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processing elements
call

call
processing elements

call 
processing elements

at level i

i

i

i

i

i =     + 1i

i =     + 1i

NO

YES

NO

YES

DETECTED
LINES

INPUT

IMAGE

> L

> n/4

=0

at level 0

at level 1

=2

−1
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processing elements

at level 1

call

call
processing elements

call 
processing elements

at level i

i

i

i =     + 1i

NO

YES

NO

YES

DETECTED
LINES

INPUT
IMAGE

= 0

=   + 180 /(n/4)

< 180

> L

0

0

at level 0

=2

−1

0 0−−
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for i = 1 to n/4

receive pixel’s coordinates

compute

send four coordinates to neighbor processing element 

receive four new coordinates from neighbor processing element 

end /* for i */

else            /* apex processor */

end    /* for k */

end  /* for j */

processor3 ()

processor2 ()

processor1 ()

incerment the corresponding counter   /*    */

send     [t, m] to parent processing element

receive four      values

selecet         = maximum(  )

send         to parent processing element at level j + 1

store 

sort stored          values

h

h

h

h

max h

max

max

max

max threshold

for k = 1 to m   /* different iterations of    */

select values(         >                    )    / *   they represent straight lines  */

for all processing elements at level j do

end  /* for all */

end  /* for all */

end  /* for all */

send   and coordinates to parent’s mailbox

receive    ’s and four coordinates from four children

end  /* for all */

for all processing elements at level 

for all processing elements at level 

for all processing elements at level 

zero do

one do

one do

for j=2 to L−1 /* for all processing elements from level two 
to L−1*/

if (j<>L−1)
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for r = 1 to k

calculate 

receive

calculate 

receive four   from four children

else       /*  apex processing element  */

end   /*  for z */

processor1()

processor2()

processor2()

processor3()

receive four   values from four children

store

increment the corresponding counter (  )c

c

max c

max

max

max

max threshold

select         = maximum (   )

send          to parent processing element at upper level

sort stored          values

select values (          >                   )        /*  they represent straight lines */

send counter     to parent processing element at upper levelc

send to parent processing element 

end  /* for k */

end /* for all */

end /* for all */

end  /* for all */

end  /* for all */

o

o

o

      

                     

          
for all processing elements at level one do

for all processing elements at level zero do

        

send   to all processing elements at level zero

if (z<>L−1)

           

for all processing elements at level z

for z=2 to L−1 /*for all processing elements at level two to L−1*/

for all processing elements at level one do

send   ’s to corresponding processing element at level one

receive  ’s from processing elements at level zero

��MO|`r/Q@P!Ã?m��A�/P!}IRTP�rIs?W`jbp5W?s?P!WYX[dF]O|`W`Q@MOU@�/k��A�AW/q

i�À



��MO|`r/Q@P!e?m$�3MOk�r/];\�U@MOW`Lnp5]OW?p��­X_W`QF]OMOL/P�s?P�U@P�p5U@MOW`L�\�]O|`W`Q@MOU@�/k�R

i�Á



� �������X�'���'� ��� �������
	
�
������� ��� �������
	
�
�  !*+�
2��
	#2 L�W �
�
:����
	P:�� ����� ��3��
�����
	���� :��'L�W�W :�����2�W
�����
	���� 3���W���� ����:
���
:���2��
	 :���2 :�2���V
L�� ��2����
L��
��3����
	���3�� 3����'L��7L :��7:���W
L��
37:����
	?37:�� :����������
2 3�2�V���2����
:�W������
	P:�W���� 3
L�2������7: :���V�������W�2�W
��W��
2��
	���W��
2 ������W�3���:���� :�:���3������������
�
W�V����
	��
W�V�� 2���3�3�����3
L�3 3�W������7:�������2

��\��/]OP!g?mA�3MOk�r/];\�U@MOW`L�p5]OW?p��­X_W`QFdF]O|`W`Q@MOU@�/k �FL/P!\�LIs�dF]O|`W`Q@MOU@�/k��A�AW

