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Abstract 

This paper studies the problem of ultra-wideband (UWB) precise localization under 
signal interference. Complete data capture and grouping through C#, and complete data 
cleaning in MATLAB. Based on the distance from the Tag to the anchor point, the same 
data were traversed and eliminated; the Laida's rule was used to deal with the outliers; 
the error data was eliminated based on the check value, and the characteristics of the 
data distribution were analyzed. Based on the processed data, a TDOA model is 
established, and the Chan algorithm is used to solve it. The core idea is to establish a 
nonlinear equation system based on the collected data and anchor position information, 
and then convert it into a linear equation system, and use the spatial coordinate formula 
and the least square method to find An initial value of the Tag position is obtained, and 
then the relationship between the intermediate variable and the unknown variable in 
the process is solved according to the Chan algorithm, and finally the improved value of 
the Tag position is obtained by the least square method to complete the target 
positioning. 
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1. Introduction 

UWB (Ultra-Wideband) technology is also called "ultra-wideband". There are many methods 
for UWB positioning technology . TOF ( Time of Flight , TOF) is one of the most common 
positioning methods in the UWB positioning method. The accuracy is relatively high. However, 
due to the complex and changeable indoor environment, the UWB communication signal is 
easily blocked. Although the UWB technology has the ability to penetrate, it will still produce 
errors. When there is strong interference, the data will fluctuate abnormally (usually time 
delay), and it is basically impossible to complete indoor positioning, and even cause serious 
accidents. Therefore, the problem of ultra-wideband (UWB) precise positioning under signal 
interference has become an urgent problem to be solved. In order to solve the problem of ultra-
wideband (UWB) precise positioning under signal interference, we collected a certain amount 
of data through actual scene measurement, that is, using UWB positioning technology (TOF), 
collected anchor points (anchor) and target points (Tag). ), it is hoped that through 
mathematical modeling (or algorithm) methods, the precise positioning (3-dimensional 
coordinates) of the target (target point) can be given regardless of whether the signal is 
disturbed or not. As shown in the picture is the experimental scene 1. In the test environment 
of 5000mm*5000mm*3000mm, place UWB anchor points (anchors) at the four corners A0, A1, 
A2, and A3 respectively, and the anchor points send signals to all directions. This article The 
thesis conducts data collection and data processing in this scenario and other situations, and 
finally establishes an effective mathematical model. 
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Figure 1：Structure diagram 

Data preprocessing, in this paper , combined with the relevant data, the experimental data 
collected in the experimental scene without signal interference and signal interference, as well 
as the three-dimensional coordinates of the target point, but because the original data is 
directly recorded by the acquisition equipment, it is not easy to carry out The use of building 
models, and there is a lot of "useless" data, including some abnormal, missing, identical and 
similar data. Therefore, it is necessary to deal with different types of bad data accordingly to 
improve the effectiveness of the establishment of the positioning model. For the establishment 
of the positioning model, by using the processed data, it is necessary to establish a suitable 
mathematical model with and without signal interference in the experimental scenario, which 
is used to estimate or predict the precise position of the Tag, and to determine the validity of 
the established positioning model. and reasonableness . 

2. Data Processing 

The collected signal data is captured, converted into a two-dimensional table form, and then 
preprocessed to obtain valid data that meets the requirements . For different types of "useless" 
data, different methods are used to process the data. Finally, through the above analysis, we 
take the following processing for task 1: 

The first step: We write a program in C# to collect data for all normal and abnormal 324 data, 
and group the data, and finally obtain the required two-dimensional table form. 

Step 2: Use matlab to "clean" the data in two-dimensional tabular form after grabbing, compare 
all the data by traversing the data, and use a loop to compare each row with the rest of the rows. 
The same means that the same value exists, and then the same value is eliminated, so that the 
situation of the same value can be effectively solved. 

Step 3: Regarding outliers, first we judge whether there are outliers by comparing the two data 
of the check value and the measured value, and then remove the outliers by the standard 
deviation method. For similar values, we The same method is used to process it, the difference 
lies in the determination of the threshold value. Finally, the above operations are implemented 
through matlab, and finally the deleted data set can be obtained. 

Step 4: Since missing is a missing measurement value in a set of data (a sample), we traverse all 
the data in the sample data through matlab simulation to obtain the data set after the previous 
step has been eliminated. 

