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ABSTRACT 

This paper focused on search of biomass which can effectively remove fluoride from drinking water. Sal (Shorea 

robusta) leaf powder was found to reduce fluoride. The biosorbent of 0.3 mm and 1.0 mm sizes of Sal leaf was 

prepared by standard sieve. Batch experiments done to see the defluoridation properties from synthetic solution 

of 5 ppm to study the influence of parameters pH, adsorbent dose, contact time and initial fluoride 

concentration on adsorption efficiency. The specific uptake of Sal powder 0.3mm and 1mm increases from 

0.0195 mg/g to 0.158mg/g and 0.0135mg/g to 0.127mg/g respectively with the increase in initial concentration 

of from 1.6 mg/l to 5mg/l. The maximum specific uptake obtained from Langmuir isotherm is found to be 1.28 

mg/g by Sal powder (0.3mm). The values of adsorption capacity (Kf) and intensity of adsorption (1/n ~ 0.84 <1) 

indicate Freundlich as a favourable sorption model.   The fluoride removal efficiency of Sal leaf powder of 

0.3mm and 1mm particle size  was about 63.6%  and 25.8% respectively observed at pH 7.5, keeping the 

concentration 5mg F/L and at 1g dosage of biosorbent in 50ml solution and 98.6% at 3g dose of Sal 

powder(0.3mm). Adsorbent size of 0.3 mm was more efficient than the 1.0 mm size. Characterization of 

biosorbents, before and after adsorption was studied by Fourier Transform Infrared (FTIR) and Scanning 

Electron Micrograph (SEM) coupled with EDX to get a well understanding of the mechanism of adsorption.  
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I. INTRODUCTION 

 

Persistence of fluoride in drinking water need urgent attention as it can cause dental and skeletal fluorosis when 

present at levels above 1.5 mg/l (WHO 2008). Strong electonegativity of fluoride ion is attracted towards 

positively charged calcium ion in teeth and bone which results in dental, skeletal and no skeletal forms of 

fluorosis i.e. high fluoride ingestion, in children as well as adults. Various diseases such as osteoporosis, 

arthritis, brittle bones, cancer, infertility, brain damage, Alzheimer syndrome, and thyroid disorder can attack 

human body on excessive intake of fluoride [1]. The problem of fluoride contamination of groundwater which 

is a major source of drinking water is exasperating day by day. Defluoridation of water is the only practicable 

option to get rid from excess fluoride. Defluoridation techniques can be broadly classified in to four categories; 

Adsorption technique, Ion-exchange technique, Precipitation technique, and other techniques, which include 

electro chemical defluoridation and Reverse Osmosis. Adsorption is the most simple, appealing, easy handling, 

efficient, environmental friendly and economic amongst the above technique. Further, use of plant materials as 

an adsorbent is seeking researcher’s interest due to their abundant availability and low cost. Besides this  the 
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presence of chemical functional groups such as hydroxyl, carbonyl, carboxyl, sulfhydryl, theioether, sulfonate, 

amine amide, imidazole, phosphonate, and phosphodiester on the biosorbent surface contribute to 

biosorption[8][9][10]. Several literatures are available on the removal of fluoride from water using various 

biodsorbents like mosambi fruit peel powder[2], Phyllanthus emblica[3], Citrus limonum(lemon) leaf[4], rice 

husk ash, neem leaf[5], peepal leaf , khair leaf[6], tamarind fruit shell[7] etc. In the current work the potential of 

locally available Sal leaf for the removal of fluoride from water has been explored. The characterization of these 

biosorbents has been done by using scanning electron microscope (SEM) coupled with EDX and Fourier 

Transform Infrared (FTIR). The effects of solution pH, adsorbent dose, agitation time and initial fluoride 

concentration on the removal of fluoride have been done in batch reactor configuration and equilibrium 

parameters have been estimated. 

 

II. MATERIALS AND METHODS 

2.1 Preparation of Bio-Sorbents 

Mature and dry fallen leaves of Sal were collected from BIT campus. Semi dried leaves were dried in hot air 

oven in the range of 80-100ºC till they became crisp. Dried leaves were crushed by hand and ground by a 

mechanical grinder. After grinding sieved through standard sieve to obtain particle of sizes up to 1mm and 

0.3mm. Thus, the prepared bio-sorbent of Sal leaf power were used for sequestration of fluoride from aqueous 

solution. Elemental analysis of untreated Sal leaf powder is shown in Table1. 

 

2.2 Characterization of Adsorbents 

Various characteristics like pore size, functional group of prepared adsorbents before and after adsorption were 

studies by using SEM coupled with EDX and FTIR techniques.   

 

III. BIOSORPTION EXPERIMENT  

 

Biosorption capacity of biosorbent (Sal leaf powder) of different sizes was determined by using batch sorption 

experiments adopting independent flask method. In this method, each flask containing adsorbent and fluoride 

mixture.  The stock solution of 100 mg/L fluoride was prepared by dissolving 221 mg of anhydrous NaF in one 

liter of distilled water. Test solution of 5 mg/L fluoride concentration was prepared from stock solution. This 

concentration was selected as upto this concentration of fluoride found in drinking water. A series of 100 ml 

Stoppard flask containing 50 ml solution and adsorbent, were shaken in a horizontal shaker, to study the various 

parameters at room temperature. At the end of desired contact time, the conical flasks were removed from the 

shaker, and allowed to stand for 5 min for the adsorbent to settle. Subsequently, samples were filtered using 

Whatman No. 42 filter paper and 5 ml filtrate from each batch were analysed for residual fluoride concentration 

by SPADNS photometric method, described in the Standard Methods of Examination of Water and Wastewater 

[11] at 570 nm using the UV–Vis spectrophotometer. To get the optimum process conditions for biosorbent the 

effect of process variable such as pH, adsorbent dose, time and initial fluoride concentration on the removal of 

fluoride was studied. The conditions used for these experiments are shown through Table 2. The effect of pH on 

fluoride was studied by adjusting the pH of test solution using 0.1 N HCl or 0.1 N NaOH on fixed quantity of 

adsorbent.  

% adsorption (A) of fluoride was calculated as using following formula: 
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%A = [(Ci – Cf) X100]/Ci 

Where Ci and Cf are the initial and residual concentration at equilibrium (ppm) 

Table1. Elemental Analysis and Physical Properties of Bio-sorbent 

 

Table2. Ranges of Operating Parameters for pH, Adsorbent Dose, Time and Initial Fluoride 

Concentration for the Removal of Fluoride 

Objective of experiment Values of variable 

parameters 

Values of fixed parameters 

for verifying 

optimum conditions 

To study the effect of pH on 

fluoride removal 

Solution pH: 6.5, 7, 7.5, 8, 8.5 AD: 1g/50ml; IFC: 5 ppm; Temp.: 

Room temp.;Time: 1hr., Particle 

size:0.3mm, 1mm 

To study the effect of time on 

fluoride removal 

Time:  10, 15, 20, 25, 30 min. AD: 1g/50mL; IFC:5 ppm; Temp.: 

Room temp.; 

Solution pH:7.5, Particle 

size:0.3mm,1mm 

To study the effect of adsorbent 

dose on 

fluoride removal 

AD: 0.5, 1, 1.5, 2, 2.5, 3 g/50mL. IFC: 5ppm; Temp.: Room temp. ; 

time: 1 hr.; Solution pH 7.5 

To study the effect of initial 

fluoride ion concentration on 

fluoride removal 

IFC: 1.6, 2, 2.5, 3, 3.5, 4, 5 ppm AD:1g/50mL;Time.:1hr; Solution 

pH:7.5; 

Temp: Room temp. 

 

IV. RESULTS AND DISCUSSION  

4.1 Characterization of the Bio-Sorbents 

4.1.2 FTIR Analysis  

The FTIR spectra of Sal leaf powder were obtained to understand the nature of the functional groups present in 

it. FTIR spectra (Fig.1) displayed a number of peaks, indicating the complex nature of the adsorbent. The broad 

and strong band ranging from 3000 to 3600cmˉ¹ indicates the overlapping of Si–OH (silanol), R–OH (hydroxyl) 

and –NH2 (amine) stretching vibrations. The band at 2921 to 2929 cm-¹ was assigned to C-H stretching [12]. 

The peaks located at 1735 and 1719 cm−¹are characteristic of carbonyl group stretching from carboxylic acid or 

S. 

No. 

Name                   Elemental analysis (%)                           Physical properties 

  

 

C    H N S Particle size 

(μm) 

       Wt.(mg) 

    

 1. 

 

Sal Leaf 

 

 

  46.37 

 

 

7.096 

 

 

0.387 

 

 

0.283 

 

 

         0.3 

 

 

          5.8260 
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ester group. The band at 1617 to 1637 cmˉ¹ was assigned to the asymmetric stretching of –COO- in ionic 

carboxylic group .The band at 1384 cmˉ¹ was assigned to symmetric –COO- stretching in pectin [13]. The band 

at 1021 to 1054 cmˉ¹ was assigned to C-OH stretching in alcohols. Among these functional groups, carboxylic 

and hydroxyl groups had great significance in the removal of fluoride ions. On comparing the IR spectra it was 

found that there are significant changes in the fresh and exhausted biomass spectra. The identification of 

absorption spectrum shows the range, type, vibration and functional groups of the biomass. FT-IR study of fresh 

and exhausted Sal powder (Figure 1(a), (b)) shows shifting of functional group plotted in Table 3.  major 

differences in the region 500 - 1600 cm−¹ range is assigned to −NH2 groups in different parts of the biomass. 

Frequency ranges of biomass indicating bonding of fluoride with the amines groups of biomass. These 

stretching in functional groups are responsible for fluoride adsorption.  

