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• Implicit solver

•[Otaduy et al. 2009]

•[Kaufman et al. 2008]

• [Erleben et al. 2007]

•[Daviet et al. 2011]
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CLOTH DYNAMICS (WITHOUT CONTACTS)
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SIGNORINI-COULOMB FRICTIONAL CONTACTS
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LOCAL RELATIVE VELOCITY
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LINEARIZED DYNAMICS WITH COULOMB FRICTION
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DUAL APPROACH
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TOWARDS A PRIMAL APPROACH
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RESTRICTED SETTING
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NODAL CONTACTS
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SYSTEM WITH ORTHOGONAL EXTENSION
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SOLVING THE PRIMAL SYSTEM
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ORTHOGONAL EXTENSION FOR SELF CONTACTS
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LAYERED CONTACTS
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PIN CONSTRAINT
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THE ISSUE WITH NODAL SOLVER

Nodal solver

Edge-Edge

Vertex-Face

In cloth mesh

Edge-Edge

Vertex-Face

Strategy: 

Move the contact to the closest vertex.
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Adaptive refinement

[Narain et al. 2012]

Solution

MOVING CONTACTS INTRODUCES PROBLEMS
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Remeshing metrics [Narain et al. 2012]
•velocity
•curvature
•distance to obstacle
•etc.

Obstacle metric (for each vertex close to obstacle)

|'i(ui)� 'i(uj)| < |'i(ui)|
