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Problem
Landmark detection is an interesting and yet un-
solved problem, especially when performed “in
the wild”, dealing with variability in pose, race,
gender, age, lighting, make-up, etc.

Solution: an unified model based on mixture of
trees with a shared pool of parts, that realizes:

• face detection
• pose estimation
• landmark localization

adopting a local sparse coding representation,
denoted as Histogram of Sparse Codes [1].

Mixture of trees
Local and global information is merged via a
mixture ofm trees of connected patches covering
the landmarks of the face:

Q(x) =
m∑

k=1
λkT

k(x) (1)

with

λk ≥ 0, k = 1, . . . ,m;
m∑

k=1
λk = 1

and its learning is solved via the search of the
maximum likelihood tree adopting Chow-Liu.

Fig.1: Mixture of trees consisting of random
variables, where z is a hidden choice variable.

Sparse coding
General goal: given a matrix of image patches
X and an overcomplete dictionary W, find the
associated sparse code matrix Z of a pre-defined
K sparsity level.

⇓
Rephrased as the minimization of the negative
log-likelihood (NLL):

min
W,Z
{‖X−WZ‖2} s.t. ∀i, ‖zi‖0 6 K (2)

and solved applying the K-SVD algorithm [2].

Fig.2: Dictionary learning offline phase.

Sparse coding framework

Fig.3: Landmark localization framework.

Once the dictionary W is learned, it is possible to use OMP to compute sparse codes at every location
in an image. We adopt the Histograms of Sparse Codes (HSC) representation, a (semi-)dense feature
vector F obtained averaging the sparse codes of patches in a 16 × 16 neighborhood, to sample the
local response f i.

Experimental results
Experiments on a subset of CMU Multi-PIE database and comparison with Histogram of Gradients
(HoG) feature descriptor, using 5× 5 and 7× 7 image patches and variable sparsity level 1 ≤ T ≤ 3.

Fig.4: a) Mean landmark localization error, in percentage of faces whose localization error is less
than 5% of the face size. b) Sorted mean landmark localization error on random subset of images.
c) Example of landmark localizations on non neutral expression.
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