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Abstract. This work proposes an unsupervised competitive neural network based
on adaptive neighborhoods for video segmentation and object detection. The
designed neural network is proposed to form a background model based on sub-
traction approach. The synaptic weights and the adaptive neighborhood of the
neurons serve as a model of the background and are updated to reflect the sta-
tistics of the background. The segmentation performance of the proposed neural
network is examined and compared to mixture of Gaussian models. The proposed
algorithm is parallelized on a pixel level and designed to enable efficient hardware
implementation to achieve real-time processing at great frame rates.

1 Introduction

The goal of the video object segmentation is to separate pixels corresponding to fore-
ground from those corresponding to background. This task is complex by the increasing
resolution of video sequences, continuing advances in the video capture and transmis-
sion technology. As a result, research into more efficient algorithms for real-time object
segmentation continues unabated.

The process of modeling the background by comparison with the frames of the se-
quence is often referred to as background subtraction. These methods are widely ex-
ploited for moving object detection in videos. Detection of moving is the next step of
information extraction in many computer vision applications, such as video surveillance
and people tracking. In these applications, robust tracking of objects is required for a
reliable and effective moving object detection. While the fast execution and flexibility
in different scenarios (indoor, outdoor) or different light conditions should be consid-
ered basic requirements to be met, precision is another important goal. In fact, a precise
moving object detection makes tracking more reliable and faster.

Adaptive models are typically used by averaging the images over time [1,2,3] creat-
ing a background approximation. While these method are effective in situations where
objects move continuously, they are not robust to scenes with many moving objects
particularly if they move slowly. Toyama et al. [4] propose the Wallflower algorithm
in which background maintenance and background subtraction are carried out at pixel,
region, and frame levels. Haritaoglu et al. [5] build a statistical model by represent-
ing each pixel with three values: its minimum and maximum intensity, and the maxi-
mum intensity difference between consecutive frames, which are updated periodically.
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McKenna et al. [6] use an adaptive background model with color and gradient informa-
tion to reduce the influences of shadows and unreliable color cues.

Wren et al. [7] used a multiclass statistical model based on Gaussian distributions.
But the background model is a single Gaussian per pixel. A modified version modeling
each pixel as a mixture of Gaussians is proposed by Stauffer and Grimson [8]. This
approach is robust to scenes with many moving objects and lighting changes, but it is
only able to achieve real time processing of small video formats (120x160 pixels).

Neuronal networks have been widely used for images segmentation. There exists
numerous works in the fields of typewriting recognition [9] and medical images seg-
mentation [10,11], but many of these neural techniques are not suitable for real time ap-
plications by their long time of computation in the training process. The development of
a parallelized object segmentation approach, which would allow for object detection in
real time for complex video sequences, is the focus of this paper. Neural networks posse
intrinsic parallelism which can be exploited in a suitable hardware implementation to
achieve fast segmentation of foreground objects.

In this work an unsupervised competitive neural network is proposed for objects seg-
mentation in real time. The proposed approach employs is based on competitive neural
network to achieve background subtraction. A new unsupervised competitive neural
network based on neighborhood is designed to serve both as an adaptive model of the
background in a video sequence and a classifier of pixels as background or foreground.
The segmentation performance of the proposed neural network is qualitatively exam-
ined and compared to mixture of Gaussian models.

2 A Neural Model for Color Video Segmentation

Let us consider a competitive network for each pixel in the video. Each of these net-
works models the RGB space associated to the corresponding pixel. Thus, every pattern
is formed by the three values (R,G,B) for the pixel. Then, the sequence of input patterns
learned by each network consists on the different (R,G,B) values of the same pixel in
every video frame.

The target of the network is to classify the input pattern (for the specified pixel) at
each frame as foreground or background. Each neuron is used to model only one class.
It can be noted that our model allows the use of many neurons to represent multimodal
classes.

Our model performs a clustering based on a crisp-fuzzy hybrid neighborhood. For
each neuron, there is a value rj , representing the crisp neighborhood of the correspond-
ing synaptic weight wj : Nj = {x : ‖x −wj ‖ ≤ rj }. The fuzzy neighborhood of neuron
j is given by a membership function μj defined over the entire input space, and taking
values in the interval (0, 1).

