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a b s t r a c t 

Camera Sensor Networks (CSNs) has been deployed for many applications of video surveillance. In urban 

road or large buildings, camera sensors are deployed in public places for social security, and target track- 

ing is a typical application of CSNs. Recently, development in electronic technology and image sensors 

makes it possible to deploy mobile cameras in CSNs. Due to the constraints of limited sensing range, it is 

necessary for mobile cameras to cooperate with each other to improve tracking quality and reduce mov- 

ing distance. In this paper, a cooperative relay tracking problem is proposed and proved to be NP-hard. 

For single target tracking, we design a cooperative relay algorithm, which can shorten the total moving 

distance of cameras and ensure a continuous tracking for mobile target. Moreover, different from sin- 

gle target tracking problem, we design a genetic algorithm to obtain an available schedule for tracking 

multiple targets. The effectiveness of the proposed methods are validated by extensive simulation re- 

sults, which shows that the energy consumed by cameras can be obviously reduced while guaranteeing 

continuous tracking. 

© 2018 Published by Elsevier B.V. 

1. Introduction 

Camera Sensor Networks are widely used in security and 

surveillance, traffic control and intruder detection, etc. [1–3] . As 

CSNs are equipped with camera-enable sensors, the real-time 

scenes can be captured by well deployed camera sensors [4] . In 

order to maintain a harmonious society and provide real-time 

monitoring images, video surveillance has become an indispens- 

able part, especially in heterogeneous wireless communication net- 

works [5,6] . Since camera sensors can provide more valuable and 

accurate information about real-time situation, especially in urban 

road, target tracking is an important application of CSNs [7,8] . 

Nowadays, the video surveillance industry develops at a high 

speed. More and more cameras are deployed in public places 

to ensure people’s safety [9] . However, some security problems 

are still exist. In traditional target tracking systems [10] , a large 

amount of camera sensors are deployed to ensure effective mon- 

itoring, which is costly. What’s more, as the positions of cameras 

are fixed, it is easy for criminal suspects to make an on-the-spot 

investigation in advance and avoid the cameras purposely while 

committing criminal activities [11] . 
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Recently, with the development of high technology, mobile 

cameras are available in CSNs. By the convenience of mobility, 

the surveillance scope are largely extended, thus decreasing the 

number of camera sensors [12] . Moreover, mobile nodes are fault- 

tolerant [13] , when a camera sensor is energy exhausted or hard- 

ware fault, other mobile cameras can move to replace the fault 

camera and take over its work. 

Therefore, mobile camera sensors are studied in this paper. As 

far as we know, the existing work with mobile cameras is mainly 

about how to avoid blind spots [14,15] , how to improve detec- 

tion probability [16] or how to design paths for mobile cameras 

[17] . The cooperative relay tracking between mobile camera sen- 

sors is rarely considered. The total moving distance of cameras can 

be obviously reduced if the relay is taken into consideration. For 

example, in the scenario of museum monitoring ( Fig. 1 ), multi- 

ple camera sensors can be deployed on the beams, which are re- 

sponsible for tracking visitors. When the target is arriving in one 

path intersection, if mobile cameras in other galleries are effec- 

tively scheduled, the total moving distance can be shortened (the 

detailed conditions are discussed in Section 4.1 ). In this paper, the 

Markov Chain Monte Carlo model is used to obtain target’s mov- 

able probability. We design a cooperative relay algorithm (CR) for 

mobile camera sensors based on expected values that denote the 

expectation of reduced distance if one mobile camera is scheduled. 
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Fig. 1. The scenario of cooperative relay tracking in museum. 

Then, the mobile camera can be selected by above selection metric 

and responses for tracking the target. We aim to utilize the advan- 

tages of cooperative relay and shorten the total moving distance of 

camera sensors. The main contributions are listed as follows: 

1. We propose the mobile tracking problem in consideration of 

cooperative relay between camera sensors to minimize total 

moving distance of cameras and ensure effective monitoring 

time. 

2. We discuss about both single target and multiple targets prob- 

lems and design two practical algorithms with several proper- 

ties. 

3. We conduct extensive simulations, and the effectiveness of our 

proposed solution is validated. 

The rest of this paper is organized as follows. Section 2 re- 

views related work. Section 3 discusses the tracking problem. 

The detailed single target algorithm is proposed in Section 4 . 

Simulation results are demonstrated in Section 5 . Section 6 and 

Section 7 show the detailed multiple tracking algorithm and simu- 

lations, respectively. Section 8 concludes the paper. 

