
Results on Partial Point Clouds 
We test our model on partial point clouds of objects extracted from the Aria Synthetic Dataset.
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Partial Point Clouds
Motivation 
1. Existing methods for 3D decomposition focus 

only on rigid superquadrics 
2. Approaches which provide a compact 

decomposition sacrifice reconstruction quality 
3. Previous approaches lack robustness to partial 

point clouds

Task 
Given a point cloud of a 3D 
object, we decompose it into 
a compact set of deformable 
superquadrics.
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Reconstruction 
Novel IoU-based loss

Robustness 
To incomplete point clouds
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Fig. 1: Illustration of superquadric deformations: tapering (red) and bending (blue).
Both deformations are shown along a single axis (the z-axis). For tapering along z, the

parameters are ωx (shown) and ωy (not shown). For bending, we select a bending angle

εz around the z axis, and bend to the curvature defined by kz.

Tapering Bending

Surface Loss 
Minimize the radial 
distance over the 
input points

Volumetric Loss 
Maximize the 
approximate 
Intersection  
over Union

Occlusion Augmentations  
We simulate realistic scanning artifacts by 
applying Hidden Point Removal to mimic 
viewpoint-dependent visibility and random 
spherical masking to simulate foreground 
occluders.

Unsupervised Training 
We use the complete object as supervision. 
The model learns to decompose only the 
visible geometric fragments without 
assuming hidden data.

Supervised Training 
We use the pseudo ground truth 
superquadrics as supervision. The model 
learns to actively complete missing and 
occluded geometry.

Decomposition from RGB Frames 
The robustness to partial point clouds allows us to obtain superquadric decompositions from just a single RGB frame.

Scene Decomposition 
Tested on scenes from the ScanNet++ dataset. Each object in the scene is passed and decomposed separately by our model.

Results on ShapeNet 
We compare our model to other baseline approaches on ShapeNet.  
T&B indicates whether tapering and bending are used.

Test-time Optimization 
We can further refine the model outputs using the same losses and gradient descent.
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Training on occluded point clouds

RGB image Object Point Maps Superquadrics

SAM3 + MoGe
SuperFlex  

(robust)

<latexit sha1_base64="DFweWc0x673hxFgtltz0h50Ni1E=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjQsXFewDpkPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53S2vrG5lZ5u7Kzu7d/UD086hiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrh5Db3u09MG67kI0wTFsRkJHnEKQEr+f2YwJgSkd3PBtWaW3fnwKvEK0gNFWgNql/9oaJpzCRQQYzxPTeBICMaOBVsVumnhiWETsiI+ZZKEjMTZPPIM3xmlSGOlLZPAp6rvzcyEhszjUM7mUc0y14u/uf5KUTXQcZlkgKTdPFRlAoMCuf34yHXjIKYWkKo5jYrpmOiCQXbUsWW4C2fvEo6F3WvUW88XNaaN0UdZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzsditOQUO8foD5zPH4SXkW0=</latexit>

L
<latexit sha1_base64="9Q5q5JHAlsfWdymprUC8nBceoQ4=">AAACFnicbVDLSsNAFJ3UV42vqEs3wSK4sSRdVJdFNy5cVLAPaEqZTG7aoZOZMDMRSuhXuPFX3LhQxK2482+cPgRtPXDhcM69M/eeMGVUac/7sgorq2vrG8VNe2t7Z3fP2T9oKpFJAg0imJDtECtglENDU82gnUrAScigFQ6vJn7rHqSigt/pUQrdBPc5jSnB2kg95ywIoU95ToBrkGO7KViWgJaUBIF9I5SyA+DRj91zSl7Zm8JdJv6clNAc9Z7zGUSCmBe5Jgwr1fG9VHdzLDUlDMZ2kClIMRniPnQM5TgB1c2nZ43dE6NEbiykKa7dqfp7IseJUqMkNJ0J1gO16E3E/7xOpuOLbk55mmngZPZRnDFXC3eSkRtRCUSzkSGYSGp2dckAS0xMBso2IfiLJy+TZqXsV8vV20qpdjmPo4iO0DE6RT46RzV0jeqogQh6QE/oBb1aj9az9Wa9z1oL1nzmEP2B9fENIa2f/Q==</latexit>

