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Parametric Human Body Models

Instructor: Prof. Otmar Hilliges

1 LBS (Linear Blend Skinning) vs. SMPL

Basic linear blend skinning (LBS) models are widely used, are supported by all game engines, and are efficient to
render. Unfortunately, they produce unrealistic deformations as seen in lecture slide 13. What is the solution proposed
in SMPL to alleviate this problem? Write down and explain how each component helps.

SMPL learns blend shapes to correct for the limitations of standard skinning. Different blend shapes for identity, pose,
and soft-tissue dynamics are additively combined with a rest template before being transformed by blend skinning. A
key component of SMPL is that we formulate the pose blend shapes as a linear function of the elements of the part
rotation matrices.

Specifically, SMPL is represented by pose θ and shape β parameters. Given blend skinning weights wki, rigid bone
transformation Gk, joint locations J, shape correctives s(·), and pose correctives p(·) of a template mesh in rest pose, a
deformed vertex t′i is given by:

t′i =
∑

k

wkiGk(θ, J(β))(ti + si(β) + pi(θ))

2 Learned Gradient Descent

Learned Gradient Descent (LGD) is an effective method to solve several problems with traditional optimization-based
fitting methods. In the lecture, we have discussed a solution to fit SMPL to 2D keypoints observed in the image space.
Imagine you are given a set of 3D joints and asked to fit SMPL to them. How would you modify the training scheme
of LGD (Algorithm 1 in https://arxiv.org/pdf/2008.08474.pdf) to solve this task?

Algorithm in the next page:
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https://arxiv.org/pdf/2008.08474.pdf


Algorithm 1 - Training scheme

θgt, βgt ← sample from database
Rgt, tgt, sgt ← randomly sample within feasible range
Θgt ←

{
θgt, βgt,Rgt, tgt, sgt

}
Xgt ← WM(θgt, βgt)
Θ0 ← {θ0, β0,R0, t0, s0} ← 0
for n = 0, ...,N − 1 do

Xn ← WM(θn, βn)
L(Θn)← L2(X̂n, Xgt)
∆Θn ← Nw( ∂L(Θn)

∂Θn
,Θn, Xgt)

Θn+1 ← Θn + ∆Θn

LΘn ← ||Θn − Θgt ||1
end for=0

3 Skinning Calculation

Consider a 2D articulated arm with two joints. We denote v as the canonical position of a vertex, w as its skinning
weights, and G as the transformation matrices for the two joints (the transformations caused by the rest pose have been
removed). Determine the position of this vertex on the arm after performing linear blend skinning.
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Let v′ be the homogeneous coordinates of v. For the final homogeneous position u′ after skinning, we have:

u′ = (w1G1 + w2G2) v′
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Thus, the final position after skinning is
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