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Abstract—Location plays a backbone role in networks, since it will great 

influence basic wireless sensor networks (WSNs) architecture. Distance-Vector 

Hop (DV-Hop) is a representative range-free localization algorithm, which is 

widely utilized to locate node position in location-based application. However, 

with poor localization accuracy, it cannot satisfy precise location-based applica-

tion requirement. Consequently, we proposed a hybrid range-free algorithm de-

pends on dynamic communication range to address low localization accuracy 

problem, named as DCDV-Hop. Firstly, we applied statistical methods to ana-

lyze the relationship between location error and hop count under different 

communication ranges. Thereafter, we employed centroid algorithm to calculate 

target node coordinate based on hop threshold. Finally, a weighted least square 

is applied to locate remaining target nodes. We conducted considerable experi-

ments, the results demonstrated that our proposed algorithm DCDV-Hop can ef-

fectively reduce accumulate localization error and improve localization accura-

cy of target nodes, with stable performance. Moreover, maximum localization 

accuracy reached up to 90.94% and localization error reduced more than 50%, 

compared with DV-Hop algorithm. 

Keywords—WSNs, Range-free localization, DV-Hop, Communication range, 

Anchor node. 

1 Introduction 

Advanced electrical sensor chips and short-range wireless communication technol-

ogies have foster numerous location-based applications, it as spring bamboo shoots 

poured into people daily lives in past two decades. Wireless sensor networks (WSNs) 

are connection bridge between physical world and digital world, which is wildly 

adopted in diverse applications, such as animal tracking, forest or flood monitoring, 

military reconnaissance, and even energy management [1]. Sensor node is composed 

of wireless communication module, sensor module, control module, storage module, 

and computing module. Sensor node transmitted collected information of physical 
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world to monitoring center or user. If perception data without position information, it 

will be lost meaning, specifically for precise location-based applications. Therefore, 

localization technique has developed into one of the most fundamental issues for 

WSNs [2, 3].  

According to whether position is known or not, sensors nodes are divided into two 

categories, one is called as beacon node or anchor node, the other one is called as 

target nodes or unknown nodes. Anchor node is with fixed location, that manually 

deployed or attached with navigation equipment, like GPS. Cost of anchor noes is 

larger than normal nodes due to attached navigation equipment, and so the number of 

anchor node utilized in sensor network is small. Target node is randomly distributed 

in monitor area by many deploy methods, such as aircraft scatter [3]. In wireless sen-

sor network, target nodes relied on anchor nodes to locate their position, when target 

nodes received location information form more than three anchor nodes, its coordinate 

can be estimated by using trilateration, multilateral measurement etc. [4].  

Currently, proposed localization schemes are broadly divided into range-based and 

range-free positioning algorithms based on whether attached Global Positioning Sys-

tem (GPS) chips on sensor to range angle and distance for location positioning. 

Range-based scheme estimated target sensor location based on perceived distance or 

angle, it can obtain high localization accuracy. However, it not only required complex 

hardware circuits but also consumed high energy. That is mainly including Angle of 

Arrival (AOA) [5], Time of Arrival (TOA) [6], Time Difference of Arrival (TDOA) 

[6] and Received Signal Strength Indicator (RSSI) [7]. 

Due to limited battery and overhead energy, range-free localization scheme is more 

practical and popular for its simplicity. Currently, range-free algorithm mainly includ-

ed Centroid [8], Amorphous [9], multidimensional scaling (MDS) [10], DV-Hop 

(Distance-Vector-Hop) [11], and Approximate Point in Triangle (APIT) [12] etc. DV-

Hop is one of classical range-free algorithms, it estimated distance between anchor 

and target node based on hop counts. DV-Hop can obtain high located ratio even in 

low network density. However, due to average hop size is utilized instead of linear 

distance, its localization accuracy is easily affected by network topology and some 

nodes got high localization error. 

Aimed at enhancing localization accuracy for DV-Hop algorithm, we proposed a 

hybrid range-free algorithm based on weighted dynamic communication range for 

WSNs to address poor location accuracy problem. Firstly, we applied statistical meth-

ods to analyze the relationship between location error and hop count under different 

communication ranges. Then, we employed dynamic communication range based on 

hop counts to narrow hop size error. Finally, improved centroid algorithm and 

weighted least squares are adopted to estimate target node coordinate according to 

hop threshold.  