Volumetric
Loss

<latexit sha1_base64="REtE8fPrIcBFPpmVzjHVxEM8vuA=">AAACE3icbVBNS8NAFNzUrxq/oh69BIsgHkrSQ/VY9OLBQ0VbC00om81Lu3SzCbsboYT+By/+FS8eFPHqxZv/xm0bQVsHFoaZN7x9E6SMSuU4X0ZpaXllda28bm5sbm3vWLt7bZlkgkCLJCwRnQBLYJRDS1HFoJMKwHHA4C4YXkz8u3sQkib8Vo1S8GPc5zSiBCst9awTL4A+5TkBrkCMzZtMRJiA55lXiZSmBzz88XpWxak6U9iLxC1IBRVo9qxPL0xIFus4YVjKruukys+xUJQwGJteJiHFZIj70NWU4xikn09vGttHWgntKBH6cWVP1d+JHMdSjuJAT8ZYDeS8NxH/87qZis78nPI0U8DJbFGUMVsl9qQgO6QCiGIjTTARVP/VJgMsMNEdSFOX4M6fvEjatapbr9ava5XGeVFHGR2gQ3SMXHSKGugSNVELEfSAntALejUejWfjzXifjZaMIrOP/sD4+AZjA55+</latexit>

Surface
Loss<latexit sha1_base64="jfLbjVQcIU+MOSPTJgb327YYHoY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SRAuLgAiWEcyHJEfY2+wlS3b3jt09MRz5FTYWitj6c+z8N+4lV2jig4HHezPMvAlizrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShShLRLxSHUDrClnkrYMM5x2Y0WxCDjtBJPrzO88UqVZJO/NNKa+wCPJQkawsdLDzZNdQSWhg3LFrbpzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNUYkG1n84PnqEzqwxRGClb0qC5+nsixULrqQhsp8BmrJe9TPzP6yUmvPRTJuMkS7VYFCYcmQhl6dGQKUoMn1qCiWL2VkTGWGFi7I9K9gnecuRV0q5VvXq1flerNK7ydxThBE7hHDy4gAbcQhNaQEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AfIykH8=</latexit>

Existence

<latexit sha1_base64="3Dn5xo2YT6EtCpuj0LuOO7dnMGg=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaGFBYmOJ0QMSuJC9ZQ427O1ddvdMCOE32FhojK0/yM5/4wJXKPiSSV7em8nMvDAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDv320+oNE/ko5mkGMR0KHnEGTVW8h9GNMV+ueJW3QXIOvFyUoEczX75qzdIWBajNExQrbuem5pgSpXhTOCs1Ms0ppSN6RC7lkoaow6mi2Nn5MIqAxIlypY0ZKH+npjSWOtJHNrOmJqRXvXm4n9eNzPRdTDlMs0MSrZcFGWCmITMPycDrpAZMbGEMsXtrYSNqKLM2HxKNgRv9eV10qpVvXq1fl+rNG7yOIpwBudwCR5cQQPuoAk+MODwDK/w5kjnxXl3PpatBSefOYU/cD5/ALpAjqA=</latexit>

Shape

<latexit sha1_base64="WKcnyviRDvVXF3dmbsahDumD5VA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5SRAuLgI1lBJMIyRH2NnvJkv04dveEcOQv2FgoYusfsvPfuJdcoYkPBh7vzTAzL0o4M9b3v73SxubW9k55t7K3f3B4VD0+6RqVakI7RHGlHyNsKGeSdiyznD4mmmIRcdqLpre533ui2jAlH+wsoaHAY8liRrDNpbYydFit+XV/AbROgoLUoEB7WP0ajBRJBZWWcGxMP/ATG2ZYW0Y4nVcGqaEJJlM8pn1HJRbUhNni1jm6cMoIxUq7khYt1N8TGRbGzETkOgW2E7Pq5eJ/Xj+18XWYMZmklkqyXBSnHFmF8sfRiGlKLJ85golm7lZEJlhjYl08FRdCsPryOuk26kGz3rxv1Fo3RRxlOINzuIQArqAFd9CGDhCYwDO8wpsnvBfv3ftYtpa8YuYU/sD7/AELeY48</latexit>

