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● Independent research group integrated in the VCAI Department 
of MPI for Informatics  

● Research agenda at the intersection of CV, CG and ML 
● We collaborate in Germany and internationally on these topics 
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4D and Quantum Vision (4DQV) Group

Non-rigid 3D (=4D) 
Perception/Reasoning 

Quantum Computer Vision

Two Core Research Areas

1) explicit           and         2) implicit 
3D representations

1) What are the relevant problems? 
2) Real quantum hardware is in the foreground. 
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Non-rigid 3D (=4D) Perception/Reasoning

General Objects Hands 3D Human MoCap (different settings)

Volumetric 3D Representations Video/Action Manipulation

Survey: Tretschk and Kairanda et al., arXiv 2022. 
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Quantum Computer Vision

(Iterative) Matching methodsProblems solved by synchronisation
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Quantum Computer Vision

(Iterative) Matching methodsProblems solved by synchronisation

Methodology of mapping problems to quantum hardware 

qubit properties Constrained optimisation
......

AQC + ML
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3D Human MoCap with Physics Priors

Shimada et al., ACM SIGGRAPH 2021. 
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3D Human-Object Motion Capture

Dabral et al., ICCV 2021. 
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3D Human MoCap with a Scene Prior

Shimada et al., ECCV 2022. 
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Shimada et al., ECCV 2022. 

3D Human MoCap with a Scene Prior 9



Playable Environments

The Approach to Construct 
Playable Environments (PE) 

state vector 
for every object

Menapace et al., CVPR 2022. 
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Playable Environments

The Action Module 

The Synthesis Module 

The Approach to Construct 
Playable Environments (PE) 

state vector 
for every object

Menapace et al., CVPR 2022. 

descrete representation 
of the action

action variability 
embedding
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Playable Environments: Players Control

Menapace et al., CVPR 2022. 

Tennis Minecraft 
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Playable Environments



Playable Environments: Style Manipulation



Playable Environments: Style Manipulation



From a Classical to a Quantum Perspective 15



From a Classical to a Quantum Perspective

Copyright: D. Walliman. The Map of Quantum Computing, 2022. 

● QC are steadily improving 
● How can computer vision benefit from QC? 
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From a Classical to a Quantum Perspective

Copyright: D. Walliman. The Map of Quantum Computing, 2022. Copyright: Forschungszentrum Jülich / Sascha Kreklau

● QC are steadily improving 
● How can computer vision benefit from QC? 
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From a Classical to a Quantum Perspective

● QC are steadily improving 
● How can computer vision benefit from QC? 

Copyright: Forschungszentrum Jülich / JUNIQCopyright: D. Walliman. The Map of Quantum Computing, 2022. 

15



Foundations of Adiabatic Quantum Computing (AQC)

Kadowaki and Nishimori. Quantum Annealing in the Transverse Ising Model. Phys. Rev. E, 1998. 
Farhi et al. Quantum Adiabatic Evolution Algorithm Applied to Random Instances of an NP-Complete Problem. Science, 2001. 

Kadowaki and Nishimori, 1998 Farhi et al., 2001



Foundations of AQC (D-Wave)
Initial state: 

Final state encoding the 
problem and the data: 

Transition 
(simplified): 

Annealing functions (schedules) 

binary vector 
(qubits during optimisation)

qubit biases
(individual weights)

qubit couplings
(interaction weights)

Exemplary Q (QUBO, 21 qubits): Image: Willsch et al. Computer Physics Communications, 2022. 

Quadratic Unconstrained Binary 
Optimisation (QUBO) problem: 

Farhi et al. Quantum Adiabatic Evolution Algorithm Applied to Random Instances of an NP-Complete Problem. Science, 2001. 
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Five Steps of Every AQC Algorithm

Image: Birdal and Golyanik et al., CVPR 2021. 
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Five Steps of Every AQC Algorithm

Image: Birdal and Golyanik et al., CVPR 2021. 

18



D-Wave Quantum Annealers

2000Q Advantage Advantage 2

Images: Silva et al., QIP, 2021; Dwave. D-Wave QPU Architecture: Topologies. 

● 2048 qubits (16x16x8) 
● Nominal length 4 (internal couplers)   
● Degree 6 (+2 external qubits) 
● Internal and external couplers

● 5640 qubits (~16x16x24) 
● Nominal length 12 (internal couplers)   
● Degree 15 (+3 external qubits) 
● Internal, external and odd couplers 

● 7440 qubits (~15x15x32)  
● Nominal length 16 (internal couplers)   
● Degree 20 (+4 external qubits) 
● Internal, external and odd couplers 
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Permutation Synchronisation

2D or 3D inputs

Birdal and Golyanik et al., CVPR 2021. 
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Permutation Synchronisation

2D or 3D inputs

Birdal and Golyanik et al., CVPR 2021. 
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Permutation Synchronisation

Birdal and Golyanik et al., CVPR 2021. 
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Permutation Synchronisation

Birdal and Golyanik et al., CVPR 2021. 
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Permutation Synchronisation

Birdal and Golyanik et al., CVPR 2021. 

unconstrained constrained
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Permutation Synchronisation

Evaluations on the synthetic dataset (4 views and 4 points) 

Birdal and Golyanik et al., CVPR 2021. 