The remaining paper is formulated as following. Current representatives research 

works are summarized and evaluated in part 2. Basic DV-Hop algorithm work flow is 

introduced in part 3. Part 4 presented detail information of our proposed enhanced 

algorithm (WDCDV-Hop). Extensive experiment and conclusions are illustrated in 

part 5 and part 6, respectively. 
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2 Related Works 

Multiple scholars have proposed corresponding improved localization algorithms 

from various aspects to overcome shortcomings of DV-Hop. Shi et al [13] employed 

RSSI technology to calculate hop counts between anchor nodes. Quasi-Newton opti-

mization method is applied to estimate location coordinate of target node in third 

phase. However, it will increase hardware cost since introduced RSSI. Minimum hop 

count is optimized by employed RSSI technology in reference [14]. In addition, aver-

age hop size is controlled by anchor node proportion. Wu et al. introduced a new 

localization method based on distance-assisted (LDA) in paper [15], which introduced 

curving fitting method in third phase to calculate location coordinate. Simulation 

results presented good performance in accuracy. Two corrections are weighed for 

average hop size in reference [16]. It is given higher weighted coefficient for one hop 

count of target node. Li et al. designed a newly 3D location algorithm in paper [17]. 

Firstly, average hop distance is calculation by weighted coefficient. The anchor node 

is selected based on topology. A weighted centroid algorithm is utilized to estimate 

the coordinate of target node, which greatly reduced computational complexity and 

localization error. A modified hop size is presented in reference [18], which is based 

on actual distance between anchor nodes. In addition, max received value of anchor 

node is utilized to instead of the first received one.  

Zheng et al. proposed an improved localization (DV-SCA) [19]. Firstly, average 

hop distance is correct by actual distance of anchor node. Then, optimal anchor nodes 

are selected by APIT algorithm, which depended on whether unknown node is in 

acute triangle or not. If increased anchor node ratio, it can get a higher positioning 

accuracy. However, that increased hardware cost. To reduce cost, an empirical pa-

rameter as threshold value is set in paper [20]. The concept of proportional parameter 

is introduced to narrow average hop size in paper [21]. Simulation results shown that 

localization accuracy improved 10.2%, comparing with traditional DV-Hop. CAO et 

al. [22] proposed a novel DV-Hop algorithm, named as (DANS IDV-Hop). A dynam-

ic anchor node set is utilized to select suitable anchor nodes for target node, which 

transformed location issue to be combinational optimization problem. Then, binary 

particle swarm optimization is employed to structure dynamic anchor node set. Lastly, 

continuous particle swarm optimization is proposed to further correct target node 

position. However, DANS IDV-Hop increased location time for iteration times. A 

PSO-QNN model is proposed by Liu et al [23] in DV-Hop which combined particle 

swarm optimization and quantum neural network. Levenberg Marquardt method is 

applied in third phase of DV-Hop to instead of least squares in paper [24]. A hybrid 

based on RSSI and PSO algorithm is proposed in [25], however, it increased compu-

tational complexity.  

There are still many drawbacks in current improved DV-Hop algorithm, such as 

smaller increased accuracy, complex algorithm and excessive overhead energy con-

sumption etc. We introduced our upgrade algorithm to address high localization error 

issue. 
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3 DV-Hop Algorithm and Error Analysis 

3.1 DV-Hop algorithm model 

The DV-Hop localization algorithm is developed by Dragos Niculescu et al. for 

distributed networks. The localization process consisted of 3 basic steps. 

Step 1: Estimate minimum hop counts between nodes: All anchor nodes send 

packet information with position and hop count data to neighbour node, after com-

municable node received data, if precious hop count is larger, data hop count plus 1. 

Then, forward to target node that has not obtained data packet, until whole network 

got minimum hops between nodes. 

Here, Fig. 1 is an illustration of DV-Hop algorithm, A1, A2 and A3 are anchor nodes, 

and the rest nodes are target nodes. It is assumed target node Ti is the one that needed 

to be located. From the first step, we can get minimum hop A1 to A2, A2 to A3 and A1 to 

A3 is 2, 5 and 7, respectively. The minimum hop Ti to A1, A2 and A3 is 4, 2 and 3, re-

spectively. 

 

Fig. 1. An illustration of DV-Hop 

Step2: Estimate average hop size: All anchor nodes obtained minimum hop value 

and node location information after Step 1. It adopted Equation (1) to calculate aver-

age hop size. 

