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Abstract– The instructions give the basic guidelines for 

Wireless Local Area Networks (WLAN) can be constituted 

for localizing wireless-enabled clients where GPS and 

GLONASS are unattainable due to multipath and signal 

blocking. Advances in unmanned surface vehicles (USVs) 

missions require a reliable navigation system to be 

controlled autonomously.  A wireless sensors network 

becomes a necessary local positioning service (LBS) in a 

cooperative USVs. Many techniques are used to estimate 

client position in a wireless network. They are based on the 

characteristics of the received wireless signals: power, time 

or angle of arrival. In this paper a survey of positioning 

techniques and location based services in wireless networks 

is discussed. A practical application method of localization 

with use of WiFi of access points is applied in real time. A 

number of algorithms and techniques based upon different 

characteristics and properties of sensor nodes have already 

been proposed for this purpose. Results of system operation 

are considered with different arrangements of access points 

in a given space. 

Keywords— Wireless Local Area Networks, GPS, 

WiFi networks, unmanned surface vehicles, local 

positioning service. 

 

I. INTRODUCTION 

Hasty advance in the field of wireless data 

communication has establish a significant applications 

to embedded radio frequency (RF) transceivers to 

afford location based services (LBS) to users, in 

addition to their main function of communication. Due 

to drawbacks in using  Global Navigation Satellite 

Systems (GNSS) or having to manually setting sensor 

positions, extracting the positi on information by means 

of the network itself has been extensively studied in 

the literature. In this approach, it is commonly 

assumed that there are a few sensor nodes with known 

positions, called reference nodes, and some type of 

measurements are taken between different nodes. 

 

Certain applications of wireless sensor networks 

require that the sensor nodes should be aware of their 

position relative to the sensor network. For it to be 

significant and to be of value, the data such as 

temperature, humidity and pressure gathered by sensor 

nodes must be ascribed to the relative position from 

where it was collected. For this to happen, the sensor 

nodes must be aware of their positions. The literature 

has come to term this problem of location or position 

estimation of sensor nodes simply as localization. The 

term localization has earlier been used in robotics 

where it is used to refer to determination of location of 

a mobile robot in some coordinate system. Under 

certain circumstances, the nodes should not only by 

aware of their position but also the direction or 

orientation relative to the network. 

 

Currently WiFi networks are so pervasive that can 

without difficulty build a network consisting of a large 

number of devices. At present almost any corporate 

client has WiFi coverage, therefore the infrastructure 

of this wireless network can be used for performing a 

number of tasks, in particular, for local positioning in 

the organization. Accuracy of such systems will 

depend on density of points of access tied to specific 

points in the plan of buildings, constructions and 

territories [1]. 

Positioning of client objects in WiFi networks can 

be mainly used for automation of location placement 

and data collecting  for methodical analysis. A client-

server  Wi-Fi communication (ad hoc network) is built 

between ESP8266 NodeMCU boards for positioning 

and automation. For simulating the control of USV an 

H-Bridge circuit is configured based on digitally 

controlled four solid state relay circuit to control the 

direction and the speed of DC motors.  Microcontroller 

sending it the appropriate control signals with the 

PWM. 

 

The paper is organized where, in section-II review 

the classification of localization algorithm.  Section-

III,  gives the details of distance estimation. While in 

section-IV, explore the details of positioning in 

wireless networks. 

Section-V simulation and experimental work.  Work 

conclusion in this work is given  in Section VI. 

  

453

mailto:thamy.abdo@yahoo.com


 

5
th

 IUGRC International Undergraduate Research Conference, 

Military Technical College, Cairo, Egypt, Aug 9
th

 – Aug 12
st
, 2021. 