Detailed evaluations over all the subsets

22



Permutation Synchronisation

Bit corrections using multiple measurements of different energies

Evaluations on the synthetic dataset (4 views and 4 points) 

Birdal and Golyanik et al., CVPR 2021. 

Detailed evaluations over all the subsets
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Permutation Synchronisation

Birdal and Golyanik et al., CVPR 2021. 

Exemplary minor embeddings in the experiments with 
● n = 3, m = 3 (A, N = 49), 
● n = 4, m = 4 (B, N = 341), and 
● n = 3, m = 8 (C, N = 550). 
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Permutation Synchronisation

Birdal and Golyanik et al., CVPR 2021. 

Average number of measured 
optimal solutions

number of viewsnumber of views
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Exemplary minor embeddings in the experiments with 
● n = 3, m = 3 (A, N = 49), 
● n = 4, m = 4 (B, N = 341), and 
● n = 3, m = 8 (C, N = 550). 

Minor embedding functions
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Motion Segmentation

two-frame matches 
(known)

absolute segmentations
(unknown)

Goal: Classify points in multiple images into different motions

Arrigoni et al., ECCV 2022. 
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Motion Segmentation

two-frame matches 
(known)

absolute segmentations
(unknown)

Goal: Classify points in multiple images into different motions

Arrigoni et al., ECCV 2022. 
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Motion Segmentation

two-frame matches 
(known)

absolute segmentations
(unknown)

Goal: Classify points in multiple images into different motions

Arrigoni et al., ECCV 2022. 

?
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Permutation Synchronisation

binary variables each point belongs to one motion

Arrigoni et al., ECCV 2022. 
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Permutation Synchronisation

QuMoSeg-v1, dense Q

binary variables each point belongs to one motion

Arrigoni et al., ECCV 2022. 
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Permutation Synchronisation

QuMoSeg-v1, dense Q QuMoSeg-v2, sparse Q (additional assumptions) 

binary variables each point belongs to one motion

extra constraints

Arrigoni et al., ECCV 2022. 
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Motion Segmentation

Arrigoni et al., ECCV 2022. 

0.97 0.93 0.93 0.89

ground truth QuMoSeg Mode, ICCV’19 Synch, ICCVW’19 Xu et al., TPAMI’19
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Motion Segmentation

Arrigoni et al., ECCV 2022. 
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Motion Segmentation

Arrigoni et al., ECCV 2022. 

Chain strengths 

Accuracy under noisy inputs

Minor embedding functions

Optimal solution probabilities 
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Iterative AQC Algorithms 29



Iterative AQC Algorithms 29



Shape Matching with AQC

(permutation matrix) 

Seelbach Benkner et al., ICCV 2021. 
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Shape Matching with AQC

(permutation matrix) 

k-cycles:  

1 4 6

7 3 8

2

5

fixed points six-cycle

Disjoint permutations commute:  

1 2

3 4

6

7
5

four-cycle two-cycle

Seelbach Benkner et al., ICCV 2021. 
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k-cycles:  
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Shape Matching with AQC

Seelbach Benkner et al., ICCV 2021. 

Given: 3D shapes         and      , both discretised with       vertices.

Find: optimal 
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Shape Matching with AQC

Find: optimal 

Want to solve but cannot: 

Instead solve 

... leading to 
not submodular

Seelbach Benkner et al., ICCV 2021. 

Given: 3D shapes         and      , both discretised with       vertices.
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Shape Matching with AQC

Seelbach Benkner et al., ICCV 2021. 

32

repeat until converged
obtain        and        and choose from them a set of k random and disjoint 2-cycles 

construct a submatrix of worst matches

repeat until every 2-cycle occurred 

choose a random set of 2-cycles 

Initialise        via descriptor-based similarity

apply the obtained permutation to worst matches

calculate         and solve                               on QPU



Shape Matching with AQC

repeat until converged
obtain        and        and choose from them a set of k random and disjoint 2-cycles 

construct a submatrix of worst matches

repeat until every 2-cycle occurred 

choose a random set of 2-cycles 

Initialise        via descriptor-based similarity

apply the obtained permutation to worst matches

NP-hard; decides 
to apply       or not

Seelbach Benkner et al., ICCV 2021. 

calculate         and solve                               on QPU
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Shape Matching with AQC

Runtime 

Seelbach Benkner et al., ICCV 2021. 

Accuracy and convergence (FAUST)
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Shape Matching with AQC

Runtime Accuracy and convergence (FAUST)

optimal solution probabilities Minor embeddings 
(40 and 50 vertices) 

minor embedding statistics

Seelbach Benkner et al., ICCV 2021. 
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WIP: Matching Multiple Shapes with AQC

cycle consistency evolution of the matches
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WIP: Quantum Annealing with Learnt Couplings

Seelbach Benkner et al., arXiv, 2022. 
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WIP: Quantum Annealing with Learnt Couplings

Seelbach Benkner et al., arXiv, 2022. Hamming distance evolution over training epochs
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Conclusion

● QCV gains momentum
● QPUs as accelerators for CV, CG and ML 
● Our mission: To enhance the visibility of QCV in the communities   

Copyright: Forschungszentrum Jülich
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Thank You!


