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Abstract— This paper proposes a new technique for the design of multirate filter banks with linear phase in frequency 

domain. To match the ideal system response, low-pass analysis prototype filter response is optimized to minimize an 

objective function. The objective function is formulated as a weighted sum of pass-band error and stop-band residual energy 

of low-pass analysis filter, the square error of the overall transfer function at the quadrature frequency and amplitude 

distortion of the filter bank. Quasi-Newton optimization method is used to minimize the objective function by optimizing the 

filter tap weights of the prototype filter. Simulation results show that the proposed method is able to perform better than 

other existing methods. 

Keywords— Quadrature mirror filter bank, Quasi-Newton optimization method, Peak reconstruction error, Linear phase. 

I. INTRODUCTION 

Quadrature mirror filter (QMF) banks are multirate filter bank and have been extensively used for sub-band coding, where 

the signal is split into two or more sub-bands in the frequency domain, so that each sub-band signal can be processed in an 

independent manner and sufficient compression may be achieved [1]. At the receiver end the sub-band signals are 

recombined such that the original signal is properly reconstructed [2]. QMF banks find applications in many areas, such as 

analog to digital conversion [3], design of wavelet bases [4,5], image compression [6,7], digital trans-multiplexers [8], 

discrete multi-tone modulation systems [9], 2-D short-time spectral analysis [10], antenna systems [11], digital audio 

industry [12], biomedical signal processing [13,14,15]. 

Alias free efficient design of two-channel QMF banks while keeping minimum dimensions is a tough task. Therefore, 

various constrained and unconstrained optimization based techniques [16−31] have been developed for the design of linear 

phase QMF banks. Iterative methods [22−27] and genetic algorithms [28−31] have been proposed for the design problem of 

QMF based on multi-objective or single objective nonlinear optimization. 

Fig. 1(a) shows the analysis and synthesis section of a popular multirate filter bank known as two-channel QMF bank. The 

discrete input signal x(n) is divided into two sub-band signals having equal band width, using the low-pass and high-pass 

analysis filters H0(z) and H1(z), respectively. Typical frequency responses of these filters are depicted in Fig. 1(b). The 

outputs of the synthesis filters are combined to obtain the reconstructed signal x̂(n). The reconstructed signal x̂(n) suffers 

from three types of errors: aliasing distortion (ALD), phase distortion (PHD), and amplitude distortion (AMD), due to the 

fact that the filters H0(z), H1(z), F0(z), and F1(z) are not ideal [32]. Therefore, the main stress of most of the researchers 

while designing the prototype filter for two-channel QMF bank has been on the elimination or minimization of these three 

distortions to obtain a perfect reconstruction (PR) or nearly perfect reconstruction (NPR) system [2, 16-21]. 

The overall transfer function of such an alias and phase distortion free system turns out to be a function of the filter tap 

coefficients of the low-pass analysis filter only [23]. Then, the AMD can only be minimized by optimizing the filter tap 

weights of the low-pass analysis filter using computer assistance techniques [2]. 
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FIGURE 1 (a): Two-channel quadrature mirror filter bank 

 

 

 

 

 

 

 

FIGURE 1 (b): Typical frequency responses of the analysis filters H0(z) and  H1(z) 

It is well known [23] that the relation between output and input of an alias free two-channel QMF bank can be expressed. 

According to [23], the condition for perfect reconstruction can be written as: 

|𝑇(𝜔)| = |𝐻𝑟(𝜔)|2 + |𝐻𝑟(𝜋 − 𝜔)|2 = 𝑐, for all ω.        (1) 

If the amplitude response of QMF bank in transition band is optimized, then the overall performance can be improved. 

Therefore, the aim is to optimize the coefficients of H0(z) by systematic computer-aided optimization technique, such that 

the filters satisfy the perfect reconstruction condition of Eq. (1) approximately. 

In the above context, this paper presents a method to design a multirate filter bank. The objective function to be minimized 

[23] is formulated as a weighted sum of pass-band error and stop-band residual energy of low-pass prototype filter, the 

square error of the overall transfer function at the quadrature frequency ω = π/2 and amplitude distortion of the QMF bank. 

