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Family of 3D representations
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Tatarchenko et al. 2017

Groueix et al. 2018

Mescheder et al. 2019

{voxels}

{patches}

implicits

{gaussians}
Genova et al. 2019

Tulsiani et al. 2017

{boxes}

{convexes}
Deng et al. 2020



What is the «best» 3D representation?
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Training Inference

Implicit

Image courtesy of Barill et al. «Fast Winding Numbers for Soups and Clouds» SIGGRAPH 2018

Hybrid

indicator distancevoxel grid

Explicit

triangle souptriangle mesh point cloud
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Convexes: why are they relevant?

decomposition computed by «v-hacd» – https://github.com/kmammou/v-hacd

K=8

· · ·<latexit sha1_base64="HjmZZteiMwGm516AP0SULoJbluA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPBi94q2A9oQ9lsNu3azW7YnQil9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ejm5nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBxMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrVrVv6jW7i8r9bs8jiKcwCmcgw9XUIdbaEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AbHAjzo=</latexit>

K=32 K=∞universal 
approximators

rigid body physics Convex Hulls 
(standard)

Meshes 
(the «wild west»)

input K=4



Universal approximator of convex domains
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z }| {
Sigmoid(��LogSumExp{�(nh · x+ dh)})

<latexit sha1_base64="+nLrnQlHK1tyF8hch1+eEXU4CRM="></latexit>

permutation 
invariance

  controls 
smoothness

  controls 
indicator dropoff

δ σ
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<latexit sha1_base64="iYH0T2k1b2nTuooGKFC9HE0mbLI="></latexit>

E!
<latexit sha1_base64="Bj4V2LXC1Z6adls5TZh6YfLS+aM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRV0GVRBJcV7AOaECbTSTt0JhNmJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cMGFUacf5tipr6xubW9Xt2s7u3v6BfVjvKZFKTLpYMCEHIVKE0Zh0NdWMDBJJEA8Z6YfTm8LvPxKpqIgf9CwhPkfjmEYUI22kwK57HOkJRiy7zQNPcDJGgd1wms4ccJW4JWmAEp3A/vJGAqecxBozpNTQdRLtZ0hqihnJa16qSILwFI3J0NAYcaL8bJ49h6dGGcFISPNiDefq740McaVmPDSTRVK17BXif94w1dGVn9E4STWJ8eJQlDKoBSyKgCMqCdZsZgjCkpqsEE+QRFibumqmBHf5y6uk12q6583W/UWjfV3WUQXH4AScARdcgja4Ax3QBRg8gWfwCt6s3Hqx3q2PxWjFKneOwB9Ynz9LfZSa</latexit>· · ·<latexit sha1_base64="Z9gsgRpMH1WO6HvZkap2BB5vBHE=">AAAB8XicbVBNSwMxEJ31s9avqkcvi0XwVHaroHgqeNFbBfuB7VKy2Wwbmk2WZFYopf/CiwdFvPpvvPlvTNs9aOsLgcd7M8zMC1PBDXret7Oyura+sVnYKm7v7O7tlw4Om0ZlmrIGVULpdkgME1yyBnIUrJ1qRpJQsFY4vJn6rSemDVfyAUcpCxLSlzzmlKCVHrvX9tFIoemVyl7Fm8FdJn5OypCj3it9dSNFs4RJpIIY0/G9FIMx0cipYJNiNzMsJXRI+qxjqSQJM8F4tvHEPbVK5MZK2y/Rnam/O8YkMWaUhLYyITgwi95U/M/rZBhfBWMu0wyZpPNBcSZcVO70fDfimlEUI0sI1dzu6tIB0YSiDaloQ/AXT14mzWrFP69U7y/Ktbs8jgIcwwmcgQ+XUINbqEMDKEh4hld4c4zz4rw7H/PSFSfvOYI/cD5/ABVNkI4=</latexit>
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<latexit sha1_base64="iYH0T2k1b2nTuooGKFC9HE0mbLI="></latexit>