Step 5: Perform an integration process on the data set after the above steps are completed, and 
finally perform an integration process on all the data sets through matlab, and finally obtain the 
required data set. 
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3. Model Building and Analysis 

the T DOA model, we need to establish a nonlinear equation system based on the sample 
preprocessing results in the data , and use the Chan algorithm to solve it to complete the target 
positioning . When establishing the positioning model, firstly, the data preprocessing results of 
"normal data" and "abnormal data" are respectively used to establish a nonlinear equation 
system of spatial coordinate distance formula, and the preliminary value of Tag is obtained . 
The relationship between variables, and finally the improvement value of the Tag position is 
obtained to establish a positioning model. With the real 3D coordinates calculated from the Tag 
real 3D coordinates provided in Annex 1 and the positioning model, the 3D coordinates are 
solved for error quantitative analysis and the established positioning model is judged to be true 
and effective. And use the error to calculate the 3-dimensional (x, y, z) accuracy, 2-dimensional 
(x, y) accuracy, and 1-dimensional accuracy of the positioning model. 

In order to realize the precise positioning of UWB , it is necessary to place anchor points with 
no less than 3 known coordinate positions in the experimental scene, that is, the positioning 
base station. The distance between the points, each target has a unique ID , and the target to be 
tested is linked with the positioning tag through the ID. Due to the extremely short time to 
receive and transmit the pulse signal, the transmission power is extremely low, and the signal 
is not sent at the same time. 

3.1. TOF based on signal time-of-flight method 

TOF ( Time Of Flight Measurement ) is based on the flight time, and the distance between the 
two modules is calculated by multiplying the flight time of the data packet in module A and 
module B by the speed of light. As shown in Figure 4-1 . Wherein module A sends a pulse signal 
to another module B at time stamp Ta 1 , module B receives the signal at Tb 1 and replies to 
module A at Tb 2 , and module A receives the signal at Ta 2 . Thereby calculating its flight time 
to determine the signal flight distance. 

In an environment where the distance and time of the line of sight are linear, the calculation 
formula of the time for the signal to fly in one direction in the air using the T OF ranging method 
is as follows : 

   
                      

And the distance between the two modules 

   
TOF must meet the synchronization between the module that transmits the signal and the 
module that receives the signal during ranging, and the module used to receive the signal must 
record the time of signal transmission. And at least get the distance reference values d 1 , d 2 , 
d 3 . . . from the target to be measured to different points . In the T OF algorithm, there are 
different ways to correspond to the target point and the anchor point between the two modules 
of the signal, one is the positioning tag as the signal transmitting module, and the other is the 
base station as the signal transmitting module. On this basis, an identification address is needed 
to restrict and distinguish between the devices that communicate and filter those information 
outside the address. In order to solve the problem of accurate U WB positioning under 
interference, this paper uses T OF technology to collect the distance between the anchor point 
and the target point, and adopts T DOA three - dimensional positioning based on the Chan 
algorithm. 

𝑇𝑇𝑂𝐹 =  𝑇𝑇𝑂𝑇 − 𝑇𝑇𝐴𝑇 /2 

𝑑𝑇(𝑡) =
𝑐

2
 𝑇TOT − 𝑇𝑇𝐴𝑇 − 𝜗(𝑡)  
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3.2. TDOA based on received signal time difference method 

TDOA (Time Difference Of Arrival) is the signal arrival time difference ranging. By measuring 
the time difference between the received signals of two different base stations and multiplying 
the signal propagation speed c, the distance difference between the positioning tag and the base 
station is obtained. The position coordinates of the base station passing through are fixed, A 
hyperbola is drawn for other positioning base stations through the reference base station as 
the focal point . 

At present, the two-dimensional space positioning is realized by TODA, and three base stations 
are used for positioning. There may be two intersection points between the two hyperbolas. 
One solution of the equation system can be excluded according to the actual situation, and the 
other solution of the equation system is the positioning label. Position coordinates. If 4 or more 
base stations are used for positioning, the TDOA algorithm can construct three or more 
hyperbolas, so that there is only one intersection point of the hyperbolas. The solution of the 
equation system is the position coordinates of the positioning label. TDOA is used for three-
dimensional space positioning. Ranging, the intersection point of the hyperboloid is the 
position coordinate. 