 

Figure 1(a) FT-IR spectra of fresh (BA) & exhausted (AA) Sal Powder (0.3mm)  
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Figure 1(b) FT-IR Spectra of Fresh (BA) & Exhausted (AA) Sal Powder (1mm) 

Table 3 FT-IR Analysis 

Functional groups  Sal (1mm) Sal (0.3mm) 

 

OH free alcohols 

 

BA 

 

3286.70 

 

3267.41 

AA 3290.56 3309.85 

C-H stretching BA 2920.23 2916.37 

AA 2924.09 2920.23 

C=O stretching vibration (non-ionic) BA 1720.50 1728.22 

AA 1724.36 1728.22 

COO- asymmetric stretching (ionic) BA       _      _ 

AA        _     _ 

C=O deformation stretching BA 1230.58 1234.44 

AA 1230.58 1233.30 

C-OH stretching in alcohols 

 

BA        _ 1037.70 

AA 1041.56 1037.70 

-NH₂ groups BA 516.92      _ 

AA       _ 509.21 
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4.1.2 BA (Before Adsorption), AA (After Adsorption) 

Besides these peak 1604.77 shifted to 1616.35 for Sal 0.3mm and peak 1319.31 to 1323.17, 1000.85 to 1041.56 

for Sal 1mm. 

 

4.2 SEM Analysis Coupled with X-ray Energy Dispersive Spectroscopy (EDX) 

SEM and EDX are useful tools for evaluating the elemental characteristics of the adsorbents and these two 

techniques have been widely used in adsorption studies especially in determining the adsorption mechanism 

[22][23][24][25]. The SEM images and EDX spectra for Sal leaf powder before and after fluoride adsorption are 

shown in Fig. 2 and Fig. 3 for Sal powder 0.3mm and 1mm respectively. The SEM images (at 800× 

magnification) show the rough surface and porosity of Sal powder, conditions which might favour the 

adsorption of fluoride ions. The EDX spectrum for Sal powder (0.3mm) before adsorption (Fig. 2) showed some 

peaks for Ca, K, C, P, O and Si species. The EDX analysis gave different results and this analysis could be used 

to confirm the attachment of F ions onto Sal surface. The presence

of fluoride on Sal surface is represented by the peak F (Fig. 2b). After F adsorption the intensity of Ca, Si, C, P 

decreased (Table 4). Similarly, the EDX spectrum for Sal powder (1mm) before adsorption (Fig. 3) showed 

some peaks for Ca, P, O and Si species. The EDX analysis gave different results and this analysis could be used 

to confirm the attachment of F ions onto Sal surface. The presence

of fluoride on Sal surface is represented by the peak F (Fig. 3b). After F adsorption the intensity of Ca, Si, and P 

decreased (Table 5).   The decreased intensity of these cations peaks and the appearance of F peak as revealed 

by EDX spectra indicated that ion-exchange involved during adsorption process. This kind of observation has 

also been reported in our previous studies [26][27]. 

 

Figure 2. SEM Images at 800× Magnification and EDX Spectra of Sal Powder (0.3mm) Before 

(a) and After (b) Fluoride Adsorption
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Elemental Composition of the Sal Powder 

(0.3mm) Before and After Fluoride Treatment as Revealed by EDX Analysis- (Table 4) 

Analysis Before Adsorption  

Elements  Ca      O K Si P C Total 

Weight %  12.93 67.17 2.14 7.47 5.48 7.34 100 

Analysis After Adsorption  

Elements F Ca O K Si P C Total 

Weight % 11.27 12.90 61.37 0.26 2.80 4.77 6.59 100 

 

Figure 3. SEM Images at 800× Magnification and EDX Spectra of Sal Powder (1mm) Before (a) 

and After (b) Fluoride Adsorption. 

 

 

 

Elemental Composition of the Sal powder 

(1mm) Before and After Fluoride Treatment as Revealed by EDX Analysis- (Table 5) 
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Analysis Before Adsorption 

Elements  Ca      O P Si Total 

Weight %  10.49 77.79 8.19 3.52 100 

Analysis After Adsorption 

Elements         F Ca O    P         Si Total 

Weight % 36.41 2.21 47.03 12.17 2.18 100 

 

V. EXPERIMENTAL RESULT 

5.1 Effect of pH 

The effect of pH on fluoride adsorption was examined at 5 mg/L of F ion concentration and sorbent 

concentration of 1.0 g in 50ml. From figure 4, it seems that at lower pH, % removals of fluoride for Sal leaf 

powder are less, which increases gradually with the increase in solution pH, reach maximum at around pH 7.5 

and then decreases.  It is evident that fluoride removal reached a maximum of 63.6% and 25.8% by particle size 

0.3mm and 1mm respectively of Sal powder at pH 7.5.  The solution pH alters the surface charge of the 

adsorbent and solution phase chemistry of the adsorbate. Thus, shows significant effects on the removal of 

adsorbate from water. The mechanism of adsorption of fluoride ion on adsorbent surface is explained by 

following reactions. 

HF ↔ H⁺ + Fˉ                       (1) 

≡ POH + H⁺ ↔ POH₂⁺           (2) 

≡ POH + OHˉ ↔ POˉ + H₂O (3) 

≡ POH₂⁺ + Fˉ ↔ PF + H₂O    (4) 

≡ POH + Fˉ ↔ PF + OHˉ       (5) 

Where POH, POH₂⁺ and POˉ are the neutral, protonated and deprotonated sites on leaf powder and PF is the 

active site of fluoride complex. 

At lower pH, the fluoride ions which exist as HF weakly ionized and the surface of the sal leaf powder is 

primarily positive since more protonation takes place with the adsorbent sites through equation 2, thus the 

removal of fluoride is less. But with the increase in solution pH  the dissociation of the HF increases and the 

positive charge density of adsorbent also gradually decreases. However, above pH 7.5 the increase in solution 

pH converts the surface of the Sal leaf powder adsorbent as predominantly negatively charged through equation 

3, where fluoride also exists as negatively charged fluoride ion. Thus, the repulsive force between leaf powder 

adsorbent and the fluoride reduces chemisorption of fluoride at pH greater then 7.5 as a result the % removal of 

fluoride decreases which results maximum removal of fluoride at pH 7.5.  
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Fig .4 Effects of pH on Fluoride Sorption onto Sal Leaf Powder. 
 

5.2 Effect of Time 

The effect of contact time on the removal of fluoride from drinking water is shown in figure5. It was noted that 

the percentage fluoride removal was increasing with time and attained almost an equilibrium condition in about 

25 minutes at which, the rate of adsorption of solute was equal to the rate of desorption. The decrease in the rate 

of removal of fluoride, particularly towards the end indicates a possible monolayer of fluoride on the outer 

interface of the adsorbent and pore (intra-particle) diffusion on to the inner surface of the adsorbent particles 

through the film due to continuous agitation maintained during the experiments.  At the contact time of 25 min 

the % fluoride removal by Sal powder (0.3 mm and 1.0 mm) increases from 46.4% to 57.8% and 14.4% to 

40.0%, respectively. 

  

Fig .5 Effects of Contact Time on Fluoride Sorption onto Sal Leaf Powder. 
 

5.3 Effect of Adsorbent Dose 

The percentage removal of F  ion was studied varying the adsorbent dosage from 0.5- 3 g/L at optimum 

conditions of extraction viz., initial concentration of fluoride ion : 5.0 mg/L; contact time : 60 min at 30°C. 

Figure 6 shows fluoride uptake by both Sal powder of 0.3mm and 1mm particle size at different dose of 0.5 g to 

3.0 g.  It is also found that as particle size increase there was decrease in defluoridation capacity. It is observed 

that fluoride removal by 0.3 mm and 1 mm sizes adsorbent increases from 42.2% to 98.6% and 51.0 to 87.2% 

respectively at 0.5 g to 3.0 g of Sal powder/ 50 ml. Hence, the maximum removal of fluoride ions can be 
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obtained by using 3 g in 50 ml. Initially the increase in % removal with increase in adsorbent dose increases as 

the removal of adsorbate depends on the number of available active sites, which increases with increase in 

adsorbent dose. 

 

Fig .6 Effects of Adsorbent Dosage on Fluoride Sorption onto Sal Leaf Powder. 
 

5.4 Effect of Initial Concentration 

The effect of initial concentration of fluoride on the extent of specific uptake of fluoride in terms of amount of 

the fluoride adsorbed on the Sal powder adsorbent was studied with a fixed dose of adsorbent: 1.0 g in 50 ml 

solution, constant agitation time of 60 minutes and at temperature: 28-30°C, by varying the initial concentration 

of fluoride between 1.6 - 5.0 mg/L. The specific uptake of fluoride by adsorbent for the removal of fluoride 

from water is shown in figure7. From the figure it is clear that the specific uptake of Sal powder 0.3mm and 

1mm increases from 0.0195 mg/g to 0.158mg/g and 0.0135mg/g to 0.127mg/g respectively with the increase in 

initial concentration of from 1.6 mg/l to 5mg/l. With the increase in initial concentration of fluoride the driving 

force for transport from bulk to the surface of adsorbent increases, which results more adsorption of fluoride per 

unit mass of adsorbent. 

  

Fig .7 Effects of Initial Fluoride Concentration on its Sorption onto Sal Leaf Powder 

 

5.5 Equilibrium Study for Fluoride Removal 
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Freundlich and Langmuir isotherm models were tested to find out suitable model equation  for predicting 

equilibrium adsorption of fluoride from water. Linear forms of these isotherms and values of isotherm 

parameters are described in Table 6 and 7 respectively. 