<latexit sha1_base64="Pj9cE6ffPTDnsi6hLSLIxIvW0Zw=">AAACOHicdVDLSsNAFJ3UV62vqEs3g0VoF5ZECrpwUXDjzgr2AW0Ik+mkHZ1MwsykUNJ+lhs/w524caGIW7/ASZuFtvXAwOGce5h7jxcxKpVlvRi5ldW19Y38ZmFre2d3z9w/aMowFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLe7hK/daQCElDfqdGEXEC1OfUpxgpLbnmzbg7RCIaUJeWugFSA89P4olLy/AULnXuy2N4Cf9LjV2zaFWsKeAisTNSBBnqrvnc7YU4DghXmCEpO7YVKSdBQlHMyKTQjSWJEH5AfdLRlKOASCeZHj6BJ1rpQT8U+nEFp+rvRIICKUeBpyfTLeW8l4rLvE6s/AsnoTyKFeF49pEfM6hCmLYIe1QQrNhIE4QF1btCPEACYaW7LugS7PmTF0nzrGJbFfu2WqxVszry4AgcgxKwwTmogWtQBw2AwSN4Be/gw3gy3oxP42s2mjOyzCH4A+P7B9iHrZM=</latexit><latexit sha1_base64="Pj9cE6ffPTDnsi6hLSLIxIvW0Zw=">AAACOHicdVDLSsNAFJ3UV62vqEs3g0VoF5ZECrpwUXDjzgr2AW0Ik+mkHZ1MwsykUNJ+lhs/w524caGIW7/ASZuFtvXAwOGce5h7jxcxKpVlvRi5ldW19Y38ZmFre2d3z9w/aMowFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLe7hK/daQCElDfqdGEXEC1OfUpxgpLbnmzbg7RCIaUJeWugFSA89P4olLy/AULnXuy2N4Cf9LjV2zaFWsKeAisTNSBBnqrvnc7YU4DghXmCEpO7YVKSdBQlHMyKTQjSWJEH5AfdLRlKOASCeZHj6BJ1rpQT8U+nEFp+rvRIICKUeBpyfTLeW8l4rLvE6s/AsnoTyKFeF49pEfM6hCmLYIe1QQrNhIE4QF1btCPEACYaW7LugS7PmTF0nzrGJbFfu2WqxVszry4AgcgxKwwTmogWtQBw2AwSN4Be/gw3gy3oxP42s2mjOyzCH4A+P7B9iHrZM=</latexit><latexit sha1_base64="Pj9cE6ffPTDnsi6hLSLIxIvW0Zw=">AAACOHicdVDLSsNAFJ3UV62vqEs3g0VoF5ZECrpwUXDjzgr2AW0Ik+mkHZ1MwsykUNJ+lhs/w524caGIW7/ASZuFtvXAwOGce5h7jxcxKpVlvRi5ldW19Y38ZmFre2d3z9w/aMowFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLe7hK/daQCElDfqdGEXEC1OfUpxgpLbnmzbg7RCIaUJeWugFSA89P4olLy/AULnXuy2N4Cf9LjV2zaFWsKeAisTNSBBnqrvnc7YU4DghXmCEpO7YVKSdBQlHMyKTQjSWJEH5AfdLRlKOASCeZHj6BJ1rpQT8U+nEFp+rvRIICKUeBpyfTLeW8l4rLvE6s/AsnoTyKFeF49pEfM6hCmLYIe1QQrNhIE4QF1btCPEACYaW7LugS7PmTF0nzrGJbFfu2WqxVszry4AgcgxKwwTmogWtQBw2AwSN4Be/gw3gy3oxP42s2mjOyzCH4A+P7B9iHrZM=</latexit><latexit sha1_base64="Pj9cE6ffPTDnsi6hLSLIxIvW0Zw=">AAACOHicdVDLSsNAFJ3UV62vqEs3g0VoF5ZECrpwUXDjzgr2AW0Ik+mkHZ1MwsykUNJ+lhs/w524caGIW7/ASZuFtvXAwOGce5h7jxcxKpVlvRi5ldW19Y38ZmFre2d3z9w/aMowFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLe7hK/daQCElDfqdGEXEC1OfUpxgpLbnmzbg7RCIaUJeWugFSA89P4olLy/AULnXuy2N4Cf9LjV2zaFWsKeAisTNSBBnqrvnc7YU4DghXmCEpO7YVKSdBQlHMyKTQjSWJEH5AfdLRlKOASCeZHj6BJ1rpQT8U+nEFp+rvRIICKUeBpyfTLeW8l4rLvE6s/AsnoTyKFeF49pEfM6hCmLYIe1QQrNhIE4QF1btCPEACYaW7LugS7PmTF0nzrGJbFfu2WqxVszry4AgcgxKwwTmogWtQBw2AwSN4Be/gw3gy3oxP42s2mjOyzCH4A+P7B9iHrZM=</latexit>