Quasi-Newton optimization method is used to minimize the objective function by optimizing the filter tap weights of the 

prototype filter. The organization of rest of paper is as follows. Section 2 describes formulation of the design problem. 

Section 3 presents the proposed algorithm for design of prototype filter. Section 4 discusses the design results of the filter 

bank and comparison with already existing methods. Finally, conclusions are drawn in section 5. 

II. DESIGN PROBLEM FORMULATION 

To satisfy the perfect reconstruction condition of Eq. (1), an overall error function 'E' to be minimized is formulated as a 

weighted sum of four terms shown below: 

𝐸 =  𝛼1. 𝐸𝑝 +  𝛼2. 𝐸𝑠 + 𝛼3.𝐸𝑡           (2) 

where α1, α2 , and α3 re real constants, and Ep , Es , and Et are the measure of pass-band error, stop-band residual energy, square 

error of the overall transfer function at π/2, in transition band, and amplitude distortion, respectively. The objective function 

E is to be minimized iteratively using BFGS method by optimizing the coefficients of prototype filter. 

x (n) 

      2 

 

 

       2       2   

       2 
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Low-pass filter Low-pass filter 
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For perfect reconstruction, the overall amplitude response of QMF bank, for all ω, must be equal to square of amplitude 

response of prototype filter at zero frequency. Consequently, the PR condition of Eq. (1) at quadrature frequency ω = π/2, is 

reduced to: 

𝐻𝑟 (
𝜋

2
) =

1

√2
 𝐻𝑟(0)            (3) 

where Hr (0) and Hr (π/2) are the amplitude response of prototype filter at zero frequency and quadrature frequency, 

respectively. The square error Et is given by: 

𝐸𝑡 = [𝐻𝑟 (
𝜋

2
) − 

1

√2
𝐻𝑟(0)]2          (4) 

Further, Ep , Es and Eam are defined as follows: 

 𝐸𝑝 =

 
2

0

(0) ( )
1

p

r r
H H d



 



          (5)  

 𝐸𝑠 = 

2

0

1
( )

s

jH e d






           (6)  

 𝐸𝑎𝑚 = |𝑇(𝜔 
𝑚𝑎𝑥 𝑒𝑗𝜔)|− |𝑇(𝜔 

𝑚𝑖𝑛 𝑒𝑗𝜔)| (7)  

For even filter length (N+1), the frequency response of low-pass prototype filter H0 (ejω) is given by [2] 

 𝐻0(𝑒𝑗𝜔) = 

 
( 1)/2

0

/2

0

2 ( )cos ( / 2) .
N

j N

n

h n N n e 






 
 

 


        (8) 

 = 𝐻𝑟(𝜔)
/2j Ne 

            (9) 

where b(n) = 2h0(n) and Hr (ω) is the amplitude function written as 

 Hr (ω) =  𝐛𝐓𝐜(ω)            (10) 

where vectors b and c(ω) are: 

 𝒃 = [𝑏0  𝑏1  𝑏2  … … . 𝑏(𝑁−1)/2]𝑇 , 𝐜(𝛚) = [𝑐𝑜𝑠 𝜔(𝑁/2) 𝑐𝑜𝑠𝜔((𝑁/2) − 1) … … . …  𝑐𝑜𝑠 (𝜔/2)]𝑇    (11)  

The amplitude function at zero frequency ω = 0 is calculated as 

 Hr (0) =  𝐛𝐓𝐜 (0) = 𝐛𝐓𝟏,            (12) 

where 1 is the vector with all (N+1)/2 elements equal to unity. 

Now, Et , Ep and Es can be realized as: 

 𝐸𝑡 = [𝐛𝐓𝐜(𝛑/𝟐) −  
1

√2
 𝐛𝐓𝐜(𝟎)]2 = [𝐛𝐓𝐝 −  𝐻𝑟1]2         (13)  

where vector d and c(0) are equal to vector c(ω), when it is evaluated at ω = π/2 and ω = 0, respectively, and Hr1 = 0.707 

bTc(0). 

