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Abstract: This paper presents a method to determine excitation angles for a Switched Reluctance Generator (SRG) by using Artificial 

Neural Network (ANN). The ANN model consists of the feed-forward neural network and the back-propagation learning with a linear 

activation function (the linear function) and a nonlinear function (the hyperbolic tangent). The ANN model with two layers; the hidden 

layer and the output layer, is derived from the current and flux linkage of the SRG. The SRG model is built from the magnetization 

curve which the flux linkage versus current at different rotor positions is analyzed from the finite element method (FEM).  An 8/6 SRG 

was set up to validate the proposed ANN method. 
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1. INTRODUCTION 
Advantages of SRGs are fault tolerance, high robustness, and 

high efficiency. The SRG has remarkable characteristics 

which employs as a variable speed generator [1]. However, 

the SRG requires a position sensor for the commutation of the 

stator phases in synchronism with the rotor position and its 

nonlinear electrical behavior provides a high torque ripple [2]. 

Finite Element Method (FEM) is the accurate solution to the 

model problem in SRG. However, FEM is a time consuming 

process and has a lot of data. An optimized design of the SRG 

for maximum output power is proposed [3]. The system based 

on a simple controller is proposed that the optimal control 

angles are determined online [4]. A back-propagation neural 

network is a multilayer feed forward network trained by back 

propagation algorithm. The objective is to train the network to 

achieve a balance between the ability to respond correctly to 

the input patterns. The training of a network by back-

propagation involves three stages; the feed-forward of the 

input training pattern, the calculation and back-propagation of 

the associated error, and the adjustment of the weights. After 

training, application of the net involves only the computations 

of the feed-forward phase. A multilayer net (with one or more 

hidden layers) can learn any continuous mapping to an 

arbitrary accuracy. 

  The proposed method in this paper utilizes FEM and 

Artificial Neural Network (ANN). A model of a SRG based 

on MATLAB/Simulink depending on the flux linkage and the 

inductance obtained from FEM. A training data set is 

generated by control parameters of the SRG. Neural mapping 

used to predict the excitation angles after good training.    

 

2. OPERATION OF SWITCHED 

RELUCTANCE GENERATOR 
The SRG structure is double protruding pole. The SRG has 

steel laminations on the rotor and stator as shown in Fig.1 that 

there are no windings or permanent magnets on the rotor. The 

operation of SRG depends entirely on synchronized excitation 

of the set of stator windings to create continuous rotation of 

the rotor poles. When the switches S1 and S2 are turned on, 

the windings on the stator are excited by the outer circuit, and 

the electrical energy and mechanical energy provided by 

exterior circuit are converted into magnetic field energy. 

When the switches S1 and S2 are turned off, nevertheless the 

diodes D1 and D2 are turned on. The magnetic field energy 

and mechanical energy are converted into electricity energy to 

the load.   
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Figure. 1. 8/6 SRG structure (left) and its converter (right) 
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Figure. 2. Equivalent circuit of one phase SRG  

The equivalent circuit of one phase SRG is shown in Fig. 2 

that the phase voltage can be expressed by 
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where: 

phR   is the phase resistance 

phi   is the phase current  

L  is the inductance  

   is the rotor speed. 
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In this paper, the value of parameter of the candidate 8/6 SRG 

is shown in Table 1. The characteristics of flux linkage versus 

the current and rotor position of the SRG can be determined 

using the Finite Element Method (FEM) as shown in Fig. 3. 

The relationship between the flux linkage at the aligned and 

unaligned positions can be obtained from the FEM and is 

shown in Fig. 4. The relationship between the flux linkage and 

the phase current at different rotor positions is shown in Fig. 

5.                                           

 

Table 1. The value of parameter of the candidate SRG 

Parameter Value 

Outer diameter of stator 150 mm 

Inner diameter of stator 70 mm 

Stack length 70 mm 

Shaft diameter 24 mm 

Length of air gap 0.5 mm 

Stator pole arc 22o 

Rotor pole arc 24o 

 

 

Figure. 3. Finite element method 

 

       
Figure. 4. Aligned (left) and unaligned (right) rotor positions 
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Figure. 5. Characteristics of flux linkage versus current and rotor 

position 

The mathematical model of the phase current of the SRG is 

shown in Fig. 6 which is obtained using Eq. (1). 
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Figure. 6. Block diagram for mathematical model of the phase current 

 

3. ARTIFICIAL NEURAL NETWORKS 
Artificial neural network (ANN) is computing systems whose 

structures are inspired by a simplified model of the human 

brain [5]. In Fig.7 describes a typical 3-layer feed-forward 

ANN. It consists of input layer, output layer and hidden layer. 

Activation signal of nodes in one layer are transmitted to the 

next layer through weights which either attenuate the signal 

[6]. The value of the weights in a supervised ANN is 

determined through the iterative training process. ANN output 

is compared with true output from training data set, and then 

the weights are adjusted incrementally to make the error 

minimum. Several learning methods have been developed 

such as back-propagation, Levenberg-Marquardt [7]. 

 

 

Figure. 7. Typical 3-layer feed-forward ANN 

 

 

Figure. 8. Block diagram for mathematical model of the rotor position 
 

 
Figure. 9. Block diagram for mathematical model of the flux linkage 
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Figure. 10. Block diagram for mathematical model of the converter 

 

The SRG model using FEM data consists of the rotor position 

model, the flux linkage model, and the converter model as 

shown in Figs 8-10, respectively. These models are used to 

simulate to collect data of the control parameters in different 

conditions. These data are used to train the ANN model. The 

mathematical model of inductance is shown in Fig. 11. The 

inductance based on the mathematical model and the block 

diagram to calculate of the SRG model are shown in Fig. 12 

and Fig. 13, respectively. 
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Figure. 11. Block diagram for inductance estimator 

 

 
Figure. 12. Inductance based on the proposed model 

 

Torque of the SRG can be given as 
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Figure. 13. Block diagram for calculation of the SRG 

4. SIMULATION AND 

EXPERIMENTAL RESULTS 
The 8/6 SRG system is shown in Fig. 14. The induction motor 

is used as the prime mover. A variable transformer with a 

rectifier is used as the constant DC bus voltage. The average 

torque of the generator is measured by a rotational torque 

transducer. The rotor speed and the aligned rotor position are 

detected by a resolver mounted on the SRG. One ohm resistor 

is used as the load. The schematic layout of the experimental 

setup is shown in Fig. 15. 

 

 

Figure. 14. 8/6 experimental Setup 

 

Figure. 15. Schematic layout of the experimental system 

Fig 16 shows the rotor position of 4 phases of the SRG. Fig 17 

shows the simulation results obtained from the mathematical 

model when the SRG is controlled at positions of turn-on = 0° 

and turn-off = 13°.  
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Figure. 16. Rotor position of 4-phase SRG 

 

Figure. 17. Phase current shape at of turn-on = 0° and turn-off = 13° 

Data of the flux linkage, the rotor speed, the excitation angles, 

the DC bus voltage, and the phase current are used to train the 

ANN model. Ultimately; the ANN model only requires the 

data of the flux linkage and the phase current. 

To validate the ANN model, the experiment results in 5 cases 

are shown in Table 2 when the proposed model of the SRG 

compare with the ANN model. And Figs. 18-22 show the 

results based on the proposed ANN model, the mathematical 

model, and the experiments. The waveforms of the phase 

voltage, phase current, the total torque (inverse), and the rotor 

position are described in the proposed model and the 

experiments. 

   Table 2. The value of parameter of the candidate SRG 

Case 
Turn-on (°) Turn-off (°) 

Model ANN Model ANN 

1 0 0.1472 15 15.45 

2 2 2.078 11 11.7 

3 3 3.209 15 15.33 

4 5 4.757 14 14.26 

5 8 7.758 16 15.64 

 

 

 
 

 
 

 

Figure. 18. Case 1 with turn-on at 0° and turn-off at 15°; the proposed 

ANN (top), the mathematical model (middle), and the experiment  

 

 

 

 

Figure. 19. Case 2 with turn-on at 2° and turn-off at 11°; the proposed 

ANN (top), the mathematical model (middle), and the experiment  
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Figure. 20. Case 3 with turn-on at 3° and turn-off at 15°; the proposed 

ANN (top), the mathematical model (middle), and the experiment  

 

 

 

 

Figure. 21. Case 4 with turn-on at 5° and turn-off at 14°; the proposed 

ANN (top), the mathematical model (middle), and the experiment  

 

 

 

 

 

Figure. 22. Case 5 with turn-on at 8° and turn-off at 16°; the proposed 

ANN (top), the mathematical model (middle), and the experiment  
 

5. CONCLUSIONS 
The ANN method for predicting the excitation angles of a 

SRG is proposed. The FEM is used to analyze the 

magnetization curve. The data obtained from the FEM is 

provided to build the SRG model. The model gives the 



International Journal of Science and Engineering Applications  

Volume 6 Issue 10, 2017, ISSN-2319-7560 (Online) 

www.ijsea.com  301 

position of excitation angles. The data of the flux linkage and 

phase current and control parameters are used to train the 

proposed ANN model. Regarding to results, the ANN can 

accurately predict to determine the excitation angles of the 

SRG. The average error is 4.9% compared to the 

mathematical model. 
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Abstract: The target in this research is detecting Gold anomalies in Alut district. This area is located in western Iran. The area mostly 

consists of metamorphic rocks extended along geological structures. Geochemical anomaly detection for gold begins with sampling in 

the study area. The samples are obtained from drainages of the area thus the samples are surface soil specimens. These samples are 

analyzed by ICP-MS. Then statistical and non-statistical methods are applied to define anomalies in the area. Finally anomaly maps 

are generated. 
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1. INTRODUCTION 
Gold prospection and exploration date back to 

centuries ago since the human was familiar with 

this valuable metal. This process has been 

systematized in the recent decades. Nowadays 

mining prospection and exploration includes 

different fields of study. One of the most important 

fields is geochemistry. Geochemical behavior of 

elements in a study area is a critical answer key to 

exploration uncertainties. Geochemistry as an 

important field in mining exploration is developed 

by several experts. Most of the endeavor in this 

field is trying to locate mineral deposits, which is 

technically defined as anomaly delineation and 

separation from background. Delineation of 

geochemical anomalies from background is one of 

the major targets in exploration geochemistry. In 

order to achieve this goal, different descriptive and 

quantities methods have been employed [1].  

Statistical approaches are one of the most popular 

and useful methods in geochemical exploration. 