The projection of the edge 
length in contact normal 
direction 

Distance to the 
obstacle

ADAPTIVE REMESHING
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ISSUES OF THE OBSTACLE METRIC
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|'i(ui)|
<latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit><latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit><latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="c8BCNrD916EMUe4XDZUx7gm17F0=">AAAB93icbZBPS8MwGMbfzn9zTq3exEtwCPMyWi/zKHjxOMH9gbWUNEu3sDQtSToY3fDiV/HiQRG/iTe/jem2g24+EPjxPAl53ydMOVPacb6t0tb2zu5eeb9yUD08OrZPqh2VZJLQNkl4InshVpQzQduaaU57qaQ4DjnthuO7Iu9OqFQsEY96mlI/xkPBIkawNlZgn828CZbpiAWs7sVYj8Ioz+YBu5oFds1pOAuhTXBXUIOVWoH95Q0SksVUaMKxUn3XSbWfY6kZ4XRe8TJFU0zGeEj7BgWOqfLzxQpzdGmcAYoSaY7QaOH+fpHjWKlpHJqbxZRqPSvM/7J+pqMbP2cizTQVZPlRlHGkE1T0gQZMUqL51AAmkplZERlhiYk2rVVMCe76ypvQuW64TsN9cKAM53ABdXChCbdwDy1oA4EneIE3eLeerVfrY1lXyVr1dgp/ZH3+ADTPljI=</latexit><latexit sha1_base64="c8BCNrD916EMUe4XDZUx7gm17F0=">AAAB93icbZBPS8MwGMbfzn9zTq3exEtwCPMyWi/zKHjxOMH9gbWUNEu3sDQtSToY3fDiV/HiQRG/iTe/jem2g24+EPjxPAl53ydMOVPacb6t0tb2zu5eeb9yUD08OrZPqh2VZJLQNkl4InshVpQzQduaaU57qaQ4DjnthuO7Iu9OqFQsEY96mlI/xkPBIkawNlZgn828CZbpiAWs7sVYj8Ioz+YBu5oFds1pOAuhTXBXUIOVWoH95Q0SksVUaMKxUn3XSbWfY6kZ4XRe8TJFU0zGeEj7BgWOqfLzxQpzdGmcAYoSaY7QaOH+fpHjWKlpHJqbxZRqPSvM/7J+pqMbP2cizTQVZPlRlHGkE1T0gQZMUqL51AAmkplZERlhiYk2rVVMCe76ypvQuW64TsN9cKAM53ABdXChCbdwDy1oA4EneIE3eLeerVfrY1lXyVr1dgp/ZH3+ADTPljI=</latexit><latexit sha1_base64="X0o0aBAwbpV72BCL5+TVG+lb6AI=">AAACAnicbVBNS8NAEJ3Ur1q/op7ES7AI9VISEfRY8OKxgv2AJoTNdtMu3WzC7qZQ0uLFv+LFgyJe/RXe/Ddu2hy09cHA470ZZuYFCaNS2fa3UVpb39jcKm9Xdnb39g/Mw6O2jFOBSQvHLBbdAEnCKCctRRUj3UQQFAWMdILRbe53xkRIGvMHNUmIF6EBpyHFSGnJN0+m7hiJZEh9WnMjpIZBmKUzn15MfbNq1+05rFXiFKQKBZq++eX2Y5xGhCvMkJQ9x06UlyGhKGZkVnFTSRKER2hAeppyFBHpZfMXZta5VvpWGAtdXFlz9fdEhiIpJ1GgO/Mr5bKXi/95vVSFN15GeZIqwvFiUZgyS8VWnofVp4JgxSaaICyovtXCQyQQVjq1ig7BWX55lbQv645dd+7tauOqiKMMp3AGNXDgGhpwB01oAYZHeIZXeDOejBfj3fhYtJaMYuYY/sD4/AG0VJeN</latexit><latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit><latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit><latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit><latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit><latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit><latexit sha1_base64="TsiTh0C7KzBj1W5B8c6rApU+q8U=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkoiBV0W3LisYB/QhDCZTtqhkwczk0JJixt/xY0LRdz6Fe78GydtFtp64MLhnHu59x4/4Uwqy/o21tY3Nre2Szvl3b39g0Pz6Lgt41QQ2iIxj0XXx5JyFtGWYorTbiIoDn1OO/7oNvc7Yyoki6MHNUmoG+JBxAJGsNKSZ55OnTEWyZB5rOqEWA39IEtnHrucembFqllzoFViF6QCBZqe+eX0Y5KGNFKEYyl7tpUoN8NCMcLprOykkiaYjPCA9jSNcEilm81fmKELrfRREAtdkUJz9fdEhkMpJ6GvO/Mr5bKXi/95vVQFN27GoiRVNCKLRUHKkYpRngfqM0GJ4hNNMBFM34rIEAtMlE6trEOwl19eJe2rmm3V7Pt6pVEv4ijBGZxDFWy4hgbcQRNaQOARnuEV3own48V4Nz4WrWtGMXMCf2B8/gC1lJeR</latexit>
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Unnecessary refinements 

Inadequate refinements

Old metric [Narain et al. 2012] New metric
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COMPARISON WITH ANALYTICAL RESULTS
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•Nonexistence of solutions

Conclusion

Discussion and limitations

• Implicit frictional contact solver with exact Coulomb’s law

•Future generalization

•Accuracy of nodal constraints

•On Theoretical guarantees of robustness

•Extended to self contacts and layered contacts.

•Nodal solver with adaptive refinement

CONCLUSIONS AND DISCUSSIONS

!28



THANK YOU

!29



!30


