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Abstract: 

The occurrence of natural disasters can lead to the destruction of communication roads and electricity 

distribution lines. In this situation, to feed sensitive loads the flexibility of the network can be increased 

using the fleet of Mobile Energy Storage Systems (MESS). However, the destructive effects of natural 

disasters are not limited to the infrastructure of the electricity distribution network and may also damage 

some road lines which disrupts the dispatch of the MESS fleet. Since these failures are not certain, it is 

necessary to consider these uncertainties when determining the restoration scheduling of the Multi-

Microgrid Active Distribution Network (MMADN) in the presence of the MESS fleet. In this regard, a 

comprehensive optimal robust restoration method for the distribution network after natural disasters is 

presented. In the proposed model, the MESS fleet dispatch along with their charge and discharge schedule 

is determined in coordination with the available local energy resource in the MMADN considering the 

worst simultaneous damages to the roads and distribution lines. Also, a two-level approach with a meta-

heuristic algorithm in the upper level and the CPLEX solver in the lower level is developed to solve the 

proposed robust model. The simulation results on the modified IEEE 33-bus distribution network confirm 

the efficiency of the proposed method to schedule the MESS fleet and the microgrid resources to restore 

critical loads, optimally. 
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 �" �"
��NN	 �

�;%;
� .9����
NN� � "�;NN� + � �NN� 8�i 9�NN� �+ 6MESS �" "4NNI 42 �
NN�

�
=�

 MESS�*�
 �0
Y2 9�� S�;�� �#I 6. 

2( �>D%K�<4+ � �>DNN% #�� �9�NN� e�� � �A �NN�  ZNNj )2 �
NN� 

 �
=�

MESS �2

�� � ;�)*� ;5�� ��>0
2 ����"���� �#��NN� ���"�

�AM�4+ 
� :� ;5�� ��)�� #��2 +���2 9�."4% 

3(  �
j+�MESS�>DNN%  �� 
� gNN� �E <� 
NN� �+ �
NN� 8 KNN� <4+ �

�>D%#���
>2� 
� ��T!��� ]23[. 

 

۳

 [
 D

O
I:

 1
0.

61
18

6/
ie

ijq
p.

13
.2

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ie
ijq

p.
ir

 o
n 

20
26

-0
5-

27
 ]

 

                             4 / 16

http://dx.doi.org/10.61186/ieijqp.13.2.1
http://ieijqp.ir/article-1-977-en.html


� 9�2� 6��10 �
*5�"�< :�
 �;�2 6�8 �
2
 

 

���� ���	
-  �
� ����� ��� ���� ��� ���� � ����� �	�� !�"#��$  ��
�%2 �!
�! ��
�%35 �
)*�
+ 1403        

 

٢-٢  ��5/�	  #�$��% ��&' �" �
��� ����

MESS  
 �"�0
Y2 9�� 6�����>D% <� ���"���4_5 �" K�<4+ �  �
=�

MESS  �"

 G0
F�2

��";� �1@ �#�� X�f� M�)H2 )1MILP�42�8 (�;% �;�� 

�2 �
�� �2�"� �" �A [
�c#I �� ���."4%  

١-٢-٢  ��5/�	 :�% � :-' ;<5�= ("�� !  

 �"! �^�
b>� ?�
Y2 �;2�"
��	��"
NNI  <� ?�;NN�  �� 6 �" "4NNI 42 �
NN�

�>D%ZY
 � Z�5 � �"
I�� �;% �;2 ��;)�I �
� :� [�4� ��;NN
 � .

�2 ��
� �= �� 9�� �NN�  ��NN=  �" �
�2 �	=�� � �8� �
���*2 
+ "4%

;
4% �;2 �#72 [�4� .  

 �" Z>NN%16 �
NN���;NN) �I �
NN� ���,��  ����,��  �<
NN* 0;2 ���NN�

�"
I ZY
 � Z�5 $)*�� �� �
�2��=
NN� ��  ��  �
NN	 
 �;NN%  �"�"

���.   

n m
,

t

mn wζ

,

t

nm wζ

  
 :��1   ��5/�	  8�$�!8>MESS���� �" �?("�� :�% � :-'   !   

 6Z>% 9�� �"�
� ��I �� ;��k+ ���� 6
����,��  ����,��  dNN
 � �" 
NN�

�;% $���+ #2�F � ��A ��#72��4
]
� .;
� 	  ��4
��< �
  GNN� +�+ ��

 ��
�% � �

2< ?
= ��
�% ��MESS .;NN
 ��" ��
NN% � 69�NN� e��  9NN� � �"

Y26�0
 ��= <� ��;)�I �
� ��  ���  ��;NN
 � 
NN��� <� ��;NN) �I �
NN�  � 

��=� �  ���  
��� 

	.��� �;% �"�" � ���,��  ����
NN�  �NN| �U)2 :�

 �� ����
NN> 2 MESS  ��
�NN%
 �

NN2 < ?
NN=  �" ?�	 ?� $)NN* �� �" ��

�"
I ZY
 � Z�5 ���2 �
���=� .;�� ���,�� ;%
� :� ����� )���,�� =
1( ��;� 9�� �� ��� 
��2 MESS  �" ��;NN) �I �
NN��� )���,�� = 1 (

 ."��" ���F 6�"
��	�! a�� �"��=�"
NNI  ZNNY 
 � Z�5 $)*�� �
� 6��

��= ;�

2 �
��  �� �
� 
� #�
 ��;)�I �
���  ���  �;% �<
*0;2

 69����
�� .��� �=�MESS  ��
�%
 �

2< ?
= �" ?�	��NN=  �" ?� �� ?�

 �
B
A 6;%
� �)8�= ���F���,�� "4� ;��4@ :� ����� )���,�� = 1.(   

 6�;% �c��� �;2 �� �I4+ 
� ��MESS �<
� �� �"�2 
��+ �

2< � ;
�4+

.;%
� �)%�" �4_5 �
� :� �"  �NN1 ��� �" �NNv 
�� �NǸ 
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