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Vcdc =
Vc|Iδ

− Vdc|Iδ

2Iδ
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Cnominal () � n *+  

Ctcoef *,�- αc +,++( ◦�−1

βc + ◦�−2 Acap +,�-

Bcap +,. Vbodc /,+0( &

Kbodc +,*/ & P1dc ) &� 

P2dc *,1 P3dc +,/- & 

P4dc *,( P5dc +,+/ & 

acmt /+,-1 bcmt +,((

Vboc / & Kboc +,*� &

P1c � P2c +,0�

P3c +,)0 & P4c *,/

P5c +,+1� & Agas /,/) &

Bgas *,.- & αgas +,++/ ◦�−1

αfc +,++/ ◦�−1 αrdc +,++- ◦�−1

αrc +,+/( ◦�−1 Afonsc /,)( &

Bfonsc /,+** & Aτsc *-,1  

Bτsc 0(/  Cτsc *,�-
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U(t) = U0 − gDoD(t) + ρc(t)
I(t)

CN
+ ρcMc

I(t)

CN

SoC(t)

Cc − SoC(t)
, ∀I(t) > 0 ;I%HL<
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'

U(t) = U0 − gDoD(t) + ρd(t)
I(t)

CN

+ ρdMd
I(t)

CN

DoD(t)

Cd − DoD(t)
, ∀I(t) � 0 ;I%HM<
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Ucorr(t) = Ucorr,0 −
10

13
gDoD(t) + 0,5ρc(t)

I(t)

CN
+ 0,5ρcMc

I(t)

CN

SoC(t)

Cc − SoC(t)
, ∀I(t) > 0 213*04
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'

Ucorr(t) = Ucorr,0 −
10

13
gDoD(t) + 0,5ρd(t)

I(t)

CN
+ 0,5ρdMd

I(t)

CN

DoD(t)

Cd − DoD(t)
, ∀I(t) � 0 213*.4
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Igas =
CN

100 *�
Igas,0 exp(cu(U − Ugas,0) + cT (T − Tgas,0)) ;I%45<
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• cT � � 
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SoC(t) = SoC(0) +

∫ t

0

I(τ) − Igas(τ)
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(Ucorr < 1, 74) ∆W (t) = ksx
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x =

(

∆W (t − ∆t)

ks

)1/0,6

+ ∆t

(Ucorr � 1, 74) ∆W (t) = ∆W (t − ∆t) + ks∆t ;I%4I<
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ρcorr(t) = ρcorr,limit
∆W (t)

∆Wlimit

;I%4J<
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∆Wlimit
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? P = PD ∪ PDF � T = TD ∪ TDF [
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��=���� �� ��
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��[
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 �� ���
	 �
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����	 �� ���
�� 
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• HPi,Tj
: PDF ×TD → X. � ��
 ������ �� ����
������� 
���


�
 
� ��
� ����� ;AT < !��


���
�
 �� ���
	 �
)�	��


� �� ���	
�
 ;Pi ∈ PDF < � �	
��
��� �
�
	��
 ;Tj ∈ TD<% *

�
�
�
�
��� �� Tj � ��C�
�
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�	�� �� �
��	�� �
� �
	
"��
� �� ���
�� xk 
���


�
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�� 
 �
	

��� �� ���
	 Pi%

• JTj ,Pi
: TD × PDF → X. � ��
 ������ �� '������ 
���


�
 
� ��
� ����� ;AT < !��


���
�
 ��
 �	
��
��� �
�
	��
 ;Tj ∈ TD< 
 �� ���
	 �
)�	��


� �� �
$�
 ;Pi ∈ PDF <%

JTj ,Pi
��C�� �� ����� �
��	�� �
� �
	
"��
� �� ���
�� xk 
���


��� 
�� 
 �
	

��� ��

���
	 �
)�	��


� Pi 
 �� � �
� 
	� �� Tj % �
	
 �� 

��� �� !�� JTj ,Pi
��� � ��C�
�
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JTj ,Pi
� 
 )����� 
����
�
��[ �

• M0 : P → N �� R
l. 	� 	�����
 
 �
	

��� 
�



� �
 	��� �� t = 0% �
	
 �� ���
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�
	��� ;�
)�	��


�< Pi ∈ PD ;Pi ∈ PDF <. 
 ��
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��� � �
	

��� 
�



� ���

	� 	�����
�
�  �	 mD(Pi)(t) ;mC(Pi)(t)< � mD0(Pi)(t) ;mC0(Pi)(t)<. 	�� �
�
�
�����%

*���� ���
�$%� ��  �� 3�
�

* �
	

��� �� ��
 2�A� � 	� 	�����
�
  �	 mD(Pi)(t) �� mC(Pi)(t). �� ��=
. 
 �
	

���

�� �� ���
	 Pi �� ��� � t �� ���� �� �
 � �� ���
	%

• �
	
 �� ���
	 �
�
	���. 
 �
	

��� � �� 
���
	� ��� ���
�
��. �� ��=
. �� Pi ∈ PD.

