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Abstract 
The goal of the Internet of Things’ sensing technology is to provide 

LBS(location-based services); a key technology is finding out how to 

positioning the sensing devices. For positioning outdoors, mature tech-

nology such as GPS and cellular network location can be used. There is 

little research about indoor positioning, and there is no finished product 

on the market. 

This paper shows how to use both Wi-Fi and ZigBee signal for position-

ing; Wi-Fi to find the area position and ZigBee to find the coordinate 

position. The main contribution of this paper is described in the follow-

ing: 

This paper will present an algorithm using kNN on a Wi-Fi signal, as a 

way to find the location area of users. The GPS signal cannot be used 

indoors, but there are usually numerous Wi-Fi signals, that can be used 

for indoor positioning. In this design, to build a dataset containing the 

number of locations and the Wi-Fi signal strength list of each location. 

When indoor positioning is needed, the KNN algorithm is used to 

compare the user’s Wi-Fi signal strength with the dataset and find the 

location number.  

When precise positioning is needed, the ZigBee signal should be used. 

In this paper two different methods for precise positioning in are used, 

one is an improved algorithm of triangle centroid algorithm where the 

positioning accuracy depends on the number of anchor points and the 

interval of each point. The other method is the neural network method. 

This method could give stable result with only four anchor points. 

Finally, there is a comparison of the methods mentioned in this paper : 

the Wi-Fi fingerprint method, the ZigBee triangle centroid algorithm, 

and neural network method.  

Keywords: Wireless sensor network, Indoor positioning, Wi-Fi , ZigBee 
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1 Introduction 

1.1 Background and problem motivation 

The ultimate goal of the Internet of Things (IoT) perception technology 

is to provide location-based Services (LBS) and the key problem is how 

to position items and people indoors. Positioning technology for open 

spaces outdoors is already mature. An example of one such technology 

is GPS positioning navigation and mobile phone cellular network posi-

tioning. However, in-depth research on indoor positioning is just start-

ing out, there is a lack of existing products and research. This means that 

indoor position has great potential[1]. 

When a wireless signal is transmitted in an indoor environment, it is 

affected not only by its own reflection, diffraction, refraction and scatter-

ing caused by multipath phenomenon, but also by a lot of interference 

factors, making it much more complex than a signal transmitted out-

doors in the open. In view of the complexity and particularity of the 

indoor environment, the positioning technologies utilizing characteris-

tics of wireless signal transmission include the technologies based on 

RSSI (Received  Signal  Intensity Indicator), TOA（Time  of  Arrival）, 

TDOA (Time Difference of Arrival) and AOA (Angle of Arrival). The 

position estimation of technology based on RSSI is performed according 

to the rule that the received signal intensity varies with the signal prop-

agation distance, and additional equipment for accurate time synchroni-

zation and angle measurement is not required. The positioning technol-

ogy based on RSSI is currently a commonly used method for indoor 

position research[1]. 

Nowadays, there are Wi-Fi signals in most cities and the intensity of the 

Wi-Fi signal is much greater than that of ZigBee signal. However, if only 

the ZigBee signal is used for positioning, the interference of Wi-Fi signal 

cannot be ignored. If only the Wi-Fi signal is used for positioning, it is 

difficult to see a significant attenuation in a short distance, and its posi-

tioning accuracy will struggle to meet requirements because of high 

intensity of the signal transmission. 
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Currently, a popular Wi-Fi indoor positioning technology is Wi-Fi 

fingerprint, but this technology has poor positioning accuracy whose 

average positioning error is more than one meter[41][43]. 

The Wi-Fi environment will serve as an interference for ZigBee signal, 

but it could be used for positioning. The indoor area should be divided 

into several areas which has different Wi-Fi environment, use ZigBee 

positioning method in each area could weaken the Wi-Fi environment 

difference interference. The overall aim of this thesis is to use mobile 

phone Wi-Fi to position regionally, and after the regional information 

has been received, the ZigBee neural network is used for precise posi-

tioning. 

1.2 Overall aim  

The overall aim is to create a positioning system able to show the posi-

tion of a user on the phone. The positioning point should be stable.   

1.3 Scope 

The study focuses on positioning in indoor environments and aims to 

suggest a new method: a mix of Wi-Fi positioning and ZigBee position-

ing. Chapter 4 will realize a positioning system able to carry out posi-

tioning offline. 

This project offers both a model of Wi-Fi and ZigBee positioning. Where 

positioning does not require exact coordinates, Wi-Fi positioning is 

enough. This model should provide user with an area number, such as a 

room or a part of a hall. In cases where exact coordinates are required, 

this project offers a ZigBee model. This model deploys ZigBee anchor 

nodes for receive a signal strength indicator(RSSI) of blind node. 

Finally, the three methods used in this project will be compared: the Wi-

Fi positioning, the ZigBee triangle positioning and the ZigBee neural 

network positioning. After the analysis of the data from the experiment, 

propose idea for future work. 

1.4 Concrete and verifiable goals  

Recent research suggests that the best positioning accuracy for Wi-Fi 

positioning is 2 meters, and low-power positioning accuracy is 46 cm. As  

this project deals with the Wi-Fi positioning for area, the goal is: an 
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inaccuracy rate of less than 10% for area positioning and for precise 

positioning, the average error should be below 50 cm. 

1.5 Outline 

The first chapter includes introduction, background to indoor position-

ing, and research status. It also describes the main work of the paper 

and innovation points. 

The second chapter introduces recent related work, and the general 

ideas, as well as advantages and disadvantages of the research. It goes 

on to introduce related algorithms, which will be improved in Chapter 4. 

In the third chapter, case and activity analysis are used based on indoor 

positioning demands, and hardware and development tools used in this 

project are introduced. 

The fourth chapter describes the implantation of Wi-Fi and ZigBee 

positioning system, and the off-line positioning method. In the imple-

mentation of ZigBee positioning, this paper uses an error filtering algo-

rithm to improve the positioning result, and tries to use a neural net-

work for positioning. 

In the fifth chapter, Wi-Fi positioning, triangle positioning and neural 

network positioning is used for positioning on the first floor of the L 

building at Mid Sweden university. The result of the comparison of the 

three methods used in this paper is presented at the end of this chapter. 