Usually, the membership function present in this model is of the form: μj (x ) =
e−kj (‖x−wj‖−rj )

The value of the parameter kj is related to the slope of the function. The higher its
value, the higher the slope is. For a great value of kj , the fuzzy neighborhood of wj will
be more concentrated around Nj . The effect (on the corresponding hj ) of increasing the
value of kj is shown in Fig. 1.
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Fig. 1. Comparison between the synaptic potentials h1 and h2 of two neurons, such that k2 > k1,
supposing r1 = r2 = r

With the help of this parameter, we can model a mechanism of consciousness, nec-
essary to avoid dead neurons. When a neuron is activated and updated many times, its
crisp neighborhood usually englobes a very high percentage of the patterns associated
to the neuron. In this case, patterns outside this neighborhood are not likely to belong to
the corresponding category. Thus, the membership function of the fuzzy neighborhood
should be sharp, with a high slope.

If a neuron, j , is rarely activated, then Nj does not represent accurately the pat-
terns associated to the neuron. Then, the membership of the fuzzy neighborhood should
express the actual fuzziness present in the data and therefore assign higher values to
patterns outside Nj .

Thus, a good way to define kj is proportional to the number of times that neuron j
has been activated, nj .

The use of this hybrid neighborhood allows us to better assign an input pattern to a
class or category:

– If input pattern x belongs to Nj , the network assumes that the best matching cate-
gory for x is the associated to wj .

– If input pattern x does not belong to any crisp neighborhood, its most likely cate-
gory is represented by the neuron achieving the maximum value of the membership
function for this particular input.

The fuzzy neighborhood also allows to include other mechanisms in the learning
phase, such as neuron consciousness.

The items above provide us with a reasonable way to select the winning neuron for
each input pattern, which is the one to be updated at the current iteration, after the input
pattern is received by the network. We define the synaptic potential received by neuron
j when pattern x is presented to the network as

hj (x ) =
{

1, if x ∈ Nj

μj (x ), otherwise (1)
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The winning neuron (with index denoted as q(x )) is the one receiving the maximum
synaptic potential:

hq(x) = max j hj (x )

To break ties (more common when two crisp neighborhoods, corresponding to dif-
ferent neurons, are overlapped), we consider the neuron which has been activated more
times as the winning neuron. That is, if, for every j , nj counts the number of times neu-
ron j has been winner, and pattern x belongs to Nj1 ∩Nj2 (overlapped neighborhoods),
then q(x ) is defined as k for which nk = max{nj1 ,nj2}. In case nj1 = nj2 , a random
neuron in {j1, j2} is selected as winner.

The learning rule used by each network to model the input space is the standard
competitive learning rule:

wq(x)(t + 1) = wq(x)(t) + λ ·(x − wq(x)(t))

which can be viewed as the stochastic gradient descent technique to minimize the
squared error function (also named distortion function):

F (W ) =
∑
i

‖xi − wq(xi)‖2 (2)

where W represents a matrix whose rows are the wj and λ is the so-called learning rate
parameter, usually decreasing to 0.

However, an undesirable effect takes place under some conditions: the overlapping
of two or more neighborhoods. Our model can be extended to solve this problem. We
can consider a new formulation in order to avoid such overlaps.

Let us denote Q(x ) = {j �= q(x ) : x ∈ Nj } the set of the indices j such that
x ∈ Nj ∩ Nq(x), i.e., neuron j and q(x ) overlap at x .

In this case, neurons j with j ∈ Q(x ) may be repelled from the data, getting away
from the winning neuron (which gets closer to the data) and reducing the overlap. There-
fore, one should maximize the quantity ‖x − wj ‖2 with j ∈ Q(x ).

On the other hand, an overlap indicates that the crisp neighborhood of the winning
neuron is not big enough to englobe all its associated patterns. Thus, a way to solve this
problem is to increase the value of rj , that is, to maximize (to some extent) the value of
the radius r2

j .
Let us find a learning rule with these properties, starting from an objective function,

similar to Eq. (2), to be minimized.
Note that there is overlap if, and only if, Q(x ) is not empty. Define δQ(x) = 1 if

Q(x ) �= ∅, otherwise δQ(x) = 0.
Then, the objective function to be optimized can be expressed in the following terms:

F (W , r) =
∑
i

⎡
⎣‖xi − wq(xi)‖2 −

∑
j∈Q(xi)

‖xi − wq′(xi)‖2 − δQ(xi)r
2
q(xi)

⎤
⎦ (3)

The minus sign expresses the fact that the second and third terms must be maximized.
It can be observed that the repulsion of neurons j ∈ Q(xi), and the increase of the radius
associated to the winner, only take place when an overlap occurs.
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Note that, in this new formulation, the value rj of the radius of Nj is treated as an
adaptive parameter, and is automatically recalculated after an overlap is detected.