input: half-spaces tensor

C(x|�)
<latexit sha1_base64="t1nVhbqKg397qakdOpAKAHlqAjA=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqS0kKEoipogtjkehDaqLKcZzWqvOQ7SCqkM9g4VdYGECItRt/g5NmgJYrWT46517dc48TMSqkYXxrpZXVtfWN8mZla3tnd0/fP+iKMOaYdHDIQt53kCCMBqQjqWSkH3GCfIeRnjNpZXrvgXBBw+BeTiNi+2gUUI9iJBU11M+sa2j5SI4xYkkrreXY8ZLHFD5BywmZK6a++hLLIRKlp0O9atSNvOAyMAtQBUW1h/rMckMc+ySQmCEhBqYRSTtBXFLMSFqxYkEihCdoRAYKBsgnwk7yw1J4ohgXeiFXL5AwZ39PJMgXmT/VmfkWi1pG/qcNYuld2QkNoliSAM8XeTGDMoRZStClnGDJpgogzKnyCvEYcYSlyrKiQjAXT14G3UbdPK837i6qzZsijjI4AsegBkxwCZrgFrRBB2DwDF7BO/jQXrQ37VP7mreWtGLmEPwpbfYDIl6geg==</latexit>

output: function
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E!
<latexit sha1_base64="Bj4V2LXC1Z6adls5TZh6YfLS+aM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRV0GVRBJcV7AOaECbTSTt0JhNmJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cMGFUacf5tipr6xubW9Xt2s7u3v6BfVjvKZFKTLpYMCEHIVKE0Zh0NdWMDBJJEA8Z6YfTm8LvPxKpqIgf9CwhPkfjmEYUI22kwK57HOkJRiy7zQNPcDJGgd1wms4ccJW4JWmAEp3A/vJGAqecxBozpNTQdRLtZ0hqihnJa16qSILwFI3J0NAYcaL8bJ49h6dGGcFISPNiDefq740McaVmPDSTRVK17BXif94w1dGVn9E4STWJ8eJQlDKoBSyKgCMqCdZsZgjCkpqsEE+QRFibumqmBHf5y6uk12q6583W/UWjfV3WUQXH4AScARdcgja4Ax3QBRg8gWfwCt6s3Hqx3q2PxWjFKneOwB9Ynz9LfZSa</latexit>

… and non-convex domains!

�3,T3

�2,T2

�1,T1

· · ·<latexit sha1_base64="4hQMhGioUjsffkY19f9I9mmLHY8="></latexit>

�K ,TK
<latexit sha1_base64="jJF3wtvmfHhySED0iAqWh9R0aSk=">AAACE3icbVDLSsNAFJ3UV62vqEs3o0UQkZJUQZdFN4KbCn1BE8JkOmmHTiZhZiKUkH9w46+4caGIWzfu/BsnbRbaemGYwzn3cs89fsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJPr3QciJI14S01i4oZoyGlAMVKa8sxTx4/YQE5C/aWOTxTKvNQ5vMvOoBMiNfKDtFUwnlm1ata04CKwC1AFRTU988sZRDgJCVeYISn7thUrN0VCUcxIVnESSWKEx2hI+hpyFBLpptObMnismQEMIqEfV3DK/p5IUShz27oz9ynntZz8T+snKrhyU8rjRBGOZ4uChEEVwTwgOKCCYMUmGiAsqPYK8QgJhJWOsaJDsOdPXgSdes0+r9XvL6qN6yKOMjgAR+AE2OASNMAtaII2wOARPINX8GY8GS/Gu/Exay0Zxcw++FPG5w9shJ56</latexit>

input: image, cloud, …

8
>>><

>>>:

C(T1(x)| �1)

C(T2(x)| �2)

C(T3(x)| �3)

C(TK(x)| �K)

· · ·<latexit sha1_base64="4hQMhGioUjsffkY19f9I9mmLHY8="></latexit> · · ·<latexit sha1_base64="4hQMhGioUjsffkY19f9I9mmLHY8="></latexit>

z }| {
O!(x) = max

k
{C(Tk(x)|�k)}

<latexit sha1_base64="bbmAhTN/RjD50SZ00diroALNAek="></latexit>

output: function

sh
ap

e
loca

tio
n
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a
Implicit functions @ training time