The result shows that Wi-Fi positioning and neural networks could be 

used together. The chapter also describes the deployment methods of 

the experiment, the collection of data formats, processing results and 

realization of the positioning in detail. In the process of the experiment 

defects and potential errors were found. These defects are summarized 

and this paper support some possible method to solve these defects. 

1.6 Contributions   

Wi-Fi signals are interference for ZigBee signals. But Wi-Fi signals could 

be used for positioning without ZigBee signals. The overall aim of the 

thesis is to use mobile phone Wi-Fi for regional positioning, and once 

the regional information has been retrieved, the ZigBee neural network 

is used for precise positioning. 
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The improved method of the KNN algorithm is used for rough position-

ing in the Wi-Fi fingerprint dataset, and then ZigBee signal is used as 

trained neural network input for precise coordinate positioning. This 

structure could overcome the interference of Wi-Fi signals in different 

locations. In addition, user’s fingerprint data could be downloaded to a 

mobile client because the dataset is small. When the user leaves its 

original position, the mobile App will make a request to the server and 

download another dataset which contains the nearby Wi-Fi fingerprints 

and ZigBee neural network dataset. In this way, the number of requests 

will be reduced. 

The positioning accuracy of this mixed method varies depending on its 

flexible deployment, in different scenarios. The indoor positioning 

algorithm based on a neural network is utilized in this paper. The rela-

tionship between the RSSI value and the real position is obtained by 

training the test data, and so avoiding the need for manual elimination 

of noise and jitter. Next, the ZigBee platform is built to run this algo-

rithm. The platform can obtain an estimated position by recording the 

first few positions in the database when the time interval is long or the 

signal disappearing. Finally, the performance of the positioning is tested 

and compared with the weighted centroid positioning algorithm on the 

same platform. 

The method in this paper can be applied in scenarios where indoor 

positioning is required, such as shopping malls, supermarkets. This 

technology can position items and customers [3].  

The significance of paper lies in processing the Wi-Fi signal and utilizing 

Wi-Fi to rough positioning, then use the ZigBee signal for precise posi-

tioning. Compared with existing weighted centroid positioning, the 

positioning accuracy is better. Positioning with neural network, could 

reduce the error in the practical application environment, calculate the 

relationship between signal intensity and distance in order to fit the 

actual application environment. 
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2 Related work 

2.1 Related articles 

Most research about indoor positioning use the neural network method. 

Previously, indoor positioning made use of a method compare the Wi-Fi 

environment of use with the dataset collect from every positioning point. 

This method requires lots of computer memory and a large amount of 

computation. Computation usually works this way: in the training stage, 

get the RSSI list at every point in the positioning environment, in the 

positioning stage, compare the RSSI list from blind node to the RSSI 

dataset on the server. This positioning method is slow and the result 

depend on the deploy of training stage, there is some additional algo-

rithm to improve this method, like Nearest Neighbour[16], k-Nearest 

Neighbour[17],Weighted K nearest Neighbour, Bayes method. 

The neural network is a new method, with the following advantages: 

large parallel processing, distributed storage processing, self-

organization, self-adaptation, self-learning and high fault tolerance. It is 

suitable for dealing with problems that need to take many factors and 

conditions into consideration, it can avoid manually searching for the 

rules when dealing with these problems. In practice, there were a lot of 

factors, some of the factors may be ignored. Traditional method cannot 

build a prefect model. A neural network could solve this problem.  

Today, there are numerous neural network models, which are com-

posed of nodes and their interconnections. Different datasets and differ-

ent experimental environments will produce different results in experi-

ments, the outputs would be different in the training methods are dif-

ferent. 

Traditional computer technology is very effective in logic calculation 

and numerical calculation. There are many math function libraries could 

be used, and many software products for reference. Because of this, in 

many situations, traditional computer technology is more efficient than 

neural networks. Therefore, the neural network should be used in 

combination with traditional computer technology. How to use it 

should depend on the application environment. The research goal is to 
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develop artificial neural networks to simulate advanced behaviour of 

human beings. 

The research of RSSI for indoor positioning mostly focuses on reducing 

the interference of the positioning environment to a wireless signal 

using a filtering technique. The RSSI positioning technique’s most im-

portant problem is the unstable signal strength because of the complexi-

ty and particularity of indoor environment[1]. 

Indoor positioning have two main categories: based on measure dis-

tance and not based measure distance. Based on measure distance 

methods include circle positioning, hyperbole positioning, and angle 

positioning; not based on measure distance include: SPA positioning, 

Dv-Hop positioning, convex plan positioning, and N-hop multilatera-

tion ptimitie positioning [3]. 

Shi Xiaowei proposed using a BP neural network to train the signal 

strength-distance function. The model is based on the indoor wireless 

signal receive strength. But a BP neural network requires a large amount 

of computation which does not suit the large number of blind nodes. 

According the result, for serval blind nodes, approximately 10 or 20, the 

accuracy of positioning has improved [1]. 

Han Qingyun uses the Elman neural network to train RSSI-distance 

function. Elman neural network has a superior learning method, it is a 

dynamic, recursion neural network, one of its feature is it has an extra 

connect node, to record last data, this neural network has fast training 

speed. For indoor positioning, RSSI data change slow, this method is not 

necessary [2]. 

Gu Zonghai has researched the mathematical aspects of circle position-

ing. As circle positioning may result in not a real number, he proposes a 

method called the all-circle algorithm. With this method, no matter if the 

tow circle is overlapped, the result will always be a real number [3]. 

Seng-Yong Lau has researched RF signal’s influence on ZigBee RSSI in 

indoor environments. The experiment is carried out using different Wi-

Fi transport speeds, with the result that Wi-Fi is the strongest factor for 

ZigBee RSSI [11]. 

Marc Lihan made an experiment where he measured the influence of the 

human body on ZigBee RSSI. Different positions of the body were tested, 
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as well as blind node and anchor node. The result show that the human 

body has a strong influence on positioning accuracy [12]. 

Guo Jianjiao's paper expounds the difference between a static network 

and a dynamic network, and uses a BP neural network and a Elman 

neural network to forecast the application of power load. Her paper 

claim that the time-dependent feedback network uses the dynamic 

neural network to predict the results Better than using static neural 

networks [22]. The structure of Elman neural network is not particularly 

valuable for positioning engineering in addition to fast convergence. 