����� mD(Pi)(t) ∈ N%

• �
	
 �� ���
	 �
)�	��


�. 
 �
	

��� � �� ����	 	�
�. �� ��=
. �� Pi ∈ PDF . �����

mC(Pi)(t) = X � mC0(Pi)(t) = X0% ��	�
���. 
 �
	

��� �� �� ���
	 �
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�)� #�
��	�"���� 2334(� ����� ���./�� �,� ����
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	� 	�����
 � ����	 �� ���
�� 
���$��� �� 3A%

mC(Pi)(t) = X = [ x1 x2 . . . xl ]T
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��� �� ��
 2�A� � 	� 	�����
�
 �
 )�	�
 �� �� ����	 
����
 
�� 
 ����
���

���	���	
'

M(t) = [ MD(t) MC(t) ]T = [ [ mD(P1)(t) . . .mD(Pn)(t)]T mC(Pn+1)(t) . . .mC(Pr)(t) ]T

����

• M(t) � 
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 	��� �� ��� �[

• MD(t) � 
 �
	

��� �
�
	��
 �
 	��� �� ��� �[ �

• MC(t) � 
 �
	

��� 
���$��
 �
 	��� �� ��� �%

*���� ���� �� ������
4�$%�

�
	
 ��
 �	
��
��� �
�
	��
' �� Tj ∈ TD. ����� T (Tj) = dj ∈ R
≥0. ���� dj � � ��� � ��


�	
�� 
���


�� 
 �	
��
��� Tj% 3� dj = 0. ����� 
 �	
��
��� Tj �@�
��
	" � ��� �
� 
	�


���

�
����� 
 �� ��	 �
�
�
�
�
%

*���� ��	�
$5�� ����

 "���� ���� � ���� � �� ��  �� 3�
�

3�=
� •Tj ;•Pi< � T •
j ;P •

i < �� 
��=����� ��  	���
����	�� � ��
����	�� �
 �	
��
��� Tj ;��

���
	 Pi<. 	�� �
�
�
�����%
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���� � �	� ��������� �������
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����� ���� ��������� �������
��
 �� 	��	� 
���� ���
����*

+
%	 �����& ����� ��
�� ���	��� ��(�	 ��� � 	��	� 
���* ,��	�
	����& �� Pi ∈ PD �

Tj ∈ PDF ��
 ��� Pi ∈ •Tj -���
* Pi ∈ T •
j .& ����� Pi ∈ T •

j -���
�
��(�	���� Pi ∈ •Tj. �

PreDDF (Pi, Tj) = PosDDF (Pi, Tj)* /��� 
������� 
�������� ��� � 	��
���� �� ����� ��


������ ���
����� % �	 ������� 
��� ���
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���� �� ����*



�
������ *� ��	

���
� +���� �� ,��	� -��	��
� ��.�	��
�
�� LI

P1

T1
.
X

�
��	
 K%I' ����
���  
	�

��
	 �� ��
 2�A�  
	
 �
	
��
	 
 
����	
�
�� �
 �
	

��� ��

���
	�� �
�
	���� 
���
�
��� 
 �	
��
�>�� �
)�	��



�. ����� 

�� 
 �
	

��� �� P1%

���
 
���
���  ��� ��	 ����	�
�
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 �
��	
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)�	��


� T1 �
	
���� 



����	
�
�� �
 �
	

��� �� P1%

'�7�
	
� � �	 ��
� ���	�
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��� �	� ��������� �������
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 � �	 
���� �����

���
��
& 	�� � 
����0���& ��� % 
��	�����* ,��	�
	����& �� Pi ∈ PDF � Tj ∈ PDF &

����� •Tj ∩ Pi = ∅* /��� 
�������& 
������& ��� 
�	��� � 	���
���	 �� �	� ���1	�
�


���#��� 
�����2 �. � ������ �� �	 
���� �������
��
 ��� ��3���
�� ������	���� � ����
��

�����4������
������ �� �	� ��������� �������
��
5 �. � �(�
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���� 6 ��������� Tj �� ������� � ��� 
�
� �������

�� ��
� ���	�
 ��� �� 
���
��*
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���
��� � 
����	
�
 �� ������ 2�A� �
 �
��	
 K%K ;
<% * �
�
�
�
��� �� T1 ���

�� ���� �
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��� �� P2. � ����	
 �@
��
 �� 
	
� �
	�

��
�� �� T1  
	
 P2. 
��� ���


� �


 !�� 
 �
	

��� 
���$��
 �� P2 ����	". ��	
�
��	

�����. 
	��
�	% �
	
 
��C	�
	

���
 
���
���.  ������ ����	�
	 
 �������� �
 �
	
"��� �� ���
�� 
���$��� x1 �
 �
��	
 K%K

;�<% ,���� 

��. � �
���
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 	�� ���
 �
��	
� �� �� 3A 
�� 
 ��
� �� ���� �� � �	
���%

* �
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� ẋ = −x% / ���
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���$��� 
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� mC0(P2)(t) = X0 = [3]%
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�
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�
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� �@�� ��� �� ���
	�� �� )����%
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���� Tj ���0 ����
����� �� ��	
� t& �� � ��	���� ��& 
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�
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 �� 
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���
��	��� ����(%� �� �	

��
�� ����������& �� ����� 
������ �8	 �	� 	��
���� �������� �� 
��� ��� ��
�� ����������


�����
��������* +
%	 �����& 
��� 
��� 
���� �������
��
 �� �������& � ���
�
��(� ������

�� ����
������ HPi,Tj
��(� ��� 
����
��� (���������* ,��	�
	����& 
��� Tj ∈ TD& ����� Tj