Table 6. Equilibrium Models 

Freundlich model  

Langmuir model                              

 

Langmuir adsorption isotherm assumes the existence of monolayer coverage of adsorbate on the structurally 

homogeneous surface of the adsorbent. All the sorption sites are assumed to be identical and energetically 

equivalent [14]. In equilibrium model given in Table 6 Qe is the metal ion adsorbed at equilibrium (mg/g), Ce is 

the equilibrium concentration of the metal ion (mg/L) b and Qo are the constants related to the energy of 

adsorption and the maximum adsorption capacity respectively, [15], [16]. The values of Qo and b were 

calculated from the intercept and slope of the linear plot of 1/Qe against 1/Ce. The equilibrium data was fully 

described by the Langmuir adsorption isotherm as shown in figure below. 

 

 Fig. 8 Langmuir Plot for Removal of Fluoride at 1 g Sal Powder (0.3mm)/100 mL Volume, pH 

7, Temp of 30 °C, Contact Time of 60 Min and Varied Initial Concentration of Adsorbate. 

 

Fig.9 Langmuir Plot for Removal of Fluoride at 1 g Sal Powder (1mm)/50 mL Volume, pH 7, 

Temp of 30 °C, Contact Time of 60 Min and Varied Initial Concentration of Adsorbate. 
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A low b value on the Langmuir adsorption parameters indicated the low affinity of the sorbent for the sorbate 

[17]. 

Freundlich adsorption isotherm assumes that the adsorption occurs on amorphous surface that is heterogeneous 

and there is exponential distribution of active sites and their energies [20]. The logarithmic form of the 

Freundlich adsorption isotherm is expressed in Table 6 above [18, 19] where Qe and Ce have similar meaning to 

those in the Langmuir adsorption isotherm while Kf and 1/n are the adsorption capacity and adsorption intensity 

respectively. Kf and 1/n were obtained from the intercept and gradient of the linear plot of logQe against logCe.  

The Freundlich adsorption parameters are shown in Table 7. The R² value confirmed the fitness of the data to 

this model [21]. The adsorption intensity parameter (1/n), was within the range 1< n <10 that shows that there 

was easy separation beneficial biosorption and therefore must be capitalized. 

 

Fig.10 Freundlich Plot  for Removal of Fluoride at 1 g Sal Powder (0.3mm)/100 mL   Volume, 

pH 7, Temp of 30 °C, Contact Time of 60 Min and Varied Initial Concentration of Adsorbate 

 

Fig. 11 Freundlich Plot  for Removal of Fluoride at 1 g Sal Powder (1mm)/50 mL   Volume, pH 

7, Temp of 30 °C, Contact Time of 60 Min and Varied Initial Concentration of Adsorbate 
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Table7: Adsorption Isotherm Parameters for Fluoride Sorption onto Sal Leaf Powder. 

 

Isotherms 

 

Parameters 

                Values 

Sal (0.3mm) Sal (1mm) 

 

Freundlich 

R² 0.993 0.892 

N 1.19 0.326 

1/n 0.84 3.06 

K 𝑓 0.190 0.0053 

Langmuir R² 0.995 0.982 

 

VI. CONCLUSIONS 

 

Sal leaf powder proved to be an excellent biosorbent for F¯ ions from aqueous solution at optimum pH 7.5. 

Fluoride ions are found to adsorb on the surface of Sal leaf powder. The results suggest that pore diffusion is 

more important. The specific uptake of Sal powder 0.3mm and 1mm increases from 0.0195 mg/g to 0.158mg/g 

and 0.0135mg/g to 0.127mg/g respectively with the increase in initial concentration of from 1.6 mg/l to 5mg/l. 

The maximum specific uptake obtained from Langmuir isotherm is found to be 1.28 mg/g by Sal powder 

(0.3mm). The values of adsorption capacity (Kf) and intensity of adsorption (1/n ~ 0.84 <1) indicate Freundlich 

as a favourable sorption model.  Results also indicate that the fluoride removal efficiency of Sal leaf powder of 

0.3mm and 1mm particle size  was about 63.6%  and 25.8% respectively observed at pH 7.5, keeping the 

concentration 5mg F/L and at 1g dosage of biosorbent in 50ml solution and 98.6% at 3g dose of Sal 

powder(0.3mm). SEM coupled with EDX characterizations of biosorbents show evidence for inner-sphere 

complications and gives a clear picture of change in morphology before and after fluoride treatment that 

confirms adsorption of fluoride.  FT-IR spectra revealed the presence of O-H, C-H, C=O, C-OH and -NH₃ 

stretching in the adsorbents showed fluoride binding in the different frequency ranges of the biosorbents. This 

plant biomass is recommended as a suitable and low cost adsorbent to reduce fluoride and 0.3 mm size was 

more efficient than 1.0 mm.  
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ABSTRACT 

Malicious and selfish behaviors represent a serious threat against routing in Delay or Disruption Tolerant 

Networks (DTNs). Due to the unique network characteristics, designing a misbehavior detection scheme in DTN 

represents a great challenge. In this paper, we propose PMDS, a probabilistic misbehavior detection scheme, 

for secure DTN routing. The basic idea of PMDS is introducing a periodically available Trusted Authority (TA), 

which judges the node’s behavior based on the collected routing evidences. We model PMDS as the Inspection 

Game and use game theoretical analysis to demonstrate that, by setting an appropriate investigation 

probability, TA could ensure the security of DTN routing at a reduced cost. To further improve the efficiency of 

the proposed scheme, we correlate detection probability with a node’s reputation, which allows a dynamic 

detection probability determined by a node’s reputation. The extensive analysis and simulation results show that 

the proposed scheme substantiates the effectiveness and efficiency of the proposed scheme. 

 

Keywords: DTN, Security, Punishment and Compensation, Inspection Probability. 

 

I. INTRODUCTION 

 

Current networking protocols have been programmedwith the assumption that an end-to-end path between 

thepacket source and the destination is almost alwaysaccessible. If connectivity isdisturbed, then routing 

protocols would provide an alternative path after at most a transient outage. This is also assumed for emerging 

wireless Mobile Ad-hoc Networks (MANETs). However, there is an entire class of wireless networks for which 

this assumption does not hold. For wireless networks with intermittent connectivity, also called Delay or 

Disruption Tolerant Networks (DTNs), absenceof endlessconnectivity, network partitioning and very long 

delays are actually the norm, not the exception. Such networks have recently received an increasing interest due 

to their greatpotential for supporting applications deployed in testedenvironments, such as vehicular networks 

[1], wireless social networks [2]. 

A Byzantine opponent (i.e., a physically captured and controlled legitimate node) can doserious damage to the 

network in terms of data availability,latency, and throughput. The typical examples of Byzantine attack include 

dropping, varying the legitimate packets and injecting falsepackets. Further, even for the non-malicious nodes, 

the sane(selfish) nodes may also try to maximize their own benefits by relishing the services provided by the 

DTN network and, at the same time, refusing to relay thebundles for others [4]. 
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II. BACKGROUND 

 

Most of prevailing works are based on forwarding history verification, (e.g. multi-layered credit [4], [5], three-

hop feedback mechanism [3]), which are expensive in terms of transmission expenses and verification cost. The 

security overhead incurred by forwarding history checking is critical for a DTN since expensive security 

operations will be transformed into more energy consumptions, which denotes a fundamental challenge in 

resource-constrained DTN. Further, even from the Trusted Authority (TA) point of view, misbehavior detection 

in DTNs will unsurprisingly incur a high security overhead, which may include the cost of collecting the 

forwarding history evidence via deployed judge nodes [3] and transmission cost to TA. 

 

III. RELATED WORK 

 

We propose PMDS, a Probabilistic Misbehavior Detection Scheme for DTN, to adaptively detect misbehaviors 

in DTN and achieve the tradeoff between the detection cost and the detection performance. PMDS is motivated 

from the Inspection Game, which is a game theory model in which an inspector verifies if an another party, 

called inspectee, adheres to certain legal rules. In this model, the inspectee has a potential interest in violating 

the rules while the inspector may have to perform the partial verification due to the limited verification 

resources. Therefore, the inspector could take advantage of partial verification and corresponding punishment to 

discourage the misbehaviors of inspectees.  

Furthermore, the inspector could check the inspectee with a higher probability than the Nash Equilibrium points 

to prevent the offences, as the inspectee must choose to comply the rules due to its rationality. 

 

IV. SCOPE OF THE PROJECT 

 

In this paper, we adopt the system model similar to normal DTN consisting of mobile devices owned by 

individual users. Each node i is assumed to have a unique ID Ni and a corresponding public/private key pair. We 

assume that each node must pay a deposit C before it joins the network, and the deposit will be paid back after 

the node leaves if there is no offend activity of the node. Here we assume that a periodically available TA exists 

so that it could take the responsibility of misbehavior detection in DTN. For a specific detection target Ni, TA 

will request Ni’s forwarding history in the global network. Therefore, each node will submit its collected Ni’s 

forwarding history to TA via two possible approaches. In a pure peer-to-peer DTN, the forwarding history could 

be sent to some special network components (e.g., roadside unit (RSU) in vehicular DTNs or judgenodes in [4]) 

via DTN transmission. 

 

4.1 Routing Model 

We adopt the single-copy routing mechanism such as First Contact routing protocol, and we assume the 

communication range of a mobile node is finite. Thus a data sender out of destination node’s communication 

range can only transmit packetized data via a sequence of intermediate nodes in amultihop manner. Our 

misbehaving detection scheme can be directly used but not limited in metric-based routing algorithms. 
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4.2 Threat Model 

First of all, we assume that each node in the networks is rational and a rational node’s goal is to maximize its 

ownprofit. In this work, we mainly consider two kinds of DTN nodes: selfish nodes and malicious nodes. Due to 

the selfish nature and energy consuming, selfish nodes are not willing to forward bundles for others without 

sufficient rewarding. As an adversary, the malicious nodes arbitrarily drop others bundles (blackhole or 

greyhole attack), which often take place beyond others observation, leading to serious performance degradation. 