2. Related work 

Video surveillance is an important application in CSNs that has 

attracted a large number of scholars to conduct research in recent 

years. Zhang et al. [18] took advantage of the mobile elements to 

cope with the phenomenon of hot spots and energy holes. They 

modified multi-hop layered model for load balancing with multi- 

ple mobile sinks for above problems. In particular, the on-road de- 

tection of vehicles has been a topic of great interest to researchers 

over the past decade [19,20] . Albano et al. [21,22] presented a sys- 

tem for distributed video surveillance, which can provide reliable, 

secure and real-time services. In traditional target tracking system, 

a large amount of camera sensors are deployed to ensure effec- 

tive monitoring. Zhao et al. [23] studied the multiple humans tack- 

ing problem in complex situations with the help of several fixed 

camera sensors. The authors used an explicit 3D shape model in 

segmentation and tracking of multiple humans. However, there is 

more or less a blind area in above fixed tracking models. Besides, 

it is easy for criminal suspects to make an on-the-spot investiga- 

tion in advance and avoid the cameras purposely while committing 

criminal activities. 

In order to solve the mentioned problem above, mobile camera 

sensors are used in CSNs [24] . When blind areas occurs, a mobile 

camera can move to the area for continuous tracking [25] . As the 

mobile camera moves frequently, the network topology changes 

rapidly. It somehow guarantees the safety of surveillance system. 

Liao et al. [14] addressed the mobile sensor deployment problem 

in wireless sensor networks, the authors studied how to deploy 

mobile sensors with minimum movement in terms of both target 

coverage and network connectivity. To maximize effective monitor- 

ing time, Peng et al. [26] focused on the target tracking problem 

in heterogeneous mobile camera sensor networks which consists 

of a large number of static common sensors and a small num- 

ber of mobile camera sensors. Similarly, Hu et al. [27] studied the 

static and mobile models for CSNs, in which the authors mainly 

discussed the impact of various mobility patterns on sensing en- 

ergy consumption. Yan et al. [28] focused on the barrier coverage 

formation problem, in which an unimodular constraint coefficient 

matrix is used to solve 0–1 ILP model of the barrier coverage prob- 

lem. To improve detection probability, Tan et al. [16] exploited re- 

active mobility to improve the target detection performance. In the 

proposed model, mobile sensors are deployed with static sensors 

to move reactively to achieve a better detection performance. For 

path planning, Yu et al. [29] considered the problem of vision oc- 

clusions due to obstacles in urban environments, they used a dy- 

namic occupancy grid to model the target state that is updated by 

Bayesian filter. In [30] , the authors formulated the most favorable 

course of action to solve the path planning using cooperative local 

optimization by predicting the Fisher information matrix. 

However, due to the constraints of limited sensing range 

[31,32] , it is necessary to take cooperative relay between sensors 

into consideration. For the connecting problem on the train, Zhou 

et al. [33] designed a cooperative tracking control method to guar- 

antee train system operation validity, in which a distributed event- 

triggered control is introduced. Wang et al. [34] proposed a dis- 

tributed and fault tolerant control mechanism to track trains by 

using local information exchange. As far as we know, the majority 

of existing work is mainly about the camera sensor deployed prob- 

lems, how to achieve effective monitoring or the path planning 

for mobile camera sensors, etc. [27] . Some work deal the track- 

ing problem through predicting target’s future position, and then 

schedule sensors to achieve a high detected probability [35] . A dis- 

tributed tracking algorithm is proposed in [36] , which estimates 

target’s movement based on local area prediction. Mahboubi et al. 

[37] divided the monitored area into a grid whose edges are prop- 

erly weighted to reflect the energy consumption of sensors. The 

near-optimal locations are chosen for next route with a shortest 

path algorithm. In our work, we consider the point of cooperative 

relay tracking between mobile camera sensors, in which the total 

moving distance can be obviously reduced. Multiple mobile camera 

sensors can continuously track the target in a relay mechanism. 

3. Tracking problem 

In this section, the tracking problem and a numerical example 

are introduced in Section 3.1 and Section 3.2 , respectively. 

3.1. Problem description 

There are M mobile camera sensors randomly deployed in ur- 

ban road ( G = { V, E} ), where V and E stand for the set of cross 

points and roads respectively. The visual range of a camera sensor 

is d . The moving distance of target is D t , and the total moving dis- 

tance of cameras is D m 

. The target moves randomly from one ver- 

tex to another with corresponding probabilities, and cameras know 

target’s current edge and the whole network topology. The camera 

can monitor the state of other edges if itself is on a vertex. The 

target is monitored once itself is in any camera’s sight. We need to 

schedule mobile camera sensors for the least D m 

on the condition 

of continuous monitoring. 
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