E!
<latexit sha1_base64="Bj4V2LXC1Z6adls5TZh6YfLS+aM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRV0GVRBJcV7AOaECbTSTt0JhNmJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cMGFUacf5tipr6xubW9Xt2s7u3v6BfVjvKZFKTLpYMCEHIVKE0Zh0NdWMDBJJEA8Z6YfTm8LvPxKpqIgf9CwhPkfjmEYUI22kwK57HOkJRiy7zQNPcDJGgd1wms4ccJW4JWmAEp3A/vJGAqecxBozpNTQdRLtZ0hqihnJa16qSILwFI3J0NAYcaL8bJ49h6dGGcFISPNiDefq740McaVmPDSTRVK17BXif94w1dGVn9E4STWJ8eJQlDKoBSyKgCMqCdZsZgjCkpqsEE+QRFibumqmBHf5y6uk12q6583W/UWjfV3WUQXH4AScARdcgja4Ax3QBRg8gWfwCt6s3Hqx3q2PxWjFKneOwB9Ynz9LfZSa</latexit> a a⇡<latexit sha1_base64="jsznNaQENVl2sRLrhSZ5aqy02is=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh4LXvRWwX5Au5Rsmm1Ds0lIsmJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3ImwoZ4I2LbOcdpSmOIk4bUfjm5nffqTaMCke7ETRMMFDwWJGsHVSu4eV0vKpX674VX8OtEqCnFQgR6Nf/uoNJEkTKizh2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMCJ9SE2fzcKTpzygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0+x0NmKbE8okjmGjmbkVkhDUm1iVUciEEyy+vklatGlxUa/eXlfpdHkcRTuAUziGAK6jDLTSgCQTG8Ayv8OYp78V79z4WrQUvnzmGP/A+fwCWy4/B</latexit>

O(x)
<latexit sha1_base64="A4fI7x5MqCrWFZPPhYZqEW6t1DQ=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4SZYhLopSRV0WXCjKyvYC7ShTKaTduhkEmYmYgnZ+CpuXCji1sdw59s4SbPQ1h8GPv5zDnPO70WMSmXb38bS8srq2nppo7y5tb2za+7tt2UYC0xaOGSh6HpIEkY5aSmqGOlGgqDAY6TjTa6yeueBCElDfq+mEXEDNOLUpxgpbQ3Mw36A1Bgjltym1Zw9P3lMTwdmxa7ZuaxFcAqoQKHmwPzqD0McB4QrzJCUPceOlJsgoShmJC33Y0kihCdoRHoaOQqIdJP8gNQ60c7Q8kOhH1dW7v6eSFAg5TTwdGe2opyvZeZ/tV6s/Es3oTyKFeF49pEfM0uFVpaGNaSCYMWmGhAWVO9q4TESCCudWVmH4MyfvAjtes05q9XvziuNmyKOEhzBMVTBgQtowDU0oQUYUniGV3gznowX4934mLUuGcXMAfyR8fkD9RaWqA==</latexit>

O!(x)
<latexit sha1_base64="M7tv25GhbyGTyuHS7eMDWb+5/HE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyWpgi4LbnRlBfuAJpTJdNIOnWTCzEQsITs3/oobF4q49Rfc+TdO0iy09cCFwzn3cu89XsSoVJb1bZSWlldW18rrlY3Nre0dc3evI3ksMGljzrjoeUgSRkPSVlQx0osEQYHHSNebXGZ+954ISXl4p6YRcQM0CqlPMVJaGpiHToDUGCOW3KQDhwdkhGq55PnJQ3oyMKtW3coBF4ldkCoo0BqYX86Q4zggocIMSdm3rUi5CRKKYkbSihNLEiE8QSPS1zREAZFukv+RwmOtDKHPha5QwVz9PZGgQMpp4OnO7EQ572Xif14/Vv6Fm9AwihUJ8WyRHzOoOMxCgUMqCFZsqgnCgupbIR4jgbDS0VV0CPb8y4uk06jbp/XG7Vm1eV3EUQYH4AjUgA3OQRNcgRZoAwwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8Ac8iZsg==</latexit>
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>>><