Note that any of the selfish actions above can be further complicated by the collusion of two or more nodes. 

 
 

4.3 Design Requirements 

The design requirements include 

Distributed: We require that a network authority responsible for the administration of the network is only 

periodically available and consequently incapable of monitoring the operational minutiae of the network. 

Robust: We require a misbehavior detection scheme that could tolerate various forwarding failures caused by 

various network environments. 

Scalability: We require a scheme that works irrespective of the size and density of the network. 

 

V. PROPOSED METHODOLOGY 

 

We initially analyze the PMDS as a basic scheme, then we will explore the PMDS with a global reputation 

system. 

A. Generation and Auditing of the Routing Misbehavior Detection Metrics 

In the proposed misbehavior detection scheme, we further separate the whole misbehavior detection process into 

the Routing Evidence Generation Phase and Auditing phase. 
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5.1 Routing Evidence Generation Phase 

For the simplicity of presentation, we take a three step data forwarding process as an example. Suppose that 

node A has packets to be delivered to node C. Now, if node A meets an another node B that could help to 

forward the packets to C, A will replicate and forward the packets to B. Thereafter, B will forward the packets to 

C when C arrives at the transmission range of B. In this process, we define three kinds of data forwarding 

evidences which could be used to judge if a node is a misbehaviour or not: 

Delegation Evidence D: After node A delegates the packet transmission task to B, B will generate a deleation 

evidence back to A, the evidence includes D = fM; A;B;Dst; TS;Exp; SigBg , where M is the message, TS and 

Exp refer to the time stamp and the packets expiration date of the packets, respectively, Dstis the packets 

destination, SigB refers to the signature generated by B. So DB is the set of routing tasks of B, which will be 

stored at node A. 

Forwarding History Evidence F: If node B successfully forward the packets to node C, C will generate a 

forwarding history evidence to demonstrate that B has successfully finished a forwarding task. F = fM;B;C;Dst; 

TS;Exp; SigCg, where SigC refers to the signature generated by node C to demonstrate the authenticity of this 

evidence. F is stored at node B. 

Contact History Evidence E: Whenever B meets a new node E, new contact history evidence will be 

generated to demonstrate the contact of B and E as fB;E; TS; SigB; SigEg, where SigB refers to the signature 

generated by both of node B and E to demonstrate the authenticity of this evidence. Note that E will be stored 

at both of node B and E. 

 

Algorithm 1: Judge(node i) 

 

5.2. The Basic Probabilistic Misbehavior Detection Scheme 

Different from periodical detection, the proposed PMDS allows the TA to launch the misbehavior detection at a 

certain probability. Algorithm 2 shows the details of the proposed probabilistic misbehavior detection scheme. 

For a particular node i, TA will launch an investigation at the probability of pb. If i could pass the investigation 

by providing the corresponding evidences, TA will pay node i a compensation w; otherwise, i will receive a 

punishment C (lose its deposit). 
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Algorithm 2: Basic PMDS 

 

5.3 Game Theory Analysis 

Here we assume that the forwarding transmission costs each node g to forward a packet and, thus, each node 

will receive a compensation w from TA, if successfully passing TA’s investigation; otherwise, it will receive a 

punishment C from TA. The compensation could be the virtual currency or credits issued by TA; on the other 

hand, the punishment could be the deposit previously given by users to TA. TA will also benefit from each 

successful data forwarding by gaining v, which could be charged from source node similar to [5]. In the auditing 

phase, TA checks each node with the same probability pb. Since checking willincur a transmission cost h, TA 

has two strategies, inspecting (I) or not inspecting (N). Each node also has two strategies, forwarding (F) and 

offending (O). 

 

5.4 Inspection Based on Reputation 

The previous analysis has shown that the basic PMDS is enough to assure the security. However, the basic 

scheme assumes the same detection probability for each node, which may not be desirable in practice. It is 

observed that a good node could be detected less frequently while a bad node should be inspected at a higher 

probability. Therefore, we could combine PMDS with a reputation system which correlates the detection 

probability with nodes’ reputation. 

 

VI. SIMULATION OF PMDS 

 

We set up the experiment environment with the Opportunistic Networking Environment (The ONE) simulator, 

which is designed for evaluating DTN routing and application protocols. In our experiment, we adopt the First 

Contact routing protocol, which is a single-copy routing mechanism, and we use our campus map as the 

experiment environment. 
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We use the Packet Loss Rate (PLR) to describe the misbehavior level of a malicious node. In DTN, when a 

node’sbuffer is depleted, a new received bundle will be dropped by the node, and PLR denotes the rate between 

dropped bundles and received bundles. But a malicious node will pretend no more buffer for others and drop all 

the bundles it received. Thus PLR actually denotes a node’s misbehavior level, e.g. if a node’s PLR is 1, it is 

totally a malicious node; if a node’s PLR is 0, we take it as a normal node.  

In our experiment, we set PLR=1. On the other hand, since a normal node may also be identified as malicious 

due to the depletion of its buffer, so we need to measure the false rate of such misidentified nodes to prove that 

PMDS has little impact on the normal users who adhere to the security and routing protocols.  

Finally, as we claimed, PMDS will incur a much lower transmission overhead than the system without PMDS, 

so we will evaluate and compare the transmission times of the system with and without PMDS. 

 

VII. CONCLUSION 

 

In this paper, we propose a Probabilistic Misbehavior Detection Scheme (PMDS), which could reduce the 

detection overhead effectively. We model it as the Inspection Game and show that an appropriate probability 

setting could assure the security of the DTNs at a reduced detection overhead. Our simulation results confirm 

that PMDS will reduce transmission overhead incurred by misbehavior detection and detect the malicious nodes 

effectively. Our future work will focus on the extension of PMDS to other kinds of networks. 
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ABSTRACT 

Everybody needs to authenticate himself on his computer before using it, or even before using different 

applications like email. Most of the times, the adopted authentication procedure is the use of a classical couple 

of login and password. This method no longer provides consistent safety measures because passwords are prone 

to shoulder surfing and passwords can also be hacked. In this present study concept of keystroke dynamics is 

introduced to eradicate above said problems. This method is based on the assumption that every person types in 

a unique manner. Main advantage of introducing the concept of keystroke dynamics as compared to 

conventional system is that even the unauthenticated user cracks the password, he will be denied access as this 

method is based on the typing pattern of the user. In this research FAR error is 0% and FRR  is also minimized 

and accuracy level has reached to a higher level. 

 

Keywords:  Keystroke Dynamics, FAR,FRR. 

 

I. INTRODUCTİON  

 

Traditionally, authentication measures rested upon tools such as passwords and PINs. The main flaw with these 

measures is that we are not identifying the person, but the ability to have the information requested is evaluated. 

But transition is taking place in corporate sector, education sector, defense sector etc where biometric system 

has been introduced. Biometric authentication compares a live sample of the person with a template of 

previously recorded information. It identifies the person’s recorded informational attributes so it doesn’t depend 

on the person’s previous knowledge. Biometric authentication is based upon what the user ―is‖.  

Two categories of Biometrics are: Physiological biometrics and Behavioral biometrics. 

• Physiological Biometrics: It represents those traits that describe who we are based on physical attributes 

e.g. fingerprints, hand geometry, retinal and Iris scanning. For this additional equipment is required to be 

connected externally to the computer.  

• Behavioral Biometrics: It is based on typing style, Voice Pattern and Signature recognition. Behavioral 

characteristics can be acquired without the need for external equipment although some attributes do require 

specialized hardware solutions. 
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II. KEYSTROKE DYNAMICS 

2.1 Overview of Keystroke Dynamics 

This method is based on the way a user types at a terminal and then evaluating the input given thousands of 

times per second, basically identifying habitual typing rhythm pattern. Keystroke dynamics features are usually 

extracted using the timing information of the key down/hold/up events. Two basic features used for keystroke 

dynamics are dwell time and Flight time. 

• Dwell time is the time duration that a key is pressed 

• Flight time is the time duration in between releasing a key and pressing the next key. 

 

2.2 Advantages of Keystroke Dynamics 

• The keystroke dynamics can be used by any person who knows how to use a keyboard 

•  Every individual type in a unique manner. Therefore typing pattern of two users cannot be same. Thus it 

provides more cyber security 

•  Compared to written signatures typing pattern cannot be reproduced. Most security systems allow limited 

number of incorrect attempts. After few incorrect attempts they block the account.  

•  Compared to physiological biometric systems such as fingerprint, Iris detection Keystroke dynamics does 

not require any extra hardware. Thus implementation and deployment cost is low. 

 

2.3 Disadvantages of Keystroke Dynamics 

• Sensitive to changes in keyboards and changes in typing languages. 

• Affected by the user’s physical condition (fatigue, illness and possible hand and fingers injuries). 

• High False Non Match Rate (FRR). 

 

2.4 Challenges in Keystroke Dynamics 

• The Typing pattern of a person is inconsistent as compared to other biometric technologies. A person’s 

hands can get sweaty or sometimes tired after typing for a long period of time. This leads to changes in 

typing pattern. 

• Second Problem is that typing pattern depends on the type of keyboard being used. 

• Another problem is that typing pattern depends on the person’s posture whether he is sitting or standing 

and posture of person in sitting position. 

 

III. REVIEW OF LITERATURE 

 

Rudrapal et al. (D. Rudrapal, S. Das, and S. Debbarma, 2014) has proposed combination of different matrices 

and degree of disorder on keystroke latency as well as duration to generate user profile was calculated. 