 

II. CLASSIFICATION OF LOCALIZATION ALGORITHMS 

Majority of the existing localization algorithms 

may be classified as ranged-based or range-free 

contingent upon whether the algorithm uses distance 

estimation or fusion of other data for estimating the 

node locations. Range-based algorithms usually use 

sensor field geometry information to determine node 

locations. Communication between sever (beacon) 

nodes and client (dumb) nodes are used to determine 

their relative placement or the angles of a triangle 

formed by the beacons nodes lead to determine node 

location. The term lateration is used when distance is 

used to determine node location. The term angulation 

is used when angle information, to determine node 

location. For node localization in a plane, precise 

distance measurements from at least three beacon 

nodes are required and we use trilateration for position 

estimation of a node. Intersection of three circles 

around the three beacon nodes gives a single point as 

position of the node as is shown in Fig. 1.  

The same technique can be extended to three-

dimensional space by the addition of a fourth beacon 

node. However, in actual practice, distance 

measurements are seldom precise and intersection of 

three circles may result in more than one point. The 

scheme may be improved by employing more than 

three beacon nodes for a plane and we then use 

multilateration to calculate the node position.  

 
Fig. 1. Trilateration – Intersection of three circles 

around three beacon nodes gives position of the client 

node. 

 Moreover there is what is called range-free 

localization algorithms where a node determines its 

position merely by finding the beacon nodes in its 

proximity and for this reason, range-free algorithms 

are also termed as proximity-based or connectivity-

based algorithms. Such algorithms usually provide 

coarse-grained localization. However, with sufficient 

number of beacon nodes with overlapping 

transmission regions, a more accurate localization is 

possible. Range-free algorithms are robust against the 

fluctuations of the wireless channel as the decision 

whether a node is in proximity of another node is 

based upon connectivity information sampled over a 

long period of time. Hence, short and temporary 

variations in the wireless channel do not affect the 

accuracy of location estimation. A range-free 

algorithm calculates the position without having to 

find the distance between the sensor nodes. A range-

based localization algorithm is more accurate but has 

major computational cost and usually additional 

hardware and hence increased energy requirements. 

On the other hand, a range-free algorithm is less 

accurate but does not require additional hardware and 

has smaller computational overhead. 

 

III. DISTANCE ESTIMATION  

Distance estimation between two nodes is an 

important function performed by range-based 

algorithms. A range-based algorithm estimates the 

position of a sensor node by using the distance 

information between the nodes which, in turn, is 

calculated using some physical measured quantity.  

The distances between client nodes and the 

beacon nodes are usually determined by adding some 

additional hardware to the nodes or by using the 

existing radio communication facility on the sensor 

nodes. Certain characteristics of wireless 

communication between client and beacon nodes are 

determined by the distance between them. If these 

characteristics are quantified and measured at the 

receiving sensor node, these can be used to estimate 

the distance between the nodes. The characteristics 

generally used for this purpose are [6-9]:  

 Received Signal Strength Indicator (RSSI)  

 Time of Arrival (ToA)  

 Time Difference of Arrival (TDoA)  

 Angle of Arrival (AoA)  

 

A. Received Signal Strength Indicator (RSSI)  

The strength of the received signal can be used to 

estimate the distance between the transmitter and 

receiver. The distance can be calculated using the 

following information 

 

• Transmitted power of the signal  

• Received power of the signal  

• Path loss model  
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Using these three parameters, power of the received 

signal P
ij

R transmitted by node i and received at node j 

at time t can be expressed as:  

 

P
ij

R(t) = P
i
T - 10ηlog(dij) + Xij(t)        (1) 

In this equation:  

P
ij

R(t) is power of the received signal at receiver node j 

transmitted by node i at time t.  

P
i
T is transmitted power of signal transmitted by node 

i.  

η is attenuation constant, value of which depends upon 

the surroundings of the receiver node j.  

dij is distance between transmitter node i and receiver 

node j.  

Xij(t) is uncertainty factor or channel model whose 

value depends upon multipath fading and shadowing.  

Equation above can be solved for distance dij between 

beacon node i and receiver node j as all other 

parameters are known.  

