
 

 

    4195 | International Journal of Current Engineering and Technology, Vol.4, No.6 (Dec 2014) 

 

Research Article 

International Journal of Current Engineering and Technology    
E-ISSN 2277 – 4106, P-ISSN 2347 - 5161  

 ©2014 INPRESSCO
®

, All Rights Reserved 

Available at http://inpressco.com/category/ijcet  

A New Multi-Sensor Fusion Strategy for Optimal Spatial Design and Operation 

of Renewable Energy Grids 
  

Beshoy S. Kest
Ȧ*

, Ghada M. Amer
Ȧ
, Wael A. Mohamed

Ȧ
 and Hassen T. Dorrah

Ḃ 

 

ȦElectrical Engineering Department, Benha Faculty of Engineering, Benha University, Qalubia, Egypt 
ḂElectrical Engineering Department, Faculty of Engineering, Cairo University, Giza, Egypt 

   
Accepted 20 Dec 2014, Available online 25 Dec 2014, Vol. 4, No.6 (Dec 2014)  

 

 

Abstract 

  

This paper provides a new technique of multi-sensor data fusion to achieve an optimal spatial design and power 

operation of integrated Renewable Energy Grids (REG). This new approach depends on making a sensor data fusion 

system depending on the spatial concepts for measuring the important climate parameters, which have a great effect on 

the performance of REG. This methodology has been designed around spatial concept to reach the optimal operation 

continuously. The spatial concept has a successful relationship with power energy smart grids. Wireless reliable sensors-

based network configuration has been developed around the power stations locations to provide online-required 

operational climate data to supply the algorithm with necessitated measured data. The realistic procedure of the wireless 

reliable climate sensors networks in terms of the locations, number and types of sensors and the method of dealing with 

are analyzed. To test the feasibility of sensors data fusion system, a practical case study in Egypt is applied. Moreover, a 

missing sensor data case is discussed and its results have been included.  

 

Keywords: Photovoltaic Systems, Sensor Fusion, Smart Grids, Spatial Concept, Wind Farms, Wireless Sensor Networks. 

 

 

1. Introduction 

 
1
 Renewable energy is accepted as a key source for the 

future (Nicola Miles and Kathleen Odell, 2004). This is 

primarily due to fact that renewable energy resources have 

some advantages when compared to fossil fuels (Taha 

Ahmed Tawfik Hussein, 2012). Renewable energy 

technologies are clean sources of energy that have a much 

lower environmental impact than conventional energy 

technologies. While some countries have adequate 

renewable energy potential, which enable them to make 

integrated renewable energy grids, which can support their 

energy demand, it is therefore important to harness that 

resource in view to find solution to energy shortage and 

environmental degradation the countries are being faced to 

(El-Metwally M. , 2005). 

 To maximize the benefits of integrated renewable 

energy grids to achieve the maximum power operation, a 

multi-sensor data fusion system is developed around a 

spatial design for some important climate parameters. Data 

fusion is the process of combing information from a 

number of different spatial sources to provide a robust and 

complete description of an environment or process of 

interest. There has been much research on the subject of 

multi-sensor data fusion in recent years, due to its 

potential advantages (Jaime Esteban, et al, 2005), which 

can reduce overall uncertainty and thus serve to increase 

the accuracy with which the features are perceived by the 
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system. Multiple sensors providing redundant information 

can also serve to increase reliability in the case of sensor 

error or failure.    

 Complementary information from multiple sensors 

allows features in the environment to be perceived that are 

impossible to perceive using just the information from 

each individual sensor operating separately (Ren C. Luo, 

et al, 2002). Multi-sensor data fusion tries to replicate the 

work performed by our brain–it takes information acquired 

by a number of different sensors and fuses it together, 

taking advantage of different points of view. 

 To gather this information, different type wireless 

sensors networks (WSN) are equipped and generally 

established in the desired locations, which are needed to 

know the measurements at. A wireless sensor network of 

spatially distributed autonomous sensors to monitor 

physical or environmental conditions, such as temperature, 

Radiation, Wind velocity, sound, pressure, etc. and to 

cooperatively pass their data through the network to a 

main location. The development of wireless sensor 

networks was motivated by such networks are used in 

many weather and industrial applications, such as 

environment parameter monitoring, industrial process 

control, and machine health monitoring. 