>>>:

C(T1(x)| �1)

C(T2(x)| �2)

C(T3(x)| �3)

C(TK(x)| �K)

· · ·<latexit sha1_base64="4hQMhGioUjsffkY19f9I9mmLHY8="></latexit> · · ·<latexit sha1_base64="4hQMhGioUjsffkY19f9I9mmLHY8="></latexit>

Lapprox(!) = Ex⇠R2kO!(x)�O(x)k2
<latexit sha1_base64="CrQ9wdD6BqHH3mJ6JQdg/woIk6U="></latexit>

prediction ground truth

�3,T3

�2,T2

�1,T1

· · ·<latexit sha1_base64="4hQMhGioUjsffkY19f9I9mmLHY8="></latexit>

�K ,TK
<latexit sha1_base64="jJF3wtvmfHhySED0iAqWh9R0aSk=">AAACE3icbVDLSsNAFJ3UV62vqEs3o0UQkZJUQZdFN4KbCn1BE8JkOmmHTiZhZiKUkH9w46+4caGIWzfu/BsnbRbaemGYwzn3cs89fsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJPr3QciJI14S01i4oZoyGlAMVKa8sxTx4/YQE5C/aWOTxTKvNQ5vMvOoBMiNfKDtFUwnlm1ata04CKwC1AFRTU988sZRDgJCVeYISn7thUrN0VCUcxIVnESSWKEx2hI+hpyFBLpptObMnismQEMIqEfV3DK/p5IUShz27oz9ynntZz8T+snKrhyU8rjRBGOZ4uChEEVwTwgOKCCYMUmGiAsqPYK8QgJhJWOsaJDsOdPXgSdes0+r9XvL6qN6yKOMjgAR+AE2OASNMAtaII2wOARPINX8GY8GS/Gu/Exay0Zxcw++FPG5w9shJ56</latexit>

Ldecomp(!) = Ex⇠R3krelu(sum
k

{Ck(x)}� ⌧)k2
<latexit sha1_base64="jho5gI/0eLm0W1CzhW4q9/fdwlo="></latexit>

Lunique(!) =
1
H
⌃hkdhk2

<latexit sha1_base64="i9urMCJYZj7D7FOIVwPIfHXvGzY="></latexit>

Lmerged(!) =
1
K⌃k

1
N⌃x2NkkReLU(�k(x))k2

<latexit sha1_base64="EbdiLI3gEagUqJ0GcU3q2kY6oXQ="></latexit>

convexes should not overlap

only one way to represent a convex

prevents vanishing gradients
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dual domain

dual

e04
<latexit sha1_base64="3n5c2/fHEIAqw6ved0iQhPSdLnI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHTd3dFNy4r2Ae0w5BJM21o5kGSEerQL3HjQhG3foo7/8ZMW0FFDwQO59zLPTlezJlUCH0YuY3Nre2d/G5hb//gsGgeHfdklAhCuyTikRh4WFLOQtpVTHE6iAXFgcdp35tdZX7/jgrJovBWzWPqBHgSMp8RrLTkmsVRgNXU81O6cFNUXbhmCVmoXmtVEERWDdmNVksThOrNShnammQogTU6rvk+GkckCWioCMdSDm0UKyfFQjHC6aIwSiSNMZnhCR1qGuKASiddBl/Ac62MoR8J/UIFl+r3jRQHUs4DT09mMeVvLxP/8oaJ8ptOysI4UTQkq0N+wqGKYNYCHDNBieJzTTARTGeFZIoFJkp3VdAlfP0U/k96ZcuuWOWbaql9ua4jD07BGbgANmiANrgGHdAFBCTgATyBZ+PeeDRejNfVaM5Y75yAHzDePgEz9pN0</latexit>