�����0 ����
����� �� � ��	���� ��2

• ∀Pi ∈ PD ∩ •Tj& mD(Pi)(t) ≥ PreD(Pi, Tj)5

• ∀Pi ∈ PD ∩ •Tj, mD(Pi)(t) < PreI(Pi, Tj)5 �

• ∀Pi ∈ PDF ∩ •Tj& HPi,Tj
= 9���������*

A��� � :�� % 
��	����� �������� ��	�
�����	���� 6 �	� ��������� ���
���� -Tj ∈ TD. �	�

��������� �� ��	
� dj � �	� ������ �� ����
������ HPi,Tj
*

A��� � �	� ��������� ���
���� -Tj ∈ TD. ��� ��� 
����� 
���� ���
���� �� ������� ���0

��	
�� ����
�����* /
� % ���� �	� ��������� ���
���� �����*

�
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��	
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�
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�����
�������& �� ��'�& �� Tj ∈ TDF & ����� ∀Pi ∈ PD ∩ •Tj& mD(Pi)(t) ≥ PreDDF (Pi, Tj)*

P�=
 � ������ 2�A� ����	
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 �
��	
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<. ���� � ���
	 �
�
	��� P1 ��� ��
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��� ��C

����  
	
 �
�
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��� �
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� T2%

A��� � �	� ��������� �������
��
 -Tj ∈ TDF . ��� ��� 
����� 
���� ���
���� �� ������� ���0
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�����* /
� % ���� �	� ��������� �������
��
 �����*
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���� ���
���� �� ������� 6 ��������� ���
���� % ��	�(��� ��

���
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��(� 
���� ���
���� �� �������& �������� �	 ��	��� �� �
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��� �� ��
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	����&

• �� T (Tj) = dj = 0& ����� � ��������� Tj ∈ TD �)�
��� � ��� ���
��� �	������	����

�
<� ��� ����
�����* +���	& ∀Pi ∈ PD ∩ •Tj& mD(Pi)(t) = mD(Pi)(t) − PreD(Pi, Tj) �

∀Pi ∈ PD ∩ T •
j & mD(Pi)(t) = mD(Pi)(t) + PosD(Pi, Tj)*

• �� T (Tj) = dj �= 0& ����� Tj ∈ TD ���
��� �� ��	
� t+dj& ∀Pi ∈ PD∩•Tj& mD(Pi)(t+

dj) = mD(Pi)(t) − PreD(Pi, Tj) � ∀Pi ∈ PD ∩ T •
j & mD(Pi)(t + dj) = mD(Pi)(t) +

PosD(Pi, Tj)*
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��� ��
� ����� -AT . ��� 
���
�� ���� ��������� ���
���� Tj ∈ TD � �	 
���� �������
��


�� ��#��& ����� � ���
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% �

�
��� 6� (���0(��� �� ������ �� 
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�������
��
 �� ��#�� -Pi ∈ PDF ∩ T •
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<� � ���
��� ����� ���������*
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��� ������� ∆t& ���� ∆t % �
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� ����
����� � τ % � 
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����� ��


0
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j & mC(Pi)(t + τ) = X& ���� X % � ��(� (����

�� ������ 
���#��� 
�

�
���*

/ ������ 2�A�� ����	
�� �
 �
��	
 K%L ;
< � ��
�
9
��  
	
 
����	
	 � �
� 
	� �� ��


�	
��
��� �
)�	��


�% ,���� 

��. T3 ��� 
 ����
��� 
���
��� �� U�@�
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��� �
�
	��
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 �� ���
	 �
�
	��� P1 ���
�� 
 
��� �� PreDDF (P1, T2) = 1%
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�� � ��� � dj% *� 
���
�>��

�� �
�
�
�
��� � �
� 
	� )�	
� ��C�
�
� �
 3���� K%I%K%

*� )���>�� PreD(Pi, Tj) � PosD(Pi, Tj)  ���� ��	 ��
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⎣
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⎥
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⎢

⎣
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⎥
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��
��� �
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• Ik = [θk, θ
′
k] ∀k < N [
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��� IN = [θN , θ′N ] �� IN = [θN , θ′N)[ �
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• θk ≤ θ′k = θk+1 ∀k%
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	� �� ��
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• PD = {P1, P2}[

• TD = {T1, T2}[

• PDF = {P3}[

• TDF = {T3}[

• PreD(P1, T1) = 0. PreD(P1, T2) = 0. PreD(P2, T1) = 0. PreD(P2, T2) = 1[

• PosD(P1, T1) = 1. PosD(P1, T2) = 0. PosD(P2, T1) = 0. PosD(P2, T2) = 0[

• PreI(P1, T1) = 0. PreI(P1, T2) = 0. PreI(P2, T1) = 1. PreI(P2, T2) = 0[

• T (T1) = d1 = 2. T (T2) = 0[

• PreDDF (P2, T3) = 1[

• PosDDF (P2, T3) = 1[

• PosDF (P3, T3) = X[

• X = [ x1 x2 ]T
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• JT2,P3 : x1 = 0 ; �	 �@�� ��<[ �

• M0(t) = [ [ mD0(P1) = 0 mD0(P2) = 1 ]T mC0(P3) ]T % /��� mC0(P3) � � ���
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���	 
�)�	�
�>�� �� ���
�� �
�
	��� 
��
� �� 3A ;MDSH
<[