 The main purpose of this paper is to reach a new 

technique of multi-sensor data fusion to control on power 

operation of renewable energy power grids via wireless 

sensor networks. The main function of (WSN) is to gather 

climate information in a day such as air temperature T, 

wind velocity V and solar radiation R.  
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This paper is organized as follows: Section 2 discusses the 

theory of multi-sensor data fusion. Section 3 explains the 

proposed sensor fusion algorithm and its different models. 

A practical case study in Egypt is applied in section 4. 

Section 5 shows the realistic expected procedures of the 

fusion system by using Wireless Sensor Network. Section 

6 displays software tools and model inputs. Section 7 

discusses the simulation results of the proposed sensor 

fusion approach. Section 8 discusses the missing sensor 

data case. Finally, Section 9 presents brief conclusion. 

 

2. Sensor fusion technique 

 

A multi-sensor data fusion system has three main 

components, Sensors, Sensor data processing, Data fusion. 

Each component represents an individual stage over all the 

system. Figure 1, gives a brief depict of a simple multi-

sensor data fusion system. The sensors in a multi-sensor 

data fusion system depend heavily on the application for 

which the system is built. The number of sensors used is 

an important factor in the cost equation in terms of time, 

money and effort and should be limited by the information 

gained. Identical sensors are used within the multi-sensor 

system then the data analysis process can be done with 

minimal effort (Martin E. Liggins, et al, 2009). This can 

enhance the reliability of the results provided by the 

redundancy of the information. The reliability of the data 

used within the fusion system will depend on the sensors 

available and the methodology employed for the fusion of 

the data. The selection of sensors and its number increases 

the accuracy of the information transferred. 

 

 
 

Fig.1 A simple multi-sensor data fusion system 

 

3. Proposed sensor fusion algorithm 

 

The multi-sensor data fusion strategy, which will be used, 

depends on many parameters in the sensor system. All 

these parameters are appeared in the algorithm to make a 

complete data fusion system. 

 

3.1 Algorithm configuration 

 

 The system consists of a number of sensor S which are 

linked together to form three wireless sensors networks 

such as; temperature sensor network, wind velocity sensor 

network and solar radiation network in addition, the power 

stations which need to make a sensor fusion at its location. 

Figure 2, gives a brief depict of the used multi-sensor data 

fusion algorithm. The multi-sensor fusion proposed 

algorithm relies on many factors; both the formula and the 

relationship between the measured amount type by sensor 

and the maximum power of power station, the distance L, 

between a sensor location, the power station location, and 

the accuracy of the used sensors. 

 

 
 

Fig.2 The used multi-sensor data fusion algorithm 

 

Where Sj represents the sensor number and P is a location 

of power station. 

 

At the location of power station P, the data fusion formula 

is shown in equation (1). 

 

31 2 4

1 2 3 4

1 2 3 4

1 1 1 1

SS S S

L L L L

L L L L

P
  


  

                                                (1)  

 

In a general case, the equation (1) may be generalized and 

modified to comprehend n numbers of sensors as the 

following in equation (2). 

 

31 2 4

1 2 3 4

1 2 3 4

1 1 1 1 1

...

...

n

n

n

SS S S S
L L L L L

L L L L L

P
    


    

                               (2) 

 

In case there are corrupted or faulty data coming from any 

sensor, a new parameter will be added in the equation to 

avoid this fault or the corrupted data, modify the response 

and improve the behavior and result of the system. Alpha 

α is a new parameter, positive value, will be add as an 

exponent of distances. The equation (2) will be modified 

to become (3). 
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...

n
n

n

n
n
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                   (3) 

 

where α is an exponent of distance. 

 

To explain the fusion algorithm extensively, a larger 

multi-sensor data fusion system is considered. This 

example contains five sensors and three power stations. 
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In Figure 3, there are many power stations; each power 

station is presented by an equation. Therefore, the number 

of equations equals the number locations of power 

stations. 

 
 

Fig. 3 A larger multi-sensor data fusion system 

 

 Location Power Station P1: 

The data fusion algorithm formula at the location of power 

station P1 is demonstrated in equation (4). Figure 4, shows 

the distances between power station P1 and all sensors.  

