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Winding 
Numbers?
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At a given point, winding number is an integer defined as the signed length 
of the projection of a closed curve onto a circle divided by       .

What are Winding Numbers?
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Generalized Winding Numbers
The winding numbers is generalized to any real value defined for open curves 
and surfaces in this SIGGRAPH’13 paper:
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Generalized Winding Numbers

Curve: 
Sum of over

5

Surface: 
Sum of Solid Angles over 2⇡
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Generalized Winding Numbers
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• Outside: 0

• Inside with certainty: 1

• Natural inside-outside  

threshold: 0.5



Generalized Winding Numbers
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• Outside: 0

• Inside with certainty: 1

• Natural inside-outside  

threshold: 0.5



Generalized Winding Numbers Papers
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SIGGRAPH’13 SIGGRAPH’16 SIGGRAPH’18



Generalized Winding Numbers Papers
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Fast Winding Numbers for Soups and Clouds
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[Jacobson et al. 2013] 
• Runs on tetrahedrons

• Divide-and-conquer based

• Could degenerate to  

naive sum (slow) for point cloud data

[Barill et al. 2018] 
• Runs on arbitrary query points

• Tree based abstraction

• Can handle point clouds

Speed up



Winding Numbers from Two Viewpoints
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https://www.kisspng.com/png-solid-angle-
sphere-cone-steradian-angle-665787/
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<latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit>

Looking out to the surface from a given 
query point:

w(q) =
1

4⇡

Z

S
d⌦(q)

<latexit sha1_base64="mSBLMSisTCIIQI6YO+VUzUtfdng="></latexit><latexit sha1_base64="mSBLMSisTCIIQI6YO+VUzUtfdng="></latexit><latexit sha1_base64="mSBLMSisTCIIQI6YO+VUzUtfdng="></latexit><latexit sha1_base64="mSBLMSisTCIIQI6YO+VUzUtfdng="></latexit>
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q
<latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit>

d⌦
<latexit sha1_base64="+53qE9doxUz2C5oxDxBhtHccCec=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yI2y3gxZsJmAWSIfT09CRNunvG7h4hhIDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6YcqZNp737iwsLi2vrObW8usbm1vbhZ3dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4GLiN2+p0iyR12aY0kDgnmQxI9hYqRWhzpWgPdwtFD33/KRcOvbRb+K73hRFmKPaLbx1ooRkgkpDONa67XupCUZYGUY4Hec7maYpJgPco21LJRZUB6PpvWN0aJUIxYmyJQ2aql8nRlhoPRSh7RTY9PVPbyL+5bUzE58FIybTzFBJZovijCOToMnzKGKKEsOHlmCimL0VkT5WmBgbUd6G8Pkp+p80Sq7vuX6tXKzU7mZx5GAfDuAIfDiFClxCFepAgMM9PMKTc+M8OM/Oy6x1wZlHuAff4Lx+ABS6kHM=</latexit><latexit sha1_base64="+53qE9doxUz2C5oxDxBhtHccCec=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yI2y3gxZsJmAWSIfT09CRNunvG7h4hhIDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6YcqZNp737iwsLi2vrObW8usbm1vbhZ3dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4GLiN2+p0iyR12aY0kDgnmQxI9hYqRWhzpWgPdwtFD33/KRcOvbRb+K73hRFmKPaLbx1ooRkgkpDONa67XupCUZYGUY4Hec7maYpJgPco21LJRZUB6PpvWN0aJUIxYmyJQ2aql8nRlhoPRSh7RTY9PVPbyL+5bUzE58FIybTzFBJZovijCOToMnzKGKKEsOHlmCimL0VkT5WmBgbUd6G8Pkp+p80Sq7vuX6tXKzU7mZx5GAfDuAIfDiFClxCFepAgMM9PMKTc+M8OM/Oy6x1wZlHuAff4Lx+ABS6kHM=</latexit><latexit sha1_base64="+53qE9doxUz2C5oxDxBhtHccCec=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yI2y3gxZsJmAWSIfT09CRNunvG7h4hhIDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6YcqZNp737iwsLi2vrObW8usbm1vbhZ3dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4GLiN2+p0iyR12aY0kDgnmQxI9hYqRWhzpWgPdwtFD33/KRcOvbRb+K73hRFmKPaLbx1ooRkgkpDONa67XupCUZYGUY4Hec7maYpJgPco21LJRZUB6PpvWN0aJUIxYmyJQ2aql8nRlhoPRSh7RTY9PVPbyL+5bUzE58FIybTzFBJZovijCOToMnzKGKKEsOHlmCimL0VkT5WmBgbUd6G8Pkp+p80Sq7vuX6tXKzU7mZx5GAfDuAIfDiFClxCFepAgMM9PMKTc+M8OM/Oy6x1wZlHuAff4Lx+ABS6kHM=</latexit><latexit sha1_base64="+53qE9doxUz2C5oxDxBhtHccCec=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yI2y3gxZsJmAWSIfT09CRNunvG7h4hhIDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6YcqZNp737iwsLi2vrObW8usbm1vbhZ3dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4GLiN2+p0iyR12aY0kDgnmQxI9hYqRWhzpWgPdwtFD33/KRcOvbRb+K73hRFmKPaLbx1ooRkgkpDONa67XupCUZYGUY4Hec7maYpJgPco21LJRZUB6PpvWN0aJUIxYmyJQ2aql8nRlhoPRSh7RTY9PVPbyL+5bUzE58FIybTzFBJZovijCOToMnzKGKKEsOHlmCimL0VkT5WmBgbUd6G8Pkp+p80Sq7vuX6tXKzU7mZx5GAfDuAIfDiFClxCFepAgMM9PMKTc+M8OM/Oy6x1wZlHuAff4Lx+ABS6kHM=</latexit>