 𝐴𝑣𝑔𝐻𝑜𝑝𝑆𝑖𝑧𝑒𝑖 =
𝛴ⅈ≠𝑗

𝑚 √(𝑥ⅈ−𝑥𝑗)
2
+(𝑦ⅈ−𝑦𝑗)

2

𝛴ⅈ≠𝑗
𝑚 𝐻ⅈ𝑗

  (1) 

Where, (xi, yi) and (xj, yj) are the coordinate of anchor node i and j, respectively. Hij 

is hop counts between anchor node i and j. AvgHopSizei denoted average hop size of 

anchor node i. 

Taken Fig.1 as an example, average hop size of A1, A2 and A3 can be calculated as 

following. 

AvgHopSize_A1 = (40 + 110) / (2+7) = 16.67 

AvgHopSize_A2 = (40 + 80) / (2+5) = 17.14 

AvgHopSize_A3 = (110 + 80) / (7+5) = 15.83 
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Equation (2) is employed to calculate estimate distance dit between anchor node i 

and target node t. 

𝑑𝑖𝑡 = 𝐴𝑣𝑔𝐻𝑜𝑝𝑆𝑖𝑧𝑒𝑖 × 𝐻𝑖𝑡  (2) 

Here, we still employed Fig. 1 as an instance. Since minimum hop of Ti to A1, A2 

and A3 are 4, 2 and 3, respectively, so it chose AvgHopSize_A2 as target hop size to 

estimate the distance Ti to A1, A2 and A3, it can be obtained by Equation (2). 

d_A1_Ti = 17.14 ×4 = 68.56 

d_ A2_Ti = 17.14 ×2 = 32.48 

d_ A3_Ti = 17.14 ×3 = 51.42 

Step 3: Estimate target node coordinate: When target node got at least three es-

timated distance form anchor nodes, coordinates of target node can be estimated by 

maximum likelihood method or multilateral measurement method. 

Let (xt, yt) be coordinate of target node t, and dit is distance between target node t 

and anchor node Ai, i∈ {1, 2, 3…n}, dit can be obtained based on Equation (2). 

 

(𝑥𝑡 − 𝑥1)
2 + (𝑦𝑡 − 𝑦1)

2 = 𝑑1𝑡
2

(𝑥𝑡 − 𝑥2)
2 + (𝑦𝑡 − 𝑦2)

2 = 𝑑2𝑡
2

.

.
(𝑥𝑡 − 𝑥𝑛)2 + (𝑦𝑡 − 𝑦𝑛)2 = 𝑑𝑛𝑡

2

 (3) 

Equation (3) can be formulated into AX=B, see as follow. 

 𝐴 = −2 ×

[
 
 
 
 

𝑥1 − 𝑥𝑛 𝑦1 − 𝑦𝑛 
𝑥2 − 𝑥𝑛 𝑦2 − 𝑦𝑛

 .
 .

𝑥𝑛−1 − 𝑥𝑛 𝑦𝑛−1 − 𝑦𝑛]
 
 
 
 

  (4) 

 𝑋 = [
𝑥𝑢

𝑦𝑢
] (5) 

 𝐵 =

[
 
 
 
 

𝑑1
2 − 𝑑𝑛

2 − 𝑥1
2 + 𝑥𝑛

2 − 𝑦1
2 + 𝑦𝑛

2

𝑑2
2 − 𝑑𝑛

2 − 𝑥2
2 + 𝑥𝑛

2 − 𝑦2
2 + 𝑦𝑛

2

.

.
𝑑𝑛−1

2 − 𝑑𝑛
2 − 𝑥𝑛−1

2 + 𝑥𝑛
2 − 𝑦𝑛−1

2 + 𝑦𝑛
2]
 
 
 
 

 (6) 

The coordinate (xt, yt) of target node can be estimated by Equation (7). 

 𝑋 = (𝐴𝑇𝐴)−1𝐴𝑇𝐵 (7) 

3.2 Localization error analysis 

The localization accuracy of DV-Hop algorithm is largely depended on whether es-

timated average hop size is reasonable. Employing one average hop size from nearest 
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anchor node cannot fully represent the whole entire network. Especially, in multi-hop 

networks, since estimated distance between target node anchor node is not straight 

line, which will accumulate hop size error in lower density area. Hence, network con-

nectivity and hop size between anchor nodes are two essential factors in DV-Hop 

localization algorithm. Moreover, communication range of anchor node is greatly 

affected average hop size and hop count between nodes. 