 

3 51 2 4
51 2 3 4

1511 12 13 14

51 2 3 4
1511 12 13 14

1 1 1 1 1 1

SS S S S

LL L L L

LL L L L

P
   

   





  


  
               (4) 

 

where ijL  is the distance between iP  and jS . 

 

 
 

Fig. 4 The distances between location of P1 and all sensors 

 

 Location Power Station P2: 

The data fusion algorithm formula at the location of power 

station P2 is demonstrated in equation (5). Figure 5, shows 

the distances between power station P2 and all sensors. 

 

3 51 2 4
51 2 3 4

2521 22 23 24
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2521 22 23 24
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P
   

   





  


  
                 (5) 

 

 Location Power Station P3: 

The data fusion algorithm formula at the location of power 

station P3 is demonstrated in equation (6).  Figure 6, shows 

the distances between power station P3 and all sensors. 

 

 
 

Fig. 5 The distances between location of P2 and all sensors 

 

 
 

Fig. 6 The distances between location of P3 and all sensors 

 

3 51 2 4
51 2 3 4
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3531 32 33 34

3 1 1 1 1 1

SS S S S

LL L L L

LL L L L

P
   

   





  


  
              (6) 

 

It is possible to write the equations (4) to (6) together in a 

matrix form to express the conclusion of the system as in 

equation (7), where, the L.H.S is a vector of P, which is m 

x 1, and the R.H.S is consisted of a matrix m x n and a 

vector of sensor n x 1. 
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                    (7) 

 

where Y1 is the denominator of the equation (4), as in 

equation (8). 
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                   (8) 

 

Similarly, the denominator of the equation (5) is Y2 and 

the denominator of the equation (6) is Y3. 

 The matrix, in equation (7), can be generalized and 

modified to include number n sensors and number m 

Power stations, as following in equation (9). 
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where Y1 is, as equation (10). 

 

51 2 3 4
11511 12 13 14

1
1 1 1 1 1 1

n
nLLL L L L

Y    
       (10) 

 

Similarly, the denominators Y2 and Y3. 

 

3.2 Algorithm development 

 

To make a comprehensive expression of the data fusion 

proposed algorithm, the weight expression is utilized, 

where the distance between any sensor and any power 

station can be considered as a weight of the sensor as in 

equation (11). This weight w and W explains how the data 

of the sensor effect on the location of power station. 
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Where ijw = 1
j

ijL   is the weight between iP  and jS . 

The denominator W1 is expressed as in equation (12). 

 

1 11 12 13 14 15 1nw w w w w wW                  (12) 

 

Similarly, the denominators W2 and W3. 

 

4. Case study 

 

To check the credibility of the suggested technique, it 

should be checked on a practical case study. Actually, 

there is not found a good case study except that is existed 

in Egypt. With the expected depletion of natural gas 

reserves within the next 57 years, Egypt is an investor’s 

dream when it comes to sustainable energy resources. 

Egypt possesses an abundance of land, sunny weather and 

high wind speed, making it a prime resource for two 

renewable energy sources: wind, solar (GAFI, 2013). 

 

4.1 Case study description 

 

The geographical environment of Egypt generally, on the 

Red Sea Beach specifically enables it to be one of the best 

places to invest in Renewable Energy Power Grids. 

Indeed, Egypt has many Renewable Energy Grids long as 

the Red Sea Beach from the Suez Governorate in North 

until Safaga City in South.  

 On the Red Sea beach, there are many Renewable 

Power Stations such as;  

 Zaafarana Wind Power Station 545 MW P1. 

The largest wind farm on the African continent, it has been 

being operating since 2001. It is located 120 km south of 

Suez on the Red Sea, the park currently boasts a capacity 

of 80 MW and is delivering total output of 545 MW as of 

2011. 

 Hurghada Solar Power Station 10.5 MW P2. 

 Hurghada Wind Power Station 5 MW P3.(NREA, 2013) 

Hurghada wind farm includes wind turbines with different 

technologies; manufacturing. Wind turbines have single, 

double and triple blades. The percentage of local 

manufacturing in this plant reached about 40% (blades, 

towers, mechanical and electrical works), saving about 1.5 

thousand tons of oil equivalents, and reducing the 

emission of about 4000 tons of carbon dioxide. 

 Suez Gulf Wind Power Station 200 MW P4.  

 All these renewable power station are overlooking on Red 

Sea beach. These Renewable Power Stations will be 

considered as the power stations Pi in the multi sensor data 

fusion’s algorithm. 

