
Physically-based Simulation of Cuts in Deformable Bodies: A Survey 

Technische Universität München 

Faculty of Informatics  

Jun Wu, Rüdiger Westermann, Christian Dick 

Physically-based Simulation of  

Cuts in Deformable Bodies 

Computer Graphics & Visualization Group 

TU München, Germany 

computer graphics & visualization 



Physically-based Simulation of Cuts in Deformable Bodies: A Survey 

Virtual Cutting in Computer Animation 

• Applications: computer games, visual effects 

[Steinemann et al. 2006] 

Meshfree method 

Video available at 

http://graphics.ethz.ch/research/geometry/

modeling/splitMergeCut.php  
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Virtual Cutting in Computer Animation 

• Applications: computer games, visual effects 

[Wicke et al. 2007] 

Polyhedral finite element 

method 

Video available at 

http://graphics.ethz.ch/publications/papers/

papers.php 
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Virtual Cutting in Surgery Simulation 

• Applications: surgery skill training, pre-operative planning 

[Courtecuisse et al. 2010] 

Surgery simulation on a 

patient data set 

SHACRA team at INRIA 

Video available at  

http://hal.inria.fr/hal-00686056 
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Motivation of the Report 

 Provide an overview of recent virtual cutting techniques 
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Motivation of the Report 

 Provide an overview of recent virtual cutting techniques 

• Share our experience and understanding on this topic 

 

 

[Dick et al. 2011] 

Hexahedral finite element 

method on an octree grid 

Armadillo:  

500k elements,  

10 seconds per frame 

Video available at 

http://wwwcg.in.tum.de/research/research/p

ublications/2011/a-hexahedral-multigrid-

approach-for-simulating-cuts-in-deformable-

objects.html 
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Motivation of the Report 

 Provide an overview of recent virtual cutting techniques 

• Share our experience and understanding on this topic 

 

 

[Wu et al. 2014] 

Haptic cutting of  

high-resolution soft tissues 

Liver:  

15 fps 

3k DOFs (170k elements)  Video available at 

http://wwwcg.in.tum.de/research/research/p

rojects/real-time-haptic-cutting.html 
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Motivation of the Report 

 Provide an overview of recent virtual cutting techniques 

• Share our experience and understanding on this topic 

• Discuss and identify future research problems 

– How to realistically simulate various cutting effects? 

 

 
Cutting in hospitals Cutting in kitchens 

Images removed due to copyright  



Physically-based Simulation of Cuts in Deformable Bodies: A Survey 

Virtual Cutting from a Computational Point of View 

 Incorporation of cuts into the computational model 

 Deformable body simulation 

Mesh-based  

modeling of cuts 

FE simulation of 

deformation 

2D illustration of 

cutting process 
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Virtual Cutting from a Computational Point of View 

 Incorporation of cuts into the computational model 

 Deformable body simulation 

o Detection and handling of collisions 

o Collision detection: STAR by Teschner et al. 2005 

o Realistic contact handling between a scalpel and a soft object: Open 

question 

Mesh-based  

modeling of cuts 

FE simulation of 

deformation 

2D illustration of 

cutting process 
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Cutting & Fracturing 

• Cutting 

– Controlled separation of a physical object 

– As a result of an acutely directed force, exerted through sharp tools 

• Fracturing 

– Cracking / breakage of (hard) objects 

– Under the action of stress 

 

 

Fracturing example Cutting example 

[Wu et al. 2014] [Pauly et al. 2005] 
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Cutting & Fracturing 

• from a computational point of view 

When and where a crack appears 
How the crack propagates 

Fracture  

model 

Scalpel-object 

interaction 

Geometric modeling 

of discontinuity 

Deformation model 

Numerical solver 

Collision detection 

Cutting Fracturing 

Contact resolution 
and force exchange 
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Challenges 

• Physical accuracy 

– Ability to represent arbitrarily-shaped cuts in geometry and topology 

– Ability to predicate the dynamic behavior  

 

• Solutions: 

– Dynamic local refinement of different spatial discretizations 

– Various finite element methods 

Examples of complicated cuts 

[Dick et al. 2011] [Steinemann et al. 2006] 
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Challenges 

• Physical accuracy 

• Robustness 

– Numerical stability in complicated scenarios, e.g., repeated cutting, thin 

slicing 

 

• Solution: to avoid ill-shaped elements, e.g., by virtual node 

algorithm, hexahedral discretization 

Repeated cutting Thin slicing 

[Dick et al. 2011] [Wicke et al. 2007] 
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Challenges 

• Physical accuracy 

• Robustness 

• Computation efficiency 

 

• Solutions: reducing #DOFs, efficient solvers, parallelization 

 

Surgery simulation  
with haptic feedback 

[Courtecuisse et al. 2010] 
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Outline 

follows the structure of the report 

 

• Introduction 

• Mesh-based Modeling of Cuts 

• Finite Element Simulation of Virtual Cutting 

• Numerical Solvers 

• Meshfree Methods 

• Summary & Application Study 

• Discussion & Conclusion 

 Principles and differences, not the implementation details 
 2D illustrations, but applicable to 3D volumetric cutting 