Therefore, the radial basis function neural network with the same con-

vergence and local approximation is chosen to fit the localization result. 

Lu Jinna's paper uses the more popular particle swarm theory to opti-

mize the radial basis function neural network. The air quality prediction 

experiment uses the optimization algorithm in the paper to compare 

with other particle swarm and the RBF algorithm [21]. 

Rahman used the GR neural network in his paper to be able to use all 

the access points to the reference point of the RSSI and their location 

information as the input of the neural network. During the training 

process two neural networks were created, that calculate the X coordi-

nate and the Y coordinate respectively, and the positioning error is 

reduced successfully. In this paper, the author used the idea of kNN to 

speed up the calculation [13]. 

Dongliang Guo uses the radial basis function neural network for indoor 

location. The authors carried out two experiments. One uses two RBF 

neural networks with RSSI and RSSI’ as input, RSSI’ is the value of RSSI 

minus RSSI in the last moment. The other experiment uses only one RBF 

neural network with RSSI and RSSI' as input, and the result of the 

comparison is that the second experiment result is better. It is possible 

that the first experiment is a smaller version of second experiment; it is 

faster but the experimental accuracy will be reduced. Put RSSI' as a 

input could reduce the positioning error[42]. In this paper, the pro-

cessing of the ZigBee signal will use the first neural network structure of 

the method, the structure of RBFNN1 in Figure 2-1. The error filter 

algorithm has been used before the input layer, it makes RSSI’ doesn’t  

work. In addition, the output layer add Z dimension. 
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Figure 2-1  The neural network structure Dongliang Guo used 

Li Nan used PSO neural networks in his paper, conducted principal 

component analysis using PCA (principal component analysis) before 

training, and then used AP (affinity propagation) to carry out the re-

gional division, and the Wi-Fi rough positioning method in this paper is 

very similar to the final use of the AP output cluster RSSI as input, 

calculate the positioning results. The experiment got positioning accura-

cy of 1.9 meters [15]. 

For now there is some indoor positioning product use Bluetooth, like 

iBeacon, it is a technology developed by apple compony, it uses Blue-

tooth devices as a beacon and type it on the products, when the user 

comes near the product, the user can get the information of this product, 

Estimote company use this technology make a solution include iBeacon 

product, software SDK, client App. The advantage of this method is that 

it is a mature technology, it is easy to deploy, the error could be less 

than 1 meter. The disadvantage is that it needs a lot of Bluetooth devices. 

In the above, only one method is used, or serval types of signals for 

indoor positioning are compared. The compared signals include strong 

signal like RF, Wi-Fi, or low-power signal like ZigBee, RFID. This was at 

the experimental stage, there are no products using these methods. This 

project will use both the Wi-Fi signal and ZigBee signal for indoor 

positioning and make a positioning system including a server, an An-

droid app and a data process algorithm. 

In addition, this project is based on cutting adge research, and proposes 

a positioning algorithm that could de-connect from the server. For now,  

most of the positioning algorithms save the dataset on a server, or on 

portable devices, and the devices process the dataset. This project will 

make use of Wi-Fi signal dataset and use it instead of a large number of 

dataset. Using this method, the dataset would be much smaller and it 

could be download to the android device in a one time HTTP request. 
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2.2 Related algorithms 

2.2.1 RSSI positioning 

The signal is attenuated during propagation, there is some mapping 

relationship between the transmit power and the received power, so the 

distance can be calculated using this relationship. The following formula 

can be used to the ZigBee signal: 

                       （2-1） 

d is the distance. Rssi is the hexadecimal data given by the CC2530 

signal link quality estimator, A is the RSSI value measured when two 

CC2530 chips are one meter away, n is a number calculated by a known 

d and A. 

When the distance of the nodes has been obtined, the coordinates can be 

calculated using the distances and position of the anchor nodes, as 

demonstrated in Figure 2-2.  

 

Figure 2-2 Deployment of anchors in the triangle positioning method 

The distance between the first anchor node (x1,y1) and positioning node 

(x,y) is d1: 

           
    1

2

1

2

1 dyyxx 
          （2-2） 
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The distance between the second anchor node (x2,y2) and positioning 

node (x,y) is d2: 

    2

2

2

2

2 dyyxx            （2-3） 

Formula 2-2 and 2-3 can provide two solutions, which means a third 

anchor node (x3,y3) is needed: 

    3

2

3

2

3 dyyxx             （2-4） 

There should be only one solution for Formula 2-2, 2-3 and 2-4. If the 

interval of the anchor nodes are 1 meter, the real coordinates of blind 

node is x’ and y’, then the real coordinate should be related to the an-

chor node (x1,y1): 

                         xxx  1'                     （2-5）   

                     yyy  1'                      
From formulas 2-2, 2-3 and 2-4 with 1 meter interval: 
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               （2-6） 

The advantage of this method is that the positioning accuracy is high, 

but the deployment is complex, and there is a certain relationship be-

tween the accuracy and the deployment method, and a lot of anchor 

nodes are needed when the coverage area is large. The precise position-

ing is based on this method, using neural network to improve the posi-

tioning accuracy. 

2.2.2 Wi-Fi fingerprint 

This is the principle of the Wi-Fi fingerprint positioning: all the global 

AP (access points) have the world's only MAC address, and whether or 

not it is encrypted, any device with a Wi-Fi module can get the AP’s 

name, MAC address and signal strength. The positioning has two stages: 

Training stage: divide the area, establish sampling points, use a Wi-Fi 

receive module (a mobile phones) collect data from all sampling points, 

process the data (filter, mean, etc.) and save to the server. 



Research and implementation of 

indoor positioning algorithm 

Honggang Liu 

Terminology 

2017-12-05 

 

19 

Positioning stage: mobile devices moving in the positioning area, get 

current AP list and RSSI, compare the data with the dataset and deter-

mine the location. The matching algorithm has the nearest neighbor, 

neural network and so on. 

Wi-Fi fingerprint positioning is based on RSSI; RSSI depends on the 

transmit power and the distance between the receiver and the transmit-

ter. RSSI can be easily obtained. The link quality estimator is a necessary 

part of the wireless equipment, and it can be used to obtain the RSSI. It 

is not affected by the signal bandwidth, and that makes it suitable for 

low-power wireless networking nodes. This makes RSSI a very popular 

feature, widely used in positioning. 