In order to investigate the relationship of location error between communication 

radius and hop count, following experiment has conducted in this article. In this ex-

periment, there are 100 anchor nodes random distributed in 100m ×100m area, includ-

ing 20 anchor nodes, communication range is 25m, 30m and 35m, respectively. The 

relationship between hop count and localization error of DV-Hop algorithm under 

different communication range is illustrated in Fig.2 and Fig.3. 

 

Fig. 2. Hop count under communication range=25m, 30m, 35m  

It is observed from Fig. 2 that hop count shown normal distribution trends under 

different communication ranges. The maximum hop count is 6, 5 and 4, under com-

munication range 25m, 30m and 35m, respectively. Hop count 1, 4, 5 and 6 present 

decline trends with increasing communication range. Hop count value 2 is always the 

largest amount under communication range 30m and 35m, respectively. Hop count 

value 2 is the greatest amount under communication range 25m. 

It is illustrated in Fig. 3 that hop size error presents upward trend with increasing 

communication range, except hop count 1. Hop count 2 with the lowest hop size error 

under various communication ranges. One hop count exhibits downward trend, that 

means, one hop with larger hop size error under larger communication. Hence, it is 
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essential to correct hop count based on communication range, since it will greatly be 

affected hop count amount. So, if got relatively accurate hop distance, it will undoubt-

edly improve the localization accuracy of all target nodes. We introduced dynamic 

communication ranges to each anchor node, one is the same network communication 

range R, the other is R/2. The hop count is no longer an integer number after intro-

duced communication range R/2, which will greatly reduce hop size error of anchor 

nodes with one hop count. 

 

Fig. 3. Hop size error under communication range=25m, 30m, 35m 

3.3 Verification based on dynamic communication ranges 

To investigate the effect of dynamic communication range on hop size, below ex-

periment is conducted. It is assumed that there are 100 nodes dispersed in 

100m×100m area, included 20 beacon nodes and communication radius is 25m. Hop 

size error is sharply reduced after adopted dynamic communication range that be 

illustrated in Fig. 4.  
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Fig. 4. Hop size error of anchor nodes 

It is shown in Fig.4 that hop size error is around 1m after applied dynamic commu-

nication range. And it is worth to point that hop size error is smooth with little fluc-

tuation, that means, estimate distance error is small. However, hop size error of previ-

ous DV-Hop is around 2.2m, exceeded two times larger than employed dynamic 

communication range. Furthermore, hop size error is not stable, with larger fluctua-

tion. In addition, the minimum hop size error of former DV-Hop is extremely bigger 

than introduced dynamic communication range, even compared with maximum error. 

Consequently, the verification confirmed feasibility of this method by introduced 

dynamic communication  

4 Proposed Algorithm (DCDV-Hop) 

4.1 Hop counts correction 

It is assumed that target communication range is settled, but anchor node has two 

communication ranges, R and R/2. The implementation steps are listed as follows. 

Step 1: Firstly, anchor node broadcasts information packet to whole network by 

0.5R at first time, and its initial hop is 0. After received information packet, com-

municable neighbor node updated the minimum hop count by 0.5. In order to reduce 

communication overhead, the communicable node will not forward in the first broad-

cast. 
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Step 2: After T times, anchor node broadcasts its information packet to the whole 

network for the second time with communication radius R.  

Step 3: If it is the first time of node received information packet from an anchor 

node, its hop count will be assigned to 1. Otherwise, compared it with previous hop 

count, keep smaller one. Add 1 to the stored hop count for continuing broadcasting.  

As we all known, forward information will consume a large amount of communi-

cation energy during every flood. Due to each node has limited energy, hence, only 

second broadcast by flooding control. The first broadcast only sends information 

packet to communicable neighbor node. Since, the first broadcast with communica-

tion radius of 0.5R, so, the minimum hop count is no longer integer. 

4.2 Average hop size correction 

It is can be obtained estimated distance between anchor node i and j using Equation 

(2). The error between actual distance and estimate distance denoted as Ei, which can 

obtain by Equation (10). 

