t*~$�nv���zQt*x}�
��~$r �#~Z��r,��|$� �$����rU�<��x��#2A|$��x[� � rnx[�+� t*v�v ��|$�J� t*x}�n���	s$y �U��v{z �mt*~ o �J��x[��t+�����Zt*z	��v����&��~q��z5r��
t v�rn~$� r*~$���O�$y{�&��~$z}y{rn~$t*vYt*x[x[t p �S2A|$� ��v{������~q��zKr��L�[|$� rn~<���@�<y{�&��~$z}y{rn~ut+vet*x[x[t p t*x}� v{� � �	�[r
x[y��n|q�At*~<���[rns���r o r*�}��rn� x�t+z}����xAz���t*~$~$����s<y �U��v�z o ��v{rn~<�ny{~$�J��r �[|$�"~$rn~ � �#|$y��[�Kx[� ����t*~$�nv���z��
z}��t*x}�[y{~$� � x}rn� ��|<���<s$s_��x�v�� � �,|ut+~$� ��rnx[~$��x,r��S�[|$��s$x[���$y ��������t*~$� ��y�v{��� y�� t*�*�*�(2A|$��z[�

s$y �<��v{z �mt+~ o � ��~ ��r9�$��� oqp x}�$~ �Ov{��~<�*��| ��r9�$y{~<�&�<z[y{~<� t&��r9�$y &$����3	� �_��t*~ ��rU�<� � $ �!�j�#y��[|
��|<��t+��+t*~q� t*�n�Z�[|ut+��~$r�4h~$� �Or�� �\ajy{~<� � 4TE"a � ��r9�$���Trnx[�Hy{z x}��	��$y�x[����� 2A|<�0��~$� �Or�� �@v�y{~$�
��r9�$���7rnx}�.y�zAx[� 	9�<y{x[����y{~ ��|$� ��~$r �#~.x[�$~ �Ov{��~$�*��| ��rU�<y{~$����� � |$~$y�	9�<��z#��r�y{~<�$y ��t+���K�[|ut+�A��|<�

��~<� r��9��|$�Cx[r � � rnxjv{y�~$� � o ��y�~$� ��r9�$��� |ut*z o ����~ x[��t�� |$�����qt*~$�Q��|ut �Y�[|$� � rnv{v�r �#y�~$� ��rU�$���7r*x[�
z}��t*x}�[z5t,~<����x}r �Q�

1S~����<t*�&s$v{�"r �cx[�<~ �@v���~$�*�[| ��r9�$y{~$� �#y ��| &��U���.v{��~<�*��| ��r9�$���7rnx}�$z5y{zAz[|<r �#~.y{~�R`y��n�$x[�

&$�%$U�56Uy�~ ���Q�#|$y��[� � �*z �?t*~$� o v t � � �}kmz �?x}�$~$zKt+v�����x[~ut ���*�u�[|$� ��rnv{r*x5r �c��|$�Jx[�<~Z~$�����Z~$r*� o �
)��



01000001100011100000 (i)
(ii)
(iii)

(i)   Data
(ii)  Run lengths
(iii) Run-length coding, fixed length

5W 3B 3W 2B 5W 1B 1W
0101 0011 0011 0010 0101 0001 0001

R`y��n�$x}� &$�%$U�hI5�<~ �@v���~$�*�[| ��r9�$y{~$�

��r9�$��� �c8 � ~$� ����z}z�t*x p ����|$� &ux[z:�Lx[�$~�y�zct*v �?t p zLt	�#|<y����7x[�$~ �#y ��| v���~$�*�[| 	���x[r$�`8 � x[�$~ �Ov{��~$�*��|<z
t*x}� ��rU�$��� oqp & �<��� �@v���~$�+��| � � o y�� ��r9�$���7rnx}�$z��L��t�� |bx}��s$x}��z[��~q��y{~<�!t o v�r�� � r��?� t��Uy�� �$�
x[�<~ �@v���~$�*�[| # 2 k*� � # - $�� �C��|$��~ # �mt*~ o � � |<rnz[��~.��r,��t��Uy{�&y 	�� ��r*��s$x}��z}z[y{r*~ �

1��rnx}���O��� ��y���~q�L��� � |$~$y 	��$�5y{zc�[rQ�$z[�	3	� �_��t*~ ��r9�$y{~$�<�`1�v t+x[�n� ��rU�$� o r9r � y{zht��*rny{�$���
oqp �<z[y{~<�b��x[�<~ �mt+�[����rnx���r9�$y &u����3	� �_� t+~ ��r9�$��z$�+$��%� �g2A|<����x}�$~ �mt �����H35� ����t*~ ��rU�<�

t*z}z[y{�*~$zAz[��sut*x�t ��� ��r9�$���7rnx}�$z � rnx7�#|$y ���Qt*~$� o v{t�� �&x[�$~$z#r��Yv���~$�*�[|$zA�$s ��r ��� � �#|$y��[�"x[�$~ �
t*~$� ��� � o v t�� ��x}�$~ ���Lajrn~$�n��xCx}�$~$z��9�#|$y�� | |ut��*�Sv{r �T��xhs$x}r o t o y�v{y ��y{��z��*t*x[�	t*z[z}y{�n~<����t &��U��� �
v{��~$�*�[| ��r9�$���Trnx}� �c�#|$y � | ��rn~$z}y{z}�[z r��5t�s<x[� & � ��rU�$� s$v{�$z t*~�knk � o y�� o y�~ut*x p ��rU�<��r��A��|<�

x[�<~ �@v���~$�*�[| �
2A|$�,��r9�$y &u���!35� ����t*~ ��r9�$�+�jx[����rn�&����~$�$��� oqp ��|<�&iAi78@2A2Wt*zJt rn~$���O�$y{�&��~<z[y{r*~ut*v

z}��t*~$�ut+x[� ��r9�$� � r*x"G"x[rn�$s ) � t���z}y{�&y{v��Q�[x�t*~<z[�&y{z[z}y{rn~��_�$z}��z ��� - ��� - * )<�"I#�$~ �Ov{��~$�*��|<z
z[��t*v�v{��xh��|$t*~ * &�t*x}�Q3	� �_� t+~���r9�$��� �[r��ny��*�S��|$� ���	���  #��� � ��� ��r9�$�+�L2A|$�"x[��� t*y�~$y{~<� x[�<~$z

t*x}�"t*z[z}y{�n~<�����@�Tr ��rU�<���Trnx[�$z�� ��rn~<z[y{z:��y�~$� r��dt ���I��� �G� � ��r9�$�Qt*~$��t �[��x}��y�~ut+��r*x ��rU�$� �+$��!� �

) ,



RLC: Run length Code
BC:  Block Code

RLCBCBCBCRLCBC 

0101 1000001100011100000
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r o z}��x��n���.��|ut+� � r*xAy{~ ��x[�mt+z[y{~<��	0�$��|$�Qs$x}���$y����[y{rn~ � t�����rnxA�$� ��x}�mt*z}��zSv�y{~$��t*x[v p �`3	r �7� �n��x���rn~
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