� 
����
���!���

abL�U@�/M;Rn}I\�}IP�Q�UT�AW�L/P��)\�LIs�P
	 p5MOP�L?U�}I\�QS\�]O]OP�]�\�]O|`W`Q@MOU@�/k�R X_W`Q�p�\�];p5r/];\�U@MOL/|�U@�/P
�FW`r/|`���-QS\�LIR�X_W`Q@k W`L�\�}?V?QS\�knM;s*\�QSpS�/MOU@P�p5U@r/Q@P��AP�Q@P�s?P�R@p5Q@MO�IP�sEq*abL�U@�/P�RTP�\�]O|`W`j
Q@MOU@�/k�R!�IW`U@��knP�RT��\�LIs�U@Q@P�P�p5W`L/L/P�p5U@MOW`LIR�WYX�\*}?V?QS\�knM;s��AP�Q@P�P��?}/]OW`MOU@P�sEq��A�/P
Q@P�RTr/]OU�WYX�RTMOk�r/];\�U@MOW`L�}/Q@W�N3P�R�U@�/P�rIRTP�X_r/]OL/P�R@R�WYX�}?V?QS\�knM;s�\�QSpS�/MOU@P�p5U@r/Q@PnMOL�MOk�\�|`P
}/Q@W?p5P�R@RTMOL/|n\�LIs�}I\�U@U@P�Q@L�Q@P�p5W`|`L/MOU@MOW`L-q

�)"~�3"~��"���#$"�%

½7i5Â���qE»�q �A];\�L X_W`QSsEc��S{FV?LI\�knM;p�\�]O]OV��FrI\�L?U@MO��P�s�»&V?QS\�knM;s/R[X_W`Q~�FW`r/|`� ��W`U@P�Z�W`]Oj
]OP�p5U@MOW`LIR5c��� 2@0���,�!�"#"#"%$�032���&S./05= ��07yF=E>7xTH52!8~2��S./4
xTH���xb>?2SH  1
x\xTH525<�8~</1
~O,
' 17�S./4;<IH�!5<�xTH'~
~O, cE}/}-q-i5¾3À�j@i�À`g?c��~p5U�qEi�e`Ã3h

½ g�Â � q,�AW`L/|`MOW�N`\�L/L/Mbc�ZFq � r/P�Q@QS\?c~\�LIsf�Iq%�EP�N?M;\�];s?Mbc%�5Z�W`kn}/r/U@MOL/|�U@�/P*�FW`r/|`�
�-QS\�LIR�X_W`Q@kfW`L�\$»&V?QS\�knM;s~dFQSpS�/MOU@P�p5U@r/Q@P3c(�)' 17�S./4;<IH�*�4�&�4;03<�13</BF8A=3=Y~74(�S1
xb4;03<�& c
N3W`]bq/¿?£bg3§ScI}/}-q-i`i�h�j@i�g`¿?c&i�e`e"


½ ¿�Â!�!q,+�q-�!q�Z��?rI\�L/|�\�LIs�ZFq�ZFq �EMbc-�Sd�RTV/RTU@W`]OM;p�\�Q@QS\�V�}/Q@W?p5P�R@RTW`Q�X_W`Q!RTU@QS\�MO|`�?U
]OMOL/P�s?P�U@P�p5U@MOW`L
�?V�knW?s?M^��P�s��FW`r/|`��U@QS\�LIR�X_W`Q@k�c(�. 2@0���,/!�"#"#"0$�032���&S./05=
��07yF=E>7xTH52�8~2��S./4
xTH���xb>?2SH  1
x\xTH525<�8~</1
~O,1!�y�1�G?H�2!1
xb1 w 1�&�H ' 13</1�G?, c-}/}-q-¿"
"
�j
¿"
�¾/c,3FW�NEqEi�e`Ã`À

i�h



½ ¾`Â���q�#$q$Z�V?}/�/P�Q�c �/q��&q$ZFq$�?\�L/�3cF\�LIs��&q$�3L?V/s?P�Q�c �S�A�/P��FW`r/|`���-QS\�LIR�X_W`Q@k
�I\`R��!£ 3�§�p5W`kn}/]OP��?MOUTV�W`L��?aT��{ 3 � 3�knP�RT��\�Q@QS\�V
\�QSpS�/MOU@P�p5U@r/Q@P3c(�0 2@0���,
!�"#"#" $�032���&S./05=���07yF=E>7xTH52�8~2��S./4
xTH���xb>?2SH  1
x\xTH525<�8~</1
~O, ' 17�S./4;<IH !5<�xTH'~O, c
}/}-q-i`i�À�j@i�g?i`c��~p5U�qEi�e`Ã3h

½ À�Â���q �!q/{FrIs/\�\�LIs�»�q #$qI�~\�Q@U�c��SK~RTP�WYX U@�/P!�FW`r/|`��U@QS\�LIR�X_W`Q@k�\�U@MOW`L�U@Wns?P�U@P�p5U
]OMOL/P�R$\�LIs�p5r/Q@N3P�R!MOL�}/M;p5U@r/Q@P�R5c(� ��8#� '�cEi�À?c�£@i�§Sc/}/}-q-i`i5j@i�À?c�i�e3h�g