Z

S
<latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit>

Expand the solid angle:

1

4⇡

Z

S
d⌦(q)

=

1

4⇡

Z

S
cos�dA

<latexit sha1_base64="MgnaUJNdXEiAUurLaygTUFH5UCo="></latexit><latexit sha1_base64="MgnaUJNdXEiAUurLaygTUFH5UCo="></latexit><latexit sha1_base64="MgnaUJNdXEiAUurLaygTUFH5UCo="></latexit><latexit sha1_base64="MgnaUJNdXEiAUurLaygTUFH5UCo="></latexit>
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q
<latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit>

d⌦
<latexit sha1_base64="+53qE9doxUz2C5oxDxBhtHccCec=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yI2y3gxZsJmAWSIfT09CRNunvG7h4hhIDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6YcqZNp737iwsLi2vrObW8usbm1vbhZ3dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4GLiN2+p0iyR12aY0kDgnmQxI9hYqRWhzpWgPdwtFD33/KRcOvbRb+K73hRFmKPaLbx1ooRkgkpDONa67XupCUZYGUY4Hec7maYpJgPco21LJRZUB6PpvWN0aJUIxYmyJQ2aql8nRlhoPRSh7RTY9PVPbyL+5bUzE58FIybTzFBJZovijCOToMnzKGKKEsOHlmCimL0VkT5WmBgbUd6G8Pkp+p80Sq7vuX6tXKzU7mZx5GAfDuAIfDiFClxCFepAgMM9PMKTc+M8OM/Oy6x1wZlHuAff4Lx+ABS6kHM=</latexit><latexit sha1_base64="+53qE9doxUz2C5oxDxBhtHccCec=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yI2y3gxZsJmAWSIfT09CRNunvG7h4hhIDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6YcqZNp737iwsLi2vrObW8usbm1vbhZ3dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4GLiN2+p0iyR12aY0kDgnmQxI9hYqRWhzpWgPdwtFD33/KRcOvbRb+K73hRFmKPaLbx1ooRkgkpDONa67XupCUZYGUY4Hec7maYpJgPco21LJRZUB6PpvWN0aJUIxYmyJQ2aql8nRlhoPRSh7RTY9PVPbyL+5bUzE58FIybTzFBJZovijCOToMnzKGKKEsOHlmCimL0VkT5WmBgbUd6G8Pkp+p80Sq7vuX6tXKzU7mZx5GAfDuAIfDiFClxCFepAgMM9PMKTc+M8OM/Oy6x1wZlHuAff4Lx+ABS6kHM=</latexit><latexit sha1_base64="+53qE9doxUz2C5oxDxBhtHccCec=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yI2y3gxZsJmAWSIfT09CRNunvG7h4hhIDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6YcqZNp737iwsLi2vrObW8usbm1vbhZ3dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4GLiN2+p0iyR12aY0kDgnmQxI9hYqRWhzpWgPdwtFD33/KRcOvbRb+K73hRFmKPaLbx1ooRkgkpDONa67XupCUZYGUY4Hec7maYpJgPco21LJRZUB6PpvWN0aJUIxYmyJQ2aql8nRlhoPRSh7RTY9PVPbyL+5bUzE58FIybTzFBJZovijCOToMnzKGKKEsOHlmCimL0VkT5WmBgbUd6G8Pkp+p80Sq7vuX6tXKzU7mZx5GAfDuAIfDiFClxCFepAgMM9PMKTc+M8OM/Oy6x1wZlHuAff4Lx+ABS6kHM=</latexit><latexit