The fundamental assumption in a localization 

scheme based upon RSSI is that the signal suffers from 

the same amount of attenuation for the same distance 

travelled. However, in actual practice, this is not 

always the case due to factors such as multipath 

fading, fast fading and shadowing. Savarese, Rabaey 

& Langendoen [2] have reported that ranging errors of 

the order of ±50% are  possible even when both the 

transmitter and receiver nodes are stationary. This 

problem can be remedied, to some extent, by taking 

more measurements. In addition, statistical techniques 

may be employed to filter out incorrect values as 

suggested by Ward, Jones & Hopper [3].  

 

If there are obstacles between the beacon node and 

client node such that line of sight communication 

between them is not possible, the later receives signal 

transmitted by the beacon node after reflection from 

the surroundings. As a result, the signal suffers far 

greater attenuation than the case of line of sight 

communication between the two nodes, and as a 

consequence, the RSSI value is not a true indicator of 

the distance vector between the two nodes and yields a 

distance estimate which is much greater than the actual 

distance [4,5]. The resultant error cannot be corrected 

by increasing the number of measurements since the 

additional measurements are still based upon RSSI 

values of signals which are received after reflection 

from the surroundings.   

 

B. Time of Arrival  

This technique of distance estimation uses the 

following relationship that relates the distance 

travelled by a signal to the time taken provided that the 

speed of propagation is known.  

d = v × t                                          (2) 

where d is distance, v is speed of the signal and t is 

time taken by the signal to travel the distance d. 

Therefore, if the time taken by a signal to propagate 

from the beacon node to the client node, which is 

called time of arrival or time of flight is measured and 

speed of propagation of the signal is known, the 

distance and hence position of the client node can be 

calculated.  

There are two variations of the time of arrival 

technique: 

 

• One-way time of arrival  

• Two-way time of arrival  

 

Furthermore, either of the above techniques may use 

an RF signal or an ultrasonic pulse for distance 

estimation.  

A. One-way time of arrival  
In one-way time of arrival technique, the 

propagation time of one-way trip of the signal from the 

beacon node i to client node j is measured. This is 

given by the difference between the sending time ti at 

beacon transmitting node and receiving time tj at the 

receiving client node. The distance dij between the two 

nodes i and j is then given by:  

 

dij = v × (tj – ti)        (3) 

 

With this approach, the receiver node calculates its 

position in a secure manner without disclosing its 

location information to the transmitting node, and 

hence is also termed as passive time of arrival 

localization. Obviously, transmitting node is usually a 

beacon node and the receiving node is the client node. 

As stated earlier, an RF signal or ultrasonic pulse can 

be used for distance estimation using this technique.  

It is to be noted that for the one-way time of arrival 

technique to work the receiver must know the time of 

transmission of the signal. In the case of an RF signal, 

the transmitting node can embed this information in 

the beacon signal that it sends to the receiver. 

However, RF signals travel at a very high speed, which 

is almost equal to the speed of light i.e. 3 × 10
8
 m/s. 

Their use for distance estimation using time of flight 

requires extremely accurate and stable clocks. The 

requirement of highly stable and accurate clocks and 

precise timing measurement means addition of 

complex and costly hardware to the sensor node and 

necessitates usage of time synchronization algorithm 
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along with localization algorithm so as to increase size 

and processing need and thereby energy consumption.  

 

B. Two-way time of arrival  
In the two-way approach, the receiver node sends 

the signal back to the transmitter node which measures 

the round-trip time for distance estimation between 

transmitter and receiver. Suppose sensor node i 

transmits signal at its local time ti1. It reaches sensor 

node j at its local time tj1. After some delay, the sensor 

node j sends the signal back at its local time tj2. The 

signal is received back at node i at its local time ti2. 

This is illustrated in Fig. 2.  