If a mobile device can receive signals from multiple access points, then 

an RSS vector could be created from these AP as a fingerprint. This Wi-

Fi location fingerprint described in this paper.  

The establishment of the correspondence between the location and the 

fingerprint is usually done in the offline phase. The most typical scenar-

io is shown in Figure 2-3. The geographical area is covered by a rectan-

gular grid, in this instance the grid has 4 rows and 8 columns, and 2 AP. 

At each grid point, the Wi-Fi fingerprint data is collected for a specific 

period of time. 

The fingerprint on a grid point is a two-dimensional vector ρ=[ρ1,ρ2], 

where ρi is the average RSS from the i-th AP. The algorithm uses this 

vector as the fingerprint of the grid point, with the coordinates of the 

grid points form a database, which is called a fingerprint library. Figure 

2-4 is a part of this fingerprint library. The right-hand coordinate plane 

of Figure 2-3 shows these fingerprints in the two-dimensional vector 

space. In a more general scenario, there should be N APs, then the 

fingerprint ρ is a N-dimensional vector, which cannot be shown on a 

plan. 

In the online stage, a mobile device moving in the positioning area, but 

its exact location is unknown, If the mobile device measures RSS vector r 

= [r1, r2]. To determine the location of the mobile device, it is necessary 

to find the best match fingerprint in the fingerprint library. Once the 

best match is found, the location of the mobile device is estimated to be 

the location of the best matched fingerprint. For example, if r = [- 65, -49], 
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then the best matching sample is the first item in Figure 2-4, and the 

mobile device is positioned at coordinates (0,0). 

 

Figure 2-3 Wi-Fi fingerprint positioning 

 

Figure 2-4 Wi-Fi fingerprint dataset 

2.3 Design 

This project has three stages: the deployment stage, the collec-

tion/training stage, and the positioning stage.  

In the deploy stage, the user needs to deliver the positioning area, make 

sure which area is for precise positioning and which area is for area 

positioning, and number the area positioning area, and then deploy 

ZigBee anchor nodes in the precise area. 

In the data collection/training stage, user need to take Wi-Fi data collec-

tion devices, like smartphone. Then user need to carry the collection 

device to each positioning area, start collection and stay there, stop data 

collection and enter the next area. Following data collection for all areas, 

the data is sent to the server. This part of the design will be described in 

detail below. 

In the precise positioning area, the user needs to collect serval random 

points in each area. In this case, four points will be collected. The theory 

and method will be described in detail below. 
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After the collection of Wi-Fi and ZigBee data, the server will process the 

data, and test the positioning result with a part of the data. If the result 

looks does not look good, the user need to go through the first steps 

again. Because Wi-Fi environment is not stable in most cases, it is possi-

ble the result will be dissatisfactory, in which case, the division of the 

area should be changed, such as merging some areas into one, or deploy 

ZigBee anchor nodes for precise positioning. 

After the data process, there should be two datasets: a Wi-Fi fingerprint 

dataset and a ZigBee neural network dataset. The Wi-Fi fingerprint 

dataset is the Wi-Fi signal strength list of each area and the ZigBee 

neural network dataset is the function of each node and the weight 

between nodes. When the package is in JSON form, the user only needs 

to connect once to the server once to be able to use their smartphone for 

positioning. When there are several users, this reduces the pressure on 

server, and speeds up the positioning. 

Following these steps, and with the data from the user’s smartphone 

and ZigBee devices, the user will be able to see their position on his or 

her screen. If the user needs precise positioning or area positioning only, 

the system could be build with only Wi-Fi fingerprint or ZigBee neural 

network. 

2.4 Summary 

This chapter presents related articles and algorithms, following the 

analysis of the advantage and disadvantage of the positioning methods, 

a rough design is made. 
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3 Model 
Figure 3-1 shows the bottom floor of the Louvre, there are multiple 

stairs, and polygonal shaped rooms. It is common for modern buildings 

to have this type of structure. A person who enters into this building 

without a location indication, will easily get lost. At present, some 

museums provide screens, showing the position of the visitor. A better 

solution for visitors would be if they could see the red circle in Figure 3-

1 on their own phone screen. This is what this project aims to do. 

 

Figure 3-1 A map of the Louvre ground floor, the red circle is the position of user 

This project deals with a scenario where indoor positioning is required, 

e.g. in a museum, a hospital, a factory, a parking. 

In most cases, the user only needs to know what area they are in, e.g. 

room number. In this case, position coordinates are not necessary. Wi-Fi 

positioning is easy to deploy and does not require additional devices.  In 

this project, this type of positioning is called area positioning. 

In some cases, like in a specific room in museum, there are several 

paintings on the wall, and the user wants to know which painting is 

currently in front of them, This is where position coordinates could be 

used. In this case, the positioning system should deploy ZigBee devices 
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and use ZigBee signals, This type of positioning is called precise posi-

tioning. 

Area positioning is easy to deploy and cheap, precise positioning needs 

ZigBee devices, and has high precision. This project implements both 

positioning methods; the user can decide use which to use based on the 

application environment requirements. 

3.1 Hardware and software architecture 

This project will use Huawei Honor8 as the Wi-Fi collection device, the 

operation system is Android 6.0, a CC2530 chips are used as ZigBee 

blind node and anchor nodes. Bluetooth modular HC-06 is used as the 

bridge between smartphone and ZigBee blind node. Lenovo Y480 is 

used as the server. Operating system is Win7. 

The CC2530 is a system-on-a-chip solution developed by Texas Instru-

ments for IEEE 802.15.4, an enhanced version of the 8051 micro-control 

chip with erasable memory and 8kB RAM, which suits the ZigBee pro-

ject. It can build a hardware wireless network at a low cost. This project 

only uses these chips in areas where precise positioning is required. 

TI's Zstack protocol stack 3.0 is based on the ZigBee PRO 2015 standard, 

with security considerations and excellent debugging tools; the CC2530 

and the updated CC2592 and CC2590 are supported. There were 22dBm 

and 14dBm which are two types of transmit power. In this paper, Zstack 

protocol’s send function, timing function, receive function, serial com-

munication are used. 