Among different statistical approaches, the 

Exploratory Data Analysis (EDA) methods are 

highly helpful in understanding single-element 

distribution and defining outlier data .The EDA 

methods are firstly expressed by Tukey [2] and 

then developed by other experts for geochemical 

studies[3-8]. The boxplot is one of the EDA 

methods. The Boxplot function is most 

informative if the true number of outliers is below 

10% [10]. The other statistical approach for 

anomaly detection is X+tS introduced by Solovov 

[9].  

The other geochemical approach for anomaly 

separation from back ground is fractal modeling 

firstly introduced by Mandelbort [10] and then 

developed by other researchers. One of the most 

off use fractal modeling types is Concentration-

Area (C-A) fractal modeling developed by Cheng 

et al. [11] and Li et al. [12]. 

In this study, anomaly delineation and 

geochemical behavior of gold has been studied in 

Alut district, Iran. The geochemical surface 

sampling covers the whole study area. The data 

obtained from these samples are then processed by 

different geochemical methods as introduced 

above. Finally the results of these methods are 

compared and discussed. 

2.  GEOLOGY SETTINGS  
The geology of Iran is in accordance to continental 

fragments initially rifted from Gondwana land. 

The geological studies of Iran has begun since 

decades ago containing [13-25]. Iran has one of 

the most complex economic geology settings in 

the world including several metallic and non-

metallic deposits. Among different mineral 

resources in Iran, gold mineralization is 

considerable and valuable to be studied and 

explored.  

Alut area in Kurdistan, Iran is noticeable as a 

promising gold mineralization district. The area is 

located between 45°30'00" E to 46°00'00" E 

longitudes and 35°30'00" N to 36°0000" N 

latitudes. The geology of the area is mostly in 

consistence to metamorphism. Figure 1 depicts the 

geological map of the study area.  
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Figure 1. Geological map of the study area (modified 

after the geological survey of Iran) 

 

The area is generally consisted of metamorphic 

rocks such as Gneiss, Mica schist and 

amphibolites. The similarities of rocks with low 

degree of metamorphism to Kahar formation 

rocks, inspirits that the metamorphic rocks are 

derived from Kahar formation and then under 

tectonic activities, metamorphism degree has 

increased in some parts. In the north-west of the 

area, carbonate unites including Shale and Mica-

bearing sandstone and in the north-east of the area 

small outcrop of acidic volcanic rock unites 

mainly consisted of Rhyolite and meta-Rhyolite 

observed. The oldest rock unites in the area is 

Permian carbonates. There is no rock unite in 

accordance to Triassic and Jurassic age. The 

youngest rock unite is related to cretaceous age 

which have suffered low degree of metamorphism. 

The most noticeable magmatic activities in the 

area are the granite intrusive series in the north-

east of the area with Jurassic age [26]. 

 

3. METHODOLOGY 

3.1 The Exploratory Data Analysis (EDA) 

method (The Boxplot) 
The Boxplot as one of the most popular and 

beneficial type of the EDA methods divides the 

data-set into four quartiles (Fig.2). The box 

consists of 2nd and 3rd quartiles which 

approximately contain fifty percents of the 

samples. The other segments are: lower and upper 

fences with the distance of 1.5 times of the box 

length from each side of the box, lower and upper 

hinges which are the 2nd and 4th quartiles (or the 

equal median of the first and second half of the 

dataset around the main median) and lower and 

upper whiskers extended to the two most extreme 

data values which are still inside the fences. The 

threshold value is the upper fence which denotes 

that samples with higher values than the upper 

fence can be defined as anomalies in dataset [1]. 

 

Figure 2. Schematic definition of the boxplot [1]. 

3.2 The statistical method X+tS method 
This statistical method is based on the different  

levels of confidence which is represented by “t” in 

the general form of this method “X+tS”. X is the 

average of the variable and S is the standard 

deviation. Different confidence levels will cause 

different anomaly thresholds. 

3.3 Concentration-Area (C-A) fractal 

modeling 
In spite of statistical methods, fractal modeling 

methods are structural approaches meaning that 

the location of the samples has direct effect on the 

results. The C-A fractal modeling was firstly 

expressed by Cheng et al [11] as following: 

Let A(p) denote the area with concentration 

values greater than the contour value p. This 

implies that A(p) is a decreasing function of p. If v 

represents the threshold, the following empirical 

model generally provides a good fit to the data for 

different elements in the study area: 
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Where denotes proportionality.  

4. DISCUSSION 
In this research 836 soil samples were obtained 

from the area (Fig.3) and then analyzed by ICP-

MS method. The data process began with data 

normalization. Then normalized data are used for 

the statistical and non-statistical studies for gold.  

Figure 3. Sampling map. 

4.1 The Boxplot 
According to the boxplot, the data-set is classified 

as table 1. 

 

Table 1. Summery statistics of the boxplot for gold. 

 Au(ppb) 

N 836 

Min 0.43 

Lower whisker 0.49 

Lower hinge 1.40 

Median 1.80 

Upper hinge 2.66 

Upper whisker 3.70 

Threshold 4.56 

Max 8.30 

 

The threshold for Gold based on this method is 

4.56 ppb. This threshold is applied to the map 

(Fig.4) in which samples are plotted according to 

their X-Y coordination and Z value (grade of 

gold). The software used for map generation is 

Surfer 11.0.642.  

Figure 4. Geochemical anomalies for gold detected by 

the boxplot method 

4.2 The X+tS method 
Based on this method, different confidence levels 

could be applied for anomaly detection. In this 

study, commonly used confidence level ( t=2)  is 

applied. Based on different values of “t”, different 

anomaly maps are generated (Fig.5). The software 

used for map generation is Surfer 11.0.642.  



International Journal of Science and Engineering Applications  

Volume 6 Issue 10, 2017, ISSN-2319-7560 (Online) 

4 

Figure 5. Geochemical anomalies for gold detected by 

X+2S method. 

4.3 The C-A fractal modeling 
According to this method, the area enclosed by 

contours with different values must be calculated 

firstly. Based on the calculated area for each 

contour, the C-A log-log plot is drawn (Fig.6). 

 

Figure 6. C-A log-log plot. 

According to the C-A fractal modeling, the 

threshold for gold is defined as 3.16 ppb. The 

anomaly map for C-A fractal modeling is shown in 

figure 7. The software used for map generation is 

Surfer 11.0.642. 

 

Figure 7. Geochemical anomalies for gold detected by 

C-A fractal method 

5. CONCLUSION 
In this study, the aim was detection of gold 

geochemical anomalies. To begin the studies, 836 

samples were obtained from the area (surface soil) 

and then analyzed. The geochemical data-set was 

created after data normalization. In order to detect 

Gold anomalies, different statistical and non-

statistical methods were applied and the result was 

anomaly maps. Based on these anomaly maps, 

most of gold potential is located in the middle of 

the area where all the applied methods detected 

anomaly there. 
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Abstract: In this Paper, object tracking system model was developed using Neuro-Fuzzy hybrid based approach to predict the 

trajectory of an object moving around a scene. Servo motors were used to perform high-precision positioning in azimuth and elevation 

directions, fuzzy logic is applied to control the position servo motors via feedback. A Neuro-Fuzzy hybrid approach is used to design 

the fuzzy rule base of the intelligent system for control. In particular, ANFIS methodology was used to build a Sugeno fuzzy model for 

controlling the servo motor position carrying charge couple device camera (CCD) on a chaotic trajectory. An advanced test bed is 

used in order to evaluate the tracking properties and the robustness of the ANFIS controller operations. However, the variations of the 

Mechanical configuration of the drive, which is common to these two applications, can lead to error in object positioning before 

segmentation. The result for the azimuth and elevation time responses show that the rise time tr reduces to 0.1 and 0.3, respectively. 

The settling time decreases to 0.5 for the motors with ANFIS controller, the delay time reduces to 0.1 for both motors. Steady state was 

reached. Conclusively, ANFIS controller output was the best in terms of faster rise time, settling time, reduced delay time and object 

position stabilization. 

 

Keywords: ANFIS, Charge couple device (CCD)-Positioning System, DC servomotor, Segmentation. 

 

 

1. Introduction. 
 Object tracking and motion prediction are ways of estimating 

moving object path and position as it moves/stops in an 

environment. It plays a key role in an intelligent visioning for 

environmental monitoring during surveillance especially in 

military, traffic monitoring and sport video analysis. In 

tracking, a system   approaches a moving object (also called 

target) matching its location and velocity. Tracking system in 

literature consist of three parts; a controller that receives 

information on the position of object through a sensor, a 

dummy moving mechanism which follows an object based on 

controller directive, and a system vision which captures the 

object picture as it moves around a scene e.g a camera[1]. A 

major problem to object tracking is the uncertainty associated 

with the environments within which the system have to 

operate due to illumination, changing appearance patterns of 

the object and the scene, abrupt object motion, non-rigid 

object structures, object-to-object and object-to-scene 

occlusions, and camera motion stabilization. To address the 

fore mentioned challenges the controller must denote the 

ability to learn about the operating environment, the moving 

mechanism directed by the controller must be prompt or 

without delay to follow the object, finally, the system vision 

which in most case the camera must be clear to present the 

target object when segmented through coloured image 

processing [2] .  

The study is aimed at tracking object operating on a sequence 

of video images provided by camera through the application 

of Neuro-fuzzy logic system.  

The objectives of this work are; to use Neuro-fuzzy 

techniques to develop a rule based fuzzy system as an 

efficient and robust approach for object tracking on a 

sequence of video image and predict position of object on a 

trajectory. 

2. Related Works 
Object tracking was defined as approaching a moving object 

(also called target) matching its location and velocity. The 

tasks have a wide range of applications. We shall review some 

of the methods outlining clearly the limitations that 

necessitate the hybrid method used. The early tracking 

methodologies uses background subtractions; in these 

methods, the authors utilize and optimized threshold systems 

to obtain the behavior of the moving object, centroid of the 

object was computed to analyze the position of the moving 

object. However, in this work, the cameras’ used were fixed 

and cannot follow moving object [5].Another set of authors 

used neural network to track an object, the method utilize one 

to one organizing map to model a dynamic background and 

tracks object from video as well as static object/image. It was 

noticed that, this method involves computational complexity 

and this makes tracking difficult [6]. In a separate work, a 

particle filter approach was performed, the work established 

to track and predict non-linear, non Gaussian moving object in 

a certain environment. In this work, histogram colour of every 

object was obtained and sampled. The particle approach was 

found to be limited by the volume of combined foreground 

predicted information. Another author used Kernel based 

algorithm, in this method, tracking was performed by 

calculating moving object velocity and shape represented by a 

potential object region, from one frame to the next frame. 