Authentication process has been enhanced by statistical analysis on the proposed matrices. Proposed method 

was categorized into sub phases such as keystroke features were captured, degree of disorder was calculated, 

calculation of standard deviation and finally profile generation. For capturing keystroke data a registration form 

was created based on key pressed and release timing events. The author concluded that degree of disorder on 

keystroke duration is also different for different human. The result of proposed method showed FRR of 8% and 

FAR of 2%, which enhanced the existing authentication result using keystroke dynamics [1] 
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Hussain et al. (A. K. Hussain and M. M. Alnabhan, 2014) in his study presented an advanced keystroke 

authentication model improving users’ validation strength. For each authorized user a keystroke structure had 

been defined, to be used in the user login attempts. The keystroke structure involved two components named 

firstly the user’s typing time deviation thresholds, Secondly a unique user secret code which was distributed 

between password's characters based on time distances. Proposed method depends heavily on the amount of 

information distributed among typing time, and on reducing the deviation of these times. This system solved the 

problem of large deviations in keystroke dynamics and improved keystroke authentication level was provided. A 

strong authentication level had been achieved and participating users accepted this system model. [2] 

Senathipathi et al. (K. Senathipathi, Krishnan Batri, 2014): A comparative analysis of Particle Swarm 

Optimization and Genetic algorithm has been shown by the author with respect to keystroke dynamics. Dwell 

time, Flight time, Digraph, Bigraph and Virtual Key Force are seven features which has been used by the author. 

Genetic algorithm based wrapper approach is proposed for application in keystroke dynamics based 

authentication as stated by the author. The author used one class SVM as base classifier and four diversity 

through the uniqueness of each chromosome rendering post processing unnecessary. According to PSO method 

emotional states are employed as a biometric along with the keystroke dynamics pitching mainly on the 

emotions undergone by the user while entering the text on the keyboard. An improved authentication of the user 

in comparison to GA method has been seen as a result of PSO method. [3] 

The author Maheswari et al. (T. Maheswari and S. Anitha, 2014) has introduced a novel approach for 

authentication that was based on biometric characteristics i.e.  keystrokes of the password entry. The author has 

considered three phases namely, fingerprint, login credential based on username and password and keystroke 

dynamics. Two stages were also considered that are Training stage and testing stage. Training stage was 

implemented during enrolment and testing during verification period. [4] 

N. Chourasia (NANDINI CHOURASIA, 2014) has introduced an additional layer of security for the 

authentication of the user, Keystroke Dynamics. The security can be implemented in android phones or any 

other smart phones through which internet is accessible as well as online transactions can be performed. Main 

objective was to collect a keystroke dynamics data set to measure the performance of a range of detector sand to 

develop a repeatable evaluation procedure so that the results can be compared more accurately. A mathematical 

model was presented before implementation [5] 

Ahmed et al. (A. A. Ahmed and I. Traore, 2014) presented a new approach for the free text analysis of 

keystrokes that combined monograph and digraph analysis. A neural network had been used to predict missing 

digraphs based on the relation between the monitored keystrokes. The heterogeneous experiment involved 53 

users, the follow-up experiment in a homogeneous environment considered only 17 volunteers. The results 

obtained from this research were promising with reduced error rates. [6] 

Monaco et al. (J. V. Monaco, N. Bakelman, S.-H. Cha, and C. C. Tappert, 2014) evaluated and developed a new 

classification algorithm with reduced error rate. The description was given about the recent developments and 

evaluation of a keystroke biometric system for continual computer-user authentication on short-burst input 

duration which was on the order of minutes. The Java applet that used the PC windows event clock which 

recorded the key press and release times in a millisecond format captured the keystroke data. The average and 

standard deviation of key-press duration times and of digraph transition times has been used for feature 

extraction. The vector-difference authentication model which transforms a multi-class problem into a two-class 
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problem has been used for the classification procedure. The performance of a biometric system and the 

representation of trade-off between the False-Accept Rate and False reject rate are characterised by Receiver 

Operating Characteristics curves. [7] 

Singh et al. (K. Singh, Harjeet Kaur, 2013) has presented the study of keystroke dynamics to identify individuals 

based on their typing rhythm behavior with the help of Fuzzy Rule Based system. Inter stroke gap existing 

between consecutive characters of the user identification is being used in this approach. Several factors are there 

which are analyzed for the identification of the impostor and legitimate user under this system. With the 

introduction of the rule based system the number of the attempts of the users can be restricted resulting in better 

biometric as there are fixed number of attempts. A major part in the field of keystroke biometrics is played by 

the fuzzy rule to increase the accuracy. The identification of the imposter gets easier. The introduction of 

neighbor key pattern eases the identification of the imposter that made the system more reliable. But various 

challenges being presented by the author need to be overcome to make it more effective biometric. Thus it has 

an enormous potential to grow in the field of cyber security. As far as future work is concerned it includes 

developing Fuzzy rule based system more accurate in performance so that no legitimate user can be considered 

as imposters. [8] 

Bajaj et al. (S. Bajaj and S. Kaur, 2013) emphasized on the importance of keystroke dynamics for user 

authentication. The typing rhythm of a user stored in the database was compared with the login input for 

authentication. The author described keystroke Dynamics as a two factor biometric security. Firstly, for a 

successful login password should be known and secondly, typing rhythm should match. The method involved 

calculation of key the pressing time, dwell time and total time of password. Laptop keyboard was used for the 

analysis of the results. [9] 

The author Kaur et al. (M. Kaur and R. S. Virk, 2013) has used perceptron function including Feed forward 

propagation learning algorithm to train user typing pattern through keystroke dynamics and then testing or cross 

validation was applied. This approach provided more security through the use of neural network. No extra 

hardware was required in this study like other biometric systems. [10] 

Rybnik et al. (M. Rybnik, M. Tabedzki, M. Adamski, and K. Saeed, 2013) : The main aim of this paper was 

efficient user authentication with keystroke dynamics using non-fixed text of various sizes. The approach had 

been tested on a small group of individuals, and data was gathered over Internet using browser-based WWW 

application and on local machines using dedicated applications. Nine individuals were participated from whom 

keystrokes samples were collected which corresponds to the use conditions of a computer system in a home or 

small business. Each individual typed a long text twice in the five sessions of more than 250 characters, ten 

samples for each person was collected in this way. The author stated that keystroke dynamics proved to be a 

promising and effective biometrics feature for authentication of individuals with analysis of only two keystroke 

features and with the use of simple classifier. [11] 

Hassan et al. (S. I. Hassan, M. M. Selim, and H. Hala, 2013) implemented a robust keystroke dynamics system 

with the aim to solve the problem of samples variations and an adaptive threshold is considered in this study. 

The proposed system was evaluated using CMU dataset and for this study a new dataset have also been created 

.Four Distance based algorithms named Manhattan, Manhattan with standard deviation, Euclidean and 

mahanabolis were implemented. Manhattan with standard deviation produced the best results because standard 

deviation of the training samples was also considered in that method. [12] 
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Schclar et al. (A. Schclar, L. Rokach, A. Abramson, and Y. Elovici, 2012) has provided novelty in the field of 

authentication of users for login. It was based on two approaches. The first approach is called Cluster 

representative which used a unique user as a representative from each cluster. The second approach called Inner 

Cluster representative which selects that user as a representative whose biometric profiles were the most similar 

to that of examined user. [13] 

 

IV. METHODOLOGY 

 

Work is divided into two phases: 

A. Enrolment/Registration phase 

B. Verification/Authentication phase 

The following algorithms are used to create new users and for authentication of users by matching data with the 

previously stored data of users. 

New User Creation (Fig 1) 

Step 1 Administrator will create a new account of the user in which user will type his own name and a given 

string in presence of the admin of the system. 

Step 2 Users have to enter a given phrase of text once, in order to measure the typing timing period. 

Step 3 Relevant Features such as Key Hold Time, Inter Key time, No. of times Shift key used , No. of times  

CAPS LOCK key used and  No. of Backspaces will be extracted. 

Step 4 Typing pattern of the given text will be stored in the file. 

User Authentication (Fig 2) 

Step 1: If user has entered user id then he has to enter password and for wrong password he has given three 

chances and if again no correct password is entered then form disappears saying that you are not allowed, 

otherwise first string is enabled which has to be entered by user and this procedure go on up to five strings.  

Step 2: For all these five strings keystroke features such as key hold time, inter key time, key type change time 

as well as number of times user have pressed SHIFT, BACKSPACE and CAPS will be calculated. 

Step 3: After that their average values are calculated which were then compared with each key hold, inter key, 

key type change time of all trusted users list and their Euclidean distance is calculated and minimum Euclidean 

distance value is given as maximum token and that user is taken as suspected user which is then compared for 

number of SHIFT or CAPS used and if they match then number of BACKSPACE is compared if it matches then 

only he is granted access otherwise not. 
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Figure 1: Flowchart for New User Creation Figure 2: Flowchart for user authentication 

 

V. RESULTS AND DISCUSSION 

 

The proposed methodology is implemented with the help of software called JAVA. 

 

5.1 Parameters Used for Experimentation 

In this research various keystroke features for user authentication are proposed. Euclidean distance metric has 

been applied between data collected from genuine users and incoming user’s typing characteristics and find 

most suitable match using token based approach. 

I have used following features:  

1. Key Hold Time: Key hold time, refers to the time elapsed between pressing and releasing a single key. 

2. Inter Key Time: It refers to the amount of time between pressing and releasing two successive keys. 

3. Key Type Change Time: It is basically the Inter Key Time. Two types of key time change time are: 

• In which first key is alphabet and second is other than alphabet (numeric) 

• In which first is other than alphabet (numeric) and second key is alphabet. 