The Apache server’s full name is Apache HTTP Server, and it supports 

multiple platforms, it is fast, has a stable operation, and several API 

extensions. This project used the Apache server to receive data sent by 

the Android client, and return the processed data. It used the PHP script 

to send the ZigBee neural network’s weights from the server to the 

Android client. 

PHP is a powerful scripting language, mainly used for dynamic web 

pages, because of its excellent HTTP request method and simple connec-

tion function with MySQL. This project has selected PHP as the back-

ground scripting language. 
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MySQL is an open source, free database management system, but it 

does not have Windows interface; phpMyAdmin software is needed for 

operation. Because Wi-Fi positioning data is collected from an Apache 

server, and ZigBee positioning data from the serial port, a link to con-

nect them is needed. This project will save Wi-Fi datasets and ZigBee 

neural network datasets to MySQL, and read from this database when 

required. 

Weka is a MAChine learning software developed by Waikato University 

in New Zealand. It has a friendly, visual user interface, but the most 

important advantage is that it provides an open source, free Java code 

interface, including data pre-processing, classification, regression, clus-

tering, association rules and a commonly used MAChine learning algo-

rithm. This project uses BP regression neural network. 

3.2 Algorithm  

In order to achieve the positioning results in Figure 3-1, the user needs 

to survey the positioning area and deploy the system according to the 

location environment, for example as described in Figure 3-2. There are 

three access points in the area. A user who wants to find out which 

room he or she is currently in, can find this out by comparing the signal 

strength of AP1, AP2 and AP3. If the user is in Room 1, the signal 

strength of AP1 and AP2 must be stronger than that of AP3 (assuming 

that the router and the medium are exactly the same), if the user is in 

Room 2, then the AP2 and AP3 signal strength is stronger than AP1, but 

in the gap between Room 1 and Room 2, it is difficult to know the exact 

location using the receive strength as measure. So in the case where the 

user wants to know the room number, using Wi-Fi is the easiest way. 

However, Wi-Fi positioning is not suitable for coordinate positioning. 

For example, in Figure 3-2, in the corridor between Room 1 and Room 2 

there are four paintings, the user wants to know which painting he or 

she is facing. In this case, the use of three Wi-Fi AP is useless. It means 

that additional equipment is required for positioning. ZigBee is a low-

power, small-size device with 2.4 RF protocol, the device is easy to carry, 

and can successfully complete the positioning task. The neural network 

method can simplify the deployment mode and reduce calculation. In 

this figure, the user needs a smartphone for Wi-Fi collection, CC2530 

module as ZigBee device and a Bluetooth module to communicate 

between smartphone and the CC2530. 
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Figure 3-2 Positioning scenario. 

3.2.1 Wi-Fi fingerprint algorithm 

Figure 3-3 shows the flow chart of Wi-Fi fingerprint positioning algo-

rithm. The standard method is to collect data and send the data to the 

server and save as a Wi-Fi fingerprint dataset. In the positioning stage, 

the K-nearest neighbor algorithm is used to make a comparison between 

the fingerprint collected and the fingerprint dataset. This project uses 

the center vector of the Wi-Fi fingerprint dataset instead of the whole 

Wi-Fi fingerprint dataset. The dataset as a whole is useless after the 

center vector dataset is created. The experiment result proves that by 

using this method, accuracy can reach more than 90% when the distance 

between the positioning areas is more than 2 meters. The advantage of 

this method is that it greatly reduces the number of fingerprint and 

offline positioning is possible. Users send their positioning Wi-Fi list to 

the server and the server compares this Wi-Fi list with the center vector 

dataset and packages the most similar vector and vectors around it into 

a JSON package and sends this package to the Android application. 

When users move to another location, the application requests the 

vector of the next location and vectors around it, and continue to offline 

positioning. This method will greatly reduce the number of requests 

from application to server, and reduce the pressure on server. It can be 

applied to a large number of user positioning.  

 

AP1 AP2 
AP3 

D1 D2 

D3 D4 
Room 1 Room 2 
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Figure 3-3 Flow chart of Wi-Fi fingerprint positioning. 

3.2.2 ZigBee positioning algorithm 

Figure 3-4 is a diagram of the BP neural network structure. It has three 

layers, the number of input layer nodes is the number of anchor nodes 

in the precise positioning area. This paper uses four anchor nodes in 

each area; the input layer has 4 nodes, the hidden layer 2 nodes, using 

sigmoid function, the output layer has 1 node, using linear function, and 

each dimension uses a separate neural network. The experiment in this 

paper use two dimensions, i.e. two independent neural networks are 

used. In the beginning, the radial basis function neural network is used 

because it has local variation characteristics, which should be more 

suitable for the variation of the ZigBee receive signal strength. However, 

in practice, it is found that the standard deviation of the result of the 

radial basis function neural network is extremely high, but the BP neural 

network can obtain better positioning results. For this project, the BP 

neural network structure is selected as for the ZigBee positioning. 

Figure 3-5 shows the triangle positioning, which uses the distance dA, 

dB, dC between the blind node and the three anchor nodes to calculate 

the location of the triangle ABC. The center of the triangle ABC consid-

ered as the location of blind node. The neural network’s weights trained 

in precise positioning is essentially the relationship between the signal 

attenuation value and the coordinates of each anchor point. This makes 

the neural network method an easy way to implement the triangle 
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Collect the Wi-Fi signal 

strength list in each area 

as a dataset. 

Process the dataset, create 

center vector dataset 

Server center vector 
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positioning algorithm. The advantage of using the neural network 

method is that the positions of the anchor nodes are no longer limited 

and can be arbitrarily deployed in the precise positioning area. The 

weight generation algorithm of the neural network will train different 

attenuation-distance formulas for each precise positioning area, which 

can effectively reduce the influence of the Wi-Fi signal on the ZigBee 

receive signal strength, which can not be achieved by simply using the 

triangle positioning algorithm. 

 

 

 

 

 

 

 

Input layer          Hidden layer      Output layer 

Figure 3-4 The structure of the BP neural network. 