Although, the method have a good directional selectivity it 

was observed that it has limitation since it used real filter 

which cannot track non-linear motions [8]. In another review 

the author [9], worked on baseline approach, the approach 

received input and image that depicts object of interest O and 

a video V of N frames and predict instances of this object. 

The similarities against all the frames of the video are 

evaluated stored in bounding box the Coordinates of the 

upper-left corners (x, y) calculated to tracks object. The major 

limitation observed in the method is that the process is slow. 
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The remaining parts of the work are organized as follows, 2 

system description, 3 modeling and simulation of servomotor 

and ANFIS controller, 4  result and discussions, 5 summary 

conclusion and recommendation for further studies. 

 

3 System Description 
Fig.1 is the complete   block diagram for object tracking 

system. The tracking system is made up of one charge couple 

device (CCD) camera, two servomotors and an ANFIS 

controller. The CCD video camera is mounted on elevator 

motor shaft to pan the camera field of view, whereas, the 

azimuth motor moves both the elevator motor with the camera 

to tilt the camera field of view. The video output of CCD 

camera and the motion/position of camera are the feedback 

signal to the input and output of the tracking system 

respectively. Consequentially, CCD camera is used as an 

image sensor and to measure the position of moving target θr. 

The first input to the summer is the set position θd, i.e the 

desired position of the azimuth or elevation motor. The 

second input is the feedback signal, the current position θr of 

the object from the camera. The difference between the two 

inputs θr and θd, is called position error signal θ(e), is given to 

the controller that reads the signal and produce appropriate 

output signal  The controller output reaches the motor 

driver, which produces a proportional output to rotate the 

respective motor in either direction according to the sign of 

the error signal. As the desired position of the object is 

approached, the error signal is reduced to zero and motor 

stops.  In order to have stable focus with the CCD camera, the 

targets are automatically locked whenever the camera sensor 

senses that the object is at the centre of the camera field of 

view. Target locking is the act of maintaining the target in the 

camera sensor’s center field of view. Under target motion, the 

target is tracked continuously and to have the object in center 

of image, the camera is moved in Pan (elevation) and tilt 

(azimuth) direction according to target position in image.  The 

two servomotors rotate from 0 to ± 90o along Azimuth and 

Elevation angles. Object Segmentation is carried out once the 

object is within the camera field of view.  

 

 Non-liner signal 

                                                                                                            Shaft     

 

 

    

                                         
 

 

 

                                                                    

 

  Fig.1 block diagram showing connected systems for object tracking 

 

3.1 Modeling of D.C servomotor 
First DC servomotor which positions the system vision 

(camera) is modeled mathematically for analytical 

applications. Figure 2 shows the complete parts of the 

servomotor. 

 

 

 

 

 

 

 

 

 

               Fig 4 Armature controlled DC servo motor 

For the armature controlled DC servomotor in Figure 2 the 

field current  is constant and the torque  generated by 

the DC motor shaft is given by; 

=  Where the given motor torque constant in 

(N-m/A) and  is the armature current in (A) [12].The back 

emf induced is directly proportional to the armature angular 

velocity 

(t) =  where   is the angular velocity 

of the motor shaft thus,             

Where  is a given motor constant (Volt-sec/rad).Fig. 2  

The angular speed of armature control motor (t) is 

controlled by armature voltage . The differential equation 

relating armature current  back emf   is obtained by 

Kirchhoff’s Voltage law as; 

 +  +  =   since the DC 

servomotor shaft is connected to a gear box of given gear ratio 

 and the load which is the camera is attached to the output 

shaft of the gear-box. The gear ratio   is given by 

=   where  are number of teeth on the 

load-side and the motor gears, respectively. The gear ratio 
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 relates the motor shaft angular position  to the 

gearbox output shaft angular position  by = . In 

addition  load inertia acting at the output shaft of the 

gearbox when reflected at the motor shaft is give by   

Using Newton’s moment balance equation at the motor output 

shaft [13]. 

= +  +   

 

This can be rewritten as 

 + =  

 

Where = +  is the total load inertia reflected at 

the motor shaft and  is the rotational viscous frictional 

constant. 

 

Taking the lap lace transform of the last four equations to 

eliminate the variables , , and . 

=  

                 

The transfer function from input   to output  is give by 

 

                         

Now, assuming two real, simple roots of the characteristic 

equation can be obtained as Pe and Pm, using partial fraction 

expansion  

=   +     

             

Using the inverse Laplace transforms the forced response of 

the system (with zero initial condition) to the input (t) is 

given by; 

(t) =                    

        

+ ) q)  

                        

In most practical application of armature control DC motor, 

>> ; that is the electrical subsystem respond 

considerably is faster than the mechanical subsystem. Hence, 

the first exponential term  decay rapidly thus the respond 

(t) is dominated by mechanical subsystem  in D.C 

servomotor the influence of electrical subsystem component 

 on the response (t)  is commonly neglected, viewed 

as neglecting the armature inductance effect  this 

simplification yields a first-order transfer function model 

which relates the DC motor load angular velocity response 

 to the armature voltage input  given by 

                                                       

 =  

 

In S.I unit    and   numerical values are identical 

Hence, the transfer function model can be written as 

=     

Where K and  are the D.C gain and mechanical time 

constant of D.C servomotor   respectively [14]. 

 

3.1.1 Servomotor position control with 

position feedback 

 

  Is given as; 

  

    Ea (t)                              Ὡ(s)        

  

 

  Fig 3 Servomotor transfer function model 

 

The s-domain unit step response is 

(s) =                                                                      

The final value of the response is 

= . That is, the 

position response is unbounded. In order to control the output 

position to follow an input command, consider the addition of 

a position feedback and feedback is given by; 

= [ - -   

                                      

As shown in Figure 4 the purpose of this system is to have the 

output angle  follow the input angle  [15]. 

                                                                     

θi(s)                                                               Ὡ(s) 

                                                                             θL(s) 

 

 

 

 

 

 

 

 

Fig.4 Servomotor position control using position feedback                                  
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Applying Mason’s gain formula and show that the  

overall transfer function is 

 ==    

Using parameters obtained from servo motor 

vendor’s in table 1,  and  are calculated 

for both azimuth and elevation servo motor. 

 

Table 1 

Parameters of Model with D.C Servomotors 

PARAMETER DEFINATION ELEVATION AZIMUTH 

Δ Motor Dampening constant [Nms/rad]   

Jm 

 
MotorInertial Constant[Kgm

2
]   

 
Load inertia[Kgm2]   

+  

 

 

Equivalent inertia[Kgm2]  0.000013 

KB 

 
Back emf Constant[Vs/rad]  0.5 

Beq 

 

Equivalent friction required to the secondary gear[ 

Nm/(rad/s)]   

Kg 
Gear Ratio 

 
0.1 0.1 

KT 

 
Motor Torque Constant[Nm/A]  0.5 

La 

 
Motor Armature Inductance[H] 0.0018 0.45 

Ra Motor Armature Resistance[Ω]  0.2 4.5 

V 
Voltage (D.c)[V]  

 
24 10 

 
Motor efficiency due to rotational loss 0.87 0.87 

 

Gear box efficiency 0.85 0.85 

W Weight [Kg] 0.27 1 

K Gain of Potentiometer error(vs/pi) v/rad 24/pi 10/pi 

 

 

 

For The Azimuth Servo motor 

 

 =  = 288.76   

                          

    

=  + = 40.40   

                       

Using =1 from mat lab Substitute for  and 

  

 

 ==    

  

The servomotor transfer function model 

with gear and position feedback was obtained by 

substituting  transfer function model used in 

this work to control the output angular position  

of the DC servomotor with a camera mounted on 

the shaft. The output response follows the input 

angle  of azimuth and elevation servomotor as 

desired for controller tracking of positions. [15]. 

 

=    

 

For The Elevation Servomotor 

 

 =  = 42.3   
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=  + = 9.6   

       

   

=    

      

 =   

       

3.2. Adaptive Neuro-Fuzzy (ANFIS) system 

controller design 

B .Having obtained the servomotor transfer 

function models for positioning the system vision 

(camera) it is necessary to design an intelligent 

non-linear self-tuning controller i.e the ANFIS that 

controls the servomotors in azimuth and elevation 

positions to track objects using two dimensional 

coordinates   in a given scene. To obtain the 

design, the ANFIS must generate change in angular 

reference position error E and derivative position 

error DE for both the azimuth and elevation axes 

defined by equations below.  

 

Error (E) = (Desired angular Position–Actual 

angular Position)                                                    

Chang in Error (DE) = (Current Error- Previous)                                                                           

 

 In this model, a first order Sugeno-type fuzzy 

inference is used for ANFIS and the typical fuzzy 

rule takes the form of    

If x is Ai and y is Bi then, 

Z=f (E, DE)      

Where Ai and Bi are fuzzy sets in the antecedent 

and z =f (E, DE) is a crisp function in the 

consequent. The significant of each layer and 

operation of input output ANFIS structure 

considered are:  

Layer 1: This layer (the fuzzification layer) 

enables the entry of raw data or crisp inputs from 

the target system into ANFIS. It is composed of a 

number of computing nodes whose activation 

functions are fuzzy logic membership functions, 

taken here is triangular. Each adaptive node 

generates the membership grades called fuzzy 

spaces for the input vectors i A ,  i =1,…, n and i B 

, i =1,…, n where n is the number of membership. 

Functions of the inputs (E and DE) chosen as n = 

4. The degree to which the inputs lie within the 

fuzzy space is given a value normalized between -4 

and 4. 

= E), = (DE), i=1,…., n 

                                      

Layer 2: Is the rule layer where each node is fixed. 

Once the locations of inputs in the fuzzy spaces are 

identified, the product of the degrees to which the 

inputs satisfy the membership functions is found. 

This product is called the firing strength of a rule 

whose output is given by  

  

= = min ( (E) (DE) .  

In other words, it selects the minimum value of the 

inputs. In this layer, the total number of Takagi-

Sugeno rules used is 16 since the membership 

function is 4 (4*4) =16. 

