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Dirk’s Spotlight

Postdoc at Cybernetics Department, NTNU, Norway
Working on combining MPC and RL for real-world systems
Interested in applications in energy systems
PhD in Cybernetics, worked on Optimal Control of
Unmanned Aerial Vehicles ( inside)



Two Communities

I Machine-Learning Community:

I Trial-and-error learning to
build policies directly from experience
(implicit)

I Offline Solution (explicit function)
I Simulation first
I Roots in Computer Science

I Control Community:

I Model-based optimization over
engineering models for planning (explicit)

I Online Solution (implicit function)
I Theory first
I Roots in Process Control

https://www.youtube.com/watch?v=v1qFzCmdF-A
https://youtu.be/3epWs63bOGs?si=_eH0EQsKQh615VPB&t=401


Synthesis of MPC and RL

I MPC and RL are complementary
approaches for solving MDPs

I Nearly orthogonal advantages:
weaknesses of one are strengths of the
other

I Growing research interest in combination
methods

I Illuminate differences, similarities, and
fundamentals enabling combinations

I Categorize existing work based on
actor-critic RL framework



Outline
Comparing MPC and RL
Inference Architectures

Parameterized
Parallel
Hierarchical
Integrated
Algorithmic

Taxonomy of Combination Approaches
MPC as an Expert Actor
MPC within the Deployed Policy

MPC as the Critic
MPC for Preprocessing/Postprocessing

Current Challenges
Summary
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I �*�?���H�H�2�M�;�2�, �a���7�2 �_�G �T�Q�H�B�+�B�2�b �Q�7�i�2�M �#�2�+�Q�K�2 �i�Q�Q �+�Q�M�b�2�`�p���i�B�p�2 �Q�` �K���v �b�i�B�H�H �p�B�Q�H���i�2 �+�Q�M�b�i�`���B�M�i�b�X
I �*�Q�K�K�Q�M �_�G ���T�T�`�Q���+�?�2�b�, �a���7�2 ���+�i�B�Q�M �b�2�i�b�- �G���;�`���M�;�2 �7�Q�`�K�m�H���i�B�Q�M�- �i�`�m�b�i�@�`�2�;�B�Q�M

�Q�T�i�B�K�B�x���i�B�Q�M�- �+�Q�M�i�`�Q�H�@�#���`�`�B�2�` �7�m�M�+�i�B�Q�M�b�- �J�S�* �#���b�2�/ �b���7�2�i�v �}�H�i�2�`

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �R�k



�P�m�i�H�B�M�2

�*�Q�K�T���`�B�M�; �J�S�* ���M�/ �_�G

�A�M�7�2�`�2�M�+�2 ���`�+�?�B�i�2�+�i�m�`�2�b
�S���`���K�2�i�2�`�B�x�2�/
�S���`���H�H�2�H
�>�B�2�`���`�+�?�B�+���H
�A�M�i�2�;�`���i�2�/
���H�;�Q�`�B�i�?�K�B�+

�h���t�Q�M�Q�K�v �Q�7 �*�Q�K�#�B�M���i�B�Q�M ���T�T�`�Q���+�?�2�b
�J�S�* ���b ���M �1�t�T�2�`�i ���+�i�Q�`
�J�S�* �r�B�i�?�B�M �i�?�2 �.�2�T�H�Q�v�2�/ �S�Q�H�B�+�v

���H�B�;�M�2�/ �G�2���`�M�B�M�;
�*�H�Q�b�2�/�@�G�Q�Q�T �P�T�i�B�K���H �G�2���`�M�B�M�;

�J�S�* ���b �i�?�2 �*�`�B�i�B�+
�J�S�* �7�Q�` �S�`�2�T�`�Q�+�2�b�b�B�M�;�f�S�Q�b�i�T�`�Q�+�2�b�b�B�M�;

�*�m�`�`�2�M�i �*�?���H�H�2�M�;�2�b

�a�m�K�K���`�v

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �R�j



�S���`���K�2�i�2�`�B�x�2�/ �P�*�S

�S���`���K�2�i�2�`�B�x�2�/ �P�*�S �r�B�i�? �T���`���K�2�i�2�`�b� �,

�P�*�S�,

�K�B�M
�x

�G� (�x)

�b:�i: �t0 = �b;

�t�F+1 = �7�K�T�+
�

�
�t�F; �m�F

�
; 0 � �F< �L;