Total round-trip time including delay = ti2 – ti1  

Delay suffered at j = tj2 – tj1  

Actual roundtrip time = (ti2 – ti1) – (tj2 – tj1)  

One-way time of flight = ((𝑡𝑖2 – 𝑡𝑖1) – (𝑡𝑗2 – 𝑡𝑗1))/2  

 

 
Fig. 2 Signal propagation times in two-way time of 

arrival distance estimation technique.  

Hence, the distance d between the two nodes is given 

by:  

d = ((𝑡𝑖2 – 𝑡𝑖1) – (𝑡𝑗2 – 𝑡𝑗1))/2 × v                       (4) 

It should be noted that node i subtracts its local time ti2 

– ti1 to get the total roundtrip time. Similarly, node j 

subtracts its local time tj2 – tj1 to get the processing 

delay. As both nodes have to process only their 

respective local times, no time synchronization 

between the nodes is necessary. This saves extra 

hardware cost and energy required for time 

synchronization.  

With the two-way approach, the beacon node, which is 

the transmitting node, has to carry out processing for 

distance and position estimation. The result is then sent 

back to the client node. As there are a large number of 

client nodes per beacon node, a particular beacon node 

may have to process localization for many client 

nodes. This will increase processing overhead on the 

beacon nodes by manifold. Furthermore, 

communication overhead is also involved as the 

beacon node has to send the result back to the client 

node.  

With the one-way time of arrival approach, the beacon 

nodes do not have any processing overhead as 

localization processing is carried out by the client 

nodes. In this way, the processing task is uniformly 

distributed amongst all the client nodes, and beacon 

nodes are also free to send timely beacons to the client 

nodes.  

C. Time Difference of Arrival (TDoA)  
Time difference between the receiving of two 

signals at a node is easier to measure compared to time 

of arrival of a signal. This time difference information 

can then be used to estimate the distance between the 

two nodes. Advantage of using time difference instead 

of time of arrival is that errors in time difference 

measurement are tolerable and do not have a 

pronounced effect on the accuracy of estimation of 

distance between two nodes. As a result, the hardware 

required for time measurements is less complex and 

less costly and hence the method is also efficient in 

terms of energy consumption.  

The TDoA techniques can be classified into two main 

categories: Multi-node TDoA ,Multi-signal TDoA  

 

D.  Multi-node TDoA  
At least three beacon nodes B1, B2 and B3 transmit 

signals at exactly the same time. Time differences 

amongst the arrival of these three signals at the 

receiving client node D are measured. The difference 

from a pair of beacon nodes, say B1 and B2, defines a 

branch of hyperbola on which the client node D is 

located. Similarly, difference from the pair of beacon 

nodes B2 and B3 will again give branch of a second 

hyperbola. The receiving client node should lie on this 

second hyperbola as well. The point of intersection of 

the two hyperbolas gives the location of the client node 

D.  

It should be noted that the nodes should be time 

synchronized with stable clocks for them to be able to 

transmit the beacon signals at exactly the same time. 

This type of TDoA is quite old and was used in the 

classical long range navigation systems such as 

LORAN. 

 

E.  Multi-signal TDoA  
In the time of arrival (ToA) technique using RF 

signals, sophisticated hardware is needed for precise 

measurements of time and the nodes should also be 

time synchronized. One way to alleviate this problem 

is the use of an ultrasonic signal along with an RF 

signal. The beacon transmitting node i transmits the 

two signals simultaneously or after some fixed time 

interval ti2 – ti1 as shown in Fig. 3. 

Due to a large difference in their propagation speeds, 

the RF signal is received first by the receiving client 

node j, which records the arrival time tj1 of the RF 

signal. As the speed of ultrasonic signal is very small 

456



 

5
th

 IUGRC International Undergraduate Research Conference, 

Military Technical College, Cairo, Egypt, Aug 9
th

 – Aug 12
st
, 2021. 

