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Abstract 

Wireless sensor network has many applications and very active research area.  The coverage span of this 

network is very important parameter where wide coverage area is a challenge. This paper proposes an 

architecture for large-scale wireless sensor network (LSWSN) based on satellites and the High-Altitude 

Platforms (HAP) where the sensor nodes are located on the ground and a wide coverage sink station may be in 

the form of a satellite or a network of HAPs. A scenario is described for multilayer LSWSN and a study for the 

system requirements has been established showing the number of Satellites, HAPs and coverage per each sink 

according to the elevation angle requirements. The Satellite-HAP-Sensor multilayer LSWSN architecture has 

the feasibility for effective energy and earth coverage and is optimum for covering largely sparse regions. 
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1. Introduction 

Wireless sensor network (WSN) becomes an important area of research that has gained attention in the last 

years where it has many applications including industrial manufacturing, military, agriculture, health care, and 

security [1-4]. There are many challenges for the WSN such as the limited battery life time, wireless 

communication performance, routing and its data security [5-6]. The ground WSN has a very limited range due 
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to the communications impairments especially the fading problems where the radius of the sink coverage is 

limited to a few meters for most of the existing sensors technology. Recently, the feasibility of covering large 

area WSN [7] with High-Altitude Platforms (HAPs) has been proved for the existing sensors technologies 

without using sensor power enhancements or external power sources and the coverage radius may extend to 

several tenses of kilometers. The HAPs provide many attractive features and superior performance compared to 

the conventional terrestrial or satellite technology [8] such as the line-of-sight communications and reduced 

time delays. The HAP and satellite technologies make it possible for Large-Scale Wireless Sensor Network 

(LSWSN) establishment where the whole earth surface can be monitored for several various applications 

including monitoring of weather, crop, and climate changes.  

Satellite WSN requires special sensors with parabolic antennas for efficient transmission to satellites and this 

indicates that a continuous and reliable power source should be available. Consequently, the sensor in satellite 

sensor network will be easily detected resulting in a reduced security of the system. Therefore, to provide a 

LSWSN, there should be a means to use the existing low power sensors and at the same time, a large coverage 

area should be maintained. This gap can be closed by applying the HAP technology in the WSN in conjunction 

with satellites producing Satellite-HAP-Sensors network.  

The paper is organized as follows. In section 2, the related work considering HAPs or satellites in WSNs is 

summarized; in particular, some of the main shortcomings of satellite broadband communication systems are 

recalled. In Section 3, the different LSWSN architectures are introduced. In Section 4, a comparison between 

these architectures is demonstrated. Finally conclusion is introduced in Section 5. 

2. Related Works 

There are many literatures which apply satellite and HAPs in sensor networks.  The work in [9] has deployed 

unmanned aerial vehicles (UAVs) connected wirelessly with cameras in disaster management applications. The 

UAV flay over the disaster area such as large traffic accident and wood fire, and get images or videos by high 

quality data sensor. Hence, the collected information is handled and delivered to the end user of final 

destination.  This research presents optimal sensors positions as a challenge and formulates this problem to be 

an integral linear program. 

There is another proposed two types of cell distribution with HAP system. The coverage area of the HAP is 

divided into one or multiple cells. [10-11] proposed an architecture in which the HAP coverage area has been 

divided into 121 and 19 cells to improve the HAP system capacity. Based on the [10] architecture of HAPs and 

WSN, there were two proposed configurations for using HAPs in WSN systems for different applications. In 

the first scenario, the information of sensor nodes is transmitted directly to the HAP. This scenario reduced the 

complexity and enhanced overall energy consumption in WSN, which makes it suitable for some special WSN 

applications such as low data transmission in large coverage area applications. In the second proposed scenario, 

the sensor nodes are organized into clusters inside the HAP cell. A special node, which has higher-energy, is 

selected as the cluster head. The information, which is collected by senor nodes, is sent to the cluster head, 

which is responsible to send all data to the HAP. Sensors energy was reserved and distance from the cluster 

head are two important factors in cluster formation. Also, this scenario has reduced the complexity and energy 

consumption of all sensor nodes. So, it became more suitable for multimedia WSN applications which required 

high data transmission channels. Also, [12-13] proposed additional work, which is related to use HAPs in order 

to enhance WSN efficiency.  