Similarly Ep can be realized 

 𝐸𝑝 =  𝐛𝐓𝐅 𝐛             (14) 

 where F is a real, symmetric and positive definite matrix, given by 

 𝐅 = 0

( )
1

)(

p

d





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T

(0) ( ) (0) ( )ωc c c c ω

          (15) 

Stop band error Es is given as:  
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 𝐸𝑠 =  𝐛𝐓 𝐆 𝐛             (16) 

where G is a real, symmetric and positive definite matrix, calculated as 

 𝐆 = 

1

s

d








T
( ) ( )ω ωc c

           (17) 

III. PROPOSED METHOD FOR DESIGN OF LOW- PASS PROTOTYPE FILTER 

By using Eqs. (13), (14) and (16) the objective E can be rewritten as: 

E =  𝛼1 𝐛𝐓𝐅 𝐛 + 𝛼2 𝐛𝐓 𝐆 𝐛 +  𝛼3[𝐛𝐓𝐝 −  𝐻𝑟1]2        (18) 

 =  𝛼1 𝐛𝐓𝐅 𝐛 + 𝛼2 𝐛𝐓 𝐆 𝐛 +  𝛼3[𝐛𝐓𝐃𝐛 − 2𝐻𝑟1𝐛𝐓𝐝 + 𝐻𝑟1
𝟐] 

 =  𝐛𝐓𝐑 𝐛 + 𝛼3[−2𝐻𝑟1𝐛𝐓𝐝 + 𝐻𝑟1
𝟐]       (19) 

where matrix R and D are 

𝐑 =  𝛼1 𝐅 + 𝛼2 𝐆 +α3𝐃 and D = ddT  

The objective function given by Eq. (18) is a quadratic function and matrix R is a Hermitian positive definite matrix, 

therefore, E can be minimized by Quasi Newton optimization method [33]. If bi is the approximation of the minimum point 

at the ith stage of iteration and λi is the optimal step length in the search direction, then the new or improved approximation 

in the (i+1)th stage of iteration using BFGS method can be calculated as  

 𝐛𝑖+1 = 𝐛𝑖 − λ𝑖[𝐁𝑖]∇𝐸𝑖  =  𝐛𝑖 + λ𝑖𝐬𝑖           (20) 

where ∇Ei is the gradient of the objective function E and si is the search direction, when evaluated at the design vector bi, 

both are given by  

 ∇𝐸𝑖  =  2𝐑𝐛 + 𝛼3[−2𝐻𝑟1𝐝] and 𝐬𝑖 = −[𝐁𝑖]∇𝐸𝑖          (21) 

and matrix [Bi] is the estimate of inverse of Hessian matrix. Initially the matrix [Bi] is taken as the identity matrix [I] and up-

dation of this matrix is done using BFGS formula [33]. 
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B B
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        (22)  

 where  

 𝐝𝑖 =  𝐛𝑖+1 − 𝐛𝑖 = −λ𝑖[𝐁𝑖] ∇𝐸𝑖  and 𝐠𝑖 =  ∇𝐸𝑖+1 − ∇𝐸𝑖        (23)  

The optimum step length λi in the direction of si can be obtained by equating the derivate of objective function E(𝐛𝑖 + λ𝑖𝐒𝑖) 

with respect to λ, to zero. The derivate dE/dλ = 0, gives following expression for optimum step length  

 λ𝑖 =
{𝐛𝑖

𝑇𝐑𝐬𝐢 − 𝛼𝟑𝐻r1𝐝T𝐬𝐢}
{𝐬𝑖

𝑇𝐑𝐬𝐢}
⁄           (24)  

The unit energy constraint on the filter coefficients is also imposed within some prespecified limit as proposed in [17,27]. 

The design algorithm that minimizes the objective function in step by step manner proceeds through following steps: 

(1) Specify filter length (N+1), stop band edge frequency (ωs) and pass band edge frequency (ωp). 