sha1_base64="+53qE9doxUz2C5oxDxBhtHccCec=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yI2y3gxZsJmAWSIfT09CRNunvG7h4hhIDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6YcqZNp737iwsLi2vrObW8usbm1vbhZ3dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4GLiN2+p0iyR12aY0kDgnmQxI9hYqRWhzpWgPdwtFD33/KRcOvbRb+K73hRFmKPaLbx1ooRkgkpDONa67XupCUZYGUY4Hec7maYpJgPco21LJRZUB6PpvWN0aJUIxYmyJQ2aql8nRlhoPRSh7RTY9PVPbyL+5bUzE58FIybTzFBJZovijCOToMnzKGKKEsOHlmCimL0VkT5WmBgbUd6G8Pkp+p80Sq7vuX6tXKzU7mZx5GAfDuAIfDiFClxCFepAgMM9PMKTc+M8OM/Oy6x1wZlHuAff4Lx+ABS6kHM=</latexit>
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Given an arbitrary point x on the surface,  
plug in the dot product and the scaled area: 
(This is the point cloud result, for polygon 
soup, replace the solid angle computation)
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<latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit><latexit sha1_base64="Rk4iPX6ExU1Jb+1g5UJZ1K9B13g=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRF1O4Kbly2YB/YhjKZTtqhk0mcmQghFPwINy4UcevfuPNvnLQVfB4YOJxzh3vu8WPOlHacd6uwtLyyulZcL21sbm3vlHf32ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJxe537mlUrFIXOk0pl6IR4IFjGBtpOt+iPXYD7Kb6aBccexqzXFrp+g3cW1nhgos0BiU3/rDiCQhFZpwrFTPdWLtZVhqRjidlvqJojEmEzyiPUMFDqnyslniKToyyhAFkTRPaDRTv/7IcKhUGvpmMk+ofnq5+JfXS3Rw7mVMxImmgswXBQlHOkL5+WjIJCWap4ZgIpnJisgYS0y0KalkSvi8FP1P2lXbdWy3eVKpN+/mdRThAA7hGFw4gzpcQgNaQEDAPTzCk6WsB+vZepmPFqxFhfvwDdbrB5JDkfU=</latexit>
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<latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit><latexit sha1_base64="dtL8oZTi6KcRJjUJ9fXdcOskxNw=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRUW8BLx4TNAskQ+jpdJImPT1jd40QhoDf4MWDIl79HW/+jZ1FcH1Q8Hiviqp6QSyFQdd9dzILi0vLK9nV3Nr6xuZWfnunbqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXkz8xi3XRkTqGkcx90PaV6InGEUrNdtCYSe9GnfyBbdYKh2dlM7Jb+IV3SkKMEelk39rdyOWhFwhk9SYlufG6KdUo2CSj3PtxPCYsiHt85aliobc+On03jE5sEqX9CJtSyGZql8nUhoaMwoD2xlSHJif3kT8y2sl2DvzU6HiBLlis0W9RBKMyOR50hWaM5QjSyjTwt5K2IBqytBGlLMhfH5K/if1UtFzi171uFCu3s3iyMIe7MMheHAKZbiECtSAgYR7eIQn58Z5cJ6dl1lrxplHuAvf4Lx+ANNbkO8=</latexit>