∗ 2�
���	 � ����	 ;VC<[

∗ *��
�
9
	 � ��� ���
�� �
�
	��� MDSUP
[

∗ ���

	 � ����	 ;VD<[

∗ ���

	 � ���� ���
�� �
�
	��� ;MDSH
< �� 3A%

/ ���
�� �
�
	��� ����
� �� 3A83� �	�
��	 � �
��  �	'

MD = MDSUP
∪ MDSH
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��

����� H& �� �������@�� ���
����� ��� ����
������ 
�
�� 
�����@�� �� ��������� �� ���� � 
��


�����@�� �� ��	
��������*

A��� � :�	 �"4��
��(���� 	���
��� 
�	 ��  !"$� � ��� ��� 
����� ����@�� �� '�����

J & � ��� ������ 
���#��� ��� ����� ��
���& (�'� �� ���@�� A*B � A*A*C*

,���� 8������ VC � VD

/ ����	 �� 
���	��� �
� �	
��
�>�� �
�
	��
� VC � 
����	�$�� �
 ����
��� �
��
	
% �
	
 ��


2�A� 
�� m �	
��
�>�� �
�
	��
�. � �:��	� �� )���>�� �� �
�
�
�
��� HTj
� �� �"@
��


��
� 
 m% ��	�
���. 
 

	�
�
�
�
�� �� VC  ��� ��	 0 ≤ |VC | ≤ m% ��	�
������.

VC = [ λT1 , λT2, . . . , λTm
] �� VC = ∅

����

• λTj
� � � �	
��	 �� �
�
�
�
��� �
 �	
��
��� �
�
	��
 Tj % / �
��	 �
�"	
� �� λTj

�

��C�
�� �
 ����
��� �
��
	
'

? 3� 
 
���
��� �� HTj
� ��	�
��
	
 ����� λTj

= 1. �� ��=
. 
 	�� �
�
�
 �	
��
���

�
�
	��
 ���� �
� 
	
	. ��

? 3� 
 
���
��� �� HTj
� )
��
 ����� λTj

= 0. �� ��=
. 
 	�� �
�
�
 �	
��
��� �
�
	��


��� ���� �
� 
	
	%

A��� - :�	�  !"$& ��� % 
��	����� ����
��� 	��� �� �	� ������ �� ����
������ � �	�

	��	� ��������� ���
����*

/ ����	 �
� �	
��
�>�� �
� 
	
�
� VD � 
����	�$�� �
 ����
��� �
��
	
% �
	
 ��


2�A� 
�� m �	
��
�>�� �
�
	��
�. � �:��	� �� )���>�� �� =����� JTj
� �� �"@
�� 
��
�


 m% ��	�
���. 
 

	�
�
�
�
�� �� VD  ��� ��	 0 ≤ |VD| ≤ m% ��	�
������.

VD = [ ρT1 , ρT2 , . . . , ρTm
] �� VD = ∅

����
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• ρTj
� � � �	
��	 �� �@�
���� �
 )����� �� =����� JTj


���


�
 
 ��
 �	
��
���

�
�
	��
 Tj% / �
��	 �
�"	
� �� ρTj
� ��C�
�� �
 ����
��� �
��
	
'

? 3� ρTj
= 1 
 	�� �
�
�
 )����� �� =����� JTj

���� ��	 �@�
��
�
. ��

? 3� ρTj
= 0 
 	�� �
�
�
 )����� �� =����� JTj

��� ���� ��	 �@�
��
�
%

A��� 0 :�	�  !"$& ��� % 
��	����� ����
��� 	��� �� �	� ������ �� '����� � �	�

	��	� ��������� ���
����*

/� ����	�� VC � VD ��� 
��
�
9
��� 
 

�
  
��� �� �
���
���%

,���� ������"��
� �� ��	��� $%� �� � ���)
���

,���� �	
�
���. � �� �	�
��	 � 
� 
�>�� �� 
���	��� ��� 
�
��$�
� �
 ���	���	
 �� ������

2�A�% * ���������

 �� 
����	���� �� �� �	�
��	 
�� 
� 2�A�� � 
�� ���
 �
� ����
����

��
 
�'

H% ���
� ��� �� ������ 2�A� ��� 
���	��� �� 3A%

4% ���
� ��� �� ������ 2�A� �
�
	��� �� �� �	�
��	%

;
< ���
� ��� �� ������ 2�A� �
�
	��� ��� 
���	��� �� �� �	�
��	%

;�< �
	
 

�
 �� �

C

��� �� � �	
���  
	
 � 3A 
 ��	 
���	��
��. 
�
��
	 �
 ���	��

��	
 �� ������ �� �� �	�
��	 �� ��������� ��
���"	
��  
	
 �
	
��
	 !�� 
 �� ��



C

��� ��=
 
����
�
%

;
< �
	
 

�
 �	
��
��� �
�
	��
 �� ������ �� �� �	�
��	. !�� ��� � ��� �
� 
	�


���	��
��  ��
 �
�B�


 
���$��
. ��C�
	 � 
	
� ����� � 
 	�� �
�
�
� )����� ��

�
�
�
�
���%

;�< �
	
 

�
 �	
��
��� �
�
	��
 �� ������ �� �� �	�
��	. !�� 
 �� � ���  	���

 ��

�
��� �� ���
�� 
���$���. ��C�
	 � 
	
� ����� � 
 	�� �
�
�
� )���>�� �� =�����%

;�< �
	
 