 

Figure 3-5 Triangle positioning method. 
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3.3 Use case analysis 

The purpose of this project is to use Wi-Fi fingerprint positioning in all 

areas, as a way for users to find their location, accurate positioning in 

some area, deployment of ZigBee nodes, use a neural network to find 

the coordinates of the blind node. The use case diagram is shown in 

Figure 3-6. The user client’s features: obtain location number, when the 

user enters a precise positioning area find exact coordinates. The serv-

er’s features: use the collected data to train the neural network so that it 

can be used to locate the uses’ devices, prepare the Wi-Fi fingerprint 

dataset. When the ZigBee data has been obtained, the server can find the 

coordinates of the blind node. 

 

Figure 3-6 Use case analysis. 

3.4 Activity diagram analysis 

For the user use case, the "get area number" activity is shown in Figure 

3-7. Before use, the system designer divides the scene into areas, and the 

user obtains the current area number through Wi-Fi fingerprint infor-

mation. The "get coordinate" activity in the user use case is shown in 

Figure 3-8. Before the use, the designer deploys ZigBee anchor in the 

precise positioning area. When the user's moveable ZigBee device enters 

the area, the anchor nodes receives the moveable ZigBee transmitter 

signal strength, and then coordinate the position. 

For the Server use case, the "training ZigBee neural network" activities 

are shown in Figure 3-9. These include regional division, data collection, 

and using part of the data training and the remaining data for testing. 

When the positioning result reaches the required accuracy, the neural 

network training is considered complete. If the result does not reaches 

the required accuracy, user needs to re-divide the area and extend the 

collection time. 
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Most of the positioning system uses the triangulation and mistake 

filtering algorithm to calculate the coordinates. The activity diagram in 

Figure 3-10 shows that for each precise positioning area there are four 

anchor nodes to cover. When two have been changed, the blind node is 

considered moved, and the display of the blind node will be refreshed. 

Although this method cannot improve the positioning accuracy of the 

system, it can displayed more stable coordinates enhance the user expe-

rience. 

The new positioning system uses Bluetooth to connect ZigBee nodes and 

smartphones, the ZigBee node obtains the anchor node signal attenua-

tion and sends them to the smartphone. The neural network that has 

been trained by server is also sent to the smartphone. In this system, the 

X and Y axis coordinate operations on the server in Figure 3-8, which are 

placed in the client's lane to achieve the ZigBee signal offline positioning 

and mistake filtering algorithm. 

 

Figure 3-7 Area positioning activity diagram 
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Figure 3-8 Precise positioning activity diagram 

 

Figure 3-9 Training the neural network activity diagram 
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Figure 3-10 TP positioning algorithm activity diagram 

3.5 Summary 

This chapter focuses on describing the problem to solve. Through the 

use case analysis and activity analysis, a rough design of the algorithm is 

created, later on, the design was changed, which will be described below.  
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4 Implementation 
This chapter will improve the positioning of Wi-Fi fingerprint and 

ZigBee neural network, and make the exploration to improve the posi-

tioning accuracy and stability of the positioning result. To achieve the 

application of these two methods of hybrid positioning system. At the 

end of the chapter, the improved methods are compared and summa-

rized. 

4.1 Structure 

This project uses the network structure shown in Figure 4-1, where the 

red box area is the user carrying device. The ZigBee device sends mes-

sage every second; if the surrounding anchor nodes receive the message 

they will send the receive signal strength back to the node, and the node 

will send all the information from the anchors to the phone through the 

Bluetooth module. The client on the phone will process the message 

from the Bluetooth interface and calculate the location of the anchor. 

When the ZigBee signal is not reached, it indicates that the device is not 

in the precise positioning area. Then the area positioning mode is online, 

the mobile phone collects the surrounding Wi-Fi signal list, compares it 

with the fingerprint dataset which downloaded from the server, calcu-

late the area number of the user and displays it on the map. 

 

Figure 4-1  How the devices are conected 
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4.2 Deployment test 

Wi-Fi positioning uses fingerprint information to locate the blind node, 

the signal strength does not affect the positioning accuracy, as shown in 

Figure 4-2. When the mobile device does not move, the same MAC 

address RSSI is almost unchanged. In the data collection stage, the 

temporary routing access point should not be collected. If the temporary 

routing access point is collected, it will have some impact to the result. 

Pure data can get best result, but it is not possible to collect pure data 

during a long time data collection. 

 

 

 

 

 

 

 

 

 

Figure 4-2 WI-FI receive signal strength for three minutes 

The ZigBee signal is used for precise positioning. The power cost for 

ZigBee devices power is usually low, and its signal is weak compared to 

Wi-Fi signal. It is very susceptible to interference. In most indoor envi-

ronments there are Wi-Fi signals, which is good for Wi-Fi positioning 

but is not good for ZigBee positioning. Figure 4-4 shows the signal 

strength result between two ZigBee nodes. The green and yellow lines 

has same antenna direction with 1 meter interval, 0.5 meter interval. Red 

and blue lines has different antenna directions with 1 meter interval, 0.5 

meter interval in the indoor environment (Figure 4-3 blue point). Figure 

4-3 shows an outdoor measurement environment and location. Figure 4-



Research and implementation of 

indoor positioning algorithm 

Honggang Liu 

Terminology 

2017-12-05 

 

34 

5 shows the results of the four measurements in the same deployment as 

in Figure 4-4, but outdoors. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3 The left picture shows the outdoor environment, right 

picture with the blue circle shows the indoor position, while the red is 

the outdoor position 

 

From Figure 4-4 and Figure 4-5, shows the ZigBee positioning signal 

status in an environment where Wi-Fi signals are strong, and an envi-

ronment where the Wi-Fi signal is weak, respectively. Based on this we 

can see that the most important factor for the ZigBee signal is the Wi-Fi 

signal strength and the direction of the antenna. In order to eliminate 

the Wi-Fi signal interference, it is necessary to train the independent 

neural network in different precise positioning areas. This means that 

different regions use different ZigBee signal strengths and distance 

relationship formula. For when the antenna direction is affected by 

interference, no solution has been found. It can only be reduced by 

constantly changing the direction of the positioning node and collecting 

a lot of data for training. 
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Figure 4-4 The RSSI(received signal strength indicator)from ZigBee 

device in a Wi-Fi strength environment.  