4. No. of SHIFT: It specifies how many times SHIFT key is pressed while typing the pattern. 

5. No. of BACKSPACE: It specifies how many times BACKSPACE key is used while typing the pattern. 

6. No. of CAPS: It indicates number of times CAPS Lock key is used while typing the pattern. 

 

5.2 Data Collectıon 

The next step is to collect the data for all trusted users. For this purpose a form has been prepared which collect 

user details (Fig. 3). The form contains two entries to be filled by user; one is his user name and second consists 

of alphanumeric string. While user enters that string keystroke features such as Inter key time, Key Hold time 

and Key type change time, number of times SHIFT key is used and no. of times CAPSLOCK key used and 
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number of times BACKSPACE used is calculated. The string including characters as well as digits that has to be 

entered by user is: ASdffgh123jkfdsdSDuytr. 

 

Figure 3: Registration Form 

 

5.3 Experıment and Results 

To check the validity of user an experiment has been performed.  For this a form has been prepared that consists 

of multiple entries (Fig. 4). First one is for user name entry and then for password entry. If user has entered user 

id then he has to enter password and for wrong password he has given three chances and if again no correct 

password is entered then form disappeared saying that you are not allowed. 

 

 

Figure 4: Verification Form 

If the username and password is correct then first string is enabled which has to be entered by user and this 

procedure go on up to five strings. For all these five strings their key hold time, inter key time, key type change 

time as well as number of times user have pressed SHIFT, BACK and CAPS has been calculated. After that 

their average values are calculated which were then compared with each key hold, inter key, key type  change 

time of all trusted users list and their Euclidean distance is calculated and minimum Euclidean distance value is 

given as maximum token and that user is taken as suspected user which is then compared for number of SHIFT 

or CAPS used and if they match then number of BACKSPACE is compared and some constraints are applied if 

all these conditions matched then only he is granted access otherwise not.  

Below Fig. 5 is a screenshot of the message that indicates successful login of the user. 
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Figure 5: Screenshot on Successful Login of the User 

If the user has not been registered, although he enters correct username and password he will not be allowed to 

enter the system because his typing pattern has not been matched with the pattern of registered or trusted users. 

Below Figure 6 indicates the error message that appears when impostor tries to enter into the system. 

 

Figure 6: Screenshot Showing Unsuccessful Login of User 

 

5.4 Results and Analysıs 

Previous researches have shown only a limited range of accuracy. In this present study a great accuracy level 

has been achieved because in this Type 1 error has been reached to 0% and Type 2 error is also minimized. 

More the number of attributes the more accuracy level can be achieved. Type 1 and Type 2 are explained below: 

• Type 1 error or False Acceptance Rate (FAR): This means an Impostor is wrongly accepted by the system. 

This happens when biometric system treats two different persons to be the same person. 

• Type 2 error or False Rejection Rate (FRR): This means a legitimate user is wrongly rejected by the system. 

This happens when a biometric system treats two different samples from the same person to be from a different 

person. 

Table 1 Shows the Accuracy Level and Measure of Type 1 and Type 2 Error of Present Study. 

Attributes Accuracy 

in % 

Type 2 Error in 

%(FRR) 

Type 1 Error in % 

(FAR) 

Key Hold+ Inter Key Time 20 45 35 

Key Hold Time + Inter Key Time + Key  Type Change Time  35 40 25 

Key Hold Time + Inter Key Time + Key Type Change Time 

Alphabet to Numeric) + no. of SHIFT or CAPS used 

 

55 

 

35 

 

10 

Key Hold Time + Inter Key Time + Key Type Change Time + 

no. of SHIFT or CAPS used + no. of BACKSPACE used 

70 30 0 

Key Hold Time + Inter Key Time + Key Type Change Time 

(Numeric to Alphabet) + no. of SHIFT or CAPS used+ no. of 

BACKSPACE used 

94 6 0 

 

 

5.5  Comparisons and Improvement 

Comparison of present study with the Base paper [1] is shown below in table 2. 
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Table 2: Comparison with the Base Paper 

PARAMETER BASE PROPOSED 

No. of Keystroke Features 2 7 

Keystroke Features Key hold Time, 

Inter Key Time 

Key Hold time, Inter Key time, Key 

Type change time, Key type change 

Numeric type No. of Shifts used, No. 

of Caps used & No. of Backspace 

used. 

FRR 8 % 6 

FAR 2 % 0 % 

PASSWORD COMPRISES Only Lowercase 

letters 

Lowercase letters ,Uppercase letters 

and Numeric characters. 

 

 

VI. CONCLUSION 

 

Keystroke dynamics has shown positive results in process of user authentication. It is an effective method to 

strengthen existing password based approach. Keystroke Dynamics is based on individuals typing pattern. It is 

cost effective approach as well as provide reliability. This approach is invisible to users as they only need to 

type on a keyboard in normal manner instead of providing their physical attributes such as fingerprint or retina 

scanning. Keystroke patterns are captured with no knowledge to the user. The results from this study indicate 

that behavioral based biometric technique i.e. Keystroke Dynamics provide a level of security with great 

accuracy and lower error rates. The distance metric used to compute the distance D between the template and 

test input is Euclidean distance algorithm. A threshold has been set. After applying various values for threshold 

it has been deduced that a value of 5000 ns for each parameter performs the best. In this research Type 1 error is 

0% and Type 2 error is also minimized and accuracy level has reached to a higher level. 

Future work can include assessing the feasibility of using keystroke dynamics on small devices such as palm 

tops, tablets and other touch screen devices because technology is now not limited to desktops and laptop it has 

been upgraded to mobile devices like cell phones.  But the old QWERTY keyboard as input device has not been 

changed for many years. The application of keystroke dynamics needs to be applied on various touch screen 

devices. Majority of research on keystroke dynamics involves English language; it can be applied on other 

languages as well as it can lead to different results due to layout of keyboards for different languages. 

Keystroke dynamics has potential to grow in the area of cyber security since it is cost effective and non intrusive 

biometric. 
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ABSTRACT 

Fluorosis is a public health problem in many parts of the world. The major source of fluoride intake is drinking 

water. Even though fluorosis once established is irreversible but it can be prevented through simple precaution. 

The permissible limit of fluoride concentration in drinking water is 1.5mg/L according to WHO guidelines. 

Thus, defluoridation of water and supply of safe drinking water is the immediate solution and best preventive 

measure. Cost is of major consideration in developing countries like India, hence, the adsorption process using 

bio- adsorbents that are abundant, easily available have been investigated. This review listed on efficiency of 

different biomass for the sequestration of fluoride from water by using adsorption technique. Utility of various 

plant materials, agricultural wastes or biomass as bio-adsorbents are overviewed and their efficiency of 

eliminating fluoride is studied with different parameters such as pH, agitation time, dose, temperature, initial 

fluoride concentration, and particle size. 

 

Keywords: Fluorosis, Adsorption, Bio- Adsorbent, Sequestration, Drinking Water. 

 

I. INTRODUCTION 

 

Fluorine (F2) due to its high electronegative and reactivity cannot found in natural environment in elemental 

form. Fluoride (F¯) is a fluorine anion which has a great tendency to behave as ligand and easiness to form a 

great number of different organic and inorganic compounds in soil, rocks, air, plants and animals. These 

compounds are quite soluble in water, so fluoride is present in surface and groundwater as an almost completely 

dissociated fluoride ion [1, 2].  

Drinking water is the major source of fluoride daily intake and continuous consumption of drinking water with 

heightened fluoride concentrations (>1.5 mg/L) can induces birth, reproduction and immunological defects [3, 

4], dental and skeletal fluorosis [5–12]. There are lot of methods developed for removal of excess fluoride from 

drinking water, such as the use of ion exchange columns, coagulation, use of membranes and electrochemical 

methods, the high cost of these technologies makes them unpractical for developing countries[13]. Among these 

techniques, adsorption discovered as an effective, environmentally friendly economical one [14]. Adsorption 

process using conventional adsorbent like activated carbon is used to remove fluoride ion metals from water. 

However, adsorbent-grade activated carbon is expensive and the regeneration of the used carbon is often 

difficult, resulting in low feasibility. Thus, considerable attention has been given to the use of agriculture waste 

materials as an alternative to replace the conventional adsorbents. Agriculture waste materials (bio- adsorbents) 

are inexpensive, available in large quantities and remain unused; they can be disposed without concerning 
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expensive regeneration process. Furthermore, plant materials like Citrus limonum (lemon) leaf [15], 

Ficusreligiosa (Peepal Leaf Powder) [16], Banana peel dust [17], Devdaru (Polyalthia Longifolia) leaves [18], 

Neem charcoal [19]. Neem (Azadirachta indica) and Kikar (Acacia arabica) leaves [20] are reported as fluoride 

sequestration and hence applicable for defluoridation agents. Apart from these numerous waste, biomass sources 

on which some experimental adsorption properties have been reported e.g. Sawdust [21], Tea Ash [22], Maize 

Husk Fly Ash [23], Eggshell Powder [24], Algal Spirogyra Sp. I02 [25], Babool Bark [26], Tamarind seed [27], 

Banana peel, groundnut shell and sweet lemon peel[28]. Reports on extraction of fluoride using different 

biomass are also available in recent literatures. 