The learning rule associated to the new model can be obtained by applying the sto-
chastic gradient descent technique to optimize the function given in Eq.(3). This tech-
nique has been used in other works [12] to develop new competitive learning rules from
a family of objective functions.

To apply this technique, let us consider a single term of the objective function
F (W , r) (denote x = xi , for simplicity):

T (W , r) =
1
2

⎛
⎝‖x − wq(x)‖2 −

∑
j∈Q(x)

‖x − wq′(x)‖2 − δQ(x)r2
q(x)

⎞
⎠

Then, the learning rule is derived by differentiating the above expression with respect
to wj and rj , and making wj (t + 1) = wj (t) − λ ∂T

∂wj
and rj (t + 1) = rj (t) − λ ∂T

∂rj
.

∂T
∂wj

=

⎧⎨
⎩

wj − x , if j = q(x )
x − wj , if j ∈ Q(x )
0, otherwise

∂T
∂rj

=
{−rj , if (j = q(x )) ∧ (δQ(x) = 1)

0, otherwise

Thus, we obtain the learning rule:

wq(x)(t + 1) = wq(x)(t) + λ(x − wq(x)(t)) (4)

wj (t + 1) = wj (t) − λ(x − wj (t)) if j ∈ Q(x ) (5)

rq(x)(t + 1) = (1 + λ)rq(x)(t) if δQ(x) = 1 (6)

This constructive way of deducing this learning rule (by using the stochastic gradient
descent method) ensures the minimization of the objective function of our model, given
in Eq. (3).

3 Results

In this section the performance of the proposed neural approach is evaluated by testing
our system on several image sequences. This video sequences are associated to differ-
ent types of scenes obtained by means of a web camera or downloaded from internet.
We have used very heterogeneous scenes, with different sizes and compressed by dif-
ferent techniques. These sequences also presented different features, from diverse kind
of lighting to distinct objects in motion (people, vehicles) in order to conduct a more
comprehensive study of the proposed method. Some of the scenes have been used and
referenced in the literature.1

The most remarkable aspects evaluated in this paper, which decide whether our pro-
posal may be used in a real-world environment, are reliability and robustness. There-
fore, our system has been compared with other standard algorithms designed to perform

1 Some of them are available at http://cvrr.ucsd.edu/aton/shadow
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(a) (b) (c) (d)

Fig. 2. Results of applying three segmentation methods to several frames. (a) column shows
the capture frames for each scene in raw form; (b) proposed method; (c) mixture of Gaussians
method; (d) background subtraction.

object segmentation in video sequences. Concretely, we compare with one of the most
cited techniques in the specialized literature, the mixture of Gaussians model (MoG)
[13]. This statistical model is based on a mixture of Gaussian distributions, able to
solve correctly sudden illumination changes, multimodal backgrounds and deal with
both indoor and outdoor scenes. In this work, we have set the number of normal dis-
tributions to K = 3. The mean of each of these distributions is initially computed as
the gray-level value of the corresponding pixel in the first frame of the sequence. The
other parameter, the standard deviation, is initialized to 25. Additionally, the results of
another simpler technique (Background Subtraction, BS) have also been analyzed. This
algorithm [3] consists on subtracting the processed frame from a background model
previously computed. A fixed threshold value has been established for the whole set of
analyzed scenes.