3.3. Establishment of Model Based on Chan Algorithm 

3.3.1 Principle of Chan algorithm 

Among the precise positioning algorithms of UWB , the Chan algorithm is widely used. In the 
line-of-sight environment, the T DOA algorithm has the best performance. Therefore, the 
precise positioning model established in this paper adopts the positioning model based on the 
Chan algorithm. The T DOA error obeys a Gaussian distribution with zero mean. When the 
number of base stations is greater than or equal to 4, more accurate position coordinates can 
be obtained through two iterations without initial calculation, and the positioning accuracy is 
high in an ideal environment. The algorithm is computationally small. 

The estimation results are optimized by the Chan algorithm. Place four or more base stations 
in the space, and the position of the base station is known. Assuming that the coordinates of the 
base station are B s i (xi, yi, zi), then: 

                                  

 
variance of the arrival time difference between other base stations and the reference base 
station by using weighted least squares (W LS ) to obtain the estimated value of the target to be 
measured 

 
   Then use the weighted least squares method (W LS ) again to obtain the estimated value of 
the error analysis of the target to be tested 

   
The final position of the final target to be tested: 

 
The estimated position coordinates of the target point are obtained by quadratic W LS . 

3.3.2 Establishment of positioning model 

First, use the Chan algorithm to locate a target point on the cleaned data, then perform a 
correlation analysis on the coordinate data of the measured data, and calculate the two-
dimensional correlation coefficient of each coordinate. Finally, the following results are 
obtained: 0.7191 respectively . , 0.4683 , 0.0108 . Then perform error analysis on the three 
coordinates from MATLAB , and finally get the error analysis graph, as shown in the following 
figure: 

𝑟𝑖
0 =   𝑥𝑖 − 𝑥 2 +  𝑦𝑖 − 𝑦 2 +  𝑧𝑖 − 𝑧 2 

𝑧𝑎 = arg𝑚𝑖𝑛  ℎ − 𝐺𝑎𝑧𝑎 
𝑇𝜑−1 ℎ − 𝐺𝑎𝑧𝑎  =  G𝑎

𝑇𝜑−1𝐺𝑎 
−1𝐺𝑎

𝑇𝜑−1ℎ 

𝑧𝑎
′ =  𝐺𝑎
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,𝑇𝜑′−1ℎ′  

𝑧𝑝 = ± 𝑧𝑎
′  



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 6, 2022 

ISSN: 2664-9640                

333 

 
Figure 2 two-dimensional correlation coefficient 

 

 
Figure 3 two-dimensional correlation coefficient 

              
Figure 4 two-dimensional correlation coefficient 

Then we write a function to process the data set C # , and bring the signal without interference 
and the signal with interference data into the positioning model we have established, and then 
obtain the following results: 

The first five groups of data are shown in Table 1 

Table 1 Signal-free coordinate information 

x 1109.934 4780.183 2871.861 2583.309 1200.006 

y 625.7159 3311.958 1666.271 1386.377 2583.191 

z 1027.884 264.46 837.0606 670.6738 799.9654 

 

The last five groups of data are shown in Table 2 . 
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Table 4-2 Signals have interference coordinate information 

x 1872.883 5169.197 1860.436 4605.701 3121.329 

y 893.6 2139.896 1037.521 693.1409 3496.454 

z 217.1624 1053.71 291.0063 1 850.06 473.064 

Through accurate positioning of Annex II and error analysis, it is judged that the established 
positioning model is true and effective. 

4. Conclusion 

This paper studies the model evaluation: the establishment of the positioning model based on 
the chan algorithm, when the number of base stations is greater than or equal to 4, the more 
accurate position coordinates can be obtained through two iterations without initial value 
calculation, and the error compensation is performed. This makes it possible to obtain more 
accurate positioning in different scenarios, and to establish a more accurate and credible 
positioning model . 

But there is still room for improvement: in order to perform data preprocessing, time variables 
and similar judgments are not accurate enough, resulting in certain errors in subsequent 
calculations. The positioning model is established by using the Chan algorithm and a certain 
error compensation is carried out, but the final positioning is still not very accurate. 
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