½ Á�Â!d!q �&q ��M;RT�/P�QF\�LIs�»�qI�~qI�FMO|`�/LI\�k�c)�5Z�W`kn}/r/U@MOL/|�U@�/P!�FW`r/|`���-QS\�LIR�X_W`Q@k�R$W`L
\��?p�\�L��EMOL/P�dFQ@QS\�V�»&Q@W?p5P�R@RTW`Q�c(� !�"#"#" � 2@13<�&�,F03<  8 ' ! c&N3W`]bqAi`i`cAL/W/qA¿?c
}/}-q¡g`Á`g�jbg`Á`À?c-��\�QSpS�*i�e`Ã`e

½¡h�Â!�!q&d!q��!q&ab�/QS\��/MOk�c �/q���q��~P�LIs?P�Q�cA\�LIs�{!q�#$qA�3�I\���c �S�A�/P�dFLI\�]OV/RTM;R!\�LIs
»�P�QÄX_W`Q@k�\�LIp5P!WYX±�A�AW���M;s/s?]OP�jl]OP�N3P�]��~M;RTMOW`L*��\`R �/R~W`L�\���MOL/P�jl|`QS\�MOL/P�s*�?aT��{
�-Q@P�P���\`pS�/MOL/P3c(�  2@0��5HSH@B34;<`G�&1!�"#"#" ��03<�� ,?��07yF=E>7xT,1*�4�&�,  1
x\xTH525<��~H��S0SG?, c
}/}-qIg�¾3Ã�jbg`À`Á?c �`r/L/P�i�e`Ã`À

½ Ã�Â!»�q���q`ZFq`�FW`r/|`�-c��Sd�knP�U@�/W?s!\�LIs�knP�\�LIR�X_W`Q�Q@P�p5W`|`L/MO��MOL/|~p5W`kn}/]OP��F}I\�U@U@P�Q@LIR5c(�
K!q7�Iq/»&\�U@P�L?UF¿?c 
`Á`e?c¡Á`À�¾/c&i�e`Á`g

½ e�Â �/q���q �`W`]OMOW`L�\�LIs�d!q��$W3RTP�L X_P�];sEc �SdFL��!£l]OW`|/£lLE§@§!»&V?QS\�knM;s*�FW`r/|`���-QS\�LIRTj
X_W`Q@k�c(�  1
x\xTH525<��~H��S0SG3</4
xb4;03<��&H'x\xTH52�& c&N3W`]bq/e?c/}/}-qI¿�¾3¿�jb¿�¾3e?c&i�e`Ã`e

½7i�
�Â�ZFq-�Iq ��\�L/LI\�L*\�LIs��!q +�qI�!qIZ��?rI\�L/|/c����I\`RTU~�FW`r/|`�*�-QS\�LIR�X_W`Q@k�W`L�\���P�RT�
Z�W`L/L/P�p5U@P�s�»&Q@W?p5P�R@RTW`Q$dFQ@QS\�V3c(� !5<���032�y�1
xb4;03<  2@0��5H�&
&�4;<`G��&H'x\xTH52�& cIN3W`]bq3¿`¿?c?}/}-q
g�¾3¿�jbg�¾3Ã?c�i�e`e"


½7i`i5Â �/q �/q �EMOU@U@]OP3c � q �A]OP�p�p5W?pS�-c`\�LIs��~q?ZA\`R@R5c/�S»&\�QS\�]O]OP�]IdF]O|`W`Q@MOU@�/k�R X_W`Q$Z�W`kn}/r/U@P�Q
�~M;RTMOW`L�W`L�U@�/P�p5W`L/L/P�p5U@MOW`L���\`pS�/MOL/P3c(�	� .IH�
A4;2�&�x�!�"#"#" !5<�xTH52�, ��03<�� ,!03<
��07yF=E>7xTH52 *�4�&�4;03< c&}/}-qIÀ`Ã3h�jbÀ`e?i`c&i�e`Ã3h

½7i�g�Â!d!q���\�N?M;\�L/}IW`r/Q�c~\�LIs 3!q��$\�|`�/P�Q@��\`s?P��-c �5Z�MOQSp5]OP�{FP�U@P�p5U@MOW`L�MOL*�A];\`p���\�LIs
���/MOU@P!abk�\�|`P�R5c(�- 1
xTH5<�x&=IH5</B34;<`G cAK�Z�ZA\`RTP!L/W/qIe?i5j@i�e`À�j@i`c�i�e`e?i

