AffordPose: A Large-scale Dataset of Hand-Object Interactions with Affordance-driven Hand Pose
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Introduction Dataset Statistics Experiments
Taskl1: Hand-object Affordance Understandin
1.We present the AffordPose dataset, a large-scale Statistics| All | Bag |Bottle|Dispenser|Earphone Faucet I-ll)angle Jar | Keyboard|Knife| Laptop|Mug| Pot |Scissors ] ‘ 9 ,
dataset of ﬁne_grained hand-object interactions with ottle Mgt!lodﬁ In[:l'ut; Handle-grasp  Lever  Lift Press  Pull  Support Twist Wrap-grasp | Mean
. #Object | 641 | 53 52 34 50 55 32 45 53 57 50 55 | 48 57 Classification | Intrinsic 92.79 99.88  98.43 98,60 99.10 9158  90.13 93.72 94.40
affordance-driven hand pose. FAfford 3 2 3 3 i 3 3 i 1 1 R 1 (Accuracy)% | All 9950 100 99.16 9500 9100 9965 9835 9873 | 98.39
. . . or Localization | Intrinsic 95.62 9644 9794 9489 7778 88.96 90.80 97.78 95.36
2.We provide comprehensive data analysis to understand #Hand [26712/1624 2884 | 2772 1400 | 1540 | 2408 [2716] 1484 |[1596| 1400 |3052[2240[ 1596 (loU)% Al 95.05 9699 9790 9442 7798 9650  95.17 9891 | 96.29
how affordance affects the detailed arrangement of y Inout: Hand da target obiect Hand Params
hand poses to complete the appropriate interaction. ~ | - 'Mput- Hand pose and a target objec Atordance Label

3.We conduct experiments on three tasks, i.e. hand-
object affordance understanding, affordance-oriented
hand-object interaction generation, image-based
applications to validate the effectiveness of our dataset
in learning the fine-grained hand-object interactions.

dataset mod. |syn/real#obj|#hand pose intent
HO3D  [RGBD| real |10 68 -
DexYCB |RGBD| real |20 1k -
YCBAfford | RGB | syn |68 367 -
Obman [RGBD| syn ([2.7k| 21k -
FPHAB |RGBD| real |26 273 |object affordance
ContactPose RGBD| real |25 2.3k |human objective
GRAB Mesh | real |51 1.3k | human objective
OaklInk-image|RGBD real 100 1k human objective
OaklInk-shape | Mesh L.7k[ 49k
Ours Mesh | syn |641 26k part affordance
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Dataset Analysis

The Representative Hand Poses
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Different affordances on Same object
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Same Affordance on Different Object Categories

Diversities Hand Pose on Same Affordance
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Fingers Contacting Probabilities for Each Affordance
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Standard Deviations of Joint Values

Affordance: Support
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Joint-value of standard deviation

Affordance: Pull

Joint-value of standard deviation
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object-level

- Output: Object-level or per-point affordance
labels

- Intrinsic: only joint configurations
- All: Intrinsic, rotation and position of hand
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Task2: Affordance-oriented Interaction Generation AffordPoseNet
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- Input: Object and a affordance label
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- Output: Hand pose related to the affordance L nm&l E
wl Cond
- Test Set: Expanded by 200+ objects [ |
Cond.  [Affordance]
- AffordPoseNet
Metrics GrabNet Handle-grasp Lever Lift Press Pull Support Twist Wrap-grasp | Mean
Penet.Depth(cm) | 0.87 1.01 0.60 1.02 0.09 094 1.85 0.97 0.94 0.89
Solid.Intsec. Vol(cm®) | 320 532 244 337 097 282 2293 183 6.04 4.57
Contact Ratio(%) T 96.06 100 100 9250 9286 75 100 9688  97.26 | 96.06
Affordance accuracy(%) T - 80 7273 9250 9524 0 8750  53.13 98.63 83.51
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Task3: Image-based Applications
- Render the RGB images of the hand-object interactions from AffordPose
» Hand-Object Interaction Classification
- Input: RGB Image - Output: hand pose - Network: ResNet-18
Handle-grasp  Lever Lift Press Pull Support  Twist  Wrap-grasp|  Mean
Precision 97.95% 99.00% 98.97% 98.15% 96.67% 92.38% 94.53% 97.77% 97.31%
Recall 97.63% 98.30%  99.35% 96.09% 92.06% 96.33% 96.87% 97.10% 97.29%
» Hand Mesh Recovery
- Input: RGB Image and affordance - Output: Hand pose
- Network: Modified from 12L-MeshNet
Handle-grasp ~ Lever Lift Press Pull Support ~ Twist ~ Wrap-grasp. ~ Mean
Mesh  [MPVPE 12.2 18.44 45.36 11.82 243 26.36 14.02 9.58 16.4
Recovery MPIRE 0.2516 0.2455 0.2278 0.1478  0.3796  0.1962  0.2043 0.1279 0.1892
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