 

compared to the speed of RF signal, this time of arrival 

of RF signal is treated as the time of transmission of 

the ultrasonic signal. After receiving RF signal, the 

receiving client node prepares itself to receive the 

ultrasonic signal. Time of arrival tj2 of ultrasonic signal 

is also recorded. If speed of the ultrasonic signal is u, 

an estimation of the distance d between the beacon 

transmitting node and the receiving client node is 

given by:  

d ≈ (tj2 – tj1) × u                                              (5) 

 

 
Fig. 3. Signal propagation times in multi-signal TDoA 

distance estimation technique.  

 

It should be noted that sender and receiver clocks need 

not be synchronized because the RF signal provides 

for an indirect synchronization mechanism between 

the transmitting and receiving nodes. Disadvantage of 

this scheme is that the nodes must be equipped with 

separate pieces of hardware for transmission, reception 

and processing two different kinds of signals. For the 

ultrasonic signals, the nodes must be equipped with 

microphones and speakers. This results in increased 

cost, size and energy consumption in the sensor nodes. 

Instead of RF and ultrasonic signals, any two signals 

with large difference in their speeds can be used for 

multi-signal. 

Position estimation using multi-signal TDoA is quite 

accurate compared to other ranging techniques in the 

order of a few centimeters. However, this is only 

possible under line of sight conditions. Under non line 

of sight conditions, both RF and ultrasonic signals 

suffer from propagation delays, and position 

estimation using multi-signal TDoA is error prone. In 

particular, ultrasonic waves may suffer from 

attenuation due to scattering and diffraction resulting 

from the obstacles and atmospheric effects such as 

temperature, pressure, humidity and turbulence. 

  

F. Angle of Arrival  
The direction of arrival of a signal at the client 

node can also be used to estimate its position. The 

direction of a received signal can be determined by 

measuring the angle it makes with some reference 

direction or orientation. Alternatively, the angle 

between the client node and the beacon node may be 

measured. For the localization of a client node using 

this technique, angles of arrival from a minimum of 

three beacon nodes are measured. Position information 

of three or more beacon nodes along with the three 

angles of arrival can be used to estimate the location of 

the client node.  

The angle of arrival can be measured using directional 

antennas, a special configuration of antenna arrays or a 

combination of both. When using directional antennas, 

these can be mounted on the beacon nodes. To serve 

multiple client nodes, a directional antenna mounted 

on a beacon node rotates about its axis thereby 

transmitting beacon signals in all directions. A client 

node may use a similar directional antenna 

configuration to receive the beacon signals. 

Alternatively, client nodes can also use special 

configuration of antenna arrays to receive and measure 

the angle of arrival of a beacon signal. When an 

antenna array is used, antennas in the array are placed 

at known separation. The difference of time of arrival 

of the wave front at different antennas is used to 

estimate the direction from which the signal arrived.  

Practical use of this technique is limited due to the 

complexities of deployment of special antennas. For 

example, mounting rotating directional antennas on 

tiny nodes is problematic and the rotating components 

are more prone to failure. Similarly, if an antenna array 

configuration is used, antennas in the array must be 

placed specific distance apart which is again a difficult 

proposition considering the tiny sizes of sensor nodes. 

Moreover, a greater accuracy of angle measurement is 

achieved only when separation distance between 

antennas in the array is small. However, with smaller 

separation distance, more sophisticated and precise 

hardware is needed for time difference measurements. 

Furthermore, shadowing, multipath fading and non 

line of sight conditions introduce a large amount of 

error in the estimated position which is more than 

same kind of errors in other similar techniques e.g. 

RSSI, ToA and TDoA. Due to these reasons, angle of 

arrival is considered less of a choice for localization in 

sensor networks.  

After distances have been estimated by using one 

of the techniques discussed above, multilateration is 

employed to estimate the position of a client node. 