(2) Assume initial values of α1, α2, α3 and α4. 

(3) Start with an initial design vector h0 = [0 0 0 0 0 ………….
1

√2
], h0 is zero except h0 ((N-1)/2) = 

1

√2
 ; satisfying the unit 

energy constraint within a pre-specified tolerance given by 

 𝑔1 =

( 1)/2
2

10
0

1 2 ( )| |
N

k
kh 




 

  

(4) Set the iteration number, i = 1, and bi = 2h0. 
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(5) Compute the objective function Ei, by using Eq. (18), at the design vector bi. 

(6) Compute ∇Ei and the search direction si,, at the design vector bi. 

(7) Determine the optimum step length λi, by using Eq. (24). 

(8) Compute the new approximation  

𝐛𝑖+1 = 𝐛𝑖 − λ𝑖[𝐁𝑖]∇𝐸𝑖  =  𝐛𝑖 + λ𝑖𝐬𝑖   

(9) Obtain the constraint 𝑔1, at the point bi+1, if it is violated then choose the optimum point as bi, stop the algorithm and go 

to step (13). 

(10)  Compute the amplitude distortion Eam using Eq. (13) at the design vector bi+1. 

(11)  Compute the objective function Ei+1 and ∇Ei+1 at the design vector bi+1. Also compute matrix [Bi+1]. If Ei+1 ≥ Ei,, choose 

the optimum point as bi, stop the procedure and go to step (13 ). If Ei+1 ˂ Ei, set Ei = Ei+1, and bi = bi+1.  

(12)  Set the new iteration number as i = i + 1, and go to step (5). 

(13)  The optimum solution is h0 = (1/2) bi, and stop the procedure.  

IV. RESULTS AND DISCUSSION 

Design example is presented in this section to illustrate and examine the effectiveness of the proposed algorithm. The 

performance of the algorithm is evaluated in terms of following important parameters:  

Mean square error in the pass band (Ep); 

Stop band error (Es); 

stop-band first lobe attenuation (AL); 

stop-band edge attenuation (As) = − 20 log10 (H0(ωs));  

maximum reconstruction error (ϵ) in dB = |10log|𝑇(𝜔 
𝑚𝑎𝑥 𝑒𝑗𝜔)|| 

A MATLAB program has been written which implements the design technique described above.  

4.1 Design example: 

Example: For filter length (N+1) = 48, ωs = 0.6π, ωp = 0.4π, α1 = 0.95, α2 = 0.04, α3 = 1 and α4 = 10-4 , the following 24-filter 

coefficients for the FIR low-pass prototype filter are obtained: 

h0(0) = 0.000208516673605 h0(1) = -0.000277085005004  

h0(2) = -0.000485925710620 h0(3) = 0.000939830506683  

h0(4) = 0.000828146074712 h0(5) = -0.002254669530186 

h0(6) = -0.001114175660144 h0(7) = 0.004518779506026  

h0(8) = 0.001102671159255 h0(9) = -0.008074502198911  

h0(10) = -0.000416487855403 h0(11) = 0.013299020942940 

h0(12) = -0.001522982128226 h0(13) = -0.020679775981083  

h0(14) = 0.005591974419610 h0(15) = 0.030998856797507  

h0(16) = -0.013310060758246 h0(17) = -0.045983099224892 

h0(18) = 0.027954420876814 h0(19) = 0.070646028734991  

h0(20) = -0.059744465465400 h0(21) = -0.126933649477169  

h0(22) = 0.172673420719003 h0(23) = 0.593622292543939 

The corresponding normalized magnitude plots of analysis filters H0 (z) and H1 (z) are displayed in Fig. 2a. Figures 2b and 2c, 

respectively, depict the amplitude of distortion function and attenuation characteristics of low-pass filter H0 (z). The 
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reconstruction error (in dB) of QMF bank is plotted in Fig. 2d. The corresponding important parameters are Ep = 3.144×10-10, 

Es = 2.96×10-8, As = 55.06 dB, AL = 64.09 dB, and PRE (ϵ) in dB = 0.0092 dB. 

