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Abstract  Recently, Visual Sensor Networks (VSNs) consist of a great number of visual sensors
have attracted a lot of attention due to its wide range of applications in different fields of environment
monitoring, traffic surveillance, country security etc. Coverage problem is an important metric
for evaluating the monitoring quality of field of view (Fol) in visual sensor networks. Besides,
coverage estimation is one of the fundamental issues in the fields of coverage problem of visual
sensor networks. Different from traditional omnidirectional sensors networks, coverage estimation
problem in visual sensor networks is more complicated and challenging due to the sensing region
of visual sensor is a sector region and the sensing direction is adjustable. At present, the majority
of existing literatures mainly assume that a large number of homogeneous visual sensors are
directly deployed in the Fol. However, in some actual application scenarios, such as channel
water monitoring, country security etc, consider that the Fol is inaccessible or difficult to deploy
sensors directly, visual sensors cannot be directly scattered in the Fol, and only be deployed
outside of the Fol. In this paper, we assume that all visual sensors are randomly scattered in the
boundary area of the Fol, and study the k-coverage estimation problem of homogeneous or
heterogeneous deployment of visual sensor networks, simultaneously. To address the k-coverage

estimation in such application scenario, firstly, we propose the concepts of effective possible
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sensing region and its mathematical expectation which represents the average sensing contribution
of visual sensors located in the boundary area to the Fol, and then we make analysis of the
mathematical expectation of effective possible sensing region from two actual situations. Secondly,
based on the related definitions and concepts of k-coverage estimation problem in visual sensor
networks, when a large number of visual sensors are randomly scattered in a region R with density
A, we prove that the probability of a subregion in which containing £ visual sensors is satisfied with
Poisson distribution from two aspects of probability theory and simulation analysis. By using of the
Poisson distribution, we propose a k-coverage model of homogeneous or heterogeneous visual sensor
networks, which reflects the mathematical relationship between node density, sensing radius, field of
view, width of boundary area, width of Fol and k-coverage ratio, to estimate the minimum number
of visual sensors needed to achieve a certain level of coverage. Finally, in order to evaluate the
performance of the proposed model, a series of simulation experiments are carried out to verify the
theoretical results. We mainly analyze the simulation experiments from two aspects: the influence of
parameters of the Fol and the influence of parameters of the visual sensor. The results show that the
Mean Absolute Coverage Difference (MACD) between the theoretical values and the experimental
values is basically controlled less than 6%. The proposed model has a good performance of guiding
actual deployment of visual sensor networks in such application scenario we studied. At the same

time, the research of this paper has important guiding significance for the visual sensor networks
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based on boundary deployment.
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omnidirectional sensor networks, a typical visual sensor
networks is composed of a large number of visual sensors

that each sensor’s sensing direction is adjustable and sensing
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region is a sector-disk. It can gather more detailed environ-
mental information by performing monitor tasks on the Fol in
the uniform and dense deployment VSNs. However, in some
actual application scenarios, consider that the Fol is difficult
to deploy sensors directly or inaccessible, visual sensors
cannot be directly scattered within the Fol, and only be
deployed outside of the Fol.

Due to the random deployment of a large number of visual
sensors in the boundary regions of the Fol, the existing
research on k-coverage estimation issue cannot be directly
applied to such scenario. Currently, the majority of existing
literatures mainly focus on take analysis of the k-coverage

sensor networks or visual

Meanwhile, the

estimation in omnidirectional

sensor networks deployed within the Fol.

k-coverage estimation in heterogeneous visual sensor networks
has not received enough attention.

In this paper, A deployment scenario where homogeneous
or heterogeneous visual sensors are randomly deployed outside
of the Fol is considered. The main contributions of this paper
are summarized as follows.

(1) The k-coverage estimation problem in homogeneous
and heterogeneous visual sensor networks based on boundary
deployment is presented.

(2) The concepts of effective possible sensing region and
its mathematical expectation are defined.

(3) We make analysis of the accuracy of the proposed
k-coverage estimation model in homogeneous or heterogeneous

visual networks.