�
 �	
��
��� �
�
	��
 �� ������ �� �� �	�
��	. �� !�� � ��
���"	
� 
�	
�

��
	 ��
 	���	
��� �� ��� �. ��C�
	 �� ��� � �� 
�	
�� dj %

�
��� � ������ 2�A�  
	
 � �� �	�
��	 
��� � ������ 2�A�  
	
 � 3A 
 ��	 
���

�	��
��  ���� ��	 )�	�
���  �	 
�� ��
��� �� �"	
�� ����������� 2�A�%
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	�
 �� �
��	

� �!45IH 
©. ��=
 � * #��

� �%

��	��� $%� �� ����"� 3�
� ���� � �
-� ���)
���

H% ,���� �@�� ��. 
 �
�B�


 
���$��
 �� 3A � 
�� ���
 �� !�
�	� ����� �� ��������'

• 2����
��� �� ������' �����
��  ���� ��������� P6. T23 � P16%

• 2����
��� �� 
�		����' �����
��  ���� ��������� P7. T24 � P16%

• �
	�
 	" 
�
  	
�

 
�' �����
��  ���� ��������� P8. T25 � P16%

• �
	�
 	" 
�
 �
��������' �����
��  ���� ��������� P9. T26 � P16%

/ ������ 2�A� �� 3A � ����	
�� �
 �
��	
 J%K ;�<%

4% / ������ 2�A� �� �� �	�
��	 � ����	
�� �
 �
��	
 J%K ;
<%

;
< * ���	���	
  	
�

 
� ������ �
�
	��� �� �� �	�
��	 � )�	�
�
  ���� ���������

P1. T1. P2. P3. T2. P4. T3. P5. T5. P6. T7. P7. T8. P8. T9 � P9%

;�< �� �

C

�>�� �� 
���	���'

• *  	
��
	
 �� �

C

��� �� 
���	��� � 
 ��	
C

��� �� ��� �	
��	
 
�



� �


�
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 !�
� � �����
�
  ��
� �	
��
�>�� T3 � T4% ,����  ���� � ��
���"	
�


�
��
	 �� ������ � ���
	 P11  
	
 	� 	�����
	 
 
���
��� �� 

	�
  �������

 �	 ��� �	
��	
 �
 �
��	

 )�	
 �� )

@
%

• * ������
 �� �

C

��� �� 
���	��� � 
 ��	
C

��� �
 
���
��� �
 �
��	

.
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	 � ���
�� ��

��)�
�� �
 �
��	

 ��	
��� �  	�
���� �� 

	�
 � 
�
��$�� � ���
	 P10 ��

������%
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 �	
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 	� 	�����
	 � ������ �
��	

 ���	
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�
�
�
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��� �
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• T5 
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�� d5 = 500 ��% 2� 	�����
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• T11 
�� �� 
�	
�� d11 = tQT1 �% 2� 	�����
 � �
�
�� �� ��� �  �	�
�
��

 
	
 � ����� �� !�
�
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• T12 
�� �� 
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�� d12 = tQT2 �% 2� 	�����
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�
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/� ������� 2�A�� ����	
��� �
 �
��	
 J%K ��� ��C�
���. )�	�
������. 
 ����
	%

• PD = {P1, P2, . . . , P15}[ TD = {T1, T2, . . . , T22}[

• PDF = {P16}[ TDF = {T23, T24, T25, T26}[

• PreD(P1, T1) = 1. PreD(P2, T2) = 1. PreD(P4, T3) = 1. PreD(P4, T4) = 1.

PreD(P5, T5) = 1. PreD(P5, T6) = 1. PreD(P6, T7) = 1. PreD(P6, T11) = 1.

PreD(P6, T17) = 1. PreD(P7, T8) = 1. PreD(P7, T12) = 1. PreD(P7, T19) = 1.

PreD(P8, T9) = 1. PreD(P8, T13) = 1. PreD(P8, T21) = 1. PreD(P9, T10) = 1.

PreD(P9, T14) = 1. PreD(P10, T15) = 1. PreD(P11, T16) = 1. PreD(P11, T18) = 1.

PreD(P11, T20) = 1. PreD(P11, T22) = 1. PreD(P12, T16) = 1. PreD(P13, T18) = 1.

PreD(P14, T20) = 1. PreD(P15, T22) = 1[

• PosD(P2, T1) = 1. PosD(P2, T2) = 1. PosD(P3, T2) = 1. PosD(P4, T2) = 1.

PosD(P4, T15) = 1. PosD(P5, T3) = 1. PosD(P5, T22) = 1. PosD(P6, T5) = 1.

PosD(P6, T16) = 1. PosD(P7, T7) = 1. PosD(P7, T18) = 1. PosD(P8, T8) = 1.

PosD(P8, T20) = 1. PosD(P9, T9) = 1. PosD(P10, T6) = 1. PosD(P10, T11) = 1.

PosD(P10, T12) = 1. PosD(P10, T13) = 1. PosD(P10, T14) = 1. PosD(P11, T4) = 1.

PosD(P11, T17) = 1. PosD(P11, T19) = 1. PosD(P11, T21) = 1. PosD(P12, T17) = 1.

PosD(P13, T19) = 1. PosD(P14, T21) = 1. PosD(P15, T4) = 1[

• PreI(P2, T1) = 1. PreI(P3, T2) = 1[

• T (T5) = d5. T (T11) = d11 = tQT1. T (T12) = d12 = tQT2[

• PreDDF (P6, T23) = 1. PreDDF (P7, T24) = 1. PreDDF (P8, T25) = 1.