 

II. LITERATURE REVIEW 

 

V. Tomar et al. (2014) investigated the most inexpensive, easily available and eco-friendly analyte (fluoride) 

adsorbent of treated Citrus limonum (lemon) leaf has been developed and evaluated its feasibility for fluoride 

ion removal from aqueous environment. The adsorption of fluoride ion was affected by pH, adsorbent dose, 

contact time and initial fluoride concentrations. Batch experiments were performed to study the influence of 

various experimental variables such as pH of aqueous solution (2–8), adsorbent dose (1–10 g/50 mL fluoride 

solution), contact time (5–145 min), initial fluoride concentration (2–15 mg/L) and the presence of few 

competing anions on the adsorption of fluoride on C. limonum (lemon) leaf adsorbent. The optimal value of pH 

2 was observed where the adsorbent showed the maximum defluoridation capacity of 70% of 2 mg/L fluoride 

ion. The experimental data revealed that both the Langmuir and Freundlich isotherm models fitted with the 

fluoride sorption process but very well followed Freundlich isotherm model [15]. 

Shubha Dwivedi et al. (2014) focused on the bioadsorption of fluoride from aqueous solution by Ficusreligiosa 

(peepal) leaves. Removal of fluoride has been investigated as a function of pH, bioadsorbent dose, temperature, 

time and equilibrium initial fluoride ion concentration. Batch study exposed that the bioadsorption of fluoride on 

Ficusreligiosa (peepal) leaves were strongly pH dependent, and maximum fluoride removal was found to occur 

at equilibrium pH of 7. Optimum adsorbent dose, temperature, time and initial concentration were found 10 g/L, 

30°C, 45 min and 20 ppm respectively. Characterization of peepal leaves, before and after adsorption were 

studied by Scanning Electron Micrograph to get a well understanding into the mechanism of adsorption.  

Freundlich isotherm gives well prediction of the equilibrium adsorption (R² = 0.995). The specific uptake 

increases from 0.09 mg/g to 1.48 mg/g with the increase in initial fluoride concentration from 1 mg/L to 20 

mg/L.  Maximum specific uptake obtained from Langmuir isotherm is found to be 2.24 mg/g. When the initial 

fluoride concentration is 5mg/L, the removal efficiency of peepal leaf powder is 85.7% so that the fluoride 

concentration at the treated water is below the permissible limit [16].  

Ria Bhaumik • Naba Kumar Mondal (2014) highlighted the effective application of banana peel dust (BPD) 

for removal of fluoride (Fˉ) from aqueous solution. The effects of operating parameters such as pH, initial 

concentration, adsorbent dose, contact time, agitation speed and temperature were analysed using response 

surface methodology. The significance of independent variables and their interactions were tested by the 

analysis of variance and t test statistics. Experimental results revealed that BPD has higher Fˉ adsorption 

capacity (17.43, 26.31 and 39.5 mg/g). Fluoride adsorption kinetics followed pseudo-second-order model with 

high correlation of coefficient value (0.998). On the other hand, thermodynamic data suggest that adsorption is 

favoured at lower temperature, exothermic in nature and enthalpy driven. The adsorbents were characterised 
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through scanning electron microscope, Fourier transform infrared spectroscopy and point of zero charges 

(pHZPC) ranges from pH 6.2–8.2. Finally, error analysis clearly demonstrates that the adsorbents are well fitted 

with Langmuir isotherm compared to the other isotherm models. The reusable properties of the material support 

further development for commercial application purpose [17]. 

Bharali and Bhattacharyya (2014) prepared Devdaru (Polyalthia longifolia) leaf powder, DLP, from mature, 

dried Polyalthia longifolia (Devdaru) leaves was used as biosorbent for removal of fluoride from aqueous 

solutions using the batch adsorption process. The biosorbent was first characterized with respect to surface area, 

surface functional groups by FTIR, cation and anion exchange capacities, surface topography by SEM technique 

and then effects of pH, agitation time and fluoride concentration, adsorbent amount and temperature on 

adsorption of fluoride were investigated to determine optimum adsorption properties. The biosorbent was found 

to be effective around pH 7.0 and the maximum fluoride removal capacity of this adsorbent was about 77 % at 

303 K. Kinetic study showed that the fluoride sorption on DLP was predominantly chemical in nature and its 

mechanism was a complex one involving both surface adsorption and intra-particle diffusion. Thermodynamic 

study showed that sorption process was exothermic in nature and was found to be favourable at lower 

temperature[18]. 

Sutapa Chakrabarty et al. (2012) studied for defluoridation on neem charcoal powder showed that the 

adsorbent were highly influenced by temperature, pH  of the solution, and initial fluoride concentration. The 

neem stem charcoal is found to be an efficient adsorbent for the defluoridation of contaminated drinking water 

sources. The biosorbent was successful in removal of fluoride ions from aqueous solution of 10mg/l fluoride 

concentration with about 94% efficiency. Biosorption equilibrium was achieved within 180 minutes. It was 

observed that the adsorption was pH dependent with maximum adsorption achieved at pH 5.0. Both Langmuir 

and freundlich isotherm models fits well to the adsorption mechanism. Although regression coefficient of both 

pseudo first order and pseudo second order plot indicates adherence of both the rate laws but higher regression 

value of second order plot than the pseudo first order reaction indicates that the adsorption follows the second 

order rate law [19].  

Kumar et al. (2008) investigation deals with fluoride removal from aqueous solution by thermally activated 

neem (Azadirachta indica) leaves carbon (ANC) and thermally activated kikar (Acacia arabica) leaves carbon 

(AKC) adsorbents. In this study, neem leaves carbon and kikar leaves carbon prepared by heating the leaves at 

400°C in electric furnace was found to be useful for the removal of fluoride. The adsorbents of 0.3 mm and 1.0 

mm sizes of neem and kikar leaves carbon was prepared by standard sieve. Batch experiments done to see the 

fluoride removal properties from synthetic solution of 5 ppm to study the influence of pH, adsorbent dose and 

contact time on adsorption efficiency. The optimum pH was found to be 6 for both adsorbents. The optimum 

dose was found to be 0.5g/100 ml for ANC (activated neem leaves carbon) and 0.7g/100 ml for AKC (activated 

kikar leaves carbon). The optimum time was found to be one hour for both the adsorbent. It was also found that 

adsorbent size of 0.3 mm was more efficient than the 1.0 mm size. The adsorption process obeyed Freundlich 

adsorption isotherm. The validity of langergren equation consequently first order nature of the process involved 

in the study. Results indicate that besides intraparticle diffusion there may be other processes controlling the rate 

which may be operating simultaneously[20]. 

Suman Mann et al. (2014) studied the adsorption behaviour of sawdust in order to consider its application for 

fluoride removal. The batch adsorption method was employed: Laboratory investigation of the potential of 
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sawdust to remove fluoride from aqueous solution has been studied. The effects of various experimental 

parameters, such as pH (3-11), adsorbent dosage (0.5-2.5 g/l), particle size (90μm to 300μm), contact time (30-

150 min) and initial concentration(5 to 30mg/l) were investigated . The equilibrium data have been analyzed by 

the Langmuir, Freundlich and Tempkin isotherm models, the experimental data were better fitted to the 

Langmuir equation. The adsorption kinetics also investigated by the pseudo-first-order, pseudo-second-order, 

intraparticle diffusion and Elovich model . The deflouridation process followed pseudo second order model 

[21]. 

Naba Kumar Mondal, RIA Bhaumik, Tanmoy Baur, Biswajit Das, Palas Roy and Jayanta Kumar Datta 

(2012) studied the removal of fluoride using Tea ash as adsorbent through batch studies. The authors reported 

that the adsorbent was efficient for the uptake of fluoride at pH 6 and contact time 180 minutes. Tea ash was 

found to me more efficient at an initial concentration of 5mg/l and temperature 303 k. The authors also reported 

that the data nicely fitted with Langmuir adsorption isotherm indicating monolayer adsorption and adsorption of 

fluoride decreased with increase in temperature in the range of 303-333 K. Again the adsorption process was 

observed to follow a pseudo-second-order kinetic model [22]. 

Jadhav A S¹, Jadhav M V² study batch adsorption process was conducted to evaluate the suitability of Maize 

husk fly ash (MH fly ash) as an adsorbent for removing fluoride from water. During the experimental work, 

effects of some of the major parameters of adsorption, viz. Contact time, pH , Adsorbent dose and Stirring rate 

on removal efficiency were studied and optimized. The equilibrium was attained in 120 minutes, Maximum 

removal efficiency was obtained at Ph value of 2, optimum adsorbent dose was found to be 2.0 g/50 mL, 

optimum stirring rate was obtained at 250 rpm. Maximum fluoride removal was observed to be 86% at optimum 

conditions. Freudlich, Langmuir, Temkin and Redlich-Perterson isotherms were plotted and best suited model 

was found [23]. 

R. Bhaumik, N. K. Mondal, B. Das , P. Roy, K. C. Pal, C. Das, A. Banerjee, and J. K. Datta (2011) Studied 

the role of eggshell powder as an adsorbent for removal of fluoride from aqueous solution using batch 

technique. The maximum adsorption was achieved at pH 2.0-6.0. The investigators achieved around 94% 

removal of fluoride at initial metal ions concentration of 5 mg/l at optimum dose of 2.4 g/100ml and optimum 

time of 120minutes. Experimental data provided best fit with the Langmuir isotherm model, indicating 

monolayer sorption on a homogenous sur. The adsorption kinetics followed pseudo-second-order kinetic model 

indicating towards chemisorption. Intra-particle diffusion was not the sole rate controlling factor [24]. 

