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Hand Pose Estimation

• The task of finding a 3D position of 
individual joints

• Used in VR/AR application
• Gesture Recognition
• Sign Language Recognition
• Contactless control



Input/Output Representation



3D vs 2.5D projection



Volumetric representation 
of the input

• Each pixel of the depth map is reprojected into 3D (using known 
projective parameters)

• The resulting 3D space is discretised into a grid

• A predetermined cube is drawn around the refined point

• The volumetric representation has 1 when a depth point lies inside 
the given grid field (at least a little) and 0 otherwise



Volumetric representation of the output

• The output is a 3D heat-map of the ground truth position of joints

• For each joint there is one 3D heat-map

• Heat map is a Gaussian centred on the GT position of the joint

• Formally:



Reference point refinement



Network architecture



Volumetric basic block

• 3D Conv – (16@7x7x7, 32@1x1x1, 32@1x1x1)

• Volumetric Batch Normalization (normal one, no special nothing)

• ReLU activation (after normalization!)



Volumetric residual block

• One of ResNet options (projection shortcuts opt B)
• Conv3D (3x3x3) → VBN → ReLU → Conv3D (3x3x3) → VBN → concat
• Concat:

• if inDim == outDim → identity
• else → Conv3D (1x1x1)



Volumetric down/up sampling block

• Downsampling is 3D max pool (2x2x2, stride 2x2x2)

• Upsampling is 3D deconv + VBN



Encoder/Decoder



Learning

• MSE – elementwise, predicted volume vs GT volume

• Gaussian init (mean = 0, std = 0.001)

• RMSProp, batch size 8, lr = 0.00025

• Input size = 88 x 88 x 88

• Augmentation – rotation XY, 3D scaling, 3D translation

• Torch7 – 10 epochs



Results











Hands 2019 Task 2 – Egocentric view of Hands 
interacting with objects



Our modified architecture



Post-processing

• Hand Joint Location Estimation
• In each output channel we find the global maximum

• We use a sub-voxel precision computed as weighted 
average around this maximum

• Prediction Ensemble
• We combine up to 100 best location estimation and 

5 epochs

• Pose prior
• Modeled by Truncated SVD computed on GT data

• Temporal context
• Averaging coordinates





Thanks for your attention!
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