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Abstract 

 This paper presents a study to enhance power generation from PV array under partial shading by comparing 

reconfiguration technique. In this approach, the physical location of the modules is connected in a Total Cross Tied 

(TCT) array and are arranged in a Fixed and Su Do Ku pattern for disperse the shading effect over the entire array. 

Further, this arrangement of modules is done without altering the electrical connection of the modules in the array; 

reduce the effect of shading of modules in any row thereby enhancing the generated PV power. The performance of 

the system is investigated for four different shading patterns and the results show that positioning the modules of the 

array yields improved performance under partially shaded conditions. 

Keywords: renewable energy, photovoltaic, array configuration, mismatch, partial shading 
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)��0�����"��
!!��,44+ ����-���"�����&
� ���	"1���

�/%�
����!4
�$���������=����&�!#�0�.!����0��&+��

�
7	����!#�&�+
� (Petrone, G., Spagnuolo, G., 

Teodorescu, R., Veerachary, M. & Vitelli, M., 2008)

��
!!��#�!
���"����A ���
!!��	�1���������,&+�
�����

��)���A �
�.�!�����������",44+ ���
!!��#�!
���"��

���"�&"
�!��	�
!�� (PV Rooftop) -��&,�.�����'��
""�

��3�!���"�&"
�!��A �4�������",44+ ���
!!��#�!
���"�� 

(solar farm) -��&	�������0�
""�'&������"�&"
�!

�����-����B���� 30% �1��� )�/.�!����������.���� 

(Syafaruddin, Karatepe, E. & Hiyama, T., 2009)

��%�
!�����
!!��#�!
���"�������3#��!��A ���
!!��

,44+ �'&�
��
�����O���=�'4'"
���A������.���$���

#�!
���"��$�� !3%
�.�,�.��"+��1�)�������"����
!,44+ �



EAU HERITAGE JOURNAL

Science and Technology26 +,-.� �/,.�!�012314516&71814516�(9:)

�������1 !�
���"��� #�0��A ���"��
����!#�&�+
� ����
�!

�����+��	�+�-
!���'�'���������"�$���#�!
���"�����

� 
Q��
�.�!".
��%� 
!���)	+"+��1�������"#�!�$���

#�!
���"��" ����! (Hua, C., Lin, J. & Shen, C., 1998) 

����/%�
�".
#�!�$���#�!
���"��'&�����0

�/%�
�".
#".�0#�!#��
�1��� (String) ��%�
)	+,&+�0&
�

#�!&
��
����1""��������	�&#�0���#".�0 String ��".


#��-�����%�
���������
!,44+ ��
����1" ������.� 
������� 

(PV Array) ����/%�
�".
'�&(�#���!����������)/+�
�


�.�!#��.	����� 3 �(�#�� &
!���  series–parallel (SP), 

total cross tied (TCT) #�0 bridge linked (BL) (Rao, P. 

S.,Ilango G. S. & Nagamani, C., 2014; Rani, B. I., 

Ilango, G. S. & Nagamani, C., 2013) #�0����/%�
�".


'�&(�#����
��������,&+'&�)/+"
�����1� (Electrical 

Array Reconfiguration--EAR) ��A ��������������
!���"�(! 

#".�0"+
!)/+�$A��$
��#�0���"$�"
&"
�

"'��
"���A �

��������� ���3�!���)/+"
�����1� $�� !��A ��������

�/%�
�".
'�&(�����������(! �
��
�	���!���� ��)	+����
!,44+ �

�
����1"-
! PV Array �&�!�%
 ����
!�!���!�.�� 

(Partial Shading) $�� !)���=�-
! Rooftop '&�������&

�������
!�!�-
!�+
���] "+�,�+ ���,44+ � 
�����(! 

��A �"+� ���	�
� Solar Farm �0���&�������
!�!��+
�

��]��.��
������(7��������
!,44+ �-
! PV Array 

��%�
!�������
!�!���!�.��,�.,&+��A ��
&�.���
��%������
!

�!�#".-���
�(.�
��(�#������
!�!� ����
&��!
������� #�0

"��#	�.!-
!'�&(�)�
����������3(��
!�!� (Rani, B. I., 

Ilango, G. S. & Nagamani, C., 2013; Moballegh, S. 

& Jiang, J., 2011) 
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����������������������
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!PV Array *��)"+�!%�
�,-����
!�!�

��!�.���0	�.�!����
&��!
�������#���!��� (Rao, P. 