                                                                                                 

Layer 3: This is the normalization layer in which 

the ratio of each rule’s firing strength is calculated 

with respect to the sum of the firing strengths of all 

the rules. Each node in this layer is fixed. The node 

output is the ith input activation level divided by the 

sum of all the activation levels of the other inputs, 

as given below  

= =                           

                                    
Layer 4: In layer 4, the defuzzification layer, the 

output of each node is the weighted consequent 

value. Adaptive node i in this layer calculates the 

contribution of the i rule towards the overall 

output, with the following node function  

= i i= ( i i i)                                  

                                                

Layer 5: Layer 5 is the summation layer and its 

output, which is the sum of all the outputs of layer 

4, gives the overall output for the respective inputs 

within the fuzzy space. The single fixed node in 

this layer computes the overall output as the sum of 

each rule’s contribution given as 

= =                                                                                                         

 

3.2.1 Anfis training for tracking on trajectory 

with chaotic data 

Before ANFIS can be used to predict 

position of object on a trajectory, training data are 

presented to the ANFIS. The data presented is for 

training (estimating) membership function 

Parameter which fully represents the feature of FIS 

intending to model. After training, the rules remain 

so that when new input data is presented to the 

model, the rules provide a corresponding 

reasonable output [16] 

In this paper, non-linear trajectory 

movement along x and y is similar to the non-

linear movement of object on scene.  The 

optimization technique used is a hybrid learning 

algorithm that minimizes the error between the 

ANFIS model and the real system using training 

data from the target system to generate signals that 

propagate backwards and forwards and update the 

parameters. The parameters to be trained are Ai, 

and Bi of the premise parameters and pi, qi and r i 

of the consequent parameters. The MATLB/ANFIS 

Editor GUI window is used in this work. The 

ANFIS Editor GUI window includes four distinct 

areas to support this workflow in realizing this 

task. 
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3.2.2 Training procedures 

 Loading, Plotting, and Clearing the Data  

 Generating or Loading the Initial FIS Structure  

 Training the FIS  

 Validating the Trained FIS  

For generating FIS structure, the triangular 

membership function (MF) was used for the input 

variable and output type is linear. The number of 

MFs for the input variable E and DE is 4 each 

hence the number of rules is 4*4=16 function for E 

and DE before training  

3.2.3 Simulink Implementation of ANFIS 

for data training 

To implement training procedure for 

ANFIS desired input/output target control of the 

system the procedures are as follows; 

3.2.4 Loading and training data. 

The chaotic data which represent the chaotic 

trajectory position intended to model are loaded  

and checked in ANFIS Matlab GUI shown in 

figure 5 using the anfisedit command window 

which pops up the ANFIS GUI.  Using load data 

button on ANFIS Matlab GUI, the data 

representing the model is loaded from disk.  The 

blue small circles represent the load data and the 

plus sign represent checked data. Fig 6 shows the 

ANFIS training using the hybrid approach the 

training error is the difference between the training 

data output value and the output of the fuzzy 

inference system. The training error records the 

root mean square error (RMSE) for each training 

epoch of the data set. Fig 7 shows how FIS can 

track train data. Fig 8 and 9 represent the triangular 

membership function used in training. The rule 

base for controlling servomotors and the five-layer 

model structure with 2 inputs and 1 output is 

depicted in fig 10 and 11. 

 

 

.  

Fig .5 Loading and checking data for training   for training in Matlab Anfis Graphical user interface 

 

 
Fig 6   training the output FIS checking the FIS with the minimum error in Graphical user interface 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Fig 7 output FIS structure checking trained data 
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Figure 8 Membership function for training 

 

 

 

 
Figure 9 Membership function for training 

 

 
Fig 10 ANFIS control Rule base after training. 
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Fig 11 5-Layer ANFIS model structure with 2 inputs & 1 output 

 

 

 
Fig 12 Surface Viewer for two inputs with one output  

 

 

 

 

 

  

 

 

 

 

 

                    

 

                      Fig 13 self-turning train FIS embedded (ANFIS) controller 
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3.3 Servomotors with Anfis Model
Fig 14 and 15 depicts the designed ANFIS model 

connected to azimuth and elevation servomotors. 

The connection was simulated to obtain desired 

performance by the ANFIS  

 

controller. The two models are masked connected 

to video source with camera mounted shown in Fig 

16  to obtain the two dimension track. 

 

 

 
Fig 14 ANFIS model controller with azimuth servomotor with step input 

 

 

 
Fig 15 ANFIS model controller with elevation servomotor with step input 
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Fig 16 Model Block for object tracking and Motion Prediction 

 

4. Result and Discussions. 
 

The work has been studied by simulation. First, the 

servo motor transfer functions was simulated using 

step input for both azimuth and elevation servos 

without controller, the result is shown in Figure 

17.The model servo’s without controller were 

further simulated using angular input signals. With 

1degree square Angular positions and sinusoidal 

signal result figure 18 and 19 were obtained 

respectively. The result shows that the servos 

followed the angular positions path or trajectory. 

The performance of the servomotors to track the 

path/trajectory in term of transient, significantly 

improved with introduction of the model ANFIS 

controller shown in Fig 20. The complete result for 

the transient performances of the model is 

summarize in table 2 this shows the transient   

result of tracking using servomotors in azimuth and 

elevation connection with and without the ANFIS 

controller. The result shows a significant robust 

performance with the ANFIS controller 

 

 

 

 

 
Fig 17 Step response azimuths and elevation servo motor without controller 
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Fig 18 Azimuth and Elevation Servo response with 1 degree square trajectory 

 

 

 

 

 
Fig 19 Azimuth and Elevation Servo position response with 1 degree sinusoidal trajectory 

 
Fig 20 Step responses with azimuth and elevation servo motor position with ANFIS controller 
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Table 2 Comparison of tracking time response results of azimuth and elevation servo with and without 

ANFIS controller. 

Characteristic specification Azimuth Servo 

Without controller 

Azimuth Servo 

With ANFIS 

controller 

Elevation Servo 

without controller 

Elevation Servo  with 

ANFIS  controller 

Rise time tr(s) 0.6 0.1 0.6 0.3 

settling time ts(s) 0.6 0.5 1.2 0.5 

Peak time tp(s) 1.0 0.2 0.7 0.2 

Delay time td(s) 0.3 0.2 0.3 0.1 

Maximum Overshoot Mp(%) 1.1 1.0 1.2 1.0 

 

 

4.1 Result Comparison of Anfis with PID 

and Fuzzy 

To show the performance of ANFIS controller in 

comparison to the conventional PID and FUZZY  

on the same servo motor transfer function The 

result plot for the responses is displayed in scope 

plot fig 21 and is summarized in table 3 ANFIS 

controller output was found  the best in terms of 

faster rise time, settling time and position 

stabilization.  

 

 

 

 
Figure 21 Step input Comparison Plot of PID, FUZZY and ANFIS 

Table 3 Step input transient result of PID, FUZZY and ANFIS 

Characteristics PID Controller FUZZY Controller ANFIS Controller 

tr(s) 0.6 0.5 0.2 

ts(s) 2.0 1.1 0.5 

tp(s) 0.7 0.6 0.3 
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Fig 22 Response of azimuth and elevation positions with ANFIS controller with motion prediction. 

 

Figure 22 shows the separate 2-dimension track 

position result and motion prediction.  The red line 

in the figure represents the azimuth position and 

the blue line represents the elevation position. The 

purple line represents motion threshold during 

segmentation i.e. all signals above the threshold 

represent number of motion captured by 

segmentation.  

 

4.2Tracking chaotic trajectory with Anfis 

The chaotic trajectory result generated using 

mackley Glass chaotic time series model which is 

sensitive to initial condition on which the Anfis is 

to be train for azimuth and elevation trajectory 

respectively. This chaotic trajectory is necessary 

since tracking object positions in real life situations 

are nonlinear (chaotic).Using chaotic signal input 

the ANFIS without training were used to track 

various angular positions displayed shown in 

Figure 23. However, using ANFIS to learn about 

this trajectory will produce a better result. The data 

are trained and validated (checking and testing) on 

the trajectories. The result plot result Figure 23 

shows a trajectory (blue signal) and ANFIS output 

(red) before training. It can be observed that the 

ANFIS path which represented by red signal is not 

able to track the chaotic trajectory represented by 

blue signal. However Figure 24 shows the plot 

result of the two signals after ANFIS training. It 

was noticed that the train ANFIS signal path tracks 

the trajectory path and was able to follow the 

chaotic trajectory of object 
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Fig 23 Tracking position along trajectory with servo motor before training 
 

 
Fig 24 tracking position along trajectory with servo motor after training 

 

 

5.1 Conclusion  

The objective of this paper   to design ANFIS 

Controller for self tuning of DC servomotor has 

been achieved.  

ANFIS controller is self tuning the self tuning 

results a robust control In ANFIS hybrid system. 

Neural networks are used to tune membership 

functions of fuzzy systems that are employed as 

decision-making systems for controlling 

equipment.The ANFIS controller is efficient with 

servomotors which have nonlinear characteristics. 

The prediction by ANFIS compensates the System 

delay and thus allows precise and fast motion 

control viewed through segmentation. ANFIS 

controller output have faster rise time, settling 

time, reduced time delay and faster position 

stabilization in tracking object 

 

 

5.2 Recommendation 

Further work may focus on the hardware 

implementation application of the developed 

Neuro-fuzzy system to achieve automatic and real 

time object tracking with video camera 
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Abstract: Increase in global prices of rare earth elements (REEs) in recent years has attracted many exploration researchers, especially 

in Iran. There are some promising areas in central Iran which contain significant amounts of light rare earth elements (LREE). Se-

Chahun metasomatic iron ore deposit is one of them. Concentrations of La, Ce and Nd are considerable in some parts of this deposit. 

On the other hand, one of the most important steps in geochemical exploration of precious elements is separation of anomaly from 

background. For this purpose, some methods such as classical statistics and fractal models are common. However, application and 

simplicity are the two main parameters for choosing a proper method. In this study, classical statistics approach (using the mean and 

standard deviation), and also probability graph and C-A fractal model (Concentration Area) were applied for anomaly-background 

separation of La, Ce and Nd. Comparing the results of the methods with mineralogy and chemistry of the samples, showed that 

probability graph had the best performance in anomaly separation. Therefore, considering the results as well as simplicity of the 

method, it concluded that probability graph is more applicable and a better approach in comparison to others.     