0 � �?�K�T�+
�

�
�t�F; �m�F

�
; 0 � �F< �L;

0 � ~�?�K�T�+
�

�
�t�L

�
;

�P�#�D�2�+�i�B�p�2�,

�G� (�x) := ��o �K�T�+
� (�t�L )+

�L � 1X

�F=0

�H�K�T�+
�

�
�t�F; �m�F

�
:

�a�?�Q�`�i �M�Q�i���i�B�Q�M�,

�K�B�M
�x

�G� (�x) �b�X�i�X�;� (�x; �b) � 0:

�S���`���K�2�i�2�`�b� �+���M ���z�2�+�i�, �Q�#�D�2�+�i�B�p�2�G� �- �/�v�M���K�B�+�b�7�K�T�+
� �- ���M�/ �+�Q�M�b�i�`���B�M�i�b�?�K�T�+

� �X
�L�Q�i�2�,�;� �2�M�+�Q�/�2�b �#�Q�i�? �/�v�M���K�B�+�b ���M�/ �+�Q�M�b�i�`���B�M�i�b�X

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �R�9



�A�M�7�2�`�2�M�+�2 ���`�+�?�B�i�2�+�i�m�`�2�b

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �R�8



�S���`���K�2�i�2�`�B�x�2�/ ���`�+�?�B�i�2�+�i�m�`�2
���`�+�?�B�i�2�+�i�m�`�2�,�S���`���K�2�i�2�`�b� ���`�2 �+�Q�M�b�i���M�i ���M�/ �B�M�/�2�T�2�M�/�2�M�i �Q�7 �/�2�+�B�b�B�Q�M �p���`�B���#�H�2�b�x�Q�` �b�i���i�2�b

�E�2�v �+�?���`���+�i�2�`�B�b�i�B�+�b�,
I �S���`���K�2�i�2�`�b �H�2���`�M�2�/ �Q�|�B�M�2�- �}�t�2�/ �/�m�`�B�M�;

�/�2�T�H�Q�v�K�2�M�i
I �P�T�i�B�K�B�x���i�B�Q�M�@�7�`�B�2�M�/�H�v �J�S�* �7�Q�`�K�m�H���i�B�Q�M
I �L�Q �2�p���H�m���i�B�Q�M �Q�7 �?�B�;�?�H�v �M�Q�M�H�B�M�2���` �7�m�M�+�i�B�Q�M�b

���/�p���M�i���;�2�b�,

3 �S�`�2�b�2�`�p�2�b �J�S�* �T�`�Q�#�H�2�K �b�i�`�m�+�i�m�`�2

3 �L�Q �L�L �2�p���H�m���i�B�Q�M �/�m�`�B�M�; �B�M�7�2�`�2�M�+�2

3 �a�m�B�i���#�H�2 �7�Q�` �b�i���M�/���`�/ �J�S�* �b�Q�H�p�2�`�b

3 �G�Q�r�2�` �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�K�T�H�2�t�B�i�v

5 �G�2�b�b �~�2�t�B�#�B�H�B�i�v �i�?���M �b�i���i�2�@�/�2�T�2�M�/�2�M�i ���`�+�?�B�i�2�+�i�m�`�2�b

�1�t���K�T�H�2�b�,
I �a�B�K�T�H�B�}�2�/ �K�Q�/�2�H�b�(�*���B �2�i ���H�X �k�y�k�j�)

I �*�Q�b�i �7�m�M�+�i�B�Q�M �i�m�M�B�M�;

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �R�e



�S���`���K�2�i�2�`�B�x�2�/ ���`�+�?�B�i�2�+�i�m�`�2�, �1�t���K�T�H�2

I �"�m�B�H�/ �� �b�B�K�T�H�B�}�2�/ �J�S�* �b�+�?�2�K�2 ���M�/
�T���`���K�2�i�2�`�B�x�2 �K�Q�/�2�H�- �+�Q�b�i �+�Q�M�b�i�`���B�M�i�b

I �G�2���`�M �T���`���K�2�i�2�`�b �p�B�� �_�G

I �J���B�M�i���B�M�b �J�S�* �b�i�`�m�+�i�m�`�2�- �H�Q�r�2�` �B�M�7�2�`�2�M�+�2
�i�B�K�2 �+�Q�K�T���`�2�/ �i�Q �7�m�H�H �K�Q�/�2�H