e34
<latexit sha1_base64="aneIoQlVFjKzzLdo59QcBVyVXIQ=">AAAB+HicdVDLSgMxFM3UV62PVl26CRbB1ZDpu7uiG5cV7APaMmTSTBuayQxJRqhDv8SNC0Xc+inu/BszbQUVPRA4nHMv9+R4EWdKI/RhZTY2t7Z3sru5vf2Dw3zh6LirwlgS2iEhD2Xfw4pyJmhHM81pP5IUBx6nPW92lfq9OyoVC8Wtnkd0FOCJYD4jWBvJLeSHAdZTz0/owk3KlYVbKCIb1arNMoLIriKn3mwaglCtUS5Bx5AURbBG2y28D8chiQMqNOFYqYGDIj1KsNSMcLrIDWNFI0xmeEIHhgocUDVKlsEX8NwoY+iH0jyh4VL9vpHgQKl54JnJNKb67aXiX94g1n5jlDARxZoKsjrkxxzqEKYtwDGTlGg+NwQTyUxWSKZYYqJNVzlTwtdP4f+kW7Kdsl26qRRbl+s6suAUnIEL4IA6aIFr0AYdQEAMHsATeLburUfrxXpdjWas9c4J+AHr7RM4iJN3</latexit>

e23
<latexit sha1_base64="lN1eHD2AxXvYfxDFH5pm5Rs44ZE=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5KZsa9d0Y3LCtYW2qFk0kwbmnmQZIQ6zJe4caGIWz/FnX9jpq2gogcCh3Pu5Z4cL+ZMKoQ+jMLa+sbmVnG7tLO7t182Dw5vZZQIQrsk4pHoe1hSzkLaVUxx2o8FxYHHac+bXeZ+744KyaLwRs1j6gZ4EjKfEay0NDLLwwCrqeenNBultpONzAqqonqt5SCIqjVkNVotTRCqNx0bWprkqIAVOiPzfTiOSBLQUBGOpRxYKFZuioVihNOsNEwkjTGZ4QkdaBrigEo3XQTP4KlWxtCPhH6hggv1+0aKAynngacn85jyt5eLf3mDRPlNN2VhnCgakuUhP+FQRTBvAY6ZoETxuSaYCKazQjLFAhOluyrpEr5+Cv8nt3bVcqr29XmlfbGqowiOwQk4AxZogDa4Ah3QBQQk4AE8gWfj3ng0XozX5WjBWO0cgR8w3j4BNX2TdQ==</latexit>

e12
<latexit sha1_base64="OX02HXMD+ySEKTbdXj1+XuaP9HA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyEzta9d0Y3LCtYW2mHIpJk2NPMgyQh16Je4caGIWz/FnX9jpq2gogcCh3Pu5Z4cP+FMKoQ+jMLa+sbmVnG7tLO7t182Dw5vZZwKQrsk5rHo+1hSziLaVUxx2k8ExaHPac+fXuZ+744KyeLoRs0S6oZ4HLGAEay05JnlYYjVxA8yOvcy25l7ZgVZqF5rVRFEVg3ZjVZLE4TqzaoDbU1yVMAKHc98H45ikoY0UoRjKQc2SpSbYaEY4XReGqaSJphM8ZgONI1wSKWbLYLP4alWRjCIhX6Rggv1+0aGQylnoa8n85jyt5eLf3mDVAVNN2NRkioakeWhIOVQxTBvAY6YoETxmSaYCKazQjLBAhOluyrpEr5+Cv8nt45lVy3n+rzSvljVUQTH4AScARs0QBtcgQ7oAgJS8ACewLNxbzwaL8brcrRgrHaOwA8Yb58ycpNz</latexit>