Obviously these techniques form the basis of range-

based localization algorithms. Range-free algorithms 

do not use measurements to estimate distances and for 

localization. Instead, range-free algorithms analyze the 

connectivity information of neighbor nodes to deduce 

position information. 
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Apart from range-based and range-free methods, still 

another possible technique of localization is signal 

pattern matching. A database of unique signal 

signatures for all possible locations is created by using 

some property of radio signals. A client node localizes 

itself by comparing the pattern of received signals with 

the stored signal signatures. For example, a fixed 

number of beacon nodes may be deployed in the 

sensor field and RSSI values at each possible location 

may be calculated and stored in a database so as to 

serve as location signatures. This database can then 

later be used for localization after actual sensor nodes 

are deployed in the sensor field. It should be noted that 

other signal characteristics instead of RSSI values, 

such as multipath pattern of a signal arriving at a given 

location can also be used to create unique signatures 

for each location. Similarly, multiple signal 

characteristics may be combined to develop the 

signature database. This information can then be used 

to locate the position of a node. However, due to its 

very nature, this technique is not suitable for networks 

which are ad hoc and may have a dynamically 

changing topology, which is the case with sensor 

networks. 

 

IV. POSITIONING IN WIRELESS WIFI NETWORKS 

Positioning in wireless networks can be carried out in 

several ways: 

1. The method of recognition of a template 

demanding a preliminary research of the 

network and control of the system. 

2. The method of using the coordinates of the 

nearest access point which allows detecting 

the presence of the client. 

3. The triangulation method involving 

determination of force of a WiFi signal and 

calculation of a possible arrangement 

concerning each visible point of access. 

An angulation or positioning with definition of the 

angle of the incoming signal. 

The method of a triangulation is rather simple and 

effective, and it doesn't demand high costs to apply it 

as well, therefore it is used in this system. The system 

consists of several points of access, a WiFi-tag and a 

device for information collection and data 

management as shown in  Fig. 4. The system operates 

as follows: the device (tag) searches for the given 

points of access and measures the power of the 

accepted signal, then sends data to the device where 

the location is calculated with some accuracy in the set 

system of coordinates [9,10]. 

Data on the control unit are transmitted "by air" 

through WiFi technology and can be easily intercepted. 

For their closing the known encryption methods in 

WiFi  of network can  be  used (if it is necessary). 

 

 

 
Fig. 4. The principle of operation of the local 

positioning in WiFi network. 

The coordinates were calculated by means of the 

algorithm Weighted centroid (the center of masses) 

which computes the agent's coordinate as a linear 

combination of coordinates of points of access taking 

into account the power of signals as the characteristic 

of weight [9,10]. The way this method calculates the 

AP position determines the situations in which the 

method provides good location estimations: If there are 

measurements taken around the real AP position or the 

measurements are close to the AP [10,11]. 

To calculate the location the following formulae are 

used: 

 

{
    ∑     

 
   

    ∑      
 
   

     (6) 

 

   (  ∑
 

  
 

 
   )      (7) 

 

where Xo and Yo– required coordinates, Xi and Yi – 

coordinates of i-th point of access, Pi – the power of a 

signal of i-th point of access, Pj – the power of a signal 

of j-th point of access, μi-characteristic of weight, N – 

quantity of points. 

The characteristic of weight of a signal μi from i-that 

access point is calculated by equation (7). After each 

scanning it is necessary to calculate the characteristic 

of weight on equation (7). After that tag coordinate on 

equation (6) is calculated. As a tag using the SP8266 

Node MCU WiFi (see Fig. 5). 
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Fig. 5. ESP8266 NodeMCU. 

In that this microcontroller has GPIO interface, 

connection to them of different sensors make the 

device is possible. Such sensors can serve for 

determination of falling, violation  of integrity of an 

object, and also to collect object other information. 

Data transfer is carried out on the WiFi network. 

The board is programmed so that at first to scan WiFi 

of a network, and then to transfer them to the server. 

After successful transmission the device starts over 

again scanning. The broadcast a WiFi-signal at a 

frequency of 2.4 GHz. 