𝐸𝑖 =
1

𝑁−1
∑ (√(𝑥𝑖 − 𝑥𝑗)

2
+ (𝑦𝑖 − 𝑦𝑗)

2
− 𝐴𝑣𝑔𝐻𝑜𝑝𝑆𝑖𝑧𝑒𝑖 × 𝐻𝑖𝑗)𝑖≠𝑗  (8) 

Based on minimum mean-square error, let Equation (8) transformed into Equation 

(9). 

𝑓 =
1

𝑁−1
∑ (√(𝑥𝑖 − 𝑥𝑗)

2
+ (𝑦𝑖 − 𝑦𝑗)

2
− 𝐴𝑣𝑔𝐻𝑜𝑝𝑆𝑖𝑧𝑒𝑖 × 𝐻𝑖𝑗)

2
𝑖≠𝑗  (9) 

According to first derivative, let 
𝜕𝑓

𝜕𝐴𝑣𝑔𝐻𝑜𝑝𝑆𝑖𝑧𝑒𝑖
⁄ = 0 , we can get new equation 

to calculate average hop size.  

 𝐴𝑣𝑔𝐻𝑜𝑝𝑆𝑖𝑧𝑒𝑖
𝑁𝑒𝑤 =

∑ (𝐻ⅈ𝑗√(𝑥ⅈ−𝑥𝑗)
2
+(𝑦ⅈ−𝑦𝑗)

2
)ⅈ≠𝑗

∑ 𝐻ⅈ𝑗
2

ⅈ≠𝑗
 (10) 

4.3 Target node localization 

Let denoted actual coordinate of target node Xt, as (xt, yt), distance between each 

anchor node Ak (k=1,2,3…, N), is dtk, which can be calculated by Equation (2).  

1. Estimate target node coordinate based on hop threshold: It is observed from 

Fig. 2, the minimum hop size error is at hop count 2. It means less localization er-

ror. If target node received the number of anchor nodes (m) with two hop counts 

that equal or more than three, these anchor nodes are randomly combined into 𝐶𝑚
3  

triangles. Each triangle employed centroid algorithm to get estimated coordinate of 

target node. To get a better accuracy, re-employ coordinate algorithm on each ob-

tained estimated coordinate. 
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 𝑋𝑡
𝑒 = (

∑ 𝑥𝑡
′𝐶𝑚

3

𝑡=1

𝐶𝑚
3 ,

∑ 𝑦𝑡
′𝐶𝑚

3

𝑡=1

𝐶𝑚
3 ) (11) 

2. Estimate target node coordinate based on weighted least squares: Yan et al 

[26]. proposed an optimal weighted least square for irregular network. Based on 

this idea, we introduced it to regular network, employed a weighted coefficient ma-

trix W, see as following. 

 𝑊 =

[
 
 
 
 
𝑊1 0 0 0
0 𝑊2 0 0
. . . .
. . . .
0 0 0 𝑊𝑘]

 
 
 
 

 (12) 

Where, 𝑊𝑘 = 1
𝐻𝑘

3⁄  , 𝐻𝑘
3 is the minimum number hop count between target node X 

and anchor node A. Hence, Equation (9) can be transformed into Equation (13). 

 𝑋 = (𝐴𝑇𝑊𝑇𝑊𝐴)−1𝐴𝑇𝑊𝑇𝑊𝐵 (13) 

The flow chart of our proposed algorithm DCDV-Hop is illustrated in Fig. 5. 

5 Experimental Results and Discussion 

To verify the performance of our proposed algorithm DCDV-Hop, traditional DV-

Hop localization algorithm is employed as compared in MATLAB 2016a. Parameters 

of experiment are listed in Table 1. A classical instance of distributed node is illus-

trated in Fig. 6, there are 100 nodes including 20 anchor nodes randomly deployed in 

2D 100 m ×100 m area. 
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Fig. 5. The flow chart of DCDV-Hop 
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Fig. 6. A classic instance of distributed node 

Table 1.  The parameters setting for simulations 

Parameters  Value 

Network area 100m ×100m 

Total nodes 50-300 

Anchor nodes 10-40 

Communication range 20m-36m 

5.1 Performance evaluation criteria 

3. Localization error (LE): Localization error (LE) is the error between real and es-

timated coordinates of target node, which is denoted by Equation (16). 

 𝐿𝐸 = √(𝑥𝑎 − 𝑥𝑒)
2 + (𝑦𝑎 − 𝑦𝑒)

2 (14) 

4. Average Localization Error (ALE): Average Localization Error (ALE) is aver-

age error of all target nodes.  