From the view of the point on the surface, 
its contribution to the generalized the 
winding number is:

(x� q) · n
4⇡||x� q||3
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<latexit sha1_base64="pue3hdf+hgSbhK4xfacYsQdOw5Q=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRRUXcFNy5bsA9sQ5lMJ+3QySTMTMQSCn6EGxeKuPVv3Pk3TtoKPg8MHM65wz33BAlnSjvOu1VYWFxaXimultbWNza3yts7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo4vcb91QqVgsrvQ4oX6EB4KFjGBtpOtuhPUwCLPbSa9ccWzPOzrxztFv4trOFBWYo9Yrv3X7MUkjKjThWKmO6yTaz7DUjHA6KXVTRRNMRnhAO4YKHFHlZ9PEE3RglD4KY2me0Giqfv2R4UipcRSYyTyh+unl4l9eJ9XhmZ8xkaSaCjJbFKYc6Rjl56M+k5RoPjYEE8lMVkSGWGKiTUklU8Lnpeh/0vRs17Hd+nGlWr+b1VGEPdiHQ3DhFKpwCTVoAAEB9/AIT5ayHqxn62U2WrDmFe7CN1ivH4twkfA=</latexit><latexit sha1_base64="pue3hdf+hgSbhK4xfacYsQdOw5Q=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRRUXcFNy5bsA9sQ5lMJ+3QySTMTMQSCn6EGxeKuPVv3Pk3TtoKPg8MHM65wz33BAlnSjvOu1VYWFxaXimultbWNza3yts7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo4vcb91QqVgsrvQ4oX6EB4KFjGBtpOtuhPUwCLPbSa9ccWzPOzrxztFv4trOFBWYo9Yrv3X7MUkjKjThWKmO6yTaz7DUjHA6KXVTRRNMRnhAO4YKHFHlZ9PEE3RglD4KY2me0Giqfv2R4UipcRSYyTyh+unl4l9eJ9XhmZ8xkaSaCjJbFKYc6Rjl56M+k5RoPjYEE8lMVkSGWGKiTUklU8Lnpeh/0vRs17Hd+nGlWr+b1VGEPdiHQ3DhFKpwCTVoAAEB9/AIT5ayHqxn62U2WrDmFe7CN1ivH4twkfA=</latexit><latexit sha1_base64="pue3hdf+hgSbhK4xfacYsQdOw5Q=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRRUXcFNy5bsA9sQ5lMJ+3QySTMTMQSCn6EGxeKuPVv3Pk3TtoKPg8MHM65wz33BAlnSjvOu1VYWFxaXimultbWNza3yts7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo4vcb91QqVgsrvQ4oX6EB4KFjGBtpOtuhPUwCLPbSa9ccWzPOzrxztFv4trOFBWYo9Yrv3X7MUkjKjThWKmO6yTaz7DUjHA6KXVTRRNMRnhAO4YKHFHlZ9PEE3RglD4KY2me0Giqfv2R4UipcRSYyTyh+unl4l9eJ9XhmZ8xkaSaCjJbFKYc6Rjl56M+k5RoPjYEE8lMVkSGWGKiTUklU8Lnpeh/0vRs17Hd+nGlWr+b1VGEPdiHQ3DhFKpwCTVoAAEB9/AIT5ayHqxn62U2WrDmFe7CN1ivH4twkfA=</latexit><latexit sha1_base64="pue3hdf+hgSbhK4xfacYsQdOw5Q=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRRUXcFNy5bsA9sQ5lMJ+3QySTMTMQSCn6EGxeKuPVv3Pk3TtoKPg8MHM65wz33BAlnSjvOu1VYWFxaXimultbWNza3yts7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo4vcb91QqVgsrvQ4oX6EB4KFjGBtpOtuhPUwCLPbSa9ccWzPOzrxztFv4trOFBWYo9Yrv3X7MUkjKjThWKmO6yTaz7DUjHA6KXVTRRNMRnhAO4YKHFHlZ9PEE3RglD4KY2me0Giqfv2R4UipcRSYyTyh+unl4l9eJ9XhmZ8xkaSaCjJbFKYc6Rjl56M+k5RoPjYEE8lMVkSGWGKiTUklU8Lnpeh/0vRs17Hd+nGlWr+b1VGEPdiHQ3DhFKpwCTVoAAEB9/AIT5ayHqxn62U2WrDmFe7CN1ivH4twkfA=</latexit>