. 

FIGURE 2 (a) Amplitude response of analysis filters for filter length = 48, (b) Amplitude of distortion 

function, (c) Attenuation characteristics of low-pass analysis filter, (d) Reconstruction error in dB. 

From the above results, it is clearly indicate that the performance of the proposed method significantly improved when 

compared than to earlier known techniques in terms of PRE, Ep and As with similar design specifications.  

V. CONCLUSION 

A new iterative method for the design of multirate filter banks has been developed by formulating the perfect reconstruction 

condition in the frequency domain. The quadratic objective function is minimized without any matrix inversion which 

generally affects the effectiveness of some methods. Design example shows that the proposed technique is very effective in 

designing the quadrature mirror filters. The peak reconstruction error is minimum by the proposed method that makes it 

suitable for real time applications. Further, it is possible to extend this approach for the design of QMF banks with more than 

two bands. 
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Abstract— In this paper, a novel self-localization procedure for wireless sensor networks is presented. Due to errors in 

calculating universal coordinates and inappropriate relative pairwise distance assessment, the errors in the appraisal of 

localization may occur. Minimization of these errors is necessary for effective localization arrangements. In irregular or 

sparse networks, the earlier proposed DV-Hop positioning procedure shows poor accuracy and is not effective. To avoid the 

weaknesses of this procedure, in this work an enhanced DV-Hop procedure for self-localization (EDVHPSL) is proposed. 

The anticipated EDVHPSL method delivers improvement in results in terms of localization error. MATLAB simulations have 

been performed to implement the proposed EDVHPSL by changing the benchmark parameters during simulation process. 

The parameters are number of beacon nodes, communication range, number of sensor nodes and hop count. 

Keywords— Communication range, Wireless Sensor Network (WSN), Sensor Node, Beacon nodes, Localization error 

minimization. 

I. INTRODUCTION 

In WSNs, the sensor nodes are deployed in an unplanned infrastructure where there is no prior knowledge of location. The 

problem of estimating the spatial coordinates of a sensor node (relative or absolute) is referred to as localization [1]. It is a 

term used to define the process of finding the geographic location of the sensor nodes in a coordinate system. The sensor 

nodes must be localized in space in order to identify the location of an event. The positioning of sensor nodes is 

accomplished using a localization system which is a key part of WSNs. Localization systems not only help to locate events 

but can also be used as a 

base for routing, density control, tracking, and network protocols. The straightforward localization approach gathers the 

information (e.g. connectivity or pair-wise distance measurement) about the entire network into one place, where the 

collected information is processed to estimate the location of sensor nodes [2]. Localization is an unavoidable challenge 

when dealing with WSNs and an important problem because many of the sensor network protocols and applications simply 

suppose that all sensor nodes in the network are aware of their individual locations. Secondly, if a sensor node is reporting a 

critical event or data by means of geographical routing technique, the location of individual sensor nodes must be known in 

prior [3]. 

Existing localization algorithms [4] estimate the locations of sensor nodes either by using knowledge of the positions of a 

few sensor nodes or their inter-sensor node measurements such as distance and angle. Sensor nodes with known location 

information are called anchors or beacons and their locations are obtained by using a GPS, or by their manual placement at 

points with known coordinates. While the GPS is one of the most popular technique and is widely accessible, the high cost, 

high energy consumption and restricted indoor usage makes it difficult for WSNs. Limitation of size, battery and hardware 

resources of sensor nodes prohibits the use of GPS hardware in every sensor node. The various localization methods have 

their own merits and demerits and their performance also depend on many other factors like, accuracy, coverage, complexity, 

scalability, robustness, fault tolerance, cost and energy.  
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1.1 Self Localization: 

Localization is a mechanism to establish spatial relationships between sensors in a wireless or wired sensor network. Many of 

these sensor network systems are embedded to monitor or control the behavior of physical systems (as compared with strictly 

virtual information systems), and therefore sensor nodes often need to determine their action based on their physical location. 