S.,Ilango G. S. & Nagamani, C., 2014)����
&��!


�������#�� Su Do Ku (Rani, B. I., Ilango, G. S. & 

Nagamani, C., 2013) $�� !��A ���������
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(PV Module) �0�/%�
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1&��"� (Diode Ideality Factor)k �%
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-
!'���$��
��� (Boltzmann)T �%
 
1=	*(��-
!'�&(� 

	�.����A � ������q �%
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�.�!#��.	��� �� 3 �(�#�� &
!���  series–parallel (SP), 

total cross tied (TCT) #�0 bridge linked (BL) (Rao, P. 

S., Ilango G. S. & Nagamani, C., 2014; Rani, B. I., 

Ilango, G. S. & Nagamani, C., 2013) #�&!&
!*�� 2 
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parallel, b) #�� total cross tied #�0 c) #�� bridge 

linked 
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� � f)mod(m,p   ,)m(f ��

 
��� 4 

��
���������
&��!
�������#���!���  

Note. from Maximum power from PV arrays using a fixed configuration under different shading conditions, 

by Rao, P. S., Ilango, G. S. & Nagamani, C., 2014, IEEE Journal of Photovoltaics, 4(2), pp. 679-686. 
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����� 1  

����
&��!'�&(�)	�.)�#".�0�
�
���-
!
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9× 9 

m = 9, f = 3 and p = 0 

Col. No. Number to be added to the row index to 
get renumbered value 

1 0 

Group- I 2 3 

3 6 

4 1 (10-9=1) 

Group- II 5 4 (13-9=4) 

6 5 (16-9=5) 

7 2 [20-(9�2)=2] 

Group- III 8 5 [23-(9�2)=5] 

9 8 [26-(9�2)=18] 
 

 
(a) 

 
(b) 

��� 5 
�������-��& 9 × 9 a) ����
&��!�����"+�#�0 b) 

�
&��!"��#	�.!'�&(�)	�."��  

Note. from Maximum power from PV arrays using a 

fixed configuration under different shading 

conditions, by Rao, P. S., Ilango, G. S. & Nagamani, 

C., 2014, IEEE Journal of Photovoltaics, 4(2), pp. 

679-686. 

 

���+�%#�����* ���*-��Su Do Ku 
B. I. Rani #�0�=0 (Rani, B. I., Ilango, G. S. & 

Nagamani, C., 2013),&+���
��������
&��!
�������#�� 

Su Do Ku ��%�
�&����0���������
!�!���!�.�� '&�

)/+
�������-��& 9× 9 $�� !��%
��(�#������
&��!&
!*����� 

6 '&�������������������
�#�� TCT )� 4 �!%�
�,-���

�
!�!���!�.�� $�� !#�����������
�����3��0���

����0������
!�!���!�.��#�0���������
!���",&+ 3.6 – 

26.1 ��
���$A�"� 
 

 

��� 6 �(�#������
&��!#�� Su Do Ku  

Note. from Enhanced power generation from PV Array 

under partial shading conditions by shade dispersion 

using Su Do Ku configuration, by Rani, B. I., Ilango, G. 

S. & Nagamani, C., 2013, IEEE Journal of 

Photovoltaics, 4(2), pp. 594-601. 
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�����
�1=�
��=0��!,44+ �����&�
�"���*��0

��"�{�� -
! PV Module ���)/+)��������� #�&!&
!

"���! 2  
 

11 12 13 14 15 16 17 18 19

21 22 23 24 25 26 27 28 29

31 32 33 34 35 36 37 38 39

41 42 43 44 45 46 47 48 49

51 52 53 54 55 56 57 58 59

61 62 63 64 65 66 67 68 69

71 72 73 74 75 76 77 78 79

81 82 83 84 85 86 87 88 89

91 92 93 94 95 96 97 98 99

11 72 43 94 65 56 87 58 29

21 82 53 14 75 66 97 68 39

31 92 63 24 85 76 17 78 49

41 12 73 34 95 86 27 88 59

51 22 83 44 15 96 37 98 69

61 32 93 54 25 16 47 18 79

71 42 13 64 35 26 57 28 89

81 52 23 74 45 36 67 38 99

91 62 33 84 55 46 77 48 19

11 42 53 94 25 76 87 68 39

21 92 73 84 35 66 57 18 49

31 82 63 44 55 16 97 78 29

41 32 13 54 85 96 77 28 69

51 22 93 64 75 46 17 38 89

61 72 83 24 15 36 47 98 59

71 12 23 34 45 56 67 88 99

81 62 43 74 95 26 37 58 19

91 52 33 14 65 86 27 48 79
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����������������������������������
�������
�������� ���������!����"#��$%����������&'�����	�())* 31