PreDDF (P9, T26) = 1[

• PosDDF (P6, T23) = 1. PosDDF (P7, T24) = 1. PosDDF (P8, T25) = 1.

PosDDF (P9, T26) = 1[
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• PosDF (P16, T23) = X. PosDF (P16, T24) = X. PosDF (P16, T25) = X.

PosDF (P16, T26) = X[

• X = [ VCELL SOC T ]T [

• U = [ ISNS ]T [

• Ẋ{T23} = V̇CELL, SȮC[

• Ẋ{T24} = V̇CELL, SȮC[

• Ẋ{T25} = V̇CELL, SȮC[

• Ẋ{T26} = V̇CELL, SȮC[

• HP16,T3 : (T ≥ TMIN) ∧ (T ≤ TMAX)[ HP16,T4 : (T < TMIN) ∨ (T > TMAX)[

• HP16,T5 : (VCELL > VLCO) ∧ (VCELL < VHCO)[ HP16,T6 : (VCELL < VLCO) ∨ (VCELL >

VHCO)[

• HP16,T7 : ISNS ≥ ICOND[ HP16,T8 : VCELL ≥ VMIN [ HP16,T8 : VCELL ≥ VBLK [

• HP16,T10 : VCELL < VMIN [ HP16,T11 : (t = d11) ∨ (VCELL < VLCO) ∨ (VCELL > VHCO)[

• HP16,T12 : (t = d12) ∨ (VCELL < VLCO) ∨ (VCELL > VHCO)[ HP16,T13 : (VCELL <

VLCO) ∨ (VCELL > VHCO)[

• HP16,T14 : (VCELL < VLCO) ∨ (VCELL > VHCO)[ HP16,T15 : (VCELL ≥ VLCO) ∨ (VCELL ≤
VHCO)[

• HP16,T16 : (T ≥ TMIN) ∧ (T ≤ TMAX)[ HP16,T17 : (T < TMIN) ∨ (T > TMAX)[

• HP16,T18 : (T ≥ TMIN) ∧ (T ≤ TMAX)[ HP16,T19 : (T < TMIN) ∨ (T > TMAX)[

• HP16,T20 : (T ≥ TMIN) ∧ (T ≤ TMAX)[ HP16,T21 : (T < TMIN) ∨ (T > TMAX)[

• HP16,T22 : (T ≥ TMIN) ∧ (T ≤ TMAX)[

• ���� ������ ��� 
����� )���>�� �� =�����%
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• M0 = [ [ 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ]T X0 ]T % /���. X0 = [ VCELL0 SOC0 T0 ]T � �

���
�� 
���$��� 
�
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 J%K%
6�"�
 7�	� �
���
���

P1 8 ��

�"���
 �����"���

P2 8 ��

�"���
 ��"���

P3 8 ������
������ �� ���	�
���
� ��"���

P4 8 9�
�-
�
 ���	�
���
� ���
���

P5 8 7��	�
���
� �� ����
�� �� ���:�

P6 8 ;�"���.,� �� ����,�

P7 8 ;�"���.,� �� 
�

����

P8 8 ��
"� 
<	��� 	
��
�	��

P9 8 ��
"� 
<	��� �������.,�

P10 8 )����� �� �����

P11 8 ��
"� 	�������

P12 8 6�"�
 �� 
���
���

P13 8 6�"�
 �� 
���
���

P14 8 6�"�
 �� 
���
���

P15 8 6�"�
 �� 
���
���

P16 8= X = [ VCELL SOC T ]T

3�� "����� �� �
� "�$%�

* ����
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T4 8 ��
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T5 8 ��
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� �� ������ �� 
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T6 8 ��
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T7 8 ��
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T8 8 ��
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� �� ������ �� 
�
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 ���
� �� ������ �� 
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T11 8 ��
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T12 8 ��

�"���
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T13 8 ��
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T15 8 ��
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T23 8= )� 
���>��� �� (VCELL � SOC) ∈ X? )���./�� �� ��.,� 1�1

T24 8= )� 
���>��� �� (VCELL � SOC) ∈ X? )���./�� �� ��.,� 1�1

T25 8= )� 
���>��� �� (VCELL � SOC) ∈ X? )���./�� �� ��.,� 1�1

T26 8= )� 
���>��� �� (VCELL � SOC) ∈ X? )���./�� �� ��.,� 1�1
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�� ��=
. (T ≥ TMIN) ∧ (T ≤ TMAX)% ��	�
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��
�>�� �
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� T4. T22. T16.
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P12 8= X = [ PFV PGE VBB SOCBB Pc Ic ]T
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P7 8 AA �� ������ �� ���:� ����,�

P8 8 AA �� ������ �� 
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�� �� ������ ��
��� �� �	�
�.,�
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� �� ������ �� ���
�
"�

T10 8 AA 
���
�� �� ������ �� 
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T17 8= )� 
���>��� �� (x3 = VBB � x4 = SOCBB) ∈ X

T18 8= )� 
���>��� �� (x3 = VBB � x4 = SOCBB) ∈ X
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• PD = {P1, P2, . . . , P11}[ TD = {T1, T2, . . . , T13}[

• PDF = {P12}[ TDF = {T14, T15, . . . , T19}[

• PreD(P1, T1) = 1. PreD(P2, T2) = 1. PreD(P3, T3) = 1. PreD(P4, T4) = 1.