�(�A�K���;�2�, �*���B �2�i ���H�X �k�y�k�j�)

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �R�d



�A�M�7�2�`�2�M�+�2 ���`�+�?�B�i�2�+�i�m�`�2�b

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �R�3



�S���`���H�H�2�H ���`�+�?�B�i�2�+�i�m�`�2
���`�+�?�B�i�2�+�i�m�`�2�,�J�S�* �T�`�Q�#�H�2�K �m�b�m���H�H�v �M�Q�i �T���`���K�2�i�2�`�B�x�2�/�c �L�L �2�p���H�m���i�2�/ �B�M �T���`���H�H�2�H �i�Q �+�Q�`�`�2�+�i
�J�S�* �Q�m�i�T�m�i

�E�2�v �+�?���`���+�i�2�`�B�b�i�B�+�b�,
I �J�S�* �T�`�Q�#�H�2�K �i�v�T�B�+���H�H�v �M�Q�i �T���`���K�2�i�2�`�B�x�2�/
I �L�L �2�p���H�m���i�2�/ �B�M �T���`���H�H�2�H �i�Q �J�S�* �Q�T�i�B�K�B�x���i�B�Q�M
I �L�L �Q�m�i�T�m�i �+�Q�`�`�2�+�i�b �Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M �Q�` �p���H�m�2

�7�m�M�+�i�B�Q�M
I �J�S�* ���M�/ �L�L �Q�T�2�`���i�2 �B�M�/�2�T�2�M�/�2�M�i�H�v

�h�`���/�2�@�Q�z�b�,
I �L�Q �/�B�z�2�`�2�M�i�B���i�B�Q�M �i�?�`�Q�m�;�? �Q�T�i�B�K�B�x���i�B�Q�M3
I �S�Q�i�2�M�i�B���H�H�v �m�M�b���7�2 ���+�i�B�Q�M�b �/�m�2 �i�Q �T�2�`�i�m�`�#���i�B�Q�M5

�1�t���K�T�H�2�b�,
I �o���H�m�2 �7�m�M�+�i�B�Q�M ���T�T�`�Q�t�B�K���i�B�Q�M

�(�"�?���`�/�r���D �2�i ���H�X �k�y�k�y�)

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �R�N



�S���`���H�H�2�H�, �1�t���K�T�H�2

I �l�b�2 �J�S�* �7�Q�` �H�Q�+���H �p���H�m�2 �2�b�i�B�K���i�2�b

I �L�L �T�`�Q�p�B�/�2�b �+�Q�`�`�2�+�i�B�Q�M�b

I �"�H�2�M�/ �#�Q�i�? �2�b�i�B�K���i�2�b �p�B�� �r�2�B�;�?�i�B�M�; �7���+�i�Q�`�

I �A�K�T�`�Q�p�2�b �/���i�� �2�{�+�B�2�M�+�v ���M�/ ���/�/�b �b�i�`�m�+�i�m�`�2

�(�A�K���;�2�, �"�?���`�/�r���D �2�i ���H�X �k�y�k�y�)

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �k�y



�A�M�7�2�`�2�M�+�2 ���`�+�?�B�i�2�+�i�m�`�2�b

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �k�R



�>�B�2�`���`�+�?�B�+���H ���`�+�?�B�i�2�+�i�m�`�2
���`�+�?�B�i�2�+�i�m�`�2�,�L�L �T�`�Q�p�B�/�2�b �B�M�T�m�i �i�Q �J�S�*�- �T���`���K�2�i�2�`� �/�2�T�2�M�/�b �Q�M �b�i���i�2 �p�B��� = ' � (�b)

�E�2�v �+�?���`���+�i�2�`�B�b�i�B�+�b�,
I �L�L �2�p���H�m���i�2�/�#�2�7�Q�`�2�b�Q�H�p�B�M�; �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K
I �6�m�M�+�i�B�Q�M' � (�b) �2�p���H�m���i�2�/ �B�M�/�2�T�2�M�/�2�M�i�H�v �Q�7 �J�S�*
I �L�Q�M�H�B�M�2���`�B�i�v �/�Q�2�b �M�Q�i ���z�2�+�i �Q�T�i�B�K�B�x���i�B�Q�M �b�i�`�m�+�i�m�`�2
I �S���`���K�2�i�2�` �+�?���M�;�2�b �K���v ���z�2�+�i �+�Q�M�p�2�`�;�2�M�+�2