Dipoles on the Surface
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They observed that this contribution function is actually a dipole (two 
oppositely charged points close together), which looks like this:

https://en.wikipedia.org/wiki/Dipole#/
media/File:Dipole_Contour.svg



Large Dipole on the Surface
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They also observed that looking from 
a far distance, a cluster of dipoles is 
similar to a single large dipole.



Large Dipole on the Surface
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Thus, the original weighted sum can 
be replaced by a combined dipole:

Mean weighed normal Mass center



Large Dipole on the Surface
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They also observed that this 
approximation is the first term of the 
Taylor expansion.

In this paper, they use the second-
degree approximation.

For details, see the paper.



Tree Algorithm
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Build a BVH with approximate 
dipole at each level 
(pre-computation)

Sum the winding number by 
querying the tree from the root

O(nm) ! O(n logm)

<latexit sha1_base64="m98W/jEvEnhV7iT96tJhh0MlhoI=">AAACBnicdZDLSgMxGIUz9VbrrepShGAR2k2ZGRV1V3DjzhbsBdqhZNK0Dc1lSDJKGQqCG1/FjQtF3PoM7nwb04vg9UDg8J0/JP8JI0a1cd13JzU3v7C4lF7OrKyurW9kN7dqWsYKkyqWTKpGiDRhVJCqoYaRRqQI4iEj9XBwNs7rV0RpKsWlGUYk4KgnaJdiZCxqZ3cv8oIXYEvRXt8gpeQ1tAS2mOxBXmhnc27R9w+O/FP423hFd6IcmKnczr61OhLHnAiDGdK66bmRCRKkDMWMjDKtWJMI4QHqkaa1AnGig2SyxgjuW9KBXansEQZO6NcbCeJaD3loJzkyff0zG8O/smZsuidBQkUUGyLw9KFuzKCRcNwJ7FBFsGFDaxBW1P4V4j5SCBvbXMaW8Lkp/N/U/KLnFr3KYa5UuZnWkQY7YA/kgQeOQQmcgzKoAgxuwT14BE/OnfPgPDsv09GUM6twG3yT8/oBiyGYWg==</latexit><latexit sha1_base64="m98W/jEvEnhV7iT96tJhh0MlhoI=">AAACBnicdZDLSgMxGIUz9VbrrepShGAR2k2ZGRV1V3DjzhbsBdqhZNK0Dc1lSDJKGQqCG1/FjQtF3PoM7nwb04vg9UDg8J0/JP8JI0a1cd13JzU3v7C4lF7OrKyurW9kN7dqWsYKkyqWTKpGiDRhVJCqoYaRRqQI4iEj9XBwNs7rV0RpKsWlGUYk4KgnaJdiZCxqZ3cv8oIXYEvRXt8gpeQ1tAS2mOxBXmhnc27R9w+O/FP423hFd6IcmKnczr61OhLHnAiDGdK66bmRCRKkDMWMjDKtWJMI4QHqkaa1AnGig2SyxgjuW9KBXansEQZO6NcbCeJaD3loJzkyff0zG8O/smZsuidBQkUUGyLw9KFuzKCRcNwJ7FBFsGFDaxBW1P4V4j5SCBvbXMaW8Lkp/N/U/KLnFr3KYa5UuZnWkQY7YA/kgQeOQQmcgzKoAgxuwT14BE/OnfPgPDsv09GUM6twG3yT8/oBiyGYWg==</latexit><latexit