 It is worth mentioning that Temperature sensors, Wind 

velocity sensors and Radiation sensors are selected 

because of the relationship between the measured 

parameter of each sensor and the maximum power that can 

be obtained from the renewable power stations whether 

solar power station or wind power station. It is needed to 

build three sensor networks as temperature sensor 

network, wind velocity sensor network, and radiation 

sensor network around these power stations to feed the 

information from the sensors to Multi Sensor Data 

Fusion’s algorithm. The sensors of these networks are 

distributed in six locations as in Table 1 and Figure 7. 
 

Table 1 The distribution of the sensors in six places 

  

Locations A B C D E F 

Temperature 

Sensor T 
      

Wind velocity 

Sensor V 
 --     

Radiation 

Sensor R 
 --    -- 

 
(A. Suez, B. Ain El Sokhna, C. Zaafarna, D. Ras Gahrib, 

E. Hurghada and F. Safaga) 
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The majority of locations contain the three types of 

sensors such as; locations A, C, D and E. Only, one 

location contains a two type of sensors as location F and 

location B contains only one sensor. 

 

 
 

Fig. 7 Locations of renewable energy power stations 

overlooking on the red sea and sensors networks 

 

4.2 Case study models 

 

According to the algorithm and the different types of 

sensors that are used, every sensor has a unique model. 

Therefore, the three mathematical different models related 

to three different sensors types are adapted for a case 

study.  

 Temperature sensors network model, wind velocity 

sensors network model and radiation sensors network 

model in terms of the weight are reached after substitution 

in equations (11) by number of power station m and the 

number of sensors n in each network, as in equation (13) 

to (15). 

1. Temperature Sensors Network T: 
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2. Wind Velocity Sensors Network V: 
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3. Radiation Sensors Network R: 
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5. Realistic procedure of the system 

 

Wireless Sensor Networks are emerging as a suitable new 

tool for a spectrum of new applications in recent years 

(Chiara Buratti, et al, 2009). They are easily deployable at 

a large scale, low power, inexpensive and self-organizing. 

These unique characteristics make them advantageous 

over traditional networks.  

 Sensor networks applications were originally 

motivated by military applications such as target detection, 

surveillance of enemy activities in a battlefield 

environment and counterterrorism; however, their many 

advantages over traditional networks resulted in the 

development of many other potential applications such as; 

environment and habitat monitoring, health applications, 

home automation, traffic control and power smart grid as 

in Figure 8. 

 The WSN is built of nodes – from a few to several 

hundreds or even thousands, where each node is connected 

to one (or sometimes several) sensors. A sensor node 

should sense, process and communicate the data to 

wherever it is used with minimum resource consumption. 

Each such sensor network node has typically several parts: 

a radio transceiver with an internal antenna or connection 

to an external antenna, a microcontroller an electronic 

circuit for interfacing with the sensors. Moreover, 

integration to a GSM (Global System for Mobile 

communications)/GPRS (General Packet Radio Service) 

module to enable communication using the mobile 

telephone network (D. Gascon, 2010) and an energy 

source, usually a battery or an embedded form of energy 

harvesting.  

 
 

Fig. 8 Power smart grid by using wireless sensors 

networks 
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A sensor node should sense, process and communicate the 

data to wherever it is used with minimum resource 

consumption (Salem Hadim and Nader Mohamed, 2006). 

There must be new programming paradigms and new 

operating systems that glue everything together in an 

efficient manner, supporting concurrency-intensive 

operations and insuring robustness and modularity.      

 A friendly user-programming interface that executes 

applications and marshals the high-level constructs of the 

programming language to the low level constructs 

understandable to the operating system should be 

provided. The middleware is a suitable tool for this. It 

should be an unifying layer, integrating the very different 

components a smart grid is equipped with into one 

homogeneous-looking layer (José-Fernán Martínez, et al, 

2013).  

 It is worth mentioning that the suitable way of 

implement these different sensors network is by using 

wireless sensor networks. However, the important issue is 

how to select the suitable middleware which offering 

abilities and handle the challenges of (WSN). Indeed the 

need for a middleware layer that fully meets the design 

and implementation of different challenges of sensor 

network technologies is a novel approach to resolve many 

of the open issues and drastically enhance the 

development of applications on such networks. (D. Estrin, 

et al, 1999) 

 The design and development of a successful 

middleware layer for WSN is not trivial. It needs to deal 

with many challenges dictated by WSN characteristics on 

one hand and the applications on the other hand. (J. 