Networked applications are often implemented in the form of a layered network protocol stack and localization benefits span 

several layers of the protocol stack. Several issues render the localization problem more challenging for large scale, densely 

distributed sensor networks than in many other domains. Sensor networks must satisfy several physical constraints. Wireless 

sensor network consists of a large number of various mini integrated self powered sensor nodes, these nodes communicate 

wirelessly with neighboring nodes to form a wireless sensor network. The process of computing the physical locations of 

nodes in a wireless sensor network is known as localization, self localization becomes critical for large scale sensor networks 

because manual deployment is often impractical due to time requirements, economic constraints or inherent limitations. The 

spatial relationship of these sensors is typically an important factor and introduces a new challenge for the researchers 

working in this area. 

1.2 Existing DV-Hop Positioning Algorithm Error Analysis: 

Errors in localization estimates can result from incorrect estimates of relative pairwise distances and errors in global 

coordinate calculations. These errors must be minimized for effective localization planning. Existing DV-Hop positioning 

algorithm is one of the representative algorithms of band-less localization technology [5, 6]. The main idea is to express the 

distance between the unknown sensor node and the beacon node as the product of the hop distance and the number of hops. 

Implementation of the algorithm consists of three steps. 

In the first step, each beacon node transmits location information to all neighboring sensor nodes. At this time, the hop count 

is initialized to 0, and each receiving sensor node maintains the beacon node information and the minimum hop count value 

for each beacon. In the second step, once the sensor node has a relative hop count value to other beacons, it estimates the hop 

size for a single hop and then broadcasts it throughout the network. According the following equation (1), the hop size is 

estimated. 

𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑖 =
∑ √(𝑥𝑖− 𝑥𝑗)2+ (𝑦𝑖−𝑦𝑗)2 

∑ 𝑠𝑖𝑗
           (1) 

wherever, sij is the total number of hops between the beacon nodes and (xi, yi ) and (xj, yj ) are the coordinates of beacon node 

i and j. In the last step, when the unknown sensor node receives 3 or more distance estimates from the beacon node, it 

calculates its position using trilateration. 

II. ENHANCED DV-HOP PROCEDURE FOR SELF- LOCALIZATION (EDVHPSL) 

The DV-Hop positioning algorithm has low accuracy and performs poorly in sparse or irregular networks. Considering the 

drawbacks of this algorithm, efforts were made to improve it and EDVHPSL is proposed. The assumptions taken into 

account for EDVHPSL are described in the following steps. 

Step 1: Statistics Broadcasting 

Each guidance node transmits position information to neighboring sensor nodes with a hop count initialized to one. The 

format of the broadcast information is (idi, xi, yi, sHopi), where idi is the ID of the beacon node and (xi, yi) are its 

coordinates. Each receiving sensor node maintains a record of the information received from the guidance node. If a sensor 

node receives a packet with the same ID, then it compares the sHopi of the packet and if the new sHopi is smaller than the 

already received sHopi table, it is considered to be otherwise dropped and the packet is no longer forwarded. Each sensor 

node will increase sHopi by one before transmitting it to other neighboring sensor nodes 

Step 2: Calculation of Distance 

As per equation (1), the hop size is calculated to estimate the distance between the beacon node and unknown sensor node. 

The average hop size is calculated as per equation (2). 

𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑒𝑎𝑣𝑔 =
∑ 𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑖  

𝑁𝑜𝑠.𝑜𝑓 𝐻𝑜𝑝𝑆𝑖𝑧𝑒
           (2) 
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As per equation (3), the distance Wi between the beacon node and unknown sensor node is considered by multiplying by its 

hop count with the average hop size  

𝑊𝑖 = 𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑎𝑣𝑔 × 𝐻𝑜𝑝𝑐𝑜𝑢𝑛𝑡𝑖           (3) 

Step 3: Calculation of Location  

According to the distance information obtained with respect to the beacon nodes of the unknown sensor node, the unknown 

node calculates its coordinates using trilateration as depicted in Fig. 1. 

