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Abstract

Recently, Viola proposed a rectangular features
(RFs) based classifier with high accuracy and rapid
processing speed for object detection tasks [9]. In
this paper, we propose Non-Neighboring RFs (NNRFs)
as an extension of RFs, and a Particle Swarm Opti-
mization (PSO) based feature selection algorithm for
NNRFs. NNRFs are the pairs of arbitrary rectangu-
lar sub-regions in images, giving us huge number of
candidate NNRFs for feature selection (e.g. 1.3 billion
NNRFs in 19 × 19 pixel image). We show that PSO
can select the powerful subset of NNRFs efficiently from
the various candidates, and the classification accuracy
is improved with the same computational cost as com-
pared with that of Viola’s method.

1 Introduction

A rectangular feature (RF) based classifier proposed
by Viola and Jones [9] is known to provide high classi-
fication accuracy and rapid processing performance for
object detection tasks. In their work, a powerful sub-
set of RFs is selected from many candidate RFs using
Adaboost [1]. Adaboost is one of the most powerful al-
gorithm among existing ensemble learning methods and
it combines several base classifiers to construct a more
powerful classifier.

It is known that the performance of ensemble classi-
fiers are closely related to the diversity of components in
the ensemble [6]. Although diverse (various) candidate
RFs can yield powerful ensembles [8], the large number
of candidates will cause also the increase in computa-
tion time for feature selection. Therefore, the training
of the RF based classifiers are usually performed by us-
ing only limited (up to hundreds of thousands) candi-
date RFs.

To obtain the rich candidate RFs and achieve effi-
cient feature selection in a consistent way, we propose

Figure 1. Configuration of elemental rect-
angles of usual RF.

Figure 2. Examples of usual RF (left) and
proposed NNRF (right).

Non-Neighboring RFs (NNRFs), and a NNRF selection
algorithm based on Particle Swarm Optimization (PSO)
[2][3]. NNRFs are the pairs of arbitrary rectangular
sub-regions in images. Because there are about 36, 000
rectangular sub-regions in 19× 19 pixel image, we can
use about 1.3 billion (36, 0002) NNRFs potentially.

Considering the coordinates of NNRF’s rectangular
region to be parameters, PSO [5] performs effective
search over the parameter space. In our experiments, we
show PSO that can select the powerful subset of NNRFs
from those abundant candidates efficiently, and a more
powerful detector is obtained at the same computational
cost as compared with that of Viola-Jones’ method.

2 Rectangular Features Based Boosted
Detector

2.1 Rectangular Features

For the object detection problem, Viola and Jones
proposed rectangular features (RFs) which indicate dif-
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• Input N samples and its labels {Ii, yi}Ni=1.

• Initialize samples weights:
if yi = 1 then wi = 1

2p , otherwise wi = 1
2q .

(p, q: # of face and non-face images, respectively)

• for t = 1, · · · , T
– Normalize weights: wt,i ← wt,i∑ N

i=1 wt,i
.

– Optimize base-classifiers {bc}Cc=1:
{bt, et} = Opt({bc}Cc=1, {Ii, wi, yi}Ni=1)

– Compute αt = log((1− et)/et)

– Update samples weights:
wi ← wi · exp[αm · δ(yi − bt(Ii))].
(δ(x) = 1 (if x = 0), 0 (otherwise).)

• Final classification function is

H(I) =
{

1 if
∑T

t=1 αtbt(I) ≥ Θ
∑T

t=1 αt.
0 otherwise.

(Θ: Threshold)

Figure 3. Common Adaboost algorithm.
The function “Opt” is shown in Fig. 4.

ference of brightness of local rectangular regions, and
they treated such features as simple classifiers [9]. RFs
consists of from two to four elemental (small) neigh-
boring rectangles which are of the same size. RFs
have therefore five degrees of freedom, four for the po-
sition (xs, ys), (xe, ye) and one for the configuration
z ∈ {1, 2, 3, 4} of the elemental rectangles (Fig. 1).