e01
<latexit sha1_base64="gsNhDSjNTrwm0RZzhXW9Wve9J6M=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHT2teu6MZlBWsL7TBk0kwbmnmQZIQ6zJe4caGIWz/FnX9jpq2gogcCh3Pu5Z4cL+ZMKoQ+jMLa+sbmVnG7tLO7t182Dw5vZZQIQnsk4pEYeFhSzkLaU0xxOogFxYHHad+bXeZ+/44KyaLwRs1j6gR4EjKfEay05JrlUYDV1PNTmrkpsjPXrCALNertGoLIqiO72W5rglCjVatCW5McFbBC1zXfR+OIJAENFeFYyqGNYuWkWChGOM1Ko0TSGJMZntChpiEOqHTSRfAMnmplDP1I6BcquFC/b6Q4kHIeeHoyjyl/e7n4lzdMlN9yUhbGiaIhWR7yEw5VBPMW4JgJShSfa4KJYDorJFMsMFG6q5Iu4eun8H9yW7XsmlW9Pq90LlZ1FMExOAFnwAZN0AFXoAt6gIAEPIAn8GzcG4/Gi/G6HC0Yq50j8APG2ycvZ5Nx</latexit>

dual domain

dual
point , line

<latexit sha1_base64="TeWdfWaMlroM2t276LEK5HLylYU=">AAACEXicbVC7TgMxEPTxJrwClDQWEVKq6A6QoIygoaAAiTykJIp8zl5i4bNP9h4QnfILNPwKDQUI0dLR8Tc4jwISRlppNLNr706YSGHR97+9ufmFxaXlldXc2vrG5lZ+e6dqdWo4VLiW2tRDZkEKBRUUKKGeGGBxKKEW3p4P/dodGCu0usF+Aq2YdZWIBGfopHa+2ER4wCzRQuGANi8hQiO6PWTG6Hs6NodvD9r5gl/yR6CzJJiQApngqp3/anY0T2NQyCWzthH4CbYyZlBwCYNcM7WQMH7LutBwVLEYbCsbXTSgB07p0EgbVwrpSP09kbHY2n4cus6YYc9Oe0PxP6+RYnTayoRKUgTFxx9FqaSo6TAe2hEGOMq+I4wb4XalvMcM4+hCzLkQgumTZ0n1sBQclQ6vjwvls0kcK2SP7JMiCcgJKZMLckUqhJNH8kxeyZv35L14797HuHXOm8zskj/wPn8Agiiesw==</latexit>

e04
<latexit sha1_base64="3n5c2/fHEIAqw6ved0iQhPSdLnI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHTd3dFNy4r2Ae0w5BJM21o5kGSEerQL3HjQhG3foo7/8ZMW0FFDwQO59zLPTlezJlUCH0YuY3Nre2d/G5hb//gsGgeHfdklAhCuyTikRh4WFLOQtpVTHE6iAXFgcdp35tdZX7/jgrJovBWzWPqBHgSMp8RrLTkmsVRgNXU81O6cFNUXbhmCVmoXmtVEERWDdmNVksThOrNShnammQogTU6rvk+GkckCWioCMdSDm0UKyfFQjHC6aIwSiSNMZnhCR1qGuKASiddBl/Ac62MoR8J/UIFl+r3jRQHUs4DT09mMeVvLxP/8oaJ8ptOysI4UTQkq0N+wqGKYNYCHDNBieJzTTARTGeFZIoFJkp3VdAlfP0U/k96ZcuuWOWbaql9ua4jD07BGbgANmiANrgGHdAFBCTgATyBZ+PeeDRejNfVaM5Y75yAHzDePgEz9pN0</latexit>

e34
<latexit sha1_base64="aneIoQlVFjKzzLdo59QcBVyVXIQ=">AAAB+HicdVDLSgMxFM3UV62PVl26CRbB1ZDpu7uiG5cV7APaMmTSTBuayQxJRqhDv8SNC0Xc+inu/BszbQUVPRA4nHMv9+R4EWdKI/RhZTY2t7Z3sru5vf2Dw3zh6LirwlgS2iEhD2Xfw4pyJmhHM81pP5IUBx6nPW92lfq9OyoVC8Wtnkd0FOCJYD4jWBvJLeSHAdZTz0/owk3KlYVbKCIb1arNMoLIriKn3mwaglCtUS5Bx5AURbBG2y28D8chiQMqNOFYqYGDIj1KsNSMcLrIDWNFI0xmeEIHhgocUDVKlsEX8NwoY+iH0jyh4VL9vpHgQKl54JnJNKb67aXiX94g1n5jlDARxZoKsjrkxxzqEKYtwDGTlGg+NwQTyUxWSKZYYqJNVzlTwtdP4f+kW7Kdsl26qRRbl+s6suAUnIEL4IA6aIFr0AYdQEAMHsATeLburUfrxXpdjWas9c4J+AHr7RM4iJN3</latexit>

