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Abstract 

For the application of wireless sensor networks, the perceptive information without 

location information is meaningless.  With the popularity of mobile devices, the mobile 

node localization problem is attracting more and more researches. This paper, we 

proposed a localization algorithm. The proposed algorithm minimizes the range of 

sampling node by using the node’s movement trajectory. This improves the efficiency of 

sampling and the positioning accuracy. Simulation results showed that our algorithm 

improves the positional accuracy. 

 

Keywords: Localization; WSN; MCL; Algorithm 

 

1. Introduction 
 

1.1. Background 

For the application of wireless sensor networks (WSN), the perceptive information 

without location information is meaningless. Generally, sensor node localization is one of 

factors that required in the applications, such as environment monitoring, medical health 

care, space search and rescue, intelligent transportation and smart home. 

Now, the mechanisms used for localization can be classified into two categories: radio-

location based distance estimation and logical distance estimation. The radio-location 

based localization include Time Difference of Arrival (TDOA), Angle of Arrival (AOA) 

and Received Signal Strength Indicator (RSSI). The logical distance localization schemes 

include Amorphous and Approximate Point-in-Triangulation test (APIT), Distance 

Vector-Hop (DV-Hop). These localization schemes are designed for static scenario of 

WSNs [1]. 

In the process of localization, nodes which are needed to be localized are known as 

unknown nodes or common nodes. Nodes which have known their locations are called 

anchor node or beacon nodes. 

The positioning error will increase when a node moves. Although you can use the 

methods of segmentation to cut time into many very small time interval, and assumed that 

nodes in these short time interval are relatively in static state. If the approximation wants 

to be a bit more precise, a shorter time interval required. 

However, the location information will be transmitted over a long distance over the   

network, if node does not move in a very short time interval, the location information may 

not be transmitted. Moreover, the location information may not be precise because of the 

node movement. Therefore, the mobility should be considered to improve the accuracy 

and efficiency in positioning of node in WSNs where the node has mobility. 
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It is useful to position the unknown node by studying the movement mode of anchor 

node in the network. MCL (Monte Carlo Localization) is a classical algorithm for position 

of unknown nodes when there are nodes moving in the network [10].  

The remainder of this paper is organized as follows. Section 2 presents the proposed 

localization algorithm for mobile wireless sensor networks. Then simulation results are 

showed in section 3. Conclusion is in Section 4. 

 

2. Proposed Scheme 
 

2.1. Related Works 

This work began with a thorough investigation of Monte Carlo Localization algorithm. 

On this basis, we proposed our scheme. 

When TOA scheme estimates the distance between node A and node B, the trip time of 

the signal (time t) that a message is transferred from/to node A and B is measured. The 

distance can be calculated using t multiplied by signal propagation speed. An accurate 

clock or synchronization is needed for trip time measurement [19]. 

In TDOA, two nodes B and C simultaneously send a signal to node A. Times of 

arrivals t1 and t2 of signals respectively from B and C are measured by A. The time 

difference of arrival td is calculated. The time difference td multiplied by signals 

propagation speed is mapped to the distance difference.  

The TDOA of a signal can be estimated by two methods: subtracting time of arrivals 

TOA measurements from two anchor nodes to produce a relative time difference of 

arrivals TDOA or through the use methods based on cross-correlation techniques, in 

which the received signal at the reference sensor is correlated with the received signal at 

another sensor [11-15]. 

In AOA scheme, two nodes B and C determine the direction from which a signal from 

node A is coming. An imaginary line is traced from B to A, and another imaginary line is 

traced from C to A.  

The angle of arrival is defined as the angle that each of these lines makes with a line 

directed toward a common reference. The intersection of these two lines unambiguously 

determines the position of A. Note, however, that if A, B, and C are all in a same line, 

another independent measurement is required to resolve the ambiguity. 

In RSS based scheme, since a signal loses its strength as a function of distance, the 

distance between a sender A and receiver B can be calculated by giving the power of a 

transmitter and a free-space path loss model.  

When three different signals are received, a receiver can determine its position in a way 

similar to the TOA technique. The accuracy of RSS-based scheme is generally not good 

due to the variation in signal strength caused by multipath fading and shadowing 

The Distance Vector-hop (DV-hop) algorithm uses triangulation to localize nodes. It is 

assumed that there is a subset of anchor nodes among all the nodes. The position of 

unknown nodes is determined using the relative distance of anchor nodes [19].  