 

Keywords: classical statistics; probability graph; C-A fractal; anomaly separation of REEs; Se-Chahun; Central Iran 

 

1. INTRODUCTION 
Kiruna-type iron ore deposit of Se-Chahun is enriched in light 

rare earth elements (LREEs) including La, Ce and Nd. Some 

studies on Kiruna-type iron oxide-apatite (IOA) deposits in 

Bafq mining district showed the potential for REEs (i.e. Se-

Chahun [5, 35]; Choghart: [34, 37]. In addition, some 

numerical models were applied to predict the hidden patterns 

of REEs in Choghart iron ore deposit [34, 46]. The REEs are 

mainly concentrated in specific types of rocks and deposits. 

Moreover, they are potentially known as an important by-

product of iron oxide-apatite (IOA) deposits [39]. Apatite is 

the main mineral of REEs in the study area. Furthermore, 

there are some amounts of monazite. Fleischer and Altschuler 

[16] showed that in apatites from granitic rocks and granitic 

pegmatites, Ce is dominant, but some analysis showed 

maximum amounts of Nd, Gd, Dy, or Yb. In anomaly X of 

Se-Chahun, Ce, Nd and La are more abundant among all 

REEs. It should be noted that principally, all deposits contain 

much more LREE than HREE. Most of the deposits have only 

few percentages of yttrium and other HREEs [36]. 

Separation of geochemical anomalies from background is one 

of the important steps in geochemical explorations. Statistical 

analysis methods play an important role in separating 

anomalies from background. These methods focus on the 

frequency distribution of concentrations [20]. Traditional way 

of anomaly separation is to use the sum of mean (µ) and 

standard deviation (S) as the threshold. This method is still 

used as a practical way. In geochemical explorations, values 

within the ranges µ±S or µ±2S are usually defined as the 

background [1, 3, 6, 19, 32, 38].  

Probability graph is one of the best graphical displays of 

geochemical distributions, which has been originally 

introduced to geochemists by Tennant and White [42] (quoted 

from [32]). This method has been used widely by researchers 

(for example: [1, 33, 40, 45 and others]). 

Since Mandelbrot’s invention of the concept of fractals [23], 

fractal and multi-fractal models have been applied for 

separation of anomaly from background values. Main 

applicable fractal models are Concentration–Area model (C–

A: [7]), Spectrum–Area model (S–A: [10]), Multi-fractal 

Singular Value Decomposition (MSVD: [21]), Concentration– 

Distance (C–D) model [20], mapping singularity technique 

[11, 12]. These methods are gradually being adopted as an 

effective and efficient means to analyze the spatial structures 

in metallic geochemical systems. In this regard, Mahvash 

Mohammadi, et al. [22] applied the concentration–area model 

(C–A) to separate the anomaly from background in Khooni 

mineral district (Central Iran). They compared the results of 

C-A fractal with U-statistic method and showed that the U-

statistics method has performed better than C-A method. 

Though it has been some decades since the development of 

fractal methods, and even before that the classical statistics, 

geostatistics and probability graph methods were common, yet 

the use and preference of these methods are debatable. In the 

past few decades, many articles were dedicated to usage and 

preference of fractal methods. Considerable group of 

researchers believe that these methods are more accurate and 

precise because of considering data geometry. They have 

presented many different case studies as examples and proofs 

for this idea. In comparison, lots of researchers insist on the 

simplicity and usability of classic methods. In the cases with 

low data volume and low complexity of dataset, they make an 

obvious assumption that the simplest method gives more 

accurate and more real responses. But the first group, based 

on the literature review and conducted studies, believe in the 

absolute preference of fractal methods. 

The current study, without any orientation, argues about the 

use of both approaches: 1- traditional methods (µ+nS and 

probability graph) and 2- C-A fractal method. The studied 

elements are rare earths including La, Ca and Nd, which are 

usually correlated with each other because of their chemical 

similarity. They usually form with each other. It is notable 

that studied deposit has been enriched due to the secondary 

processes and the effect of methasomatic fluids. The abundant 

of actinolite is a confirmation for metasomatism. 



International Journal of Science and Engineering Applications  

Volume 6 Issue 10, 2017, ISSN-2319-7560 (Online) 

www.ijsea.com  323 

In this study, 42 bulk lithology samples were collected from 

anomaly X of Se-Chahun iron ore deposit.  They are from pit 

1, 2 and 4 (supplementary part of pit 2 is known as pit 4, 

Figure 1). Samples were taken from ore body and 

metasomatic host rock. After preparing and analysis of the 

samples, three methods (i.e. classical statistics based on the 

mean and standard deviation, probability graph and C-A 

fractal model) were applied for anomaly-background 

separation of La, Ce and Nd.   

2. GEOLOGICAL SETTINGS OF 

STUDY AREA 
The Bafq district, extending from Bafq to Saghand, is part of 

the central Iranian micro plate which is now embedded within 

the Alpine-Himalayan orogenic system. This district is located 

in central Iran and is between 31°, 30´ to 32°, 45´ north 

latitude and 55°, 20´ to 55°, 50´ east longitude [44]. The 

central Iranian terrane is divided into three major crustal 

domains, from east to west: the Lut Block, Tabas Block and 

the Yazd Block [2]. The Tabas and Yazd blocks are separated 

by a nearly 600 km long, 80 km wide, arcuate and structurally 

complex belt (Kashmar-Kerman Tectonic Zone) composed of 

variably deformed and fault-bound supracrustal rocks [31]. 

Bafq mining district hosts several Kiruna-type iron oxide-

apatite (IOA) deposits such as Se-Chahun, Choghart, 

Chahgaz, Esfordi, Mishdovan [4, 14, 46]. The Early Cambrian 

igneous rocks of the Bafq mining district have a bimodal 

nature. The chondrite-normalized REEs patterns display 

significant variation from LREEs to HREEs with no 

considerable Eu anomalies for basaltic rocks, and show 

obvious enrichment in the LREEs with important negative Eu 

anomalies for the rhyolitic domes [30]. The REEs enrichment 

is intensely associated with the formation of phosphate 

minerals in many IOA deposits. However, sometimes 

bastnasite and allanite are significant [28]. Edfelt [15] 

explained that there are few complications in the phosphate-

REE relationship in some Kiruna districts. Hence, the 

relationship between REEs and phosphate minerals in such 

deposits should be more understood. In these deposits, 

apatites characteristically comprise 2000–6000 ppm REEs 

[17, 18]. Daliran [13] claimed that Bafq district apatites 

contain up to 1.75 wt. % REEs. Some researches present that 

post-depositional REE leaching could be occurred in apatite in 

which the inclusions of monazite and xenotime might be seen 

[5, 41, 43]. The U–Pb dating of monazite inclusions in apatite 

demonstrates that the REEs redistribution in apatite might be 

happened frequently throughout hydrothermal processes 

several million years after the formation of the IOA deposits 

[41]. 

The Se–Chahun deposit is composed of two major groups of 

ore bodies called the X and XI anomalies [26]. Anomaly X 

contains 11 Mt iron ore reserve with mainly rich magnetite 

ore [44]. Anomaly XI occurs 3 km northeast of anomaly X. 

Each anomaly consists of two or three smaller tabular to lens 

shaped ore bodies in association with other small bodies [5]. 

The mineralization is mainly hosted by metasomatized tuffs of 

andesite composition. Host rocks are known as metasomatites 

in this deposit [26]. The ore bodies map (anomaly X of Se-

Chahun deposit), as well as the location of samples within the 

study area are shown in Figure 1. 

The host rocks have a gradual boundary. Samples mainly 

include iron ores, low-grade ores (transition zone, consisting 

of plagioclase and actinolite) and metasomatitic rocks (mainly 

consists of actinolite and plagioclase). The host rocks are 

composed of metasomatized andesitic tuffs. Limestones and 

dolomites are observed in limited areas. Ore body is 

comprised of high grade magnetite. The most important REE-

bearing minerals in Se-Chahun deposit are apatite and 

monazite. The content of rare earth elements is directly related 

to the amount of apatite. The more the apatite, the more REE 

is. Monazites are very fine grained and just can be 

distinguished in SEM images. 

3. GEOCHEMICAL DATASET 
42 samples were taken from Se-Chahun iron ore deposit. The 

strategy of sampling was bulk lithology sampling with least 

number of samples (to consider the cost) which shows the 

most variances and the most features and reality of the 

deposit. They are about 1 to 1.5 kg weight and have been 

taken from ore body and metasomatic host rock. After 

preparation, samples were analyzed with Inductively Coupled 

Plasma Mass Spectrometry (ICP-MS). Concentrations of La, 

Ce, Nd, P and some statistical parameters of these elements 

and logarithmic value of them are shown in Table 1. La, Ce 

and Nd are the most concentrated elements among all REEs. 

Histograms of them are illustrated in Figure 2. Normal Q-Q 

plots of Ln (La), Ln (Ce) and Ln (Nd) show lognormal 

distribution of them (Figure 3). In addition, after taking 

logarithms, because of logarithmic distribution of data, 

histograms with normal curves were drawn once more (Figure 

4). 

4. METHODOLOGY 
The first method which was applied in this study is the 

traditional method for separation of anomaly from 

background (i.e. using mean (µ) and standard deviation (S)). 

In this regard, values upper than µ+S and µ+2S were defined 

as anomaly and High anomaly, respectively. Another 

approach for dividing the populations (or anomaly 

background separation) is probability graph. In this method, 

cumulative frequency curve is plotted on a logarithmic graph 

and a change in the slope of the curve or point of inflection 

indicates the presence of more than one distribution [45]. For 

this purpose, cumulative frequencies of each element (in 

percent) were calculated in logarithmic distances and then, 

they were plotted on the logarithmic graphs. On the other 

hand, C-A fractal model was applied as the third approach. 

The C-A fractal [7, 8, 9] is one of the most widely used fractal 

models. The C-A model, originally developed by Cheng et al. 

[7], represents the first important step in fractal/multifractal 

modeling of geochemical data and has been “a fundamental 

technique for modeling of geochemical anomalies” [6, 25, 

29]. The expression is given in Eq. (1). 