e23
<latexit sha1_base64="lN1eHD2AxXvYfxDFH5pm5Rs44ZE=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5KZsa9d0Y3LCtYW2qFk0kwbmnmQZIQ6zJe4caGIWz/FnX9jpq2gogcCh3Pu5Z4cL+ZMKoQ+jMLa+sbmVnG7tLO7t182Dw5vZZQIQrsk4pHoe1hSzkLaVUxx2o8FxYHHac+bXeZ+744KyaLwRs1j6gZ4EjKfEay0NDLLwwCrqeenNBultpONzAqqonqt5SCIqjVkNVotTRCqNx0bWprkqIAVOiPzfTiOSBLQUBGOpRxYKFZuioVihNOsNEwkjTGZ4QkdaBrigEo3XQTP4KlWxtCPhH6hggv1+0aKAynngacn85jyt5eLf3mDRPlNN2VhnCgakuUhP+FQRTBvAY6ZoETxuSaYCKazQjLFAhOluyrpEr5+Cv8nt3bVcqr29XmlfbGqowiOwQk4AxZogDa4Ah3QBQQk4AE8gWfj3ng0XozX5WjBWO0cgR8w3j4BNX2TdQ==</latexit>

e12
<latexit sha1_base64="OX02HXMD+ySEKTbdXj1+XuaP9HA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyEzta9d0Y3LCtYW2mHIpJk2NPMgyQh16Je4caGIWz/FnX9jpq2gogcCh3Pu5Z4cP+FMKoQ+jMLa+sbmVnG7tLO7t182Dw5vZZwKQrsk5rHo+1hSziLaVUxx2k8ExaHPac+fXuZ+744KyeLoRs0S6oZ4HLGAEay05JnlYYjVxA8yOvcy25l7ZgVZqF5rVRFEVg3ZjVZLE4TqzaoDbU1yVMAKHc98H45ikoY0UoRjKQc2SpSbYaEY4XReGqaSJphM8ZgONI1wSKWbLYLP4alWRjCIhX6Rggv1+0aGQylnoa8n85jyt5eLf3mDVAVNN2NRkioakeWhIOVQxTBvAY6YoETxmSaYCKazQjLBAhOluyrpEr5+Cv8nt45lVy3n+rzSvljVUQTH4AScARs0QBtcgQ7oAgJS8ACewLNxbzwaL8brcrRgrHaOwA8Yb58ycpNz</latexit>

e01
<latexit sha1_base64="gsNhDSjNTrwm0RZzhXW9Wve9J6M=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHT2teu6MZlBWsL7TBk0kwbmnmQZIQ6zJe4caGIWz/FnX9jpq2gogcCh3Pu5Z4cL+ZMKoQ+jMLa+sbmVnG7tLO7t182Dw5vZZQIQnsk4pEYeFhSzkLaU0xxOogFxYHHad+bXeZ+/44KyaLwRs1j6gR4EjKfEay05JrlUYDV1PNTmrkpsjPXrCALNertGoLIqiO72W5rglCjVatCW5McFbBC1zXfR+OIJAENFeFYyqGNYuWkWChGOM1Ko0TSGJMZntChpiEOqHTSRfAMnmplDP1I6BcquFC/b6Q4kHIeeHoyjyl/e7n4lzdMlN9yUhbGiaIhWR7yEw5VBPMW4JgJShSfa4KJYDorJFMsMFG6q5Iu4eun8H9yW7XsmlW9Pq90LlZ1FMExOAFnwAZN0AFXoAt6gIAEPIAn8GzcG4/Gi/G6HC0Yq50j8APG2ycvZ5Nx</latexit>

primal domain

Polygonal meshes @ inference time
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Multi view reconstruction – {Depth}→3D
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…20x