In DV-hop, each anchor node advertises its position. The advertisement message is 

repeated from node to node. A hop count field in the advertisement message is used to 

control the message flooding by incremented one. Each anchor node collects the position 

information in advertisement messages from other anchor nodes, and constructs a vector 

contains the coordinates of anchor nodes. 

MCLAS (Monte Carlo Localization based Anchor Node Select Model) brings neighbor 

nodes into reference nodes in course of sample, and select the nearest nodes which 

distribute symmetrically to construct sample box. In order to avoid the excessive use of 

bad sample, the sample's weight is weighted by angle of sample and moving direction of 

node which is forecasted by motion model [2]. 
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MCB (Monte Carlo Localization Boxed) algorithm reduces the estimation error in 

location by limiting the sample box range. However, the configuration of the node 

ranging increases the cost of the hardware module [3].  

SDANMCB (Sparse Distributed Anchor Node Monte-Carlo boxed) localization 

algorithm transfers node with high positioning precision to virtual anchor node to assist 

other nodes for localization; It adjusts sample numbers for positioning with area of 

sampling box and amounts of neighbour anchor node. It also adjusts weight of samples 

with posterior distribution of sample after filtering [22]. 

MMCL (Multi-hop-based Monte Carlo Localization) combines MCL and DV-Hop 

(Distance Vector-Hop) algorithms [4] and improve the precise of positioning without the 

information of the communication radius of nodes when node density is relatively low 

[5]. 

MSL (Mobile and Static Sensor Network Localization) not only takes the location from 

seeds into account but also uses the location from one-hop and two-hop non-seed 

neighbors [6].  

Self-adjusting MCL localization (SA_MCL) scheme considers the characteristics of 

mobile sensor node. It uses interpolation simulation method to process historical location 

information of a node. The purpose is to get the velocity and direction of the node, 

thereby improving positioning accuracy. Simulation results show that SA_MCL algorithm 

improves positioning accuracy of a node significantly [21]. 

MA-MCL (Mobile-Assisted Monte Carlo Localization) relies on information of a 

single mobile-assisted seed that directly encountered [7]. To reduce the number of seeds, 

a number of mobile-assisted approaches have been proposed. Previous mobile-assisted 

approaches for localization require special hardware or face route selection problem. MA-

MCL relies on direct arriver and leaver information from a single mobile-assisted seed. It 

is hardware-free due to its range-free technique.  

SMCL (Sequential Monte Carlo Localization) need not to form the network topologies 

beforehand by taking a probabilistic approach [8]. It considers the networks with sparse 

anchor nodes and irregular radio propagation. Unlike previously methods, SMCL takes 

the probabilistic approach. Because both anchors and unknown nodes can move, this 

character is suitable for the mobile sensor networks.  

Above mentioned algorithms retain the filtering conditions, so the network has higher 

sensitivity to the number of anchor nodes, the time and space complexity of the algorithm 

are high, and the position accuracy is not ideal [9]. 

 

2.2. Literature Review of MCL Scheme 

The algorithm contains two stages: prediction and filtration. At the prediction stage, the 

unknown node predicts its estimated location using reserved and the mobile information 

of the landmark. Assume that the velocity ranges of the node to be positioned is between 

0 and Vmax. The initial position is at the o point at time t0, then, the node’s location will 

be within the circle with radius of a Vmax, as shown in Figure  1 

 

 

Figure 1. Constraints in Sampling Area 
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At the filtration stage, the unknown node removes the inconsistent information from the 

estimated location. When the landmark density is low and the network communication 

condition is extremely irregular, MCL still can provide accurate localization. In the 

filtering stage, unknown node communicates and exchanges data with neighboring anchor 

node to find all anchor nodes that falls in the distance between 1-hop and 2-hop. 

Filter the samples according the filtering condition. Filter out some samples, repeat the 

above steps until there are enough samples, and give the same weight to each sample 

location.  Then it estimates the unknown node location according to the sample 

coordinates and the weights of each sample. 