 

Figure 4-5 The RSSI from the ZigBee device in a weak Wi-Fi 

environment.  
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Figure 4-4 shows an experiment in indoor environment using two 

TICC2530 nodes, A and B. The development software is Zstack by Texas 

Instrument. Terminal node A simply broadcasts a message in one sec-

ond intervals, coordinator Node B has d meters interval with A, B re-

ceives the signal then sent the received signal strength to the computer 

by serial port. Computer uses the received signal strength to draw the 

figure, which’s horizontal axis is the pack number and Y axis is the 

signal strength. The red curve is the RSSI when d = 1m and the antenna 

direction of A and B are opposite; the green curve is the RSSI when d = 

1m and the antenna direction of A and B are same, the blue and yellow 

are when d = 0.5 in the same situation. Figure 4-5 shows the results of 

the same experiment in the outdoor environment. Figure 4-6 is the 

histogram analysis of the experiment result above. 

 

 

 

 

 

 

 

 

 

 

Figure 4-6 Histogram comparison. The horizontal axis is RSSI, the 

vertical axis is the amount of this RSSI. 
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In Figure 4-6, the upper left graph shows the RSSI distribution histo-

gram measured indoors with 1 meter intervals with opposite antenna 

direction; the upper right shows the outdoor environment with 1 meter 

intervals. They all have the same deployment. The lower left is the result 

with 1 meter intervals with the same antenna direction indoors, the 

lower right is the result with 1 meter intervals in the same direction 

outdoors.  

The two upper graphs in Figure 4-6 show the histogram result. The 

lower two graphs is the same situation with the same antenna direction. 

Taking a look at the upper graph and lower graph, the only difference is 

the antenna direction, and we can see that the same direction of antenna 

RSSI will be 5 to 6 stronger than the group didn’t put the antenna in the 

same direction. The left two graphs are the RSSI distribution histogram 

in a strong Wi-Fi environment, the right two graphs is the RSSI distribu-

tion histogram in a weak Wi-Fi environment. Looking at the left graph 

and the right graph, It is obvious that there is different RSSI distribution 

in different Wi-Fi environment. The figure shows that the RSSI is scat-

tered in the strong Wi-Fi environment, and the average is not the same 

as for the outdoor Wi-Fi environment. This makes it necessary to use 

different positioning formulas according to different Wi-Fi environ-

ments. 

4.3 Implementation of Wi-Fi positioning 

Wi-Fi is currently a very popular wireless network signal at present. A 

Wi-Fi signal can be discovered in all types of buildings, at home, hotels, 

in cafes, airports, shopping malls and other buildings. A Wi-Fi system 

consists of fixed routing access points. The intensity of the Wi-Fi signal 

measured at a certain location is usually the same, or there is just a slight 

difference because access points are fixed. Some relatively far away 

access points do not always receive signals but through the data process, 

the difference becomes blurred. Due to these characteristics, implement-

ing the communication while implementing positioning function is 

considered. Because of the more complex indoor signal propagation 

environment, the traditional distance measurement method based TOA 

and TDOA is difficult to achieve. Using the method based on AOA is 

also not a good solution, because installing the directional antenna in the 

Wi-Fi network is more expensive. This is the reason why, in rencent 

years, it is mainly the Wi-Fi fingerprint method that has been studied. 
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Fingerprint is a skin characteristic. Due to its invariance and particulari-

ty, it is widely used for authentication. The invariance of the fingerprint 

refers to the fact that your fingerprint does not change during lifetime. 

The fingerprint is unique, and the probability that two different fingers 

have the same fingerprint is 1/1.9*10^15. Computer technology is very 

common in fingerprint recognition, and used in for example the forensic 

industry, security, anthropology and medical research. The scientific 

basis of fingerprint identification technology was developed by Galton, 

Faulds, Wilder, and Poll. In the fingerprint applications, there are sever-

al mature fingerprint recognition algorithms, such as the nearest neigh-

bor algorithm. In this paper, fingerprint technology is used in the posi-

tioning system and the principle is the same as real fingerprint applica-

tions. 

Wi-Fi fingerprint positioning utilizes the characteristic that the Wi-Fi 

signal strength is unchanged in a fixed position to imitate the invariance 

of the fingerprint. Each signal coverage vector generated by all coverage 

access points in each zone is different because of the multiple access 

points indoors. Using this characteristic, the particularity of the finger-

print is imitated. To do so, the fingerprint recognition algorithm used in 

biology is applied to the mobile device positioning. The principle of 

fingerprint positioning is introduced in Chapter 2, in this paper, the 

average is used to improve this method.  

In Figure 4-7, F1 and F2 presents two APs that can be measured in the 

positioning area. The positioning area is divided into three regions. 

Through data collection in the three regions, respectively, red, light blue, 

blue means the fingerprints of these three regions are obtained, as 

shown on the two-dimensional map in Figure 4-7. We can see that 

because of the impact of environmental factors, some fingerprints over-

lap. The geometric center of each regional fingerprint colored red, light 

blue, and blue, are considered as the fingerprints of each region. Using 

this method, the fingerprint information will be greatly reduced, and 

can be downloaded to the user's smart phone and for the alignment of 

fingerprints in the mobile phone. For example, when a user enters the 

positioning area, the server sends the three regional fingerprints to the 

user's client. The Wi-Fi list collected by the user's mobile phone is the 

green dot, which has the shortest distance away from number 1. So the 

user is considered in numbered 1 area. When the user changes area, no 
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new request has to be sent to the server. The local dataset which con-

tains these three fingerprint could positioning. 

 

Figure 4-7 F1 and F2 are both access point, the horizontal axis is the 

RSSI of F2, the vertical axis is the RSSI of F1. 

In the implementation of the Wi-Fi positioning system, first step is 

division of the positioning area, as shown in Figure 4-8, In this case, the 

area is at Mid Sweden University, in the L building, the first floor. The 

yellow boxes show the division of the areas; the red number indicates its 

position number. 

Next, a table is needed to store the received data. The database is de-

signed in the format shown in Table 4-1. The data shown in the table is 

raw data. The first column ID is uniquely identified and incremented. 

The second column is used to store the MAC address, and the third 

column is used to store the signal attenuation value, the maximum value 

of which is 100. The fourth column shows the location number. 

Next, a table is needed to save the fingerprint information of each loca-

tion. As shown in Table 4-2, the table should be dynamically generated 

after the data collection has been completed, rather than generated 

before data collection. This means that the data table is not created at 

this time, it is created after the Wi-Fi sheet has been fully acquired. The 

MAC address is not the same for each location. For example, the loca-
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tion 1 collected MAC address A, but the location 2 can not receive A, In 

this case, in position 2, A’s signal strength is the maximum, which is 100. 