 A c c  
 

(1) 

In this model, the measure A(≥c) is the area enclosed by 

contours with values greater than or equal to c on a 

geochemical contour map. It can also be estimated using box-

counting techniques, which involves counting the number of 

pixels with averaged concentration values greater than or 

equal to c on interpolated geochemical images. The exponent 

α may have different values for different ranges of c. If the 

geochemical data is composed of multiple populations (for 

example, a mineralization-related anomalous population and a 

background population), the distribution of the points on a log 

A(≥c)-log (c) plot fits more than one line segment. Each line 

segment is presumed to represent a different population 

characterized by a different value of the exponent α. The 

right-most breakpoint joining the line segments is generally 

taken as the threshold for separating anomaly from 

background [9, 24, 27, 29]. 
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5. RESULTS AND DISCUSSION 
Because of lognormal nature of dataset, which has been 

discussed in section 3, logarithmic values of the 

concentrations of La, Ce and Nd were used in method of 

classical statistics. Consequently, using µ+S and µ+2S as the 

thresholds, anomaly and high anomaly zones, were 

determined (Table 2).   The average values of La, Ce and Nd 

as well as the number of samples for each zone are illustrated 

in Table 2. As it can be seen in Table 2, the threshold of µ+2S 

has separated just 2 samples for La and 1 sample for Ce and 

Nd, with highest concentrations. Therefore, it seems to be 

more reasonable to use µ+S as the threshold. 

Cumulative probability graphs for La, Ce and Nd were plotted 

and showed in Figure 5. Intervals are logarithmic and the 

lower limit of each class was plotted. It is possible to identify 

the populations of the same samples by such graphs. 

However, in this study, the purpose is to determine the 

appropriate thresholds for anomaly-background separation. 

The thresholds for anomalies were found visually on these 

graphs. These points were determined with changes in the 

slops of the curves at the ends. The thresholds are 90.1, 148.5 

and 90.1 ppm for La, Ce and Nd, respectively. The averages 

of La, Ce and Nd in anomalous parts are 257.7, 500.5 and 

247.5 ppm, respectively. By applying these thresholds, 

anomalies were determined. A summary of this method is 

illustrated in Table 3. 

Distribution maps of La, Ce and Nd are shown in Figure 6. 

These maps were plotted based on the samples and 

interpolation using inverse distance method. Red color 

demonstrates the anomalous areas and highest concentrations 

and in contrast blue color represents the background areas 

with least concentrations. As it can be seen, the most 

concentrated area is located in south part in pit 4. Figure 7 

shows the log–log plots of Concentration-Area for La, Ce and 

Nd with determined thresholds of anomaly zones. Moreover, 

Anomalies which have been resulted by fractal model and 

threshold value corresponding to each one, are illustrated in 

Table 4. The thresholds were determined in points where the 

slops are changed from the ends of the curves. They are 106.4, 

244.7 and 111.2 ppm for La, Ce and Nd, respectively. In 

addition, the averages of La, Ce and Nd in anomalous parts 

are 452.2, 798 and 295.2 ppm, respectively. 

A comparison between all three methods can be seen with a 

quick look in Table 5. Finally, the validity of each of these 

methods is possible only by comparing the geological 

information. For that matter, the results were compared with 

geological surveys and field studies as well as experimental 

analysis of samples such as XDR and microscopic analysis. 

As a conclusion and summary of findings, 10 samples that 

were determined as the anomaly by all three methods, were 

collected in Table 6. It should be noted that all of these 

samples have anomalous condition and almost they are all of 

the anomalous samples. Geological studies show that REEs of 

Se-Chahun deposit are mainly in apatite and some amounts in 

monazite. These minerals were detected in 9 of these 10 

samples (Table 6). Some apatites are depleted from REEs, as 

it has been discussed by Bonyadi et al. [5]. However, all of 

the 10 samples, more or less, have considerable amounts of 

La, Ce and Nd. Therefore, it can be concluded that all three 

methods, have shown the anomaly correctly. But, probability 

graph identified completely and fractal model identified 

samples with higher concentrations in comparison to others. 

In addition, anomaly and the changes in the slops of the 

curves are more recognizable in probability graphs comparing 

with Concentration-Area plots. Results of Nd have the most 

similarity in the three methods. This element has the least 

variance. 

The results showed that at least in cases such as this study, in 

which there are few number of data, more simple methods 

have the more appropriate responses. Though some 

researchers consider this a fact, lots of others use the articles 

of fractal methods as a basis to their studies, and insist on it. 

But this study showed that this hypothesis is not always 

correct. The probability graph provided more accurate 

answers, which are consistent with the geological evidences 

that are summarized in Table 6. 

6. CONCLUSION 
Whatever the variance is lower, the outputs of methods will 

be closer together. Nd has more similar results in the three 

methods because of its lower variance. The amount of 

variance in the study area is high. Therefore, for anomaly-

background separation of REEs in this area, it is important to 

find an appropriate method. Results of probability graph have 

the best matches with geological and experimental 

information in comparison to traditional method of using µ+S 

and µ+2S as well as C-A fractal model. According to results 

and simplicity of the method, probability graph is more 

applicable and better approach in comparison to others. 

Moreover, it concluded that in cases, which there are few 

number of data, more simple methods have the more 

appropriate responses. 

 

 



International Journal of Science and Engineering Applications  

Volume 6 Issue 10, 2017, ISSN-2319-7560 (Online) 

www.ijsea.com  325 

 

Figure 1 Ore bodies (anomaly X of Se-Chahun deposit), and sample locations. Contours of open pits are shown in the map and the 

open pits are numbered from 1 to 4 (supplementary part of pit 2 is known as pit 4) (modified after [26]).     

   
Figure 2 Histograms of La, Ce and Nd with distribution curves (42 samples). 
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Figure 3 Normal Q-Q plots for logarithmic values of La, Ce and Nd. Plots show the lognormal distribution. 

   
Figure 4 Histograms of La, Ce and Nd (logarithmic data) with distribution curves. 

Figure 5 Cumulative probability graphs of La, Ce and Nd with 

thresholds of anomaly zones.  
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Figure 6 Distribution maps of La, Ce and Nd, based on the 

samples (Interpolation by inverse distance method). 

 

 
Figure 7 Concentration-Area plots of La, Ce and Nd with 

determined thresholds of anomaly zones. 

 

 

Table 1 Assayed REEs and some statistical parameters. 

Elements 

(ppm) 
La Ce Nd Ln(La) Ln(Ce) Ln(Nd) 

Mean 72 154 75 3.25 4.07 3.68 

Median 17 49 39 2.8 3.89 3.65 

Variance 
271

80 

1118

00 

151

80 
1.64 1.78 1.16 

Standard 

deviation 
165 334 123 1.28 1.34 1.08 

Minimum 3 2 5 1.1 0.69 1.5 

Maximum 995 2037 740 6.9 7.62 6.61 

Skewness 5 5 4 0.8 0.18 0.43 

Kurtosis 25 26 21 0.575 0.91 0.28 

Table 2 Results of classical statistics using µ+S and µ+2S as 

the thresholds for anomaly and high anomaly. 

 
Ln(La) Ln(Ce) Ln(Nd) 

μ+S 4.53 5.41 4.75 

μ+2S 5.81 6.74 5.83 

Elem

ent 
Range Threshold 

Mean 

(ppm) 

Number of 

samples 

La 
Anomaly 92.9 257.7 9 

High anomaly 334.6 685 2 

Ce 
Anomaly 222.9 635.4 7 

High anomaly 847.9 2037 1 

Nd 
Anomaly 116 295.2 6 

High anomaly 341 739.5 1 

Table 3 The resulted anomalies by probability graphs. 

Element Threshold Mean (ppm) Number of samples 

La 90.1 257.7 9 

Ce 145.5 500.5 10 

Nd 90.1 247.5 8 

Table 4 Anomalies which have been resulted by fractal model 

Element Threshold Mean (ppm) Number of samples 

La 106.4 452.2 4 

Ce 244.7 798 5 

Nd 111.2 295.2 6 
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Table 5 Comparison between three methods. 

 M+S Probability graph Fractal model 

Element Threshold Mean (ppm) No. Threshold Mean (ppm) No. Threshold Mean (ppm) No. 

La 92.9 257.7 9 90.1 257.7 9 106.4 452.2 4 

Ce 222.9 635.4 7 145.5 500.5 10 244.7 798 5 

Nd 116 295.2 6 90.1 247.5 8 111.2 295.2 6 

Table 6 Concentration of La, Ce and Nd in all determined anomaly samples with detection of apatite and monazite by XRD and SEM 

methods (* marked concentrations are under the thresholds). 

Sample code La (ppm) Ce (ppm) Nd (ppm) 
Apatite 

(XRD) 
Apatite (SEM) Monazite (SEM) 

1-19 84* 156 77.3* – Not checked Not checked 

2-6 109 309 260.3 – –  

2-9 375 734 275.3  Not checked Not checked 

4-1 330 644 233  –  

4-3 104 266 134.3    

4-5 995 2037 739.5    

4-6 93 183 69.4*    

4-7 106 225 98.1  – – 

4-9 102 218 110.2    

4-10 105 233 128.9    
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ABSTRACT: In this research work, a grid connected solar photovoltaic (PV)-battery energy storage system (PV/BESS) was 

designed to improve the power supply of Yola north and south. The solar photovoltaic panel model adopted is 100W monocrystalline 

photovoltaic panel, and the  average solar radiation of the study area is 654.40W/m2. The system consists of modeled PV Array, Boost 

converter model, three-phase power inverter model, step-up power transformer and modeled Phase locked loop. The designed solar 

photovoltaic model generated 3.40MW of electric power via the step-up transformer, which was integrated into the utility grid of the 

study area. The output signal of the solar PV array was optimized using boost converter. The inverter inverted the output of the PV 

array to AC signal, which is connected to step-up power transformer to step-up the three-phase AC voltages to the grid voltages level. 

PLL was designed for proper synchronization of the solar PV model with the grid without harmonic distortions. The designed solar PV 

array model was able to supplement the deficit power of 3.40MW to the grid of the study area.   

Keywords: Photovoltaic System, Boost Converter, 3-phase power Inverter, PLL, step-up power transformer and grid source. 

 

 

1. INTRODUCTION 
This paper focuses on the design and simulation of a grid 

connected PV system that will augment the shortfall in power 

supply in Yola North and South as well as to overcome the 

problem of load shedding. The increase of the study area 

energy demand, due to modern industrial development, 

population growth and global warming, encourages 

investments in renewable energy. Hence, alternative energy in 

particular solar energy serves as solution to the inadequate 

power supply of the study area. However, battery energy 

storage system (BESS) is connected to the systems for use at 

night and during cloudy days. The solar power system used 

photovoltaic (PV) cell to convert solar radiation to electricity 

[20]. The PV cell produces only a small amount of current and 

voltage. So, in order to meet a large load demand, the 

photovoltaic cell has to be connected into modules and the 

modules connected into arrays [1]. The grid connected solar 

photovoltaic system is designed in cognizance of the effect of 

environmental weather conditions. The PV array model output 

signal connected to the utility network is converted to AC 

signals compatible with the grid AC voltage. This paper 

discusses the detailed modeling and simulation of the 

complete grid-connected PV array system. The solar PV array 

model is connected to the utility grid by a DC-DC boost 

converter that boosted the PV array model output voltage, and 

DC-AC inverter inverted the DC output voltage of the PV 

array into the three-phase AC voltages. The PI control circuit 

of the DC-converter was used to maintain constant DC input 

of the inverter. The model of the entire system is simulated in 

Matlab/Simulink environment. The block diagram of the 

design is shown in Figure 1. It consists of photovoltaic Array, 

DC-DC boost converter, BESS, 3-phase Inverter, 3-phase 

PLL, 3- phase step-up transformer, 3-phase load and 3-phase 

utility grid source.  