Ground Truth 
Mesh

CvxNet 
[Deng et al. 2020]

SIF 
[Genova et al. 2019]

OccNet SIF CvxNet

OccNet 
[Mescheder et al. 2019]
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Input Image Ground Truth 
Mesh

CvxNet 
[Deng et al. 2020]

AtlasNet 
[Groueix et al. 2019]

OccNet 
[Mescheder et al. 2019]

Volumetric Primitives 
[Tulsiani et al. 2017]

Structured Implicits 
[Genova et al. 2019]

N/A

Single view reconstruction (SVR)
N/A

N/A
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Applications: Retrieval & Correspondence
CvxNet SelectionInput

O
bj

ec
t A

O
bj
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t B

…

…

Retrieved 
Model

k=27

k=6

k=34

k=25

Ground Truth CvxNet



12

Shape approximation – comparisons

Ground Truth 
Mesh

Volumetric Primitives 
[Tulsiani et al. 2017]

100506

F-
sc

or
e%

3

CvxNet

Structured Implicits

# primitives

«structuring»

«union»

Structured Implicits 
[Genova et al. 2019]

CvxNet 
[Deng et al. 2019]
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Shape approximation – quality v.s. budget

100506

F-
sc

or
e%

3

CvxNet

Structured Implicits

# primitives

«union»

CvxNet 
[Deng et al. 2019]

Ground Truth 
Mesh

Volumetric Primitives 
[Tulsiani et al. 2017]

Structured Implicits 
[Genova et al. 2019]
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Shape approximation – quality v.s. budget

100506

F-
sc

or
e%

3

CvxNet

Structured Implicits

# primitives

«union»

CvxNet 
[Deng et al. 2019]

Ground Truth 
Mesh

Volumetric Primitives 
[Tulsiani et al. 2017]

Structured Implicits 
[Genova et al. 2019]
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Shape approximation – quality v.s. budget

100506

F-
sc

or
e%

3

CvxNet

Structured Implicits

# primitives

«union»

CvxNet 
[Deng et al. 2019]

Ground Truth 
Mesh

Volumetric Primitives 
[Tulsiani et al. 2017]

Structured Implicits 
[Genova et al. 2019]
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Shape approximation – quality v.s. budget

100506

F-
sc

or
e%

3

CvxNet

Structured Implicits

# primitives

«union»

CvxNet 
[Deng et al. 2019]

Ground Truth 
Mesh

Volumetric Primitives 
[Tulsiani et al. 2017]

Structured Implicits 
[Genova et al. 2019]
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Shape approximation – quality v.s. budget

100506

F-
sc

or
e%

3

CvxNet

Structured Implicits

# primitives

«union»

CvxNet 
[Deng et al. 2019]

Ground Truth 
Mesh

Volumetric Primitives 
[Tulsiani et al. 2017]

Structured Implicits 
[Genova et al. 2019]
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Shape approximation – quality v.s. budget

100506

F-
sc

or
e%

3

CvxNet

Structured Implicits

# primitives

«union»

CvxNet 
[Deng et al. 2019]

Ground Truth 
Mesh

Volumetric Primitives 
[Tulsiani et al. 2017]

Structured Implicits 
[Genova et al. 2019]
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Explore the shape space of primitives
SI

F
VP

int
er

po
lat

ion

ex. 1 ex. 2interpolation

Bilinear Interpolation Linear Interpolation Correlation of Hyperplanes
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OccNet

CvxN
et



learnable

Related work @ CVPR 2020
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Chen et al. «BSP-Net» 
graph learning, sharp details

Deng et al. «CvxNet» 
smooth convexes, fixed graph focus

half-spaces

convexes

object



CvxNet 
Learnable Convex Decomposition

Geoffrey Hinton
Boyang Deng

Andrea Tagliasacchi
Kyle Genova

Sofien Bouaziz
Soroosh Yazdani

cvxnet.github.io

http://cvxnet.github.io

