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Abstract: The use of large-scale wireless sensor networks in road monitoring systems has been the subject of much 

recent research, particularly with regard to the issue of how sensors can be efficiently placed in order to reduce 

network costs while maintaining the required performance. In this paper, we propose an optimal sensor deployment 

scheme enabling complete road surface coverage with a minimum number of properly shaped sensors. Based on a 

trapezoidal sensing range geometry derived from sensor characteristic parameters, an optimal sensor separation 

distance is proposed for a given sensing range in order to minimize the number of sensors while providing complete 

coverage. Results of sensor deployment assessment show that the proposed scheme can be effectively applied to 

cover various road areas. 
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1. INTRODUCTION 
Wireless sensor networks (WSNs) consist of 

spatially distributed sensors that monitor environmental 

conditions or events of concern and cooperatively pass 

the resulting data through a network to a main location. 

These sensors are low cost, low power, small in size 

and able to communicate over short distances [1], 

which make the sensors deployment easy to monitor 

the environmental conditions, such as temperature, 

sound, motion and other parameters at different 

location [2]. 

One of the fundamental issues in WSN is the 

coverage problem. Coverage is consider to be an 

important performance index of WSN [3], it represents 

how well a given area can be monitored by sensor 

nodes [3]; i.e., a sensing area can be considered to be 

covered if every point within it is monitored by at least 

one sensor node. Recently, a large amount of research 

activity has been dedicated to determining the optimal 

placement of sensor nodes for obtaining complete 

coverage over a given region. 

One of the WSN applications is road 

monitoring system, which are used to monitor events 

such as accidents, illegal car parking, and traffic signal 

violations; for such applications, efficient deployment 

of monitoring sensors is vital not only to the effective 

coverage of the monitored area but also in reducing 

network costs [4]. Most existing monitoring sensor 

deployment problems assume sensors with an omni-

directional, disk-type sensing range [5][6]. However, in 

real-world applications, environmental impairments or 

equipment constraints may dictate the use of sensors 

with sector-like directional sensing range geometries 

[7]; correspondingly, some research has gone into 

determining optimal sensor deployments for various 

sensing range geometries.  

Wang et al. [8] and Han et al. [9] proposed 

optimal sensor separation distances for meeting 

coverage requirements with a minimum number of 

sensors having disk-type sensing range geometry, 

while Horster and Leinhart [10] and Tezcan and Wang 

[11] proposed optimal deployments for sensors with 

triangular sensing range geometries. Gonzales-Barbosa 

[12] developed a sensor deployment algorithm for use 

with mixed sensing range geometries [12], and 

Boukerche and Fei [13] proposed a coverage 

preserving scheme for irregular sensing range 

geometries [13]. As almost all previous work has been 

based on disk- or triangle-type sensing range 

geometries, further study is needed for the deployment 

of other practical and suitable road monitoring 

geometries. In this paper, we propose an optimal sensor 

deployment scheme that uses an appropriate sensing 

range geometry and has a minimum number of sensors 

needed to meet the coverage requirements.

 
Figure1. Road Monitoring Model
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2. SYSTEM MODEL 
In this paper, a road monitoring system in 

which sensors are placed vertically on both sides of a 

road in order to minimize overlapping between 

neighboring sensors while providing full coverage of 

the road with a minimum number of sensors is 

proposed. Figure 1 shown a schematic of a monitoring 

system for a road (i) of width Wi and length Li. 

For each sensor, the sensing range geometry 

is characterized by the following characteristic 

parameters: vertical view angle (θ); horizontal view 

angle (ϕ); position angle (ξ); and height (h). The on-

the-ground sensing range geometry is assumed to be a 

two-dimensional trapezoidal shape, as shown in Figure 

2(a). If x, y, and z are the lengths of the upper and 

lower parallel sides and the height of the sensing range 

of the trapezoid, respectively, they can be defined as 

follows: 
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and the sensing range of the trapezoid can be 

represented as a function of the sensor characteristic 

parameters, as shown in Figure 2(b). 

 
Figure 2.2-D sensing range representation for road monitoring sensor 

(a) 2-D sensing range induction (b) Sensing range as a function of sensor characteristic parameters 

 

3. PROPOSED SENSOR DEPLOYMENT 

The objective of this study is to find the 

optimal positioning of sensors subject to coverage 

constraints while minimizing the number of sensors. 

Note that, for each road, sensor positions can be 

identified using the separation distance between 

sensors on the roadside. To cover the entire target area 

with a minimum number of sensors, the individual 

separation needs to be as wide as possible while 

satisfying the coverage requirements. We propose 

sensor deployments to satisfy this condition for the 

three different cases shown in Figure  3. In Case I, 

where z is equal to Wi, and Case II, where z is larger 

than Wi, it is possible to cover the entire width of the 

road with sensors, as shown in Figs. 3(a) and (b), 

respectively. In these cases, the sensors are placed in an 

orthogonal pattern and the sensing ranges do not 

overlap. In Case I, the separation distance between 

sensors, Di, can be calculated as the sum of x and y; as 

this case is simple and straightforward, only Case II 

and Case III are examined further. In Case II, Di is 

given by the sum y + 2 × di, where di is half the length 

of the segment defined by the intersection of the road 

edge and the sensing trapezoid (see Figure  3(b)) and 

can be calculated from a proportional expression based 

on the properties of similar triangles of deviant crease 

line: 
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        Figure3(c) shows Case III; as z is smaller 

than Wi, it is impossible for one sensor to cover the full 

width of the road, and therefore additional sensors must 

be placed directly on the opposite side of the road in 

such a way that the remaining area is covered and 

unavoidable overlaps between adjacent sensors on 

same side are minimized. In this case, Di can again be 

calculated from di, derived here from a proportional 

expression similar to Eq. (4):  
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A comprehensive representation of Di for 

Cases II and III is given by  
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The optimal number of sensors, n, for all 

three cases can then be calculated as 

2
n = 1i
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Where Li is the length of the road, and Di is the 

distance between adjacent sensors. 
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Figure 3. Proposed scheme model. (a) Case I. (b) Case II. (c) Case III 

4. SENSOR DEPLOYMENT RESULTS 

Figure 4(a) shows a road model, and Figure 

4(b) shows the results of the proposed sensor 

deployment on the model. The widths of roads 1, 2, and 

3 are 20, 16, and 38 m, respectively, and their lengths 

are 360, 280, and 140 m, respectively. The sensors have 

parameters θ = 30°, ϕ  = 60°, ξ = 45°, and h = 10 m, 

resulting in sensing ranges x = 16.31 m, y = 44.48 m, 

and z = 27.23 m. The separation distances for Roads 1, 

2, and 3 are 68.27, 72.40, and 24.83 m, respectively. In 

Figure  4 (b) Roads 1 and 2 correspond to Case II, 

while Road 3 corresponds to Case III; the separation 

distance for Road 2 is longer than that for Road 1 

because it is narrower than Road 1. 

5. CONCLUSION 

In this paper, we proposed an optimal sensor 

deployment for a road monitoring system in which the 

sensors are placed vertically with respect to the road 

surface along both sides of the road. The proper sensing 

range of a trapezoidal geometry was derived, and based 

on this, a sensor deployment that provided total 

coverage with a minimal number of sensors was 

developed. Further work in this area will include the 

development of deployment schemes for situations in 

which sensors can be positioned with more flexibility 

and orientated in a variety of directions with respect to 

the road surface. 

 
(a) 

 
(b) 

Figure 4. Road model and optimal sensor 

deployment result. (a) Road model. 

 (b) Optimal sensor deployment 
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