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Abstract—According to that node localization accuracy is
not high in the DV Hop localization algorithm, shuffled frog
leaping algorithm with many advantages such as the
convergence speed is fast, easy to realize and excellent
performance of global optimization and so on is introduced
into the design of DV-Hop algorithm. A new DV-Hop
algorithm based on shuffled frog leaping algorithm
(Shuffled Frog Leaping DV-Hop Algorithm, SFLADV-Hop)
is proposed in this paper. Based on traditional DV-Hop
algorithm, the new algorithm used distance of nodes and
position information of anchor nodes to establish objective
optimization function and realize the estimation of unknown
node coordinate in the final stage of DV-Hop algorithm. The
simulation results showed that compared with the
traditional DV-Hop algorithm, based on not increasing the
sensor node hardware overhead, the improved algorithm
can effectively reduce the positioning error.

Index Terms—wireless sensor network; DV-Hop algorithm;
shuffled frog leaping algorithm; positioning error;

[. INTRODUCTION

Node location information plays an important role in
wireless sensor network (Wireless Sensor Network,
WSN), such as detection target and tracking target,
automatic configuring network topology [1]. According to
the location whether there is any need for ranging, current
localization algorithms are divided into range based and
range free two categories [2]. The former has the
characteristics of high requirements of the sensor node
hardware, but the positioning accuracy is high. The latter
has the characteristics of low requirements of the sensor
node hardware, low cost, no need for additional hardware,
so it is more suitable for large-scale wireless sensor
networks in practical application [3].

DV-Hop algorithm is one of the most widely used
algorithms in ranging free algorithm, but positioning
accuracy of the algorithm is low, so many scholars have
made improvements on it. Lu Qingling weighted on
average each distance [4]. Li Wenwen used differential
evolution algorithm to calculate the location of the
unknown node in the localization phase DV-HOP
algorithm [5].Lin Jinzhao used the expansion of Taylor
series to estimate the location of the unknown node
[6].Wang Ying used average network connectivity to
improve the hop distance between nodes [7]. Yang Lei set
angle threshold to screen anchor nodes [8]. According to
the hops of unknown nodes and effects of environmental
factors, Feng Jiang weighted the average hop distance [9].
Yang Zhifeng used algebraic reconstruction method to
replace the least square method to calculate the coordinate
position of unknown nodes [10]. Aiming at the positioning

accuracy is not high [11], according to the locating
process, combining the basic principles of shuffled frog
leaping algorithm, an improved scheme of DV-Hop
algorithm based on shuffled frog leaping is proposed in
this paper. Compare positioning errors, communication
overhead and complexity of the two algorithms under the
condition of different node number, different network
connectivity, different communication radius and different
neighbor anchor nodes through the simulation experiment.
The results show that the performance of the improved
algorithm is much better than the original one.

II. DV-HOP ALGORITHM

A. Positioning process

Positioning process of DV-Hop algorithm can is
divided into three stages.

Step 1: by broadcasting, all nodes obtain minimum
hops to each anchor node.

Step 2: By using the coordinate position and number of
hops obtained in step 1, the anchor nodes use the formula
(1) to calculate the average distance of per hop.

Tiejy (i — )2+ — ¥))?
Zi:tj hOPij
Where, X;»Y;»X;,y; is coordinate position of nodes

hopsize; = (1)

i, ], respectively. hop, is the minimum hops between
nodes i, j .

Step 3: the position coordinates of unknown nodes is
calculated by the three sided measurement or the
maximum likelihood estimation method.

B. Analysis of positioning error

After getting distance of three or more anchor nodes,
the traditional DV-Hop algorithm wuses three sided
measurement or the maximum likelihood to estimate
coordinate position of the unknown nodes. Coordinate
position of each anchor node 1is, respectively,
(22.¥1):(%2.¥2):+ (%n:¥n) | Coordinate position of
unknown node is(*:¥). The estimated distance between
unknown nodes and anchor nodes is, respectively,

d;.dz. . dn . There are formula (2) set up.
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Linear expression of formula (2) is AX =D Where
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The unknown node coordinate is obtained by using the
standard _minimum variance estimation, which is

X = (ATA)"ATb

In step 1 of the traditional DV-Hop algorithm, when
getting the number of minimum hop nodes, as long as
within the communication radius, both near and far,
distance are recorded as 1 jump, which can not reflect the
actual distance. Therefore, the average distance per hop
which is calculated by using formula (1) always exists
error, will inevitably lead to the error accumulation. Thus
the coordinate of unknown nodes gotten by formula (2)
have larger error, which affects the positioning accuracy
of the whole algorithm.