MCL does not require pre-measured location data. It can detect the position 

information of current neighboring node at some point. However, the sampling area will 

become larger with increasing of speed, this leads to the reduction in accuracy of 

positioning. 

 

 

Figure 2. Sampling Area 

Assumed that black square is the location where one-hop anchor node located. Black 

points are the unknown nodes that need to be positioning. Dashed black circle is the 

communication range, as shown in Figure 2. If the unknown node cannot acquire its 

estimated location, the prediction and filtration stage need to be implemented continually. 

In addition, once the filtration of the sampling fails, MCL may have to repeat above stage 

again and again, this leads to an infinite loop [18].  

Infinite loop may lead to excessive traffic due to the exchange. A protocol should 

reveal very little resource in order to be widely accepted and deployed, and require low 

computation ability and a small amount of memory space [17]. 

MCL algorithm utilizes the characteristics of mobile-assisted positioning to increase 

localization accuracy. It is a new way to solve the mobile node localization problem in 

wireless sensor networks. However, when the node’s velocity is increasing, the area of 

sampling is also increasing. This leads to the node’s location calculation error increasing 

and positioning accuracy decreasing. 

 

2.3. The Proposed RMCL Scheme 

The proposed algorithm contains prediction stage and filtration stage. At the prediction 

stage, the unknown node predicts its estimated location using its moving direction and 

information of the anchor nodes [22]. 

If the moving direction of node is known before the sampling, the range of sampling 

can be restricted within the moving area. In our scheme, we try to get rid of blindness and 

raise the level of movement awareness. The proposed RMCL (Range Monte Carlo 

Localization) scheme selects the sampling area by the movement model of nodes and 
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sample box. This reduces the calculation of the forecast and improves the efficiency and 

accuracy of positioning. 

 

Figure. 3. An Example of Sample Box 

This paper assumes that all nodes are in a two-dimensional space and the node 

movement is continuous without pause, so that the current location data can be used to 

forecast the trajectory of the node the next time to some extent. In practice, it is difficult 

to obtain the required and ideal parameter values based on the geographical location in 

MCL due to obstacles and other reasons. Since the node communication range is different 

with the change of the geographical position.  

When calculation the sampling scope of the location, in order to calculate in 

convenience and solve above problem, we use a sample box for practice [3]. That is, 

square outside the circle are usually used to replace the circle where the node will be 

passed. Sample box is used to eliminate the impact and smooth the area where the 

communication range is irregular circle when prediction area of two anchor are intersects 

each other, as shown in Figure  3. In another words, the sample box uniform sampling 

area for each unknown node location at the present moment and conduct the sampling as 

the sampling area. 

The location of sample nodes can be calculated by the (Xmin，Xmax) and (Ymin, Ymax) 

with equation 1: 
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At time t0 the node is on the coordinate origin, the node moved with speed Vmax that can 

be considered as the radius r, then node will within the direction of motion with 

angle  at the next time t1. 

(1) 

(2) 
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Figure 4. The Example of Movement Direction for Prediction 

The overlapped area between the movement direction and the sample box is the sample 

area for prediction. That is, to combine the location of the motion model of each unknown 

node and uniformed sampling area of sample box as the sampling area for prediction. A 

number of points are randomly selected from the area as the predictive value of the node, 

as shown in Figure  4. 

At the filtration stage, the filtering condition is:  

       r2,,sr,,s i

1

i

1   spdrBspdArpfilter tsts
n

i  
In the equation, As is the single hop anchor node coordinate; Bs is the double hop anchor 

node coordinates; r is the communication range of each node; rpi is the sample 

coordinates.  

It filters the samples in the combination of each unknown node and the observed range 

information of the neighboring anchor node. Filter out some samples, repeat the above 

steps until there are enough samples by enlarging the sampling angle  . According to 

the sample coordinates, it is able to estimate the unknown node location [9, 10]. 

 

3. Simulation Results 

The mobile model is Random Way-Point model. Sensor node is Mica2. Propagation 

model is Two-Ray Ground model. 

 

3.1. Simulation Configuration 

The simulations were done with the Two-Ray Ground propagation model, which is a 

radio propagation model that predicts path loss when the received signal consists of the 

line of sight component and multi path component formed predominately by a single 

ground reflected wave [16].  