Heideman, et al, 2001) 

a) Hardware resources. 

b) Scalability and network topology. 

c) Heterogeneity. 

d) Network organization. 

e) Real-world Integration. 

f) Application knowledge. 

Some design principles and research projects of 

Middleware for Sensor Networks have already been 

proposed. All these different approaches of middleware 

are presented in details and evaluated to explore the pros 

and cons in (P. Levis and D. Culler, 2002), (R. Barr, et 

al,2002), (W.B. Heinzelman, et al, 2004), (Yong Yao, 

2006), (X. Yu, et al, 2003). 

 

 
 

Fig. 9 The magnet middleware architecture for sensors in 

wireless sensors networks (WSN) 

A state of the art comparison and classification by 

concentrating on similarities and differences between the 

approaches are provided. Middleware approaches for 

WSN are mainly classified into three categories: virtual 

machine, database based and application driven.  

 Further, it is worth mentioning that the Mate and 

Magnet middleware are suitable to work in the used 

Wireless Sensor Network in this power grid system. 

However, Mate is suitable for a sleepy application because 

its consuming high power, for complex applications, it is 

wasteful because of the interpretation overhead. Thus, the 

Magnet middleware is preferable for the meteorological 

stations Wireless Sensor Networks as shown in Figure 9, 

because it is not need to high power, but it uses java 

virtual machine that introduces an overhead in its 

instructions. 

 

6. Software tools and model inputs 

 

The three models of multi sensor fusion technique was 

designed for Temperature sensors network, wind velocity 

sensors Network and radiation sensors network by using 

MatLab/Simulink toolbox, which is an interactive tool for 

modeling, simulating and analyzing dynamic systems 

(Steven T. Karris, 2006).  Simulink provides a complete 

set of modeling tools that can be used to quickly develop 

detailed block diagrams of the systems. It integrates 

seamlessly with MATLAB or any simulation software 

package, providing the user with immediate access to an 

extensive range of analysis. Simulink enables the building 

of graphical block diagrams, simulate dynamic systems, 

evaluate system performance and refine the designs. The 

model inputs include parameters supplied by the user such 

as the distances between the sensor locations and power 

stations, the simulation time, value of Alfa α and measured 

data of all sensors at different locations in a certain day, 

which is used to recognize the required estimated reading. 

  

7. Simulation Result 

 

7.1 Temperature Sensor Network 

 

Figure 10, shows the measured reading of all temperature 

sensors ST1, ST2, ST3, ST4, ST5 and ST6. These measured 

readings of all sensors are taken over 24 hours in a day. 

 

 
 

Fig. 10 The measured readings of all temperature sensors 

ST1, ST2, ST3, ST4, ST5 and ST6 

 

In a deep view to Figure 10, it is noted the measured data 

that are sent from the temperature sensors network are not 
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equal the number of temperature sensors because sensors 

ST2 and ST3 have the same measured reading data. They 

appear as one black line. Moreover, sensors ST4 and ST5 

have the same measured reading data. They also appear as 

one blue line.  

 

 
(a) Estimated temperature reading at location of station P1 

 

 

(b) Estimated temperature reading at location of station P2 

 

 
(c) Estimated temperature reading at location of station P3 

 

 
(d) Estimated temperature reading at location of station P4 

 

Fig. 11 The estimated temperature reading results at the 

locations at all power stations with measured readings of 

all temperature sensors 

 

Figure 11, demonstrates the estimated temperature reading 

results at the locations of all power stations with measured 

readings of all temperature sensors. These results of the 

temperature sensors network are produced after making 

the simulation of its designed model that is in equation 

(13) and inserting the required distance, measured data of 

all sensors at different locations and considering the value 

of Alfa α equals unity. 

 

 
 

Fig. 12 Estimated temperature reading results at the 

locations of all power stations P1, P2, P3 and P4 

 

Figure 12, present the estimated temperature reading 

results at the locations of all power stations P1, P2, P3 and 

P4. It is obvious that power station P3 Hurghada Wind 

Power Station and power station P2 Hurghada Solar Power 

Station have high estimated reading, which means that 

these power stations can supply loads more than other 

power stations. 