����� 2  

��������	
�� PV Module 
�� 1,000 W/m2, 25 oC 

Electric Specification Rated 
Nominal Maximum Power (Pmax) 255 W 

Open Circuit Voltage (VOC) 37.4 V 

Short Circuit Current (ISC) 9.0 A 

Optimum Operating Voltage (Vmp) 30.2 V 

Optimum Operating Current (Imp) 8.43 A 

Note. from CS6P-250|255|260P PV Module Product 

Datasheet, by Canadian Solar, 2014, Ontario: 

Canadian Solar. 
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!���"-
!

PV Array �0	�.�!����
&��!
�������#���!��� 

(Fixed)#�0#��Su Do Ku *��)"+�!%�
�,-����
!�!�

��!�.�� 4 �(�#�� &
!���  1) Short Wide (SW), 2) Short 

Narrow (SN), 3) Long Wide (LW) #�0 4) Long Narrow 

(LN) '&���������������������-
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�
��� (����

��+�!) #�0 ������'�&(�".
�
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��� (�������) ������!�

�
! &
!*����� 7 
 

 
 

��� 7 �(�#���!%�
�,-����
!�!���!�.��  

Note. from Enhanced power generation from PV Array 

under partial shading conditions by shade dispersion 

using Su Do Ku configuration, by Rani, B. I., Ilango, G. 

S. & Nagamani, C., 2013, IEEE Journal of 

Photovoltaics, 4(2), pp. 594-601. 
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11 12 13 14 15 16 17 18 19

21 22 23 24 25 26 27 28 29

31 32 33 34 35 36 37 38 39

41 42 43 44 45 46 47 48 49

51 52 53 54 55 56 57 58 59

61 62 63 64 65 66 67 68 69

71 72 73 74 75 76 77 78 79

81 82 83 84 85 86 87 88 89

91 92 93 94 95 96 97 98 99

11 12 13 14 15 16 17 18 19

21 22 23 24 25 26 27 28 29

31 32 33 34 35 36 37 38 39

41 42 43 44 45 46 47 48 49

51 52 53 54 55 56 57 58 59

61 62 63 64 65 66 67 68 69

71 72 73 74 75 76 77 78 79

81 82 83 84 85 86 87 88 89

91 92 93 94 95 96 97 98 99

11 12 13 14 15 16 17 18 19

21 22 23 24 25 26 27 28 29

31 32 33 34 35 36 37 38 39

41 42 43 44 45 46 47 48 49

51 52 53 54 55 56 57 58 59

61 62 63 64 65 66 67 68 69

71 72 73 74 75 76 77 78 79

81 82 83 84 85 86 87 88 89

91 92 93 94 95 96 97 98 99
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2
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2
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2
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71 42 13 64 35 26 57 28 89

81 52 23 74 45 36 67 38 99
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����� 3  
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Case 
Fixed arrangement Su Do Ku arrangement 

Row current in the order in 
which panels are bypassed 

Voltage 
Va 

Power 
Pa 

Row current in the order in 
which panels are bypassed 

Voltage 
Va 

Power 
Pa 

1 IR3 7.2Im 9Vm 64.8VmIm IR1 7.6Im 9Vm 68.4VmIm 

2 IR3 6.2Im 9Vm 55.8VmIm IR1 6.6Im 9Vm 59.4VmIm 

3 IR1 7.6Im 9Vm 68.4VmIm IR5 7.6Im 9Vm 68.4VmIm 

4 IR4 7.8Im 9Vm 70.2VmIm IR2 8Im 9Vm 72VmIm 
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����� 4  

������� ���
������������� �
������ �����	����� Fixed !�	 

Su Do Ku 

Case 
Maximum power (W) Power 

enhancement  
(%) 

Fixed  
arrangement 

Su Do Ku  
arrangement 

1 11,957 12,622 5.3 

2 10,296 10,961 6.1 

3 12,622 12,622 0.0 

4 12,954 13,286 2.5 
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