III. SFLA-DV-HOP ALGORITHM

A. Shuffled frog leaping algorithm

Shuffled frog leaping algorithm [12] is a kind of the
cooperative co evolutionary algorithm which arose from
the natural biological imitation implications. Shuffled frog
leaping algorithm simulates process that the frog
population exchange information according to the
classification of subgroups when search food. Then
process is: First, generate a set of initial solutions
(population) random from solution space, and then the
whole population is divided into a plurality of sub group,
subgroup frog perform internal search according to certain
search strategies. After ending of search times in internal
of subgroup which have been defined, mix all the frogs,
and then sort the molecular group, so that the global
information can be exchanged between each sub group.
Internal search and global information exchange of each
subgroup continuously alternate until satisfy the
convergence condition or reach the maximum generation
so far. The following is a brief introduction to the
mathematical model of shuffled frog leaping algorithm
[13][14].
(1)subgroup Division

Set the number of frog in population (candidate
solutions) is N, the number of subgroups is k; the number
of candidate solution in population is n. Represents the
candidate solution and D represents dimension of
candidate solutions. For the initial population which are
randomly generated, after descending according to the
fitness f(X), the first candidate solution is divided into the
first subgroups, the second candidate solution is divided
into the second subgroups, ‘-, the kth candidate solution
is divided into the kth subgroups, the (k+1)th candidate
solution is divided into the first subgroups, the (k+2)th
candidate solution is divided into the second subgroups,
successively repeated until N candidate solution have
been allocated.

18

(2) Internal search
Set X » as candidate solutions with the best fitness in a
sub group, X as candidate solutions with the worst

fitness in a sub group, X, as candidate solutions with the
best fitness in the whole population. Internal search for
each subgroup, namely update X ,, in the sub group,
search strategy is shown in formula (3).

X =X, +Rx(X,-X,) 3)
Where X is a new solution produced by formula (3), R

is a random number between 0 and 1. If X ' is better than
X, then X takes replace of X »» Repeat the search

strategy. Otherwise, X "is not better than X ,,» randomly

generates a candidate solution to replace X, , repeat the
above steps, terminate until the search number is greater
than the set maximum internal search times.

(3) Global information exchange

When complete all the subgroups updating, re-execute
subgroup division and internal searching, so repeatedly
until a termination condition is satisfied (converge to the
optimal solution or reach the maximum generation).

B. The SFLADV-Hop algorithm description

Known from the above analysis, when calculate
coordinate of unknown nodes, the estimated value
inevitably has big error because of the effects which are
environmental factors , communication and so on, thus
affecting positioning accuracy of the overall algorithm.
Assuming actual distance between unknown node and

anchor node is 7, and the error is £, then meet
|I”l. -d l.| < £,.Then smaller of £, , the higher of accuracy.

When &g, —> (), the positioning algorithm obtains the

optimum solution. That is, estimating the position is
turned into the problem that solves the minimum value,
namely function minimization problem. The objective
function is taken as:

k
G = mln(; (rz - d;) 4)

The constraint condition is shown in formula (5).
(| —d,| = ¢,

|r2 —d2| =&,

|rk —dk| =&,
ING=x)? + (v —»)? =d,
Ja—x) v (v —»,)7 =d, 5)

VG —x)? +(v-»)? =d,
. =0,d, =0,6, =0
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Shuffled frog leaping algorithm is a swarm intelligence
biological evolution algorithm with, which has good
flexibility, versatility, fast searching speed and other
characteristics and has been widely used in many fields.
Thus, the DV-Hop algorithm is improved by combining
the shuffled frog leaping in this paper. The shuffled frog
leaping algorithm is used to replace the maximum
likelihood estimation method to solve coordinate position
of the unknown node in the improved algorithm. The
specific steps are described as follows.

(1) Define the fitness function of shuffled frog leaping
algorithm to measure the quality of solution. The fitness
function is selected as the:

1

" a+ G (6)
Where &, f are constant coefficients of the fitness

function, setax = 8 =1.

fit

(2) Initialize. Initialize the number of frog individuals
as a. The objective function G is viewed as the frog

individual. Estimated distance di is viewed as moving

step length of frog individual. The maximum number of
iterations is MAXT.

(3) Randomly generates the initial population and
calculate the fitness of individuals. Then according to the
size of individual fitness values in descending order and
assigned to the s population according to the following
principles. The first individual is placed into the first
population. The second individual is placed into the
second population. -+, the sth individual is placed into
the sth population. The (s+1) ¢4 individual is placed into
the first population. So it has been circulating, until the
completion of the distribution of all individuals;

(4) In each population, optimal solutions and the worst
solution of the fitness is based on the maximum and

minimum value of its fitness function, for ﬁt b and ﬁ tW.

And the maximum value ( fit 5 (s)) of all population is
viewed as the global optimal solution of the population (

fit)).

(6) After internal updating all population, let t =t +1
and go to step (3), re-divide population and perform the
update operation until the maximum number of iterations
is reached MAXT,

(7)Output the current optimal solution, which is the
estimation position of the minimum prediction error;

(8)The algorithm is end.

C. The flow of SFLADV-Hop algorithm

To sum up, the flow of SFLADV-Hop algorithm is
shown in Figure 1.

IV. SIMULATION EXPERIMENTS

A. Simulation environment

In order to compare the performance of SFLADV-Hop
algorithm and the traditional DV-Hop algorithm,
simulation experiments are carried out on the platform of
MATLAB 7.0. The positioning precision of traditional
algorithm and the improved algorithm are compared

Initialization, radio anchor node broadcast packet

)

Received the packet

Yes

Compare and save the minimum hop
to the anchor node

‘ Calculate average distance per hop of anchor

nodes

Calculate distance Between unknown node and
anchor node

calculate the coordinates of unknown nodes by using
shuffled frog leaping algorithm

Figure 1. Flow of SFLADV-Hop algorithm

under different proportion of anchor node, different
number of nodes and communication radius.