 On the other hand, power station P4 Suez Gulf Wind 

Power Station and power station P1 Zaafarana Wind 

Power Station come after P2 respectively, in the value of 

estimated temperature reading, which means that they can 

supply less loads than other power stations.  

  

7.2 Wind Velocity Sensors Network 

 

Figure 13, shows the measured reading of all wind 

velocity sensors SV1, SV2, SV3, SV4 and SV5. These 

measured readings of all sensors are taken over 24 hours 

in the same day of the temperature sensors readings. 
 

 
 

 

Fig. 13 The measured readings of all wind velocity 

sensors SV1, SV2, SV3, SV4 and SV5 
 

In a comprehensive view to Figure 13, it is remarkable that 

the measured data that are sent from the wind velocity 

sensors network are not equal the number of wind velocity 

sensors, because SV1 and SV2 have the same data. They 

appear as one magenta line. Moreover, SV3 and SV4 have 

the same data. They also appear as one green line. 
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(a) Estimated velocity reading at location of station P1 

 

 
(b) Estimated velocity reading at location of station P2 

 

 
(c) Estimated velocity reading at location of station P3 

 

 
(d) Estimated velocity reading at location of station P4 

 

Fig. 14 The estimated velocity reading results at the 

locations of all power stations with measured readings of 

all wind velocity sensors 
 

Figure 14, elaborates the estimated velocity reading results 

at the locations of all power stations with measured 

readings of all wind velocity sensors. These results of 

wind velocity sensors network are produced under the 

same conditions of the temperature sensors network 

however, by using the wind velocity sensor network model 

that is in equation (14).  

 

 

Fig. 15 Estimated velocity reading results at the locations 

of all power stations P1, P2, P3 and P4 

 

Figure 15, presents the estimated reading results at the 

locations of all power stations P1, P2, P3 and P4. It is easy 

to conclude that power station P3 Hurghada Wind Power 

Station and power station P2 Hurghada Solar Power 

Station have high estimated reading with some fluctuation 

around a day, which means, these power stations can 

supply loads more than other stations with some 

fluctuations. 

 On the other hand, power station P1 Zaafarana Wind 

Power Station and power station P4 Suez Gulf Wind 

Power Station come after P2, respectively, in the value of 

estimated reading, which means that they can supply less 

loads. However, P1 down more than P4 in some Period 

such as; at 06:00 and from 21:00 to 23:00.  
 

7.3 Radiation Sensors Network 
 

Figure 16, shows the measured reading of all radiation 

sensors SR1, SR2, SR3 and SR4. These measured readings of 

all sensors are taken over 24 hours in the same day of the 

temperature sensors readings and wind velocity sensors 

readings.  

 

 
 

Fig. 16 The measured readings of all radiation sensors SR1, 

SR2, SR3 and SR4 
 

In a concentrated view to Figure16, It indicates the 

measured data that are sent from the radiation sensors 

network that are distributed around power stations grids 

where each curve expresses the data of only one sensor.  

Figure 17, displays the estimated radiation reading results 

at locations of all power stations with measured readings 

of all radiation sensors. These results of radiation sensors 

network are produced under the same conditions of the 

temperature sensor network and wind sensors network 

however, by using the radiation sensor network model that 

is in equation (15).  
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(a) Estimated radiation reading at power station P1 

 

 
 

(b) Estimated radiation reading at power station P2 

 

 
 

(c) Estimated radiation reading at power station P3 

 

 
(d) Estimated radiation reading at power station P4 

 

Fig. 17 The estimated radiation reading results at the 

locations of all power stations with measured readings of 

all radiation sensors 

 

Figure 18, illustrates the estimated radiation reading 

results at the locations of  power stations P1, P2, P3 and P4. 

It is possible to deduce that power station P3 Hurghada 

Wind Power Station has the highest reading between other 

Power Stations, which indicates that this power station can 

supply the majority of loads. Power station P2 Hurghada 

Solar Power Station and power station P1 Zaafarana Wind 

Power Station have approximately the same reading. Then, 

power station P4 Suez Gulf Wind Power Station comes in 

the lowest reading. 