 
 

 

 

 

 

 
 

 

Figure 1; Grid connected solar system block diagram 
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2. System design  
This section deals with the modeling and simulation of the 

complete designed of grid connected solar PV array that 

formed the sub-systems. The following steps were considered 

for the actualization of the design; Data collected on load 

demand and weather conditions of the study area from YEDC, 

TCN and NAMA Yola, design and simulation of solar PV 

array system in Matlab/Simulink programs and 

synchronization in order to control the disturbances on the 

lines. 

  

 3. Solar array sizing  
The power of one module is not enough to meet the power 

requirement of the study area. Some of the modules in a PV 

array are connected in series to obtain the desired voltage 

while some are connected in parallel to produce current that 

made up the required power [9]. However, diodes are 

connected alongside the photovoltaic cells to avoid reverse 

currents, in case of partial or total shading [13]. The total 

number of photovoltaic (PV) modules required for the grid 

connected solar system for the study area is calculated using 

the equations given as follows; 

 

 
 

                                            (1) 

[6]  

Where; 

Er  Require energy 

E= Daily energy or demand in Watt-hours 

ɳ=Component efficiency 

 

The peak power (Pp) is equal to the required energy (Er) 

divided by the average sun hours (Tmin) per day for a 

particular geographical location [2]. The equation 2 computes 

the Pp.  

 

 
 

                                             (2) 

Where; 

Er  Require energy 

Pp= peak power 

Tmin= period 

 

The total direct current (Idc measure in Amp) of the 

photovoltaic module is given by equation 3 

  

 

          (3)                                                                        

 

Where; 

Id c= total dc current 

Pp = Peak power 

Vdc= DC-voltage  

  

The mathematical expression of modules connected in series 

(Ns) and parallel (Np) for the production of the current and 

voltage obtain the power demand of the study area are 

presented in equations 4 and 5.  

 

         (4) 

 

 

     (5) 

[16]  

Where; 

 

Ns = Number of modules in series  

Np= Number of modules in parallel 

Vr:  = Rated voltage of each module 

Ir = Rated current of a single module 

Idc = Whole DC current  

 

The total number of photovoltaic modules needed for the 

power requirement of the study area is calculated using 

equation 6. 

 

                                         (6) 

 

PP of 3.40MW and Vdc of the system 4000V  

The total dc current (Idc) is calculated using the equation 3 to 

give;  

 

 
 

 

    

 

To determine the number of PV modules in series (Ns) the 

equation 4 is used; 

 

  

 

 

  

 

Calculation of number of modules in parallel using equation 5 

is shown as Follow; 

 

  

 

   

 

The total number of modules required for the complete design 

of the system is calculated using equation 6 as follows:- 

 

  

4. PV System Modeling 
Photovoltaic module has standard mathematical modeling 

equations [12]. These equations are used in modeling and 
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simulation of the system using matlab-simulink program. The 

characteristic equations of solar photovoltaic cell are applied 

in the formation of the photovoltaic arrays. These 

characteristic equations of the PV cell are given as;  

 

i. Reverse saturation current (Irr) equation;   

  

                          (7)                        

Where;  

Iscr = Short Circuit Current = 6.32A, 

Q = Electron charge = 1.6 × 10-19C,  

Voc = Open circuit v 

Voltage = 21.60V 

Ns = Number of modules in series = 230 

k = Boltzmann’s constant = 1.3805 × 10−23 J/K, 

A = Ideality factor of diode = 1.3,   

Trk = Reference temperature = 298.15K  

 

ii. Band gap of solar cell (EG) equation;   
 

                             (8)                            

[17]  

Where;  

α = alpha = 0.473  

Eg (0) = 1.166  

β = beta = 636  

Top = operating temperature = 305.7K   

 

iii. Reversed saturation current at Top (Irs);  
 

    (9)   

Where; 

Irr = Reverse saturation current  

Top = operating temperature = 305.7K   

Trk = Reference temperature = 298.15K 

Q = Electron charge = 1.6 × 10-19C 

EG = Band gap energy 

k = Boltzmann’s constant = 1.3805 × 10−23 J/K 

A = Ideality factor of diode = 1.3 

 

iv. Photo-current (Iph) equation;   
 

           (10)   

  Where;  

Iscr = Short circuit current = 6.32A. 

Ki = short-circuit current of cell at = 0.00023  

Top = operating temperature = 305.7K  

Trk = Reference temperature = 298.15K 

S = solar irradiation (W/m2) of the study area with average 

value 654.40 W/m2  

 

v. Thermal Voltage (Vth) equation;  
 

                                                              (11)                                                   

[4]  

Where; 

Q = Electron charge = 1.6 × 10-19C  

k = Boltzmann’s constant= 1.3805 × 10−23 J/K 

Top = operating temperature = 305.7K   

 

vi. Current source output (I) equation;   
 

    (12)    

Where; 

Np= Number of modules in parallel = 148 

Iph = Photo-current  

Irs = Reversed saturation current at Top  

Q = Electron charge = 1.6 × 10-19C   

k = Boltzmann’s constant = 1.3805 × 10−23 J/K  

A = Ideality factor of diode = 1.3 

Vth = Thermal Voltage  

Ns = No. of modules in series = 230 

[14]  

 

The mathematical equations of these components were 

modeled individually and networked together to determine the 

functionality of the PV array. Hence, these equations are 

important for the design of the PV array [5], because it 

determine the desired output of the system. The first step in 

photovoltaic system modeling is to know the PV array size, 

determined using equation 6.   

 

5.  Modeled solar PV array system. 
The modeling and simulation of the components of the 

photovoltaic system formed the masked subsystem of the PV 

array as shown in Figure 2. The subsystem of the PV array 

was simulated on a matlab-simulink environment. The result 

of the simulated solar PV array masked subsystem was 

satisfactory, and it serves as an input to the boost converter.  

 
Figure 2; Modeled Photovoltaic (PV) array system 

 

The internal structure of the masked subsystem of PV array of 

figure 2 such as figure 3, 4, 5, 6, 7 and 8 are given as follows; 

 

  5.1; Reverse saturation current (Irr) model   
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Figure 3; (a) Reversed saturation current (Irr) Simulink 

Block and (b) Irr simulink block converted to Irr subsystem 

 

5.2. Band gap of the solar cell (EG) model  

 
 

Figure 4; (a) Band gap of the solar cell (EG) Simulink 

block and (b) EG Simulink block converted to EG 

subsystem 

 

5.3; Reversed saturation current at Top (Irs) 

model  
 

 
 

Figure 5; (a) Reversed saturation current     at TOP (Irs) 

simulink block and (b) Irs simulink block converted to 

subsystem  

 

5.4; Photo-current (Iph) model  

 
 

Figure 6; (a) Photovoltaic Current (Iph) Simulink Block 

and (b) Iph Simulink Block converted to subsystem 

 

5.5; Thermal voltage (V) model  
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Figure 7; (a) Thermal Voltage (V) Simulink Block and (b) 

V Simulink Block converted to subsystem. 

 

5.6; Current source output (I) model  

 

 
Figure 8; (a) Current source output (I) simulink block and 

(b) I simulink block converted to subsystem. 

 

7; Design and modeling of the Boost 

Converter     
 

The boost converter is a system designed to converts low 

input signal (DC voltage) to high output signal (DC voltage). 

The unregulated input DC signal is filtered and then boosted 

to regulated output DC signal [7]. Here, the input DC source 

of the converter is PV output signal (DC voltage), which is 

boosted to a desired output of the converter. The design of 

boost converter is important, because it will help in 

controlling both the current (CRF) and voltage ripples(VEF ). 

CRF was selected as 10% and VRF was also selected as 5%, 

in line with International Electro-technical Commission (IEC) 

harmonized standard which is bounded within the range 0-

30% [12]. Where Switching Frequency 

(fs)=100KHz  =10% and   = 5% are 

values for CRF and VRF used in the design to produce output 

with minimal ripples. The capacitor, inductor and the duty 

cycle are calculated using the given parameters of Input 

voltage (Vg) and output voltage (Vo) of the system converter 

where input and output voltage is 4000V and 7400V.  

Vg = 4000V,  

Vo = 7400V  

Io= 275A  

 

Calculation of the duty cycle (D):-    

         

        

            

              

  

 

Inductor (L) calculation:-   

 

 = (0.1 * 275) A =27.5A  

 

   

 
 

Calculation of the Capacitor (C) as follows:- 

 

 Therefore, 

capacitor is calculated as follows; 

 

 
 

  

 

The boost converter of figure 9 was modeled and simulated on 

Matlab-Simulink environment, which then boosted the input 

DC voltage to 7400V. However, the pulse width modulation 

controller and its duty cycle were used to turn and stabilize 

the converter output.  Hence, figures 10 shows the PV array 

connected to boost converter model 
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Figure 9; Boost converter simulink block.  
 