S. Venkata Mohan et al. (2007) pertaining to the adsorptive studies carried out on fluoride removal onto algal 

biosorbent (Spirogyra IO2). Batch sorption studies were performed and the results revealed that biosorbent 

demonstrated ability to adsorb the fluoride. Influence of varying the conditions for removal of fluoride, such as 

the fluoride concentration, the pH of aqueous solution, the dosage of adsorbent, the temperature on removal of 

fluoride, and the adsorption–desorption studies were investigated. Sorption interaction of fluoride on to algal 

species obeyed the pseudo first order rate equation. Experimental data showed good fit with the Langmuir’s 

adsorption isotherm model. Fluoride sorption was found to be dependent on the aqueous phase pH and the 

uptake was observed to be greater at lower pH. Maximum fluoride sorption was observed at operating 30°C 

operating temperature. Adsorption–desorption of fluoride into inorganic solutions and distilled water was 

observed and this indicated the combined effect of ion exchange and physical sorption phenomena. Significant 

changes in the FT-IR spectra was observed after fluoride sorption which is indicative of the participation of 
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surface function groups associated with hydrogen atoms in the carboxylic groups in sorption interaction. From 

X-ray photoelectron spectroscopy (XPS) analysis a marginal increase in the area for the binding energy peak at 

287.4 eV was observed which could be due to the formation of –C–F– bonds. Thermo gravimetric (TGA) 

analysis of the fluoride loaded sorbent showed that the biosorbent underwent three steps decomposition process 

when heated from 25 to 100°C. The maximum weight loss was observed to be between 200 and 400°C and 700 

and 800°C[25]. 

Bhagyashree M Mamilwar, A.G.Bhole, A.M.Sudame (2012) investigated the adsorption of Fluoride using 

bark of babool as adsorbent. The investigators conducted batch studies and used Freundlich and Langmuir 

isotherms to understand the adsorption mechanism. Optimum dose of bark of babool was found 5g/L for 

removal of fluoride concentration of 5 mg/L. Adsorption capacity was more in the pH range of 6-8.Optimum 

time of contact was found 8 hrs. The removal increased with time and adsorbent dose, but with higher initial 

concentration decreased with time and adsorbent dose. The study on defluoridation using bark of babool shows 

that the equilibrium data fits better to Langmuir isotherm as compared with Freundlich isotherm. The pseudo-

second-order kinetic model fitted well as compared to pseudo first-order model [26]. 

M. Murugan and E. Subramanian (2006) used Tamarind seed for the sorptive removal of fluoride from 

synthetic aqueous solution as well as from field water samples. Batch sorptive 

defluoridation was conducted under variable experimental conditions such as pH, agitation time, initial fluoride 

concentration, particle size and sorbent dose. Maximum defluoridation was achieved at pH 7.0. Defluoridation 

capacity decreases with increase in temperature and particle size. Further, defluoridation follows first order 

kinetics and Langmuir adsorption isotherm. Desorption was carried out with 0.1 N HCl and is 90 per cent. The 

surface and sorption characteristics were analysed using FTIR and SEM techniques. All these results  

indicate the involvement of energetic forces such as coulombic interaction in sorption. For domestic and 

industrial applications, defluoridation with 100% achievement and subsequent regeneration of adsorbent was 

performed with a household water filter and fixed bed column respectively [27]. 

Aash Mohammad et al. (2014) investigates the feasibility of three low-cost biomass based adsorbents namely: 

banana peel, groundnut shell and sweet lemon peel for industrial waste water defluoridation at neutral PH range. 

Action of these adsorbents on fluoride was compared with commercially available adsorbents. It was found to 

be much better, high removal efficiency at higher concentration (20 mg/l) of fluoride in industrial waste water. 

The banana peel, groundnut shell and sweet lemon peel removed 94.34, 89.9 and 59.59 %respectively. Contact 

time for banana peel, groundnut shell, and sweet lemon peel are 60.0, 75.0, and 40 min respectively at doses of 

14, 12 and 16 gm/l respectively. Mechanism of adsorption kinetics was found pseudo-second order reaction, and 

the mechanism of fluoride removal on adsorbents was found to be complex. The surface adsorption as well as 

intra-particle diffusion contributes to the rate-determining step [28]. 

M. A. T. Ajisha et al. (November 2013–January 2014) performed new and cost effective defluoridation 

method using Pyrolysed Cocos nucifera Midribs (PCM) which is abundantly available and inexpensive raw 

material from an agricultural tree coconut palm. PCM was 

characterized both physically and chemically. PCM has very good surface area of 255.0968 m²/g for an effective 

particle size of 150μ. Effect of pH, dosage of PCM, contact time, initial fluoride ion concentration, temperature 

and interfering Co-ions were determined using the batch studies. PCM was further characterized by FTIR, SEM 

studies. In FTIR analysis stretching at 2879.52, 2979.82 cmˉ¹ and formation of new peaks at 1625.88, 540.03, 
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441.67 cmˉˡ shows the adsorption fluoride ion due to C–H, C–O stretching and C=C groups of various oxides. 

SEM analysis shows the presence of tubular and circular micro pores. 

Equilibrium data obtained was best fixed to Freundlich isotherm. Freundlich was more suitable confirming the 

multilayer sorption. The sorption nature was studied using thermodynamic parameters Standard free energy 

change ΔG°, enthalpy change ΔH° and entropy change ΔS°. Thermodynamic study showed spontaneous, 

endothermic, irreversible and stable adsorption. Pyrolysed Cocos nucifera Midribs exhibited the potential 

adsorbent for application in treatment of aqueous solution of fluoride ions [29] 

 

III. CONCLUSIONS 

 

This paper provides an overview of various bio-adsorbents in place of expensive commercial adsorbents for the 

removal of fluoride from water. The efficiency of different adsorbents in the removal of fluoride depends on 

dose of adsorbate, characteristics of adsorbent, pH, temperature, contact time, speed of agitation, etc. The 

removal capacity increases by increasing dose of the adsorbent and decreasing size of the adsorbent. The 

equilibrium data fitted well to the adsorption isotherms like Langmuir and Freundlich. A review of various 

biomass presented here shows a great potential for the fluoride removal. The use of commercially available 

adsorbents can be replaced by the inexpensive and effective bio-adsorbents. The future research should be 

concentrated in evaluating the efficacy of adsorbents in terms of cost and feasibility for the removal of fluoride.  
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ABSTRACT 

There are various types of microstrip antenna that can be used for various applications in communication 

systems. This paper presents the design of a rectangular microstrip patch antenna to operate at frequency range 

of 1.58 GHz. This antenna based on a thickness of 1.6mm Flame Retardant 4 (FR-4) substrate with a dielectric 

constant of approximately 4.4. After simulation, the antenna performance characteristics such as axial ration, 

VSWR are improved with reference with corner slit. It has been found that this antenna offers higher directivity 

with good radiation properties required for GPS system and mobile applications 

 

Keywords: Keywords: GPS Microstrip Antenna, VSWR, And Axial Ratio. 

 

I. INTRODUCTION 

 

Microstrip antenna technology began its rapid development in the late 1970s. By the early 1980s basic 

microstrip antenna elements and arrays were fairly well establish in term of design and modeling. In the last 

decades printed antennas have been largely studied due to their advantages over other radiating systems, which 

include: light weightiness, reduced size, low cost, conformability and the ease of integration with active device. 

[2] 

Although micro strip antennas in their basic form normally provide linear polarization, circular polarization 

(CP) operation may be obtained by certain modifications to the basic antenna geometry and/or feed.  These 

modifications include adjusting the dimensions of the basic patch with one or more feeds, trimming the corners 

of a square patch, feeding the patch at adjacent sides, feeding the patch (rectangular) from its corner along the 

diagonal, and cutting a slot inside the patch [1].  

In the paper [8] the bandwidth of corner slit antenna is about 35 MHz .In this paper, the design of a rectangular 

patch antenna with corner and cross slit is presented and is expected to operate with 1.58 GHz frequency. This 

antenna is designed on a double side fiber Reinforced (FR-4) epoxy and its performance characteristics which 

includes return loss, VSWR, Axial ratio and directivity. 

 

II. ANTENNA DESIGN 

 

The geometry of the antenna is shown in Figure 1. This is basically the antenna excited by connecting a coaxial 

probe. The antenna is proposed to operate with a center frequency of 1.58GHz. 
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Fig 1: Proposed Antenna 

 

III. SIMULATION  

 

In this study we use an FR4 substrate (dielectric constant=4.4, tan delta = 0.0023 and thickness=1.6mm) placed 

above the ground plane at a 6mm height. Minimum possible width of the feed strip is 9mm so that a hole can be 

made to connect the probe pin. Its minimum length is approximately one fifth the side of the patch. 

Due to fabrication constraints the minimum separation between the patch and the feed strip is 0.5mm. The 

physical parameters of the antenna geometry with a slot are optimized using HFSS simulations and are listed in 

Table 1. These geometrical parameters (Table 1) are optimized with HFSS software.  

Table 1. Dimensions for the antenna geometry shown in. 

Table 1. Dimensions for the Antenna 

Sr.no Parameters Dimensions (mm) 

1. Patch Length(L) 63.0 

2. Patch Width(W) 83.0 

3. Substrate Length(Ls) 108.0 

4. Substrate width (Ws) 132.0 

5. Slot length(Ls1) 2.5 

6. Slot length(Ws1) 11.0 

7. Air gap(h) 9.0 

8 Corner Slot length(Cs) 10.0 
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IV. RESULT 

        

Fig 2: Radiation Pattern of Proposed Antenna Fig 3: Current Distribution 

 

 

                      Fig 4: Directivity            Fig 5: Axial Ratio of Antenna 

 

Fig 6: s 11 Parameter of Proposed Antenna  Fig7: VSWR of Proposed Antenna 

 

V. CONCLUSION 

 

The radiation performance of the rectangular patch antenna with corner and cross slit is investigated. Compared 

with patch antenna [8] excited under similar condition .The modified rectangular patch antenna has much more 

improved bandwidth of 65 MHz, VSWR1.39 and axial ratio 0.98 than corner slit.. The proposed antenna 
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produces   radiation pattern within the frequency range and exhibit good impedance matching at center 

frequency 1.58 GHz.  
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