 𝐴𝐿𝐸 =
∑  𝑛

𝑡,𝑎=1 √(𝑥𝑎−𝑥𝑒)2+(𝑦𝑎−𝑦𝑒)2

𝑛
 (15) 

5. Localization Accuracy (LA): Localization accuracy (LA) is defined as following. 

 𝐿𝐴 = (1 −
∑  𝑛

𝑢,𝑎=1 √(𝑥𝑎−𝑥𝑒)2+(𝑦𝑎−𝑦𝑒)2

𝑛∗𝑅
) ∗ 100% (16) 

Here, n represents total number of target nodes, (xe, ye) and (xa, ya) denotes estimat-

ed coordinate and actual coordinate, respectively. The communication range is R. 
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5.2 Experiment results 

Experiments for all algorithms are conducted for 200 times for each result due to 

random deployment of nodes, adopted average value to evaluate the performance. We 

employed average LE, ALE and LA to evaluate the performance of our presented 

algorithm (DCDV-Hop). 

1. Localization error for each target node: In this experiment, it is assumed that 

100 senor nodes, involved 20 anchor nodes are randomly deployed in 100m×100m 

area. The sensor communication range is 20m. The LE for each unknown node is 

illustrated in Fig. 7 and Fig. 8. 

Table 2.  The localization error for each target node 

Localization Algorithm Max. LE(m) Avg. LE(m) Min. LE(m) Std.LE(m) 

DV-Hop 9.8358 8.4301 7.1207 0.5589 

DCDV-Hop 4.6500 3.9713 3.3182 0.1994 

 

The maximum LE, average LE, minimum LE and standard deviation of LE is illus-

trated in Table 2. It is observed form Table 2, the minimum LE of our proposed algo-

rithm (DCDV-Hop) is less than 3.5m, with 53.40% decreased compared with DV-

Hop algorithm, which stranded for it has a better performance. The max. LE and avg. 

LE are reduced 52.56% and 52.89%, respectively. Moreover, standard deviation LE 

of DCDV-Hop is almost 3 times less than DV-Hop, that indicated DCDV-Hop is 

more stable. 

 

Fig. 7. The line of estimate and actual coordinate for target nodes 
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It is illustrated in Fig. 7 that the line of estimate and actual coordinate for most tar-

get nodes is extremely short. It means that estimate coordinate of target node close to 

actual coordinate. There are only 12 target nodes cannot be located during 200 times, 

it stands for that located ratio is nearly 100%. 

 

Fig. 8. The localization error for each target node 

It can be seen from Fig. 8, the LE of basic DV-Hop algorithm is round 7-10m and 

our proposed algorithm (DCDV-Hop) is round 3-4m. Based on this figure, DCDV-

Hop has a superior performance. The localization error of our proposed algorithm 

(DCDV-Hop) decreased about 55%, compared with DV-Hop algorithm. 

2. Effect of anchor nodes on algorithm: The experiment is conducted with 100 

nodes that distributed in 100m×100m area. The communication range is 25m and 

initial anchor node is 15, with fixed 5 increased. The ALE and LA under different 

anchor node are presented in Fig. 9 and Fig.10 The maximum ALE and LA, aver-

age ALE and LA, minimum ALE and LA are demonstrated in Table 3. 
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Fig. 9. The ALE under various anchor nodes 

It can be seen form Fig.9 that the ALE of our proposed algorithm (DCDV-Hop) is 

less than 5, it reduced more 55%, compared with DV-Hop. Moreover, the ALE is 

improved as the number of anchor nodes increases, whether it is a traditional algo-

rithm DV-Hop or DCDV-Hop. When the proportion of anchor nodes increased from 

10% to 20% in the network, the ALE curves of two algorithms have significantly 

decreased. The ALE curves of the two algorithms decrease slowly, when the propor-

tion of anchor nodes increases from 20% to 40%. When anchor nodes ratio is larger 

than 20%, as anchor nodes density increased, the ALE of both algorithms tended to 

stabilize, and anchor node density no longer has large effect on ALE. 