PreD(P5, T5) = 1. PreD(P5, T7) = 1. PreD(P6, T6) = 1. PreD(P6, T2) = 1.

PreD(P6, T4) = 1. PreD(P7, T8) = 1. PreD(P7, T11) = 1. PreD(P8, T5) = 1.

PreD(P8, T8) = 1. PreD(P8, T9) = 1. PreD(P9, T6) = 1. PreD(P9, T7) = 1.

PreD(P9, T10) = 1. PreD(P10, T13) = 1. PreD(P11, T11) = 1. PreD(P11, T12) = 1.

PreD(P11, T7) = 1[

• PosD(P1, T2) = 1. PosD(P2, T1) = 1. PosD(P3, T4) = 1. PosD(P4, T3) = 1.

PosD(P5, T6) = 1. PosD(P5, T7) = 1. PosD(P6, T5) = 1. PosD(P6, T2) = 1.

PosD(P6, T4) = 1. PosD(P7, T7) = 1. PosD(P7, T11) = 1. PosD(P8, T5) = 1.

PosD(P8, T8) = 1. PosD(P8, T10) = 1. PosD(P9, T6) = 1. PosD(P9, T7) = 1.

PosD(P9, T9) = 1. PosD(P10, T11) = 1. PosD(P10, T12) = 1. PosD(P11, T7) = 1.

PosD(P11, T13) = 1[

• PreI(P6, T1) = 1. PreI(P6, T3) = 1. PreI(P7, T13) = 1. PreI(P10, T9) = 1[

• T (T13) = d13. T (T12) = d12[

• PreDDF (P2, T14) = 1. PreDDF (P2, T16) = 1. PreDDF (P4, T15) = 1.

PreDDF (P4, T17) = 1. PreDDF (P8, T16) = 1. PreDDF (P8, T17) = 1.

PreDDF (P9, T18) = 1. PreDDF (P11, T19) = 1[

• PosDDF (P2, T14) = 1. PosDDF (P2, T16) = 1. PosDDF (P4, T15) = 1.

PosDDF (P4, T17) = 1. PosDDF (P8, T16) = 1. PosDDF (P8, T17) = 1.

PosDDF (P9, T18) = 1. PosDDF (P11, T19) = 1[
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• PosDF (P12, T14) = X. PosDF (P12, T15) = X. PosDF (P12, T16) = X.

PosDF (P12, T17) = X. PosDF (P12, T18) = X. PosDF (P12, T19) = X[

• X = [ PFV PGE VBB SOCBB Pc Ic ]T [

• U = [ G, Tamb, Vv, IBB ]T [

• Ẋ{T14} = ṖFV [

• Ẋ{T15} = ṖGE [

• Ẋ{T16} = V̇BB, ˙SOCBB[

• Ẋ{T17} = V̇BB, ˙SOCBB[

• Ẋ{T18} = V̇BB, ˙SOCBB[

• Ẋ{T19} = Ṗc, İc[

• HP12,T5 : VBB >= 2�[ HP12,T6 : VBB <= 22�[

• HP12,T7 : VBB <= �0�[ HP12,T8 : VBB >= 20�[

• HP12,T9 : (PFV + PGE < Pc)[ HP12,T10 : (PFV + PGE) > Pc[

• JT11,P12 : Pc = 0[ JT12,P12 : Pc = 0[ JT13,P12 : Pc = Pcnom
[

• M0 = [ [ 0 1 0 1 1 0 0 1 0 1 0 ]T X0 ]T %

/���. X0 = [ PFV0 PGE0 VBB0 SOCBB0 Pc0 Ic0 ]T � � ���
�� 
���$��� 
�
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MD0 = [ 0 1 0 1 1 0 0 1 0 1 0 ]T MD24 = [ 0 1 0 1 0 0 1 0 1 1 0 ]T