�h�`���/�2�Q�z�b�,

3 �P�T�i�B�K�B�x���i�B�Q�M �M�Q�i �?���`�/�2�` �i�Q �b�Q�H�p�2

3 �L�Q �L�L �B�M�b�B�/�2 �Q�T�i�B�K�B�x���i�B�Q�M

3 �a�i���M�/���`�/ �J�S�* �b�Q�H�p�2�`�b �r�Q�`�F

5 �J�S�* �i�?�2�Q�`�v �K���v �M�Q�i �?�Q�H�/

�1�t���K�T�H�2�b�,
I �_�2�7�2�`�2�M�+�2 �i�`���D�2�+�i�Q�`�v�(�"�`�B�i�Q �2�i ���H�X

�k�y�k�R�)�(�_�2�B�i�2�` �2�i ���H�X �k�y�k�j�)

I �*�Q�b�i �K�Q�/�B�}�+���i�B�Q�M�(�_�Q�K�2�`�Q �2�i ���H�X

�k�y�k�9�)

I �*�Q�M�b�i�`���B�M�i �K�Q�/�B�}�+���i�B�Q�M�(�C���+�[�m�2�i

�2�i ���H�X �k�y�k�9�)

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �k�k



�>�B�2�`���`�+�?�B�+���H�, �1�t���K�T�H�2

�(�A�K���;�2�, �_�Q�K�2�`�Q �2�i ���H�X �k�y�k�9�)

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �k�j



�A�M�7�2�`�2�M�+�2 ���`�+�?�B�i�2�+�i�m�`�2�b

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �k�9



�A�M�i�2�;�`���i�2�/ ���`�+�?�B�i�2�+�i�m�`�2
���`�+�?�B�i�2�+�i�m�`�2�,�S���`���K�2�i�2�`�b �/�2�T�2�M�/ �Q�M �#�Q�i�? �b�i���i�2�b���M�/ �Q�T�i�B�K�B�x���i�B�Q�M �p���`�B���#�H�2�b�x�p�B��
� = ' � (�b; �x)

�E�2�v �+�?���`���+�i�2�`�B�b�i�B�+�b�,
I �L�L �B�b �T���`�i �Q�7 �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K �B�i�b�2�H�7
I �*���M�M�Q�i �#�2 �2�p���H�m���i�2�/ �b�2�T���`���i�2�H�v �7�`�Q�K �Q�T�i�B�K�B�x���i�B�Q�M

���H�;�Q�`�B�i�?�K
I �L�L �2�M�+�Q�/�2�`�b�f�/�2�+�Q�/�2�`�b �B�M�7�2�` �b�i���i�2�b�- �`�2�r���`�/�b�-

�i�`���M�b�B�i�B�Q�M �K�Q�/�2�H�b
I �P�m�i�T�m�i�b �p���H�m�2 �7�m�M�+�i�B�Q�M�o �K�T�+

� �Q�` �/�2�+�B�b�B�Q�M �p���`�B���#�H�2�b
�x?

�h�`���/�2�Q�z�b�,

5 �>�B�;�?�H�v �M�Q�M�H�B�M�2���`�- �T�Q�b�b�B�#�H�v �M�Q�M�+�Q�M�p�2�t

5 �*�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2

5 �_�2�[�m�B�`�2�br �x' � (�x; �b)

�1�t���K�T�H�2�b�,
I �G���i�2�M�i �b�T���+�2 �J�S�*�(�G�Q�r�`�2�v �2�i ���H�X

�k�y�R�N�)

I �L�L �i�`���M�b�B�i�B�Q�M �K�Q�/�2�H�b�(�a���H�x�K���M�M

�2�i ���H�X �k�y�k�j�)�(���/�?���m �2�i ���H�X �k�y�k�9�)

I �*�Q�b�i �7�m�M�+�i�B�Q�M�(�a�2�2�H �2�i ���H�X �k�y�k�k�)

�a�v�M�i�?�2�b�B�b �.�B�`�F �_�2�B�M�?���`�/�i�- �L�h�L�l�- �C���b�T�2�` �>�Q�z�K���M�M�- �l�M�B�p�2�`�b�B�i�v �Q�7 �6�`�2�B�#�m�`�;�- �k�8
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