Assuming that nodes are randomly distributed in a
square area of 100 m * 100 m, randomly selected beacon
nodes, all nodes have same radius (R = 10m). Using the
positioning error as the evaluation indexes of the
experiments in this paper, assuming that the real
coordinate and estimate coordinates of the unknown
node, respectively, is(X, V;),(Xe, Vo). Communication
radius is R and positioning error is defined as [15]:

err=J(x, - x,)> + (v, -3.)* /R o

Analyze key factors that influence the SFLA
algorithm. The tendency of average positioning error with
different frog population number is given, which is
shown in Figure 2.

In the initial stage of the simulation, the greater of the
number of the Population, the smaller of average
positioning error. But at later of simulation, the greater of
the number of the Population is, the smaller of average
positioning error is. This is because that frog individual
performance is generally low at the initial stage, at this
time, the greater the number of Population means
individual ~within Population smaller, individual
performance update speed will be faster; while at the later
of simulation stage, with the overall performance
improve, at this time, the smaller the number of
population, it can effectively expand the individual
optimization goal, to avoid falling into local optimal.
According to the simulation results, the number of frog
individuals is initialized as 100; a total of 15 Population,
the largest number of iterations is 200. In order to
eliminate instability of errors caused by node random
distribution, in the same network environment, do
respectively simulation experiment 100 times and take
the average value.
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Figure 2. Average positioning error of different number of frog
population

B. Analyze simulation results

(1)Comparison of location result with different number
of anchor nodes

To get high precision of positioning, the number of
anchor nodes needs enough, but because of the cost
factor, the number of anchor nodes is limited in general.
In cases that the total number of nodes is 200, the anchor
node number increases from 5 to 40, compare the
performance of SFLADV-Hop algorithm and DV-Hop
algorithm, the simulation result is shown in Figure 3.

0.65 T T T
—&— DV-Hop Algorithm
06l —%— SFLADV-Hop Algorithm | |

Positioning error

0351 s .

Number of anchor nodes

Figure 3. Comparison of positioning error with different anchor nodes

As can be seen from Figure 3, the positioning error of
the two algorithms are increased with the number of
anchor nodes decreases gradually, but in DV-Hop
algorithm, the error is larger as when calculating the
coordinate of unknown nodes, the position is no further
optimized. While the shuffled frog leaping algorithm is
used to estimate coordinates of the unknown nodes in
SFLADV-Hop algorithm, so that the position error is
lower, closer to the actual position, so the performance of
SFLADV-Hop algorithm is significantly better than the
traditional DV-Hop algorithm, under the same conditions,

20

compare to the DV-Hop algorithm, the positioning errors
of SFLADV-Hop algorithm averagely reduce 11%~16%.
(2) Comparison of location result with different

number of nodes
Keep the anchor node proportion is 10% unchanged,
change the total number of nodes in the network and
compare performance of the EPRDV-Hop algorithm and
DV-Hop algorithm. The simulation result is shown in

Figure 4.
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Figure 4. Comparison of positioning error with different number of
nodes

As can be seen from Figure 4, the positioning error of
the two algorithms decrease gradually as the number of
nodes increases, and when the number of nodes is small,
SFLADV-Hop algorithm can achieve higher positioning
precision, the positioning performance is obviously better
than the DV-Hop algorithm, under the same conditions,
compare to the DV-Hop algorithm, the positioning errors
of SFLADV-Hop algorithm averagely reduce
13%~18.5%.

(3) Comparison of location result with different
communication radius

Under the condition that keep the number of nodes is
200, the anchor node proportion is 10%, change the
communication radius of nodes. Compare the position
performance of two algorithms, the simulation result is
shown in Figure 5.
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Figure 5. Comparison of positioning error with different

communication radius
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As can be seen from Figure 5, with communication
radius increasing, communication opportunity between
the nodes increase, the positioning error of the two
algorithms are gradually reduced. But the positioning
error of SFLADV-Hop algorithm is lower than that of

DV-Hop algorithm, averagely reduces 11%~14%.

V. CONCLUSION

Through the analysis of positioning errors caused by
the third stage of positioning in DV-Hop algorithm,
aiming at the problem that there is much big error in
estimating the position of the unknown node by using the
maximum likelihood estimation method, an improved
algorithm based on shuffled frog leaping algorithm,
namely SFLADV-Hop algorithm, is proposed. Shuffled
frog leaping algorithm is taken of the maximum
likelihood estimation method to estimate the unknown
node coordinate in the SFLADV-Hop algorithm. Shuffled
frog leaping algorithm with its optimization search
ability, makes error between the estimated coordinate and
true coordinate of unknown node the minimum, thereby
significantly improve the performance of positioning
algorithm. Without additional hardware equipment, the
SFLADV-Hop algorithm still has the advantage of low
cost.
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