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SMPL Body Model

• Differentiable generative model parameterized by pose 𝜃 and shape 𝛽.

• Hierarchical structure inspired by the standard skeletal rig.

Forward process of the SMPL model The standard skeletal rig: root first followed by other joints 



Regressing 3D Rotations

• Direct regression of rotation parameters is 
very challenging [Kendall et al. CVPR 2017]
• Euler angles wrap around 2𝜋 radians.

• Rotation matrices are overparametrized.

• More pronounced in occlusions.

• Considering geometry when designing the 
regressor.
• Geometry of human body model ➔Modeling the 

interdependencies of the limbs and the joints.

• Can help infer occluded joints.



Input Initialize Shape Est. Camera Est.Aggregate

Head

Right Arm

Left Arm

Left Leg

Right Leg

Root Chain





[𝛽𝑡−1, θ𝑡𝑟𝑜𝑜𝑡 , θ
t−1

Larm, Φ]

L.arm

[𝛽𝑡−1, θ𝑡−1𝑟𝑜𝑜𝑡 , Φ]Root

R.arm

[𝛽𝑡−1, θ𝑡𝑟𝑜𝑜𝑡 , θ
t−1

Rarm, Φ]
Head

[𝛽𝑡−1, θ𝑡𝑟𝑜𝑜𝑡 , θ
t−1

head, Φ]

R.leg

[𝛽𝑡−1, θ𝑡𝑟𝑜𝑜𝑡 , θ
t−1

Rleg, Φ]

L.leg

[𝛽𝑡−1, θ𝑡𝑟𝑜𝑜𝑡 , θ
t−1

Lleg, Φ]

[𝛽𝑡−1, Θ𝑡, Φ] 𝛽𝑡

sh
ap

e

Θ𝑡 = [𝜃𝑟𝑜𝑜𝑡
𝑡 , 𝜃ℎ𝑒𝑎𝑑

𝑡 , 𝜃𝑅.𝑎𝑟𝑚
𝑡 , 𝜃𝐿.𝑎𝑟𝑚

𝑡 , 𝜃𝑅.𝑙𝑒𝑔
𝑡 , 𝜃𝐿.𝑙𝑒𝑔

𝑡 ]



Drawing Inspiration from Inverse Kinematics

• Estimate how joint angles change together to reach certain pose.

• Typically solved in iterative fashion.
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Inner Chain Iterations



Learning Objective

• 3D Joints:  σ𝑖=1
𝑁 𝑋𝑖

𝑡 − 𝑋𝑖 1

• 2D Joints: σ𝑖=1
𝑁 ො𝑥𝑖

𝑡 − 𝑥𝑖 1

• SMPL parameters: Θ𝑡 , መ𝛽𝑡 − [Θ, 𝛽]
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2

• Pose prior: 𝐾𝐿 𝑍Θ𝑡ԡ𝒩 0, ℐ [Pavlakos et al. 2019]

We perform a single backward pass by adding all losses over T outer iterations.



Experiments

• Evaluation metric: Mean per joint position error (MPJPE)

LSP Human3.6M MPII COCO

• Synthetically generated 
occlusion set
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Conclusion
• A new method for human mesh recovery that exploits the geometry of the parametric human model.

• Demonstrates robustness to occlusions and achieves state-of-art results on popular benchmarks.

• Compatible with existing model paradigms.