MD1 = [ 0 1 0 1 1 0 0 1 0 0 1 ]T MD25 = [ 0 1 1 0 0 0 1 0 1 0 1 ]T

MD2 = [ 0 1 0 1 0 1 0 1 0 0 1 ]T MD26 = [ 0 1 1 0 0 0 1 1 0 0 1 ]T

MD3 = [ 0 1 0 1 0 1 0 1 0 1 0 ]T MD27 = [ 0 1 1 0 0 0 1 1 0 1 0 ]T

MD4 = [ 1 0 0 1 0 1 0 1 0 1 0 ]T MD28 = [ 0 1 1 0 0 0 1 0 1 1 0 ]T

MD5 = [ 1 0 0 1 0 1 0 1 0 0 1 ]T MD29 = [ 1 0 1 0 1 0 0 1 0 1 0 ]T

MD6 = [ 1 0 1 0 0 1 0 1 0 0 1 ]T MD30 = [ 1 0 1 0 1 0 0 1 0 0 1 ]T

MD7 = [ 1 0 1 0 0 1 0 1 0 1 0 ]T MD31 = [ 1 0 0 1 1 0 0 1 0 0 1 ]T

MD8 = [ 1 0 1 0 0 1 0 0 1 0 1 ]T MD32 = [ 1 0 0 1 1 0 0 1 0 1 0 ]T

MD9 = [ 1 0 1 0 0 1 0 0 1 1 0 ]T MD33 = [ 1 0 0 1 1 0 0 0 1 0 1 ]T

MD10 = [ 1 0 1 0 1 0 0 0 1 1 0 ]T MD34 = [ 1 0 0 1 1 0 0 0 1 1 0 ]T

MD11 = [ 0 1 1 0 1 0 0 0 1 1 0 ]T MD35 = [ 1 0 0 1 0 0 1 0 1 0 1 ]T

MD12 = [ 0 1 1 0 1 0 0 1 0 1 0 ]T MD36 = [ 1 0 0 1 0 0 1 1 0 0 1 ]T

MD13 = [ 0 1 1 0 1 0 0 1 0 0 1 ]T MD37 = [ 1 0 0 1 0 0 1 1 0 1 0 ]T

MD14 = [ 0 1 1 0 0 1 0 1 0 0 1 ]T MD38 = [ 1 0 0 1 0 0 1 0 1 1 0 ]T

MD15 = [ 0 1 1 0 0 1 0 1 0 1 0 ]T MD39 = [ 1 0 1 0 1 0 0 0 1 0 1 ]T

MD16 = [ 0 1 1 0 0 1 0 0 1 0 1 ]T MD40 = [ 1 0 1 0 0 0 1 0 1 0 1 ]T

MD17 = [ 0 1 1 0 0 1 0 0 1 1 0 ]T MD41 = [ 1 0 1 0 0 0 1 1 0 0 1 ]T

MD18 = [ 0 1 1 0 1 0 0 0 1 0 1 ]T MD42 = [ 1 0 1 0 0 0 1 1 0 1 0 ]T

MD19 = [ 0 1 0 1 1 0 0 0 1 0 1 ]T MD43 = [ 1 0 1 0 0 0 1 0 1 1 0 ]T

MD20 = [ 0 1 0 1 1 0 0 0 1 1 0 ]T MD44 = [ 1 0 0 1 0 1 0 0 1 0 1 ]T

MD21 = [ 0 1 0 1 0 0 1 0 1 0 1 ]T MD45 = [ 1 0 0 1 0 1 0 0 1 1 0 ]T

MD22 = [ 0 1 0 1 0 0 1 1 0 0 1 ]T MD46 = [ 0 1 0 1 0 1 0 0 1 0 1 ]T

MD23 = [ 0 1 0 1 0 0 1 1 0 1 0 ]T MD47 = [ 0 1 0 1 0 1 0 0 1 1 0 ]T
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 $���� L%
MD0

→ T13[d13]/1, T5/3 MD24
→ T10/23

MD1
→ T12[d12]/0, T5/2, T9/19 MD25

→ T10/26, T11/28, T12[d12]/28, T3/21

MD2
→ T12[d12]/3, T2/5, T4/14, T9/46 MD26

→ T11/27, T12[d12]/27, T3/22, T8/13, T9/25

MD3
→ T13[d13]/2, T2/4, T4/15 MD27

→ T3/23, T8/12

MD4
→ T13[d13]/5, T4/7 MD28

→ T10/27, T3/24

MD5
→ T12[d12]/4, T4/6, T9/44 MD29

→ T1/12, T13[d13]/30, T3/32, T5/7

MD6
→ T12[d12]/7, T9/8 MD30

→ T1/13, T12[d12]/29, T3/31, T5/6, T9/39

MD7
→ T13[d13]/6 MD31

→ T1/1, T12[d12]/32, T5/5, T9/33

MD8
→ T10/6, T12[d12]/9, T6/39 MD32

→ T1/0, T13[d13]/31, T5/4

MD9
→ T10/7, T13[d13]/8, T6/10 MD33

→ T1/19, T10/31, T12[d12]/34, T7/35

MD10
→ T1/11, T10/29, T13[d13]/39, T3/34 MD34

→ T1/20, T10/32, T13[d13]/33

MD11
→ T10/12, T13[d13]/18, T3/20 MD35

→ T1/21, T10/36, T11/38, T12[d12]/38

MD12
→ T13[d13]/13, T3/0, T5/15 MD36

→ T1/22, T11/37, T12[d12]/37, T8/31, T9/35

MD13
→ T12[d12]/12, T3/1, T5/14, T9/18 MD37

→ T1/23, T8/32

MD14
→ T12/15, T2/6, T9/16 MD38

→ T1/24, T10/37

MD15
→ T13[d13]/14, T2/7 MD39

→ T1/18, T10/30, T12[d12]/10, T3/33, T7/40

MD16
→ T10/14, T12[d12]/17, T2/8, T6/18 MD40

→ T1/25, T10/41, T11/43, T12[d12]/43, T3/35

MD17
→ T10/15, T13[d13]/16, T2/9, T6/11 MD41

→ T1/26, T11/42, T12[d12]/42, T3/36, T8/30, T9/40

MD18
→ T10/13, T12[d12]/11, T3/19, T7/25 MD42

→ T1/27, T3/37, T8/29

MD19
→ T10/1, T12[d12]/20, T7/21 MD43

→ T1/28, T10/42, T3/38

MD20
→ T10/0, T13[d13]/19 MD44

→ T10/5, T12[d12]/45, T4/8, T6/33

MD21
→ T10/22, T11/24, T12[d12]/24 MD45

→ T10/4, T13[d13]/44, T4/9, T6/34

MD22
→ T11/23, T12[d12]/23, T8/1, T9/21 MD46

→ T10/2, T12[d12]/47, T2/44, T4/16, T6/19

MD23
→ T8/0 MD47

→ T10/3, T13[d13]/46, T2/45, T4/17, T6/20
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