3. The Proposed LSWSN Architecture  

The objectives of the proposed environmental monitoring scenarios are retrieving of physical quantities such 

as humidity and temperature over a wide area that can be measured by scalable and reliable WSN architectures. 

The proposed WSN architecture consists of four layers; that is Satellite-HAP-WSN.  

Sometimes, it is required to cover some large isolated areas that may be in different continents and 
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establishing a communication link that may be impossible even with the previous HAP-Sensors architecture. 

The ideal solution in this situation is to use a satellite for closing this communication gap. This architecture 

consists of four layers; the first is a global linking satellite acting as a global sink, the second is HAP located at 

even higher altitudes may be near 50km high, the third is another lower altitude HAP acting as a first sink, and 

the fourth is the sensors that may be on the ground or located on the lower HAP. The sink in this architecture 

consists of two layers. This architecture can be seen as multilayer sink LSWSN and where the satellites are 

used only at the sparse regions to be covered as shown in Fig. 1. 

 

 

Fig. 1: Satellite–HAP-Sensor architecture 

4. Geometrical Study for LSWSN Architecture 

In this section, the scenario introduced in the last section is analyzed for global coverage. The number of 

required satellites and HAPs are determined in each scenario in a sense that cellular coverage is used. For a 

satellite or HAP station located at an altitude of h km, covering an area of a minimum elevation angle of E, the 

area of this footprint as shown in Fig. 2 is given by: 

   cos12 2  RA e                                                                                                                                                         (1) 

where 
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where Re is the earth radius (approximately 6378 km). 

For a cellular WSN coverage shown in Fig. 3, the cell is modeled as a hexagonal shape with radius Rc which 

makes a circle of an area A = π Rc 
2
. The circular footprints are tessellated with overlapping areas so we can 

treat the actual cells distribution using the hexagonal shape rather than the circular one. For the hexagonal cell 

of radius Rc, the cell area AH is given by: 

2

2

33
cH RA 

                                                                                                                                                                        (3) 

To cover the whole earth surface with SAT/HAP WSN, we need a number of SAT/HAP stations that is given 

by: 











AreaCoverageStation

AreaSurfaceEarth
N HAPSAT /

                                                                                                                            (4) 

Where  denotes to an approximation to the nearest higher integer value. 

Fig. 4 displays the total number of stations (SAT or HAP) at different elevation angles required per station. The 

satellite altitudes are chosen to at 800 km high. For HAPs, the altitudes are chosen at 20km. The results show 

that the number of required Satellites is much less than that of HAPs due even for satellite due to the higher 

altitudes and this number becomes very large at higher elevation. The number of HAPs can be reduced by 

increasing its coverage area or reducing the required elevation angle.  

 

 

Fig. 2: Geometry of Satellite/HAP sink coverage showing the elevation angle and sink height.
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Fig. 3: Cell dimensions of Satellite/HAP sink 
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Fig. 4: The variation of the number of Satellite and HAP sink stations for LSWSN using HAPs at 20 km and Satellites at 800 km high with 

the acceptable elevation angle.
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5. Conclusion 

This paper has presented an architecture for Large-Scale wireless sensor network (LSWSN) where the whole 

earth surface can be covered using satellites and high-altitude platforms (HAPs). The architecture comprises of 

global satellite main sink station with lower layer of HAP sink stations. The architecture has been defined and 

each layer in the system has been described. This LSWSN architecture have been proved to cover the whole 

earth surface, it can be established by using either satellites and/or HAPs where for HAPs only based WSN we 

need a great number of HAPs while using satellites will reduce this number and the network becomes feasible 

especially when we need to cover specific sparse regions that are difficult to link by HAPs.  
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