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Introduction

We describe a method for fast approximation of sparse coding. The input space
is subdivided by a binary decision tree, and we simultaneously learn a dictionary and assignment of allowed dictionary elements for each leaf of the tree. We
store a lookup table with the assignments and the pseudoinverses for each node,
allowing for very fast inference. In the process of describing this algorithm, we
discuss the more general problem of learning the groups in group structured
sparse modelling. We show that our method creates good sparse representations by using it in the object recognition framework of [1, 2]. Implementing
our own fast version of the SIFT descriptor the whole system runs at 20 frames
per second on 321 × 481 sized images on a laptop with a quad-core cpu, while
sacrificing very little accuracy on the Caltech 101 and 15 scenes benchmarks.

1.1

Structured sparse models

Sparse modeling has lead to state of the art algorithms in image denoising, inpainting, supervised learning, and of particular interest here, object recognition.
The systems described in [1, 2, 3, 4, 5] use sparse coding as an integral element.
Since the coding is done densely in an image with relatively large dictionaries,
this is a computationally expensive part of the recognition system, and a barrier to real time application. One standard formulation of sparse coding is to
consider N d-dimensional real vectors X = {x1 , . . . , xN } and represent them
using N K-dimensional real vectors Z = {z1 , . . . , zN } using a k × d dictionary
matrix W by solving
X
argminZ,W
||W zk − xk ||2 , s.t. ||zk ||0 ≤ q.
(1)
k

Each input vector x is thus represented as a vector z with at most q nonzero
coefficients. While this problem is not convex, and in fact the problem in the
Z variable is NP-hard, there exist algorithms for solving both the problem in Z
(e.g. Orthogonal Matching Pursuit, OMP) and the problem in both variables
(e.g. K-SVD [6]) that work well in many practical situations.
It is sometimes appropriate to enforce more structure on Z than just sparsity.
A simple form of structured sparsity is given by specifying a list of L allowable
active sets, and some function g : Rd 7→ {1, ..., L} associating to each x to one of
the L configurations. An example of this is the output of many subspace clustering algorithms. There, X is reordered and partitioned into P X = [X1 X2 ... XL ]
(where P is a permutation matrix), so that each block Xj is near a low dimensional subspace spanned by Bj . Supposing for simplicity that each of the Bj
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are of the same dimension q, then if we set W = [B1 ...BL ], the allowable active
sets are given by {1, ..., q}, {q + 1, ..., 2q}, etc. By setting the allowable active
sets to the blocks, and the function g to simply map each point to its nearest
subspace (say in the standard sense of Euclidean projections), then we get an
example of structured sparsity as described above; this sort of method is used
in object recognition in [4].
In this work we will try to learn the L configurations as well as the dictionary. We introduce a LLoyd-like algorithm that alternates between updating
the dictionary, updating the assignments of each data point to the groups, and
updating the dictionary elements associated to a group via Simultaneous OMP
[7] (SOMP).
At inference time, we need a fast method for determining which group an
x belongs to. This is computationally expensive if there is a large number of
groups and one needs check the projection onto each group. However, by specializing the Lloyd type algorithm to the case when each group is composed of
a union of (perhaps only one) leaves of a binary decision tree, we will build a
fast inference scheme into the learned dictionary. The key idea is that by using
SOMP, we can learn which leaves should use which dictionary elements as we
train the dictionary. To code an input, we march it down the tree until we arrive
at the appropriate leaf. In addition to the decision vectors and thresholds, we
will store a lookup table with the active set of each leaf as learned above, and
the pseudoinverse of the columns of W corresponding to that active set. Thus
after following x down the tree we need only make one matrix multiplication to
get the coefficients.
Finally, we would like use these algorithms to build an accurate real time
recognition system. We focus on a particular architecture studied in [1, 2, 4, 5].
We use this pipeline with two modifications. First we write our own fast implementation of the SIFT descriptor. Second we use our fast algorithm for the
sparse coding step. The resulting system achieves nearly the same performance
as exact sparse coding calculation on Caltech 101 and 256, and 15 scenes, but
processes 321 × 481 size images at the rate of 20 frames per second on a laptop
computer with a quad core cpu.
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