sha1_base64="m98W/jEvEnhV7iT96tJhh0MlhoI=">AAACBnicdZDLSgMxGIUz9VbrrepShGAR2k2ZGRV1V3DjzhbsBdqhZNK0Dc1lSDJKGQqCG1/FjQtF3PoM7nwb04vg9UDg8J0/JP8JI0a1cd13JzU3v7C4lF7OrKyurW9kN7dqWsYKkyqWTKpGiDRhVJCqoYaRRqQI4iEj9XBwNs7rV0RpKsWlGUYk4KgnaJdiZCxqZ3cv8oIXYEvRXt8gpeQ1tAS2mOxBXmhnc27R9w+O/FP423hFd6IcmKnczr61OhLHnAiDGdK66bmRCRKkDMWMjDKtWJMI4QHqkaa1AnGig2SyxgjuW9KBXansEQZO6NcbCeJaD3loJzkyff0zG8O/smZsuidBQkUUGyLw9KFuzKCRcNwJ7FBFsGFDaxBW1P4V4j5SCBvbXMaW8Lkp/N/U/KLnFr3KYa5UuZnWkQY7YA/kgQeOQQmcgzKoAgxuwT14BE/OnfPgPDsv09GUM6twG3yT8/oBiyGYWg==</latexit><latexit sha1_base64="m98W/jEvEnhV7iT96tJhh0MlhoI=">AAACBnicdZDLSgMxGIUz9VbrrepShGAR2k2ZGRV1V3DjzhbsBdqhZNK0Dc1lSDJKGQqCG1/FjQtF3PoM7nwb04vg9UDg8J0/JP8JI0a1cd13JzU3v7C4lF7OrKyurW9kN7dqWsYKkyqWTKpGiDRhVJCqoYaRRqQI4iEj9XBwNs7rV0RpKsWlGUYk4KgnaJdiZCxqZ3cv8oIXYEvRXt8gpeQ1tAS2mOxBXmhnc27R9w+O/FP423hFd6IcmKnczr61OhLHnAiDGdK66bmRCRKkDMWMjDKtWJMI4QHqkaa1AnGig2SyxgjuW9KBXansEQZO6NcbCeJaD3loJzkyff0zG8O/smZsuidBQkUUGyLw9KFuzKCRcNwJ7FBFsGFDaxBW1P4V4j5SCBvbXMaW8Lkp/N/U/KLnFr3KYa5UuZnWkQY7YA/kgQeOQQmcgzKoAgxuwT14BE/OnfPgPDsv09GUM6twG3yT8/oBiyGYWg==</latexit>



Results: Runtime
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Results: Accuracy

21



Results: Applications
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Generalized winding 
number can be seen as an 
implicit representation of 
the mesh and it’s easy to 
transfer to other 
representations 
(isosurface, voxelization, 
cross-section etc).



Limitations
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1. Current generalized winding number doesn’t consider noisy 
data (all test point clouds in the paper are quite clean).

2. The input data needs to have correct orientations.

(3. The to-be-reconstructed surface needs to be mostly 
covered by the input data. So it doesn’t apply to curve 
network.)



Comments
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1. Good paper with good SIGGRAPH presentation. It contains 
approximation methods from two different “fields”:


- Continuous-mathematic approximation (Taylor 
expansion)

- Algorithmic approximation (BVH tree)


2. Possible applications beyond those in paper?

- I’m interested to see how it works on figuring out correct 
topology of 2D line drawings. (It may have issues with the 
noise.)



THANKS! 
DISCUSSIONS & COMMENTS
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Winding! http://irunlikeme.blogspot.com/2011/03/want-
to-improve-your-running-run-smart.html