 

FIGURE 1: Trilateration method based calculation 

Step 4: Assessment of localization error 

Using equation (4), the localization error can be modestly predictable. 

 𝐸𝑖 =
∑ √(𝑥𝑖− 𝑥𝑗)2+ (𝑦𝑖−𝑦𝑗)2 

𝐿
            (4) 

Where, (xi, yi ) and (xj, yj ) are the coordinates of beacon node i and j. and L is the communication range. 

The algorithm of the proposed EDVHPSL is as follows; 

Steps: Algorithm: EDVHPSL 

START  

1: Area A is used to deploy sensor nodes  

2: Nos. of beacon nodes = BN are defined 

3: Position of beacon nodes acquires 

4: BN coordinates are (xi, yi ) then send this positions to all adjoining sensor nodes  

5: Hop count will be compared 

6: Case 1: hop count is less assent the position packet acknowledged from the beacon  

7: Case2: Else, discard  
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8: Wait for more position packets, appraisal the hop size between beacon node BN and N  

9: Determine 𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑒𝑎𝑣𝑔 =
∑ 𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑖  

𝑁𝑜𝑠.𝑜𝑓 𝐻𝑜𝑝𝑆𝑖𝑧𝑒
 

10:  Refer 𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑒𝑎𝑣𝑔 to all neighbours  

11: Estimate 𝑊𝑗 =  𝑠𝑗  ×  𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑎𝑣𝑔 

12: Unknown sensor node position is computed  

13:  Determine 𝐸𝑖 =
∑ √(𝑥𝑖− 𝑥𝑗)2+ (𝑦𝑖−𝑦𝑗)2 

𝐿
  

END 

III. EDVHPSL SIMULATION RESULTS  

EDVHPSL is realized in MATLAB 7, and to verify the performance of the proposed algorithm, 500 nodes (beacon nodes = 

100 and sensor nodes = 400) are randomly distributed in a 100m x 100m area. All nodes (beacons and sensor nodes) have an 

adjustable communication range L. The layout of beacon nodes and sensor nodes is shown in the fig. 2. 

 

FIGURE 2: Deployment randomly sensor nodes and beacon nodes 

Simulations has been done by variations in number of beacon nodes and communication range. The enactment of the DV-

Hop positioning procedure and the proposed EDVHPSL are matched. 

3.1 Communication Range Varying Effect: 

Observance the number of beacon nodes = 100 and the number of sensor nodes = 400, the communication range is changed 

to 80m, 70 m, 60 m, 50 m, 40 m, 30 m,20 m, and 10 m, and the performances of DV-Hop and proposed EDVHPSL 

positioning algorithm are analysed. . It can be seen from Fig. 3 that the localization error of EDVHPSL is lower than that of 
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the DV-Hop positioning algorithm. The reasons for the low errors are due to the fact that at the maximum communication 

range (80 m) most nodes are able to directly communicate with each other in a simpler way. 

 

FIGURE 3: Localization error verses communication range 

3.2 Beacon Nodes Varying Effect: 

Number of beacon nodes are changed to 100, 90, 80, 70, 60, 50, 40, 30, 20 and 10 while keeping L = 50 m, simulations are  

performed for DV-Hop and EDVHPSL positioning algorithm. Fig. 4 depicts that the localization error of the proposed 

EDVHPSL is lower than that of the DV-Hop positioning algorithm, if the beacon nodes are increased.  

 

FIGURE 4: Localization error verses beacon nodes 

IV. CONCLUSIONS 

In this paper, the causes for the localization error in the existing DV-Hop positioning algorithm were described and an 

enhanced DV-Hop positioning algorithm is proposed. The proposed EDVHPSL technique, which is a amendment in the DV-
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Hop positioning algorithm, delivers upgraded results in terms of localization error. During the simulation process, 

EDVHPSL is implemented by altering essential parameters named as hop count, range, number of beacon nodes, and number 

of sensor nodes. 
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