Pose

<latexit sha1_base64="s6AAHvRr0x4wkSxIneubZd0EkUA=">AAAB83icbVC7TsMwFL0pr1JeBUYWiwqJqUo6FAaGSiyMRdCH1EaV4960Vp2HbAepivobLAwgxMrPsPE3OGkGaDmSpeNz7r2+Pl4suNK2/W2VNja3tnfKu5W9/YPDo+rxSVdFiWTYYZGIZN+jCgUPsaO5FtiPJdLAE9jzZreZ33tCqXgUPup5jG5AJyH3OaPaSMMHnAQY6vwyqtbsup2DrBOnIDUo0B5Vv4bjiCXZACaoUgPHjrWbUqk5E7ioDBOFMWUzOsGBoSENULlpvvOCXBhlTPxImhNqkqu/O1IaKDUPPFMZUD1Vq14m/ucNEu1fuykP40RjyJYP+YkgOiJZAGTMJTIt5oZQJrnZlbAplZRpE1PFhOCsfnmddBt1p1lv3jdqrZsijjKcwTlcggNX0II7aEMHGMTwDK/wZiXWi/VufSxLS1bRcwp/YH3+AFs8keM=</latexit>

Segmentation

<latexit sha1_base64="BRMN+6Cq5HV6veHtnAB7RlOoeso=">AAAB/XicbVBNS8NAEN34bf2KHzcvi0XwICURUQ8eBC8eFawtNKFstpN2cbMJuxOxhuJf8eJBEa/+D2/+G7c1B219MPB4b4aZeVEmhUHP+3Kmpmdm5+YXFitLyyura+76xo1Jc82hzlOZ6mbEDEihoI4CJTQzDSyJJDSi2/Oh37gDbUSqrrGfQZiwrhKx4Ayt1Ha3AoR7jOICBjQQira8fT9su1Wv5o1AJ4lfkiopcdl2P4NOyvMEFHLJjGn5XoZhwTQKLmFQCXIDGeO3rAstSxVLwITF6PoB3bVKh8aptqWQjtTfEwVLjOknke1MGPbMuDcU//NaOcYnYSFUliMo/rMoziXFlA6joB2hgaPsW8K4FvZWyntMM442sIoNwR9/eZLcHNT8o9rR1WH17LSMY4Fskx2yR3xyTM7IBbkkdcLJA3kiL+TVeXSenTfn/ad1yilnNskfOB/fTJWUdg==</latexit>

e → [0, 1]

<latexit sha1_base64="hm1UnNPtuoN+l7W9pQblgf/mNUQ=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyChYQ7kWhhEbCxjMF8QO4Me5u9ZMne3rE7J4QjnY1/xcZCEVv/gp3/xr0khSY+GHi8N8PMPD8WXINtf1u5peWV1bX8emFjc2t7p7i719RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD68zv/XAlOaRvINRzLyQ9CUPOCVgpG7x0A0JDPwghfEprmOXSzxV/LQ+vq90iyW7bE+AF4kzIyU0Q61b/HJ7EU1CJoEKonXHsWPwUqKAU8HGBTfRLCZ0SPqsY6gkIdNeOvljjI+N0sNBpExJwBP190RKQq1HoW86sxv1vJeJ/3mdBIJLL+UyToBJOl0UJAJDhLNQcI8rRkGMDCFUcXMrpgOiCAUTXcGE4My/vEiaZ2WnUq7cnpeqV7M48ugAHaET5KALVEU3qIYaiKJH9Ixe0Zv1ZL1Y79bHtDVnzWb20R9Ynz8WpZjP</latexit>

t, R → R6

<latexit sha1_base64="/wdWSCmrls9PCWuhOZzRF/4i2Rs="></latexit>

Superquadric
Tokens [P →D]

<latexit sha1_base64="DHt4nu5lhOKJ5DUnNZMQirZ943s=">AAACN3icbVC7SgNBFJ31bXxFLW0Gg2IhYVdELSwEG0sV8wA3hpnJRAfnsczcFcKyf+DX2In+iJWd2NpaObumMOqBC4dzH5x7aCKFgzB8CcbGJyanpmdmK3PzC4tL1eWVpjOpZbzBjDS2TYnjUmjeAAGStxPLiaKSt+jtcdFv3XHrhNEXMEh4R5FrLfqCEfBSt7oZU5XFQNJ8u2SUA8lxLDSOFYEbSrPz/Oqg0q3WwnpYAv8l0ZDU0BCn3epn3DMsVVwDk8S5yyhMoJMRC4JJnlfi1PGEsFtyzS891URx18nKf3K84ZUe7hvrSwMu1Z8bGVHODRT1k4VJ97tXiP/2qPJyeZga2cPFAC4OGelGHUH/oJMJnaTANfs21E8lBoOLEHFPWM5ADjwhzAr/E2Y3xBIGPuoirOh3NH9Jc6ce7dX3znZrR4fD2GbQGlpHWyhC++gInaBT1EAM3aMH9ISeg8fgNXgL3r9Hx4LhzioaQfDxBcBuq/k=</latexit>