In our neural approach, fine-tuning of the model initial parameters (number of neu-
rons, learning rate, initial radius rj ) is made before the segmentation process. These
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(a) (b) (c)

(d) (e) (f)

Fig. 3. Comparison among the studied techniques: (a) a traffic frame obtained in raw form; (b)
ground truth; (c) neural network approach with repulsion; (d) neural network approach without
repulsion; (e) mixture of gaussians method; (f) background subtraction method

Table 1. Comparative analysis of the success rate among the studied methods for the sequence
observed in Fig. 3

Method % Matching % FP % FN

NCM+ 98.255 0.750 23.822
NCM 97.713 1.427 21.347
MoG 97.336 1.842 20.894
BS 97.125 1.772 27.355

parameters remain the same for all the scenes analyzed. Three neurons have been used
to model the scene including both background and foreground, although more neu-
rons can be added for a better representation of multimodal backgrounds. The B most
activated neurons are used to model the background, whereas the rest of neurons corre-
spond to foreground objects. This value B is computed as the amount of neurons whose
number of activations na1 , . . . ,naB verify

na1+...+naB

N > T for a prefixed threshold T ,
where N is the total number of activations of all neurons, as proposed in [13]. In this
work, we have used T = 0.7. The learning rate is decreased after each frame until sta-
bilizing at a fixed value, while the radius of the neural neighborhood is initialized to 25.
Both the simple model with neighborhoods (NCM) and the extended model (NCM+),
in which a repulsion mechanism is used to avoid the overlapping of two neighborhoods
(see Eqs. (4)-(6)), have been tested.

Figure 2 shows comparison results among different techniques for several video se-
quences. It can be noted a better silhouette detection of the objects using our neural
approach, removing also great amount of noise regarding to the others algorithms.
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(a) (b) (c)

(d) (e) (f)

Fig. 4. Final results of the proposed method. In (a), (b) and (c) we can observe three frames of
a scene in raw form. (d), (e) and (f) show the segmentation results using our neural approach
(NCM+), after applying shadow detection and morphological operations.

A quantitative comparison among the different algorithms is shown in Table 1. Three
measures have been defined to evaluate the performance of each method. A false pos-
itive rate (FP) shows the number of wrong background pixels and a false negative rate
(FN) is used to inform the number of misleading foreground pixels. The success rate,
indicating the accuracy of the corresponding algorithm, is presented in the column la-
belled ‘% Matching’. It can be observed that our method gets better results than the
rest of analyzed methods, although the false negative rate is not as good as in the MoG
model. Nevertheless, our model defines more clearly the shape of the object. There-
fore, making a post-processing phase using morphological operators, we can achieve a
smaller error rate.

Final results of our method, showing a quite good segmentation, can be observed
in Fig. 3. If these results are to be used in a subsequent tracking phase, others post-
processing mechanisms are needed to achieve reliable solutions:

– Objects in motion in the scene usually can cast shadow on the background which
could affect to the overall segmentation as occurs in Fig. 3. In this case, shadow
pixels should be detected. Some techniques have been proposed in the literature
[14,15,16,17] to this end. In our case, the method proposed in [18] has been imple-
mented, based on the proportionality property between the shadow and the back-
ground in the RGB color space.

– As mentioned before, the results have also been improved by applying morpholog-
ical operators after the segmentation process.
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Figure 4 shows the final result of our approach, after applying a shadow detection
method and enhancing the obtained frame by using morphological operations. As we
can observe, this segmentation is effective enough to be used in a subsequent tracking
phase.

Another advantage of the system is its efficiency (in terms of computational cost)
compared with other techniques. It is possible to develop our neural network approach
in a parallel hardware implementation, in which the segmentation time can be improved
using a typical field programmable gate array (FPGA). Therefore, it will require a lower
number of iterations to achieve the overall segmentation. Thus our method is able to
perform in real-time.

4 Conclusions and Future Work

In this work, we have developed a new competitive neural model focusing on object de-
tection and segmentation in video scenes. This new model is based on an unsupervised
learning performed to model the RGB space of each pixel.

The main contribution of this model is the use of adaptive neighborhoods that in-
corporate some mechanisms of repulsion and consciousness. The neighborhoods used
in the model are combination of crisp and fuzzy ones. The crisp neighborhood tries to
model the vicinity of the synaptic weight vector in the RGB space, whereas the fuzzy
one helps to avoid the apparition of dead neurons, i.e., neurons that never activate.

The segmentation accuracy of the proposed neural network is compared to mixture of
Gaussian models. In all the performed comparisons, our model achieved better results
in terms of success rate and false positive rate, whereas the false negative rate is, at
least, comparable to the obtained by the other studied methods.

The proposed algorithm is parallelized on a pixel level and designed to enable effi-
cient hardware implementation to achieve real-time processing at great frame rates.

Other applications of this model will be studied, including the incorporation of this
neural network to a remote sensing system performing people and vehicles tracking on
closed scenes.
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