The classification function of RFs can be written as
follow:

b(I) =
{

1 if pf(I) > pθ
0 otherwise

(1)

where I shows an input image, f(I) implies a feature
value of a rectangular feature at I , and p ∈ {1,−1} and
θ ∈ R are parameters determined by training (see [9]).

2.2 Adaboost for RF Selection

Adaboost [1] is the ensemble learning method that
trains multiple base-classifiers and assembles these to
create a more powerful classifier. The algorithms of Ad-
aboost is shown in Fig. 3.

Viola and Jones used RFs as base-classifiers for the
face detection [9]. By considering the five degrees of
freedom in RF as kinds of base-classifier’s parameters,
Adaboost can be used for RF selection. For conve-
nience, we call this algorithm Adaboost.VJ. There are
two optimization phases in Adaboost.VJ:

1) optimization of {p, θ} for each candidate RFs,

2) selection of the best one from those candidates.
Details of optimization algorithm of Adaboost.VJ are
discussed in [9].

2.3 Non-Neighboring RFs (NNRFs)

As can be seen in Fig. 1, usual RFs have the con-
straint that all elemental (small) rectangles are of the
same size and are neighbors. In this paper, we propose
NNRF by eliminating such a constraint from RF (Fig.
2).

There are many elemental rectangles in each image
(e.g. 36, 000 rectangles in 19 × 19 pixel). For simplic-
ity, the number of elemental rectangles used in NNRFs
is fixed to two. This gives NNRF eight parameters
given by (x1

s, y
1
s), (x1

e, y
1
e) and (x2

s, y
2
s), (x2

e, y
2
e) which

are the diagonal apex of elemental rectangles r1 and r2,
respectively. Like RF, the feature value of NNRF is the
difference of the averaged intensity of elemental rectan-
gular regions.

3 Particle Swarm Optimization for Fast
Local Feature Selection

3.1 Particle Swarm Optimization (PSO)

PSO [5] is a swarm intelligence model describing
behaviors of swarms of creatures, like ants looking for
food. It is an optimization algorithm in multi-particle
system, like genetic algorithm [4]. In PSO, hundreds or
thousands of particles search the optimum while com-
municating with other particles. Each particle p has two
state vectors: position xp

τ and velocity vp
τ . These state

vectors are simply updated as follows:

vp
τ+1 = wvp

τ + csrs(hp
s − xp

τ ) + cgrg(hg − xp
τ ),

xp
τ+1 = xp

τ + vp
τ , (2)

where w is the inertia term, cs and cg are parameters
given manually, rs and rg are random values between 0
and 1, hp

s and hg show the best position in the history
of p-th particle and all particles, respectively. All P
particles search the best position up to Tit turns.

3.2 Fast NNRF Selection by PSO

As described in Section 2.3, NNRF has
eight parameters; position (x1

s, y
1
s), (x1

e, y
1
e) and

(x2
s, y

2
s), (x2

e, y
2
e) of elemental rectangles. The po-

sition vectors of PSO can now be constructed as
xp

τ = (x1
s, y

1
s , x1

e, y
1
e , x2

s, y
2
s , x2

e, y
2
e)p

τ . Each position
in the 8-dimensional space (i.e. a certain NNRF) is
evaluated by the classification error rate for training



Viola-Jones’ RF NNRF (PSO300-30) NNRF (PSO-2000-25)
Accuracy (Tit = 1) 86.06% 84.32% 89.12%

Accuracy (Tit = 50) 95.61% 95.79% 96.39%
Accuracy (Tit = 200) 98.01% 97.95% 98.27%
# of Optimized RFs 53, 130 9, 000 50, 000

Table 1. Classification accuracy for the test set and computational cost of each method.

• Receive arguments {{bc}Cc=1, {Ii, wi, yi}Ni=1}.
• Set cs = cg = 2, wmin = 0.2, w = wmax = 1.2.

• Set state vector xp
τ ∈ Rd and vp

τ ∈ Rd at random.

• For τ = 1, · · · , Tit,

– For p = 1, · · · , P ,

∗ Set parameters rs, rg ∈ [0, 1] at random.