 

V. SIMULATION AND EXPERIMENTAL WORK 

In this part of work we develop the different 

configurations of ESP8266 as client-server and  

switching control of the H-Bridge circuit. The 

algorithm based on TDoA as distance measure is 

developed. 

 

A. ESP8266 CLIENT-SERVER WI-FI COMMUNICATION 

BETWEEN TWO BOARDS (NODEMCU) 

A Wi-Fi communication (HTTP) between two 

ESP8266 NodeMCU boards is configured to exchange 

data without the need to connect to the internet (no 

need to a router). The ESP8266WebServer library 

allows you run an ESP8266 as a basic webserver and 

access point. ESP8266 is set as an Access 

Point (Server) and another ESP8266 as a Station 

(Client), see Fig. 6. Then, the server and the client will 

exchange data (sensor readings) via HTTP requests, 

then program the ESP8266 boards using Arduino IDE. 

 

 

 
Fig. 6 ESP8266 Client-Server Wi-Fi Communication 

Between Two Boards 

 

The Arduino program to configure ESP8266 as server 

and client are given in Fig. 7 and Fig. 8 respectively. 

 

 
Fig. 7 Sever configuration program 

 

459



 

5
th

 IUGRC International Undergraduate Research Conference, 

Military Technical College, Cairo, Egypt, Aug 9
th

 – Aug 12
st
, 2021. 

 

 
Fig. 8 Client configuration program 

 

 
B. Controlling a DC Motor using an H-

Bridge 
An H-Bridge is made up of four solid state relay 

switches: two in series, and two in parallel, with the 

load placed in between the switches. In this 

configuration the circuit takes an “H” shape see Fig. 9. 

An example of the digital switching waveform as 

PWM to control the motor speed is shown in Fig. 10. 

The wiring connection of ESP8266 with  four channel 

SSR is given in Fig. 11, where the control pins are D0 , 

D1, D2 and D3. 

 

 
Fig. 9 H-circuit different switching configuration 

 

 
Fig. 10 Digital switching wave form 

 

 
Fig. 11 Wring Connection of four channel SSR circuit 

with ESP8266 

C. Algorithm of Time Difference of Arrival 

(TDoA) Using LabVIEW 
The TDOA method is based on the evaluation of time 

difference measurements. All the implemented severs 

are in charge of assigning a timestamp to every 

received sample from the target. The differences 

between the time of arrival of the samples at each 

station are evaluated without any information on the 

effective sample transmission time. The system 

involving all the time difference measurements. The 

majority of these methods are iterative 

algorithms. A direct method based on a linear least 

squares (LLS) problem can be deduced from 

the signal propagation time equations. This method is 

implemented using LabVIEW to provide a 

conservative estimation of the network accuracy. The 

acquired measurements, the difference of reception 

times between a pair of stations, can be directly related 

to the distance of each station from the target 
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(8) 

where di is the distance of the i-th station from the 

target, Dt1i is the measured time difference between 

the arrival at the first (reference) station and the i-th 

station, c is the speed of light, [xT, yT, zT] are the 

coordinates of the target and [xi, yi, zi] are the 

coordinates of the i-th station. 

                                                                    (9) 

by renaming the matrices and vectors composing the 

LLS estimation of the TDOA position as in (9), the 

estimation of the target position is then found through 

the following: 

                  ̂                                          (10) 

where  ̂ is the estimated position through the TDOA 

method. 

 

 
Fig. 12 LabView Program of TDoA implementation 

 

VI. CONCLUSION 

A complete survey of  wireless sensors of distance 

estimation between sensors nodes is introduced. The 

configuration of A Wi-Fi communication (HTTP) 

between two ESP8266 NodeMCU boards is 

configured to exchange data without the need to 

connect to the internet.  In position control of USV is 

simply represented via switching control of H-Bridge 

circuit. Finally a simulated algorithm based on TDoA 

using LabVIEW is implemented. Accuracy of 

calculation depends on the quantity of points of access 

simultaneously available to the target. 
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