The Random Way Point (RWP) model is used extensively in mobile networking 

research and is known to have various shortcomings [17]. It is one of the most popular 

mobility models to evaluate mobile routing protocols, because of its simplicity and wide 

availability.  

Our motivation for using RWP is to observe the performance of the algorithm using a 

well-known mobility model as well as to investigate the effects of heterogeneous mobility 

on the performance of the proposed algorithm. 

During the simulation, the max number of anchor nodes is 40 and the number of nodes 

is up to 500. 

Table 1 summarizes the simulation configuration. 

 

 

(3) 
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Table 1. Simulation Configuration 

Parameters Values 

Propagation 

mode 
Two-Ray Ground  

  Mobile mode Modified RWP 

Nodes Mica2 

Number of 

anchors 
up to 40 

Number of 

nodes 
up to 500 

 

3.2. Varying Number of Samples 

 

 

Figure 5. RMCL: The Location Error Versus Number of Samples 

It is often important to take a statistically correct number of samples representing the 

area localized. To test for a quantifiable sample value, determine the number of samples 

required by simulation.  

Figure 5 shows the performance with varying number of samples from 1-30. The 

location error decreases with the number of samples increasing. RMCL algorithm also 

simulates the posterior probability distribution by the discrete sampling.  

Therefore, the increase in the number of samples can improve the localization 

accuracy. With very small sampling, the error is relatively large. The localization error is 

relatively stable when the number of samples is over than 10 samples. 

 

3.3. Varying Number of Anchor Nodes 

The proposed scheme, assumes that there are a number of anchor nodes, at the 

beginning, know their location by configuration or GPS. To combine the location of the 

motion model of each unknown node and uniformed sampling area for prediction is a 

method delimiting that area where a node yet to be localized is likely to be logically 

contained.  

This may explain that increasing the number of anchor nodes is not necessary for 

improvement in the localization accuracy in our scheme.  
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When the number of anchor nodes is increasing from 20 to 40, our scheme performs 

better than MCL in localization error. The location error is relatively large with small 

anchors for both algorithms.  

The error is decreasing with the number of anchor nodes increasing initially. When the 

number of anchor nodes beyond a specific value, location error keeps relatively stable. 

MCL algorithm in this simulation is around 0.8, RMCL algorithm is around 0.5, as shown 

in the Figure 6. 

 

 

Figure 6. The Location Error Versus Number of Anchor Nodes 

3.4. Varying Number of Sensor Nodes 

The proposed scheme selects the sampling area by the movement model of nodes and 

sample box. As we mentioned above, since the moving direction of node is considered for 

sampling, the range of sampling can be restricted within the moving area.  

By combining the movement direction of each unknown node and uniformed sampling 

area for prediction, the area of a node to be localized is decreased. Moreover, the 

decreasing in number of nodes for localization required less computing power.  

Furthermore, the position information of anchor nodes for localization is more 

accurately. This can explain that increasing the number of anchor nodes is not necessary 

for improvement in the localization accuracy in our scheme.  

The proposed scheme performs better than MCL in localization error as the number of 

anchor nodes increasing from 300 to 500. The location error is relatively stable and the 

variation is not obviously, as shown in Figure 7., when the number of sensor nodes 

beyond a threshold value.  
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Figure 7. The Location Error Versus Number of Sensors 

4. Conclusion 

For the application of wireless sensor networks, the perceptive information without 

location information is meaningless.  With the popularity of mobile devices, the mobile 

node localization problem is attracting more and more researches. This paper presented a 

Monte Carlo localization algorithm based scheme.  

The proposed scheme reduces the sampling area by utilizing the unknown node 

mobility trajectory. This improves the efficiency of sampling and the positioning 

accuracy. Simulation results showed that our algorithm improves the positional accuracy.  

We found that the localization error is relatively large and relatively stable when the 

number of samples is over samples threshold. Increasing the number of samples increases 

the localization accuracy.  

Increasing the number of anchor nodes is not necessary for improvement in the 

localization accuracy. The location error is relatively stable and the variation is not 

obviously, when the number of anchor nodes beyond a threshold value.  

The simulation results show that proposed algorithm improves the accuracy of 

positioning than related work. 
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