½7i�¿�Â!d!q���\�N?M;\�L/}IW`r/Q�cF\�LIs 3!q��$\�|`�/P�Q@��\`s?P��-c�����MOLIs?MOL/|�Z�MOQSp5r/];\�Q��3�I\�}IP�R�MOL�\�L
abk�\�|`P~W`L�\�»&V?QS\�knM;s�dFQSpS�/MOU@P�p5U@r/Q@P3c(�  1
x\xTH525<��~H��S0SG3</4
xb4;03<��&H'x\xTH52�& c&N3W`]bqEi�¿?c
L/W/q�i�g?c/}/}-qIÃ�¾3¿�jbÃ�¾3Ã?c�{FP�p5P�k��IP�Q$i�e`e`g

½7i5¾`Â!��q/��\�Q@P�R@p�\?cI�!q �EMbcI\�LIs���qI�3�/P�L/|/c��S»&\�QS\�]O]OP�]�Z�W`kn}/r/US\�U@MOW`LnW`L�\�»�W`]OV?knW`Q@j
}/�/M;pn�-W`Q@rIR!dFQSpS�/MOU@P�p5U@r/Q@P3c(� ' 17�S./4;<IH *�4�&�4;03<�13</B�8A=3=Y~74(�S1
xb4;03<�& c�N3W`]bq�g?£l¾?§Sc
}/}-qIg?i�À�jbg`¿"
?c�i�e`Ã`e

i�Ã



½7i�À�Â���q�3!q �EMbc?{!q��I�I\�L/|/c/���I\`RTU%�EMOL/P~{FP�U@P�p5U@MOW`L�MOLn\��FV?�/Q@M;s�»&V?QS\�knM;s�c(�� 1
x\xTH525<
�~H��S0SG3</4
xb4;03<��&H'x\xTH52�& c&N3W`]bqEi5¾/£@i�§ScI}/}-qIÀ`¿�jbÁ`¿?c&i�e`e`¿

½7i�Á�Â�+~M�»&\�L�\�LIs��FP�L/Q@V +�q¡�!q/Z��?rI\�L/|/c#�S»&\�QS\�]O]OP�]��FW`r/|`���-QS\�LIR�X_W`Q@k dF]O|`W`Q@MOU@�/k�R
W`L��?aT��{·�FV?}IP�QSp5r/�IP!dFQ@QS\�V3c ��i�e`e"
 !5<�xTH525</1
xb4;03</1
~ ��03<�� H52SH5<g�5H�03<  132@1
~
~OH'~
=E2@0��5H�&
&�4;<`G c?}/}-qIÃ`¿�jbÃ`Á?c-dFr/|/q-i�e`e"


½7i�h�Â!d!q �$W3RTP�L X_P�];sEc&»&M;p5U@r/Q@P�}/Q@W?p5P�R@RTMOL/|��?Vnp5W`kn}/r/U@P�Q�c/d~p�\`s?P�knM;p$»&Q@P�R@R5c-i�e`Á`e
½7i�Ã�Â!�~q���q&�3MO]O�IP�Q@�IP�Q@|/c �S�A�/P��FW`r/|`���-QS\�LIR�X_W`Q@k®W`L�U@�/Pn|`P�W`knP�U@Q@M;p�\�Q@MOU@�/knP�U@M;p

}I\�QS\�]O]OP�]3}/Q@W?p5P�R@RTW`Q�c(�� 2@0���,
!�"#"#" $�032���&S./05= ��07yF=E>7xTH52&8~2��S./4
xTH���xb>?2SH  1
x\xTH525<
8~</1
~O, ' 17�S./4;<IH�!5<�xTH'~O, cI}/}-qI¿`Ã3h�jb¿`e`¿?c �~p5U�q-i�e`Ã`À

½7i�e�Â��Iq��&q&��\�L/MOknW`U@W/c��~q �/q��EMO|`W?p��?Mbc�\�LIs ��q��EMOL/|/c �Sd�»&Q@W`U@W`UTV?}IP�WYX¼}?V?QS\�knM;s
k�\`pS�/MOL/P�X_W`Q!�/MOP�QS\�QSpS�/M;p�\�]�p5P�]O]Or/];\�Q�]OW`|`M;p`c(�  132@1
~
~OH'~���4lH52@132��S./4(�S1
~���07yF=E>7xTH52
*�4�&�4;03< c �&qEKF�/Q�c #�sEq��EW`LIs?W`L-c�i�e`Ã3h

½ g"
�Â!KFL/MO��W`L/jl]OMOL/P!p5W`kn}/r/U@P�QAk�\�L?rI\�]

i�e