ω ,ε → R8

<latexit sha1_base64="KaDXYkc6I2/3tOCEw2q9xToDbaI="></latexit>

PointCloud
Encoder E

<latexit sha1_base64="uYJvzcLzmwCklRTuF5wYQ89ar58=">AAACKXicbVDLSgMxFM34rOOr6tJNsAquyoyL6rJoFy4r2lbolJK5c1uDmcyYZIQy9Hfc+CtuFBR164+YPgRfBwKHc+4h954wFVwbz3tzZmbn5hcWC0vu8srq2npxY7Opk0wBNiARiboMmUbBJTYMNwIvU4UsDgW2wuuTkd+6RaV5Ii/MIMVOzPqS9zgwY6VusRqE2OcyB5QG1dA9z1JUNxmLFIcgcGsISYSK7gYxM1fARF4b7roByugr0S2WvLI3Bv1L/CkpkSnq3eJTECWQxTYOgmnd9r3UdHKmDAeBQzfINKYMrlkf25ZKFqPu5ONLh3TPKhHtJco+aehY/Z7IWaz1IA7t5Ghh/dsbif957cz0jjo5l2lmUMLko14mqEnoqDYacYVgxMASBorbXSlcMcXAdqBdW4L/++S/pHlQ9ivlytlBqXo8raNAtskO2Sc+OSRVckrqpEGA3JEH8kxenHvn0Xl13iejM840s0V+wPn4BKBcp3g=</latexit>

Superquadric
Decoder D

<latexit sha1_base64="Fg1e22cn0Kwq797l33qlKIVKSKk=">AAACF3icbVA5SwNBGJ2NV4xX1NJmMAhWYVckWgZtLCwimAOSJczOziZD5lhmZoWw5E/Yif4XO7G19K9YObvZwiQ+GHi873rzgphRbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpaJwqSNJZOqFyBNGBWkbahhpBcrgnjASDeY3Gb17hNRmkrxaKYx8TkaCRpRjIyVegNDOdHwflituXU3B1wlXkFqoEBrWP0ZhBInnAiDGdK677mx8VOkDMWMzCqDRJMY4Qkakb6lAtkzfpr7ncEzq4Qwkso+YWCu/p1IEdd6ygPbyZEZ6+VaJv5bC7iV88WBZCHMGmC2SDK96MhE135KRZwYIvDcUJQwaCTMQoIhVQQbNrUEYUXtnyAeI4WwsVFWbFjecjSrpHNR9xr1xsNlrXlTxFYGJ+AUnAMPXIEmuAMt0AYYMPAMXsGb8+K8Ox/O57y15BQzx2ABztcv+aGfVQ==</latexit>→L

<latexit sha1_base64="IMGCeuBR4B7orsaLQlGjMEk3MC0="></latexit>

Point Cloud P
[N → 3]

<latexit sha1_base64="T974G9Pc4UOM49lXqUayEcKz42c=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgddyliBYWAS0sI5gPSI6wt5lLluzeHbt7Qgj5ETYWitj6e+z8N26SKzTxwcDjvRlm5oWp4Np43rdT2Njc2t4p7pb29g8Oj8rHJy2dZIphkyUiUZ2QahQ8xqbhRmAnVUhlKLAdjm/nfvsJleZJ/GgmKQaSDmMecUaNldp3GCVKuv1yxXO9Bcg68XNSgRyNfvmrN0hYJjE2TFCtu76XmmBKleFM4KzUyzSmlI3pELuWxlSiDqaLc2fkwioDYhfbig1ZqL8nplRqPZGh7ZTUjPSqNxf/87qZia6DKY/TzGDMlouiTBCTkPnvZMAVMiMmllCmuL2VsBFVlBmbUMmG4K++vE5aVdevubWHaqV+k8dRhDM4h0vw4QrqcA8NaAKDMTzDK7w5qfPivDsfy9aCk8+cwh84nz/xoo9O</latexit>

Deform.
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s, ω → R5
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