 
 

Fig. 18 Estimated radiation reading results at the locations 

of all power stations P1, P2, P3 and P4 

 

8. Missing sensor data case  

 

To investigate the system ability, recognize the behavior 

of the technique and evaluate its reliability at abnormal 

conditions. A missing sensor data case is considered in 

each used sensor network, as shown in Figure 19. 

Accordingly, the data fusion formula at location of power 

station P is as in equation (16). To avoid this defect and to 

compensate missing data of sensor S2, the parameter Alfa 

α does not equal unity as in the normal operation 

conditions. 

 
 

Fig. 19 The fusion system with missed data of sensor S2 
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After making some analyses, It is concluded that the value 

of α depends on many factors; the used sensor accuracy 

(i.e. sensor error), the exponent value of the measured 

parameter of sensor in the Pmax equation and the 

coefficient inversely related to correlation factor. Alpha’s 

value is concluded from equation (17). 
 

  1  .          i r c                                                 (17) 
 

Where:  

ε    is the sensor error;   r   is an exponent of the measured  

parameter and c is a coefficient inversely related to 

correlation factor. 

 

In the case study, it is dealing with the three-climate 

parameters T, R and V due to the relationship between 

these parameters and the maximum power that can be 
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obtained from the renewable stations whether solar power 

station or wind power station, as in equations (18) to (20). 

 

max 0.242 56.22P T                                                   (18) 

 
2

max 19.147 315.27 0.79097P R R                            (19) 

 
3 2

max 1.3 0.44 0.15 0.00061P V V V                        (20) 

 

In the temperature sensors networks, it is considered that 

sensors S2 and S5 are missed which are nearest sensor and 

farthest sensor to station P1, respectively. Similarly, in the 

wind velocity sensors network, sensors S1 and S4 are 

missed which are nearest sensor and farthest sensor to 

station P1, respectively. Similarly, in the Radiation sensors 

network, sensors S1 and S3 are missed which are nearest 

sensor and farthest sensor to station P1, respectively. 

Figures 20, 21 and 22 demonstrate the estimated reading 

results at the location of power stations P1 of the 

temperature, wind velocity and radiation networks, 

respectively in sensor missed data case.  

 

 
(a) Estimated temperature reading TP1, ST2 missed 

 

 
(b) Estimated temperature reading TP1, ST5 missed 

 

Fig. 20 Estimated temperature reading results at the 

location of P1 of temperature network in sensor missed 

case 

 
(a) Estimated velocity reading VP1, SV1 missed 

 
(b) Estimated velocity reading VP1, SV4 missed 

 

Fig. 21 Estimated velocity reading results at the location 

of P1 of the wind velocity network in sensor missed case. 

 

 
(a) Estimated radiation reading RP1, SR1 missed 

 

 
(b) Estimated radiation reading RP1, SR3 missed 

 

Fig. 22 Estimated radiation reading results at the location 

of P1 of the radiation network in sensor missed case 

 
These results of missing sensor data of all networks are 

produced after making the simulation of its designed 

equation that is in equation (16) and inserting the required 

distance, measured data of all exiting sensors at different 

locations and considering the value of Alfa α according to 

equation (17).  

 In a deducing view to the results in Figures 20, 21 and 

22, it is shown that the system tends to follow the next 

nearest sensor if the nearest one data is missed and follow 

the nearest sensor in case the farthest one data is missed. 

Similarly, this behavior occurs for all sensors in between 

the nearest sensor and the farthest sensor in all different 

sensors networks. 

  

Conclusion  

 

A model for a new technique of multi-sensor data fusion 

was proposed in this study. The proposed model can be 
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used for collecting sufficient data through many different 

sources depending on and the weighted concept and 

combined it together, taking into consideration benefits of 

the spatial concept design, which helps in choosing the 

power station, which can supply the maximum capacity of 

loads.  

 The realistic procedures of the Wireless Sensor 

Network are discussed and performed to collect the data 

from the sensors. Selecting the suitable middleware for the 

Wireless Sensor Network is involved. The model is tested 

for a case study contains four renewable power stations, 

which are located at different provinces in Egypt and 

overlooking on the Red sea beach. It was seen that the 

simulation results for the model achieved acceptable 

levels.  

 A missing sensors data discussion is revealed that the 

model provides good reliability with a logical behavior of 

the system. It is expected that this new technique for 

multi-sensor data fusion will be useful to the engineers of 

renewable energy related integrated grids. 
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