 
Figure 10; The interfaced of the PV array and boost 

converter model 

 

8; Design of Battery energy storage system 

(BESS)  
The battery storage system is the most efficient method of 

storing generated energy from solar PV system for use at 

night, cloudy, rainy and dusty days [18]. The BESS also 

maintaining power stability between the PV system and the 

utility grid [15]. In sizing the battery bank estimated energy 

storage is first determined [3]. The type of battery used is 

deep-cycle lead acid. The capacity of the entire battery bank is 

computed in ampere-hours, Electrical characteristics of the 

battery are given as; Number of Days of Autonomy (Daut) = 3  

Where  

Eest = Estimated Energy Storage     

Esafe (Wh) = Safe Energy Storage   

Ctb (Ah) = Total Capacity of Battery Bank  

Ntb = Total Number of Batteries in Bank  

Nsb = Number of Batteries in Series  

Npb = Number of Batteries in Parallel  

Cb = 250 Ah,  

Vb = 12 V,  

Ddisch = 80%  

                             (13)                                                                             

                                 (14)                                                                                       

                                        (15)                                                                                                

                                               (16)                                                                                          

                                            (17)                                                                                          

                                              (18)     

[10]                                                                                              

  

    

  

   

(Total Batteries required = 4250) 

  

(Number of Batteries in Series = 333.3) 

 
(Number of Batteries in parallel = 12.8) 

 

9; Charge controller (CC) design 
A battery charge controller (BCC) is a device that controls the 

power flow within the system and regulates the system 

voltage to a specified range. Its purpose is to keep batteries 

properly fed and safe for the long term [11]. The system also 

block reverse current and control battery overcharge [18]. The 

design of a suitable CC starts by computing the required total 

current that the controller should withstand. The properties of 

the selected CC are as follows: 

Vcc = 24,    

Icc = 60 A (dc),  

Safety Factor (𝐅𝐬𝐚𝐟𝐞) = 1.25  

 

The numbers of desired CC are calculated as follows; 

Nccn = Number of Charge Controllers  

Ircc (A) = Required CC Current  

Npm= Number of modules in parallel = 148 

 IscM = Short circuit current of the selected module = 6.32A 

Ncc = Number of CC 

                   (19) 

                                               (20) 

 
    

 
Number of Charge Controllers required = 20 
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10; Power AC Inverter design   
All power generating plants that generate DC power normally 

need inverters to convert the power generated to AC power 

for use by AC rated appliances [11]. The subsystem of PV 

system-inverter shown in figure 11 is a complete block 

diagram of interfaced PV array model, DC converter and AC 

inverter model. The 3.phase AC output signals of the PV 

system-inverter model are the signals injected into the grid.  

The output of this model is a 3-phase sinusoidal signals 

module serves as an input to 3-phase step-up transformer to be 

connected to the grid system.  

 

 

Figure 11; The block diagram of complete interfaced PV 

system with Booster and inverter.  

 

11; Phase locked loop (PLL) modeling  
The PLL is designed to control the phase difference and other 

harmonic distortion. The phase of generated signals of solar 

system is automatically adjusted to match the phase of an 

input signals of the grid. Figure 12 is the PLL Simulink block 

and as well an internal structure of figure 13. The model was 

simulated using Matlab/Simulink software.  

 
Figure 12; PLL Simulink block 

 

The three blocks subsystem of PLL shown in figure 13 

consists of the followings; phase detector (PD), loop filter 

(LF) and voltage controlled oscillator VCO. The PD is a 

comparator, which compares the input signals and the 

feedback signals. The output signal generated by the PD is 

proportional to the phase difference between the input signals 

and the signals generated by the internal oscillator called 

VCO. The output of the PD is an input to the LF. The LF is 

characterized with low pass filtering to attenuate high-

frequency AC components from the PD output and provide 

DC controlled signal to VCO which acts as an integrator. The 

VCO generates at its output a periodic AC voltage signal 

provided by the LF [19].  

 

 
Figure 13; Subsystems of the PLL 

 
The complete sub-system of the PLL is shown in Figure 14 

which formed by masking the three blocks subsystem of 

PLL of figure 13.  

 
Figure 14; Subsystem of the phase locked loop (PLL) 

 

12; The complete modeled grid-connected 

solar system  
The model is a network of the major subsystems which 

comprises of the following; PV array model that saves as a 

DC voltage source, DC- DC boost converter model, power 

AC inverter model, PLL model, step up transformer, 

protective and measuring devices, grid source (AC), and 

three-phase Load. The modeling and simulation were done on 

individual subsystems. The PV array model was simulated, 

which generated 4000V DC voltage as the main DC source to 

the boost converter. The generated 4000V was then optimized 

by the converter to 7400V DC voltage.  The 7400V output DC 

voltage of the converter model is converted to 3.phase AC 

voltages (Vabc) by the power inverter. However, the 3-phase 

output AC voltage (Vabc) of the inverter is connected to 3-

phase step up transformer, which synchronized with the utility 

grid voltage of 33KV.  
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13; The modeled complete photovoltaic grid 

connected without phase locked loop (PLL).   
 

The model of figure 15 was simulated without the PLL. The 

result obtained from the simulated grid connected solar PV 

array model without PLL was not quite clear as displayed by 

the waveforms. Based on observation, the system output is 

distorted by flickers. Therefore, it clearly shows that, both the 

solar PV array system and the utility grid are not having same 

characteristics. 

 
 

Figure 15; Simulink model of complete PV grid connected without PLL system 

 

14; The modeled grid connected PV system 

with PLL 
The grid-connected PV array model with PLL is shown in 

figure 16. Here, PLL was connected to figure 16 Model 

because of the distorted output of figure 15 model. The device 

was used to clear flickers on the lines such as phase 

difference, harmonics. So, synchronizing the solar PV array 

system with the utility grid using PLL has given a better 

result. The results obtained from the simulated figure 15 

model shows that the model output AC voltage is 33KV with 

the same frequency, amplitude and phase angle. The result 

obtained indicated that the grid-connected solar PV system 

with battery energy storage system have succeeded in tackling 

the problem of power supply in the study area. 

 

 
Figure 16; Simulink model of complete photovoltaic grid connected with PLL. 
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15; Modeled photovoltaic array system 

result.    
The simulated result of PV array model of figure 2 is 

shown in figure 17. The output of the simulated PV array 

model consists of DC voltage (Vdc), DC current (Idc) and 

power (P) waveforms displayed by the scope, as shown in 

figure 16. Hence, the generated DC voltage of the PV array 

system is 4000V as displayed by the digital display system. 

Therefore, based on the output of the photovoltaic array the 

desired result has been obtained.  
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Figure 17; Solar PV array output result consists of DC-voltage, current and power. 

 

16; The result of DC-DC boost converter.   
The PV-boost converter model of figure 10 was simulated 

in Matlab/Simulink environment according to the standards 

IEC with result shown in figure 18 and 19. The scope and 

digital display system was connected at the output terminal 

of the converter for the output result analysis. The 

generated 4000V DC source of the PV array model was 

boosted to 7400Vdc.   
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Figure 18: Photovoltaic-DC Boost Converter voltage output (Vdc) 
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Figure 19: Photovoltaic-DC Boost Converter current output (Idc) 

 

17; Three-phase universal bridge inverter 

output.  
Matlab/Simulink software was used in the simulation of 

complete system of figure 11, given the output result of 

generated three-phase AC waveforms of figure 20. The 

inverter does not boost or step-up the input voltage but 

generate the input signals into sinusoidal AC signals. In this 

case Vabc is fed to a step-up transformer for the purpose of 

boosting the AC signal to a grid voltage level of 33KV.   
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Figure 20; Three-phase universal bridge inverter result. 
 

 

 

18; Result of complete solar PV grid 

system connected without PLL system;  
The complete grid connected solar PV model of figure 15 

was connected without control (PLL). The simulation of the 

modeled grid connected solar PV system of figure 15 

output result is shown in figure 21. The output result 

clearly indicated that the synchronization was unbalanced 

due to the absent of PLL. Therefore, due to the poor result 

obtained from the system PLL is needed in the system to 

clear the distortions on the lines 
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Figure 21; The result of grid synchronized Solar PV array system without a PLL system 

 
19; Result of simulated complete grid 

connected solar PV system with PLL   
The simulated result of the grid-connected solar PV system 

of figure 16 synchronized with PLL is shown in figure 22. 

The introduction of the PLL into the system was due to the 

unbalanced output result observed from figure 20. The 

selection of Phase lock loop was due to its high degree of 

immunity and insensitivity to disturbances, harmonics, 

unbalance and sags. Hence, based on the analyzed result, 

the generated 3.40KV by the PV array system injected into 

the utility grid network, via the three-phase step-up 

transformer has been satisfactory, and has complied with 

IEC standards.  
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Figure 22; Solar PV array and Grid synchronization output.
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20; Discussion of Results    
 

Solar energy sources are important part of energy supply to 

the utility grid Network. In this study, grid connected 

photovoltaic-battery energy storage system generation system 

was modeled and simulated in MATLAB/Simulink 

environment. The PV array was designed based on the 

standard mathematical modeling equations, and as well 

considering the effect of environmental weather conditions 

(temperature, relative humidity, rainfall, solar radiation and 

sunshine). The equations are put together in the form of block 

diagrams, and simulation is carried-out using matlab-simulink 

program. The photovoltaic array subsystem model was 

simulated using Simulink program, which generated 4000V 

DC voltage as the main DC source. The designed photovoltaic 

(PV) array system was able to supplement power shortfall of 

3.40MW of the study area.  The DC/DC boost converter was 

connected to photovoltaic (PV) array where the output DC 

voltage of the photovoltaic (PV) system was boosted by the 

designed boost converter to the desired output DC voltage of 

7400V. The battery energy storage system (BESS) formed 

part of the system, which charged or discharge by using the 

DC/DC bidirectional converter to maintain the power balance 

between photovoltaic (PV) power generation and the load 

demand. Simulation results prove that the grid-connected 

photovoltaic-battery energy storage system (PV/BESS) 

provides stable and reliable power for loads or power grid 

during its operation modes. However, the output DC voltage 

of the converter was inverted to 3-phase AC voltages (Vabc) 

using inverter, which was synchronized with 150MVA step 

up transformer used to step it up to the utility grid voltage of 

33KV. The transformer’s output (i.e. 33KV), is the output of 

the entire system that is synchronized with the utility grid. 

The synchronizer (PLL) was connected to the system to clear 

disturbances on the lines. The results obtained from the 

simulated system are the same frequency, amplitude, and 

phase angle, which indicated that the designed grid-connected 

solar photovoltaic system have succeeded in tackling the 

problem of power supply in the study area.  

 

21; Conclusion     
This thesis presents a complete modeled grid-connected solar 

system that includes solar photovoltaic array system, DC-DC 

converter, battery energy storage system, phase locked loop, 

power inverter, step-up transformer and grid source. The 

objectives for this thesis have been successfully realized 

through the modeling, simulation and performance analysis of 

designed system using Matlab/Simulink tools. The designed 

system was based on weather condition and load demand 

obtained from the YEDC that gives the power supply deficit 

3.40MW of the study area. The shortfall (3.40MW) of power 

supply from the grid was augmented by the designed solar 

photovoltaic-battery energy storage system (PV/BESS).  

Based on the result the solar photovoltaic array system was 

able to inject a total power of 3.40MW to the grid.   
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