∗ Fit a classifier b(xp
τ ; I) to the training

samples using weights wi.

∗ Compute ep
τ =

∑ N
i=1 wi·δ(yi−b(xp

τ ;Ii))∑ N
i=1 wi

.

∗ Update hp
s or hg if lower ep

τ is obtained.

∗ Update vp
τ and xp

τ by using Eq. (2).

– Update momentum:
w ← wmax − τ

Tit
(wmax − wmin)

• Return {hg, ehg
}

Figure 4. Optimization function for Ad-
aboost.PSO. Each position vector xp

τ =
(x1

s, y
1
s , x1

e, y
1
e , x2

s, y
2
s , x2

e, y
2
e)p

τ shows a cer-
tain NNRF where (xk

s , yk
s ) and (xk

e , yk
e ) are

the diagonal apex of elemental rectangles
rk (k = 1, 2). hp

s and hg show the best po-
sition in searching histry of p-th particle
and all particles, respectively. ehg

implies
weighted error of hg for training samples.

samples. As a result, the best NNRF can be searched
as the best point in the 8-D parameters space. The
optimization algorithm is shown in Figs. 3 and 4.

The computational cost of Adaboost.PSO depends
on the two hyperparameters: the number of particles P
and the number of iterations Tit. P ×Tit classifiers will
be optimized in the each iteration of Adaboost.

4 Experiments

In this paper, we used MIT CBCL face database [7]
for our experiments. The database consists of 2, 901
facial and 28, 121 background 19 × 19 pixel images.

We used about 53, 000 candidate RFs in each image for
Viola-Jones’ method. There are about 36, 000 rectangu-
lar sub-regions in each image, so we can use about 1.3
billion (36, 0002) candidate NNRFs for our method. We
divided all images into training and test set; 2, 000 face
and 4, 000 background images are used for training, and
the remaining images are used for testing. Three pairs
of training and test sets were generated at random. Re-
sults presented in this section are the averaged values
calculated from these three pairs. We performed two
classification experiments described as follows.

First, we compared the hyperparameters of PSO for
the NNRF selection. Denote Adaboost.PSO with 10
particles and 100 iterations as PSO10-100 for conve-
nience. We then performed and compared the follow-
ing conditions: PSO10-100, PSO100-10, PSO300-30,
PSO1000-50, and PSO2000-25. As shown in Fig. 5,
hyperparameters with much computational cost yielded
good results, the best being PSO2000-25.

Next, we compared Viola’s RF based classifier and
our NNRF based classifier (Fig. 5 and Tab. 1). The sec-
ond row of Tab. 1 is showing the potential of NNRFs:
although the optimal RF obtained from 53, 000 candi-
dates had 86.06% accuracy, our (sub-)optimal NNRF
improved the accuracy to 89.12% by using just 50, 000
candidates out of 1.3 billion available NNRFs. As
shown in Fig. 5 and Tab. 1, NNRFs selected by
PSO2000-25 marked better performance than usual
RFs with slightly less computation cost. Furthermore,
NNRFs selected by PSO300-30 caught up with RFs
near the 50-th step with about 1/6 of computational cost.

5 Conclusions

In this paper, we proposed Non-Neighboring Rectan-
gular Features (NNRFs) and its fast feature selection al-
gorithm based on Particle Swarm Optimization (PSO).
In our experiments, we showed that the more powerful
features than the best one of usual RFs are certainly in-
cluded in our 1.3 billion of NNRFs. We also showed
that the proposed feature selection based on PSO can
efficiently find such powerful features from those ex-
tremely abundant candidates. As a result, we could ob-
tain more accurate detector with the same computation
cost as compared with the previous learning method.
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Figure 5. (Top) Comparison of PSO parameters for NNRFs training. (Bottom) Comparison
of NNRF and RF. Horizontal axis implies the step of Adaboost.PSO (the number of selected
RFs/NNRFs), and vertical axis shows classification accuracy (%) for the training (left) and test
(right) samples, respectively.
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