As it is depicted in Fig.10, the LA of two algorithms demonstrated upward trend, 

as anchor node increased. Both algorithms present stable tendency after anchor node 

ratio large than 20%. The LA of our propose algorithm DCDV-Hop increased about 

35%, compared with DV-Hop. 
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Fig. 10. The LA under various anchor nodes 

Table 3.  The comparison of ALE and LA for various anchor nodes 

Algorithm Min.ALE(m) Avg.ALE(m) Max.LA (100%) Avg.LA (100%) 

DV-Hop 8.53 9.03 65.89 63.86 

DCDV-Hop 4.21 4.41 90.06 88.37 

 

It is observed form Table 3, our proposed algorithm has a superior performance, 

with lower localization error and high localization accuracy. Besides, the ALE of 

DCDV-Hop is round 4.5m, but ALE of DV-Hop is large than 8.5m. Furthermore, 

enhanced minimum ALE and average ALE of DCDV-Hop is reduced 50.64% and 

51.16%, compared with basic DV-Hop, respectively. The average LA of proposed 

DCDV-Hop is more than 88%, that means it with higher localization accuracy, but 

average LA of DV-Hop is less than 64%. The maximum LA and average LA of 

DCDV-Hop is increased 24.17% and 24.51%, compared with DV-Hop, respectively. 

3. Effect of communication range on algorithm: To illustrate the effect of commu-

nication range on algorithm, a simulation experiment is performed in this section. 

The communication range R is from 20 m to 36 m, with fixed 2 increased, the total 

number of nodes is 100 and anchor node ratio is 20%. The ALE and LA under dif-

ferent communication ranges is represented in Fig. 11 and Fig.12 The maximum 

ALE and LA, average ALE and LA, minimum ALE and LA are demonstrated in 

Table 4. 
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Table 4.  The comparison of ALE and LA for various communication ranges 

Algorithm Min.ALE(m) Avg.ALE (m) Max.LA (100%) Avg.LA (100%) 

DV-Hop 7.21 8.39 69.34 63.98 

DCDV-Hop 3.55 5.09 90.94 89.31 

It is presented that in Table 4 our proposed algorithm has outstanding performance, 

with lower localization error and high localization accuracy. Besides, the ALA of 

DCDV-Hop is 5m, however, the ALE of DV-Hop is large than 7.2m. In addition, the 

enhanced minimum ALE and average ALE of DCDV-Hop is reduced 50.76% and 

39.33%, compared with basic DV-Hop, respectively. The average LA of proposed 

DCDV-Hop is more than 88%, that means it with higher localization accuracy, yet, 

maximum LA of DV-Hop is less than 70%. The maximum LA and average LA of 

DCDV-Hop is increased 21.60% and 25.33%, compared with DV-Hop, respectively. 

 

Fig. 11. The ALE under various communication ranges 

As it can be seen from Fig.11, the ALE presented downward trend with the com-

munication range increasing. If communication range is small, it is easy to cause the 

uneven network topology. Besides, with node communication range is increasing, the 

network connectivity will be enhanced, thereby, network topology will become regu-

lar. In addition, this will automatically reduce average localization error. The ALE of 

DCDV-Hop is less than 6.5m, with decreases more than 50%, compared with DV-

Hop algorithm. 
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Fig. 12. The LA under various communication ranges 

The LA is illustrated Fig.12. The both algorithms demonstrates upward trend with 

communication range increasing. The LA of our proposed DCDV-Hop is large than 

85%, however, the maximum LA is less than 70%, which presents DCDV-Hop supe-

rior outstand than DV-Hop. The LA of DCDV-Hop is increased more than 30%, 

compared with DV-Hop. 

6 Conclusion 

DV-Hop algorithm suffered poor localization accuracy due to one average hop size 

cannot represent for whole networks, since nodes are randomly deployed in monitor-

ing area. The average hop size is directly decided by hop counts and communication 

ranges after deep analysis. Accordingly, we applied statistical methods to analyze the 

relationship between location error and hop count under different communication 

ranges. This paper proposed a new approach to optimize best hop count threshold 

based on our analyzed experiments. Moreover, enhanced centroid algorithm and 

weighted least square were employed to further correct target coordinate. We con-

ducted extensive experiments under several effected parameters to evaluate our pre-

sented DCDV-Hop algorithm. It is verified that our proposed DCDV-Hop has shown 

superior performance, its localization error decreased more than 50%, compared with 

DV-Hop algorithm. Besides, the maximum localization accuracy has reached up to 

90.94%. Our experiment only conducted in 2D, the next stage of our research will be 

implemented this idea in 3D WSNs and involve some environment factors. 
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