 

      Figure 4-8 Area division 

Table 4-1 Structure of datasheet ‘Wi-Fi sheet’ 

# Name        Type        Key         

 1           id             int(11)          yes           incremented 

 2           MAC            varchar(50)      no 

 3          value            int(11)         no 

 4        position           int(11)         no 

 

And then use a software is needed to collect the user’s Wi-Fi list and 

sent them to the server, this project uses the program shown in Figure 4-

9, it is an android application, ip text box used to enter the server IP 

address, this project does not have a domain name, so can only use a 

LAN test, position text box used to enter the location number, after click 

the send button the phone will collect Wi-Fi list every three seconds and 

pack it as a JSON package and send it to the server. click stopsending to 

stop the cycle. After collecting all the data, click the test button will 

generate the above-mentioned info table. Its structure is shown in Figure 

4-10 and Figure 4-11 (only part of the screenshot), in the experiment, it is 

a column of 56 rows and 7 rows. 

Table 4-2 Structure of datasheet ‘info’ 



Research and implementation of 

indoor positioning algorithm 

Honggang Liu 

Terminology 

2017-12-05 

 

41 

# name            Type        key         

 

 

1           id                   int(11)         yes          incremented 

2           position             int(11)         no        

 3           MAC_addressA         int(11)         no 

 4           MAC_addressB         int(11)         no 

 

 

5           MAC_addressC         int(11)         no 

…          …                    …             no 

 

Figure 4-9 Wi-Figetter2 

 

Figure 4-10 Part of data in datasheet ‘info’ in position 1 
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Figure 4-11 Part of data in datasheet ‘info’ in position 2 

After clicking the send button, the algorithm flow is as shown in Table 4-

3. 

Table 4-3 The program after press ‘send’ button 

                          Program 1 

 Start scan the Wi-Fi list; 

 Sleep 3000 micro seconds; 

 Pack the data package; 

 

 

 

 

Start a new thread: use httpURLConnection post the data package to url:  

http://[ip address] 

Wait for the response of server: 

If the response code is 200: send message to message handler: 

change the text area to the message server returned. 

end 

The sent data contains three parts: Wi-Fi list size, current location, Wi-Fi 

list data. The Wi-Fi list data format: MAC address 1, signal strength 1; 

MAC address 2, signal strength 2; ... The following is a packet: 

12 3 

2c:30:33:1d:ac:bc,42;a0:04:60:b2:a4:e8,67;30:fc:68:59:b9:a4,77;a0:04:60:b2:a4

:ec,75;dc:53:7c:e5:f0:16,75;e8:94:f6:aa:dd:36,45;88:25:93:2f:fa:0e,68;a0:63:91

:0f:9a:f4,70;00:18:e7:f3:06:66,79;ec:08:6b:34:da:60,81;dc:53:7c:e5:f0:17,85;28:

c6:8e:9f:fe:17,82; 

The above data shows that this data contains 12 Wi-Fi access points. The 

current location number is 3, Wi-Fi access point list and signal strength: 

2c:30:33:1d:ac:bc  42; 

http://[ip/
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a0:04:60:b2:a4:e8 67; 

30:fc:68:59:b9:a4 77; 

a0:04:60:b2:a4:ec 75; 

dc:53:7c:e5:f0:16 75; 

e8:94:f6:aa:dd:36 45; 

88:25:93:2f:fa:0e  68; 

a0:63:91:0f:9a:f4 70; 

00:18:e7:f3:06:66 79; 

ec:08:6b:34:da:60 81; 

dc:53:7c:e5:f0:17 85; 

28:c6:8e:9f:fe:17 82; 

After receiving the package, the server will place it into the Wi-Fi sheet 

table in the format shown in Table 4-1 and returns 200 with the contents 

of success. 

When collection user needs to click the "test" button to generate the info 

table shown in Table 4-2. 

Click the test button and the client will run the algorithm flow program 

2 shown in Table 4-4. 

The algorithm flow in program 2 is almost the same as program1 but the 

request address is changed to test.php. The test.php file’s target is to 

generate an info table and test the positioning performance. The test.php 

algorithm flow is shown in Table 4-5. 

After clicking test, the App will send the current Wi-Fi list to the server. 

The server calculates the distance of the Wi-Fi list and each line in the 

info table; if an address in the info table is not in the current Wi-Fi list, it 

means the access point has not been received, and the signal attenuation 

intensity will be handled in accordance with 100. The server will send all 

the data in info table to the phone client, and the phone client receives 

the data and saves it as a client dataset and collects a Wi-Fi list every 
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three seconds and compare the collected Wi-Fi list and client dataset, 

calculate the Euclidean distance and display the closest one. The first 

location label is the current location of the user. As shown in Figure 4-12, 

it is the result of the click test button at the porch (Figure 4-8 marked 

with an arrow). 

Table 4-4 The program after press ‘test’ button 

                Program 2 

 Start scan the Wi-Fi list; 

 Sleep 3000 micro seconds; 

 Pack the data package; 

 

 

 

 

Start a new thread: use httpURLConnection post the data package to url:  

http://[ip address]/test.php 

Wait for the response of server: 

 If the response code is 200: send message to message handler: 

 Change the text area to the message server returned. 

end 

Press stop training to end the loop. If the current position has changed, 

the client will resend the Wi-Fi list to the server and repeat the above 

steps. Figure 4-13 is the positioning test data when entering L211 room 

(Figure 4-8, bottom right area). 

When the system is in use, the client will automatically send the request 

to the server's postion.php when the client is opened. The server will 

return the contents of the info table and the contents of the NN table 

(ZigBee neural network), and save it on the client. The user's smart 

phone will keep collecting the Wi-Fi fingerprint information and com-

pare it with the downloaded dataset and calculate the distance. The 

system will determine that the most similar one is the user's current 

location. Figure 4-14 shows the interface during client positioning. The 

top part is the location map and positioning area, and the bottom part is 

the Wi-Fi list. 

The client application algorithm is shown in Table 4-6 as program 4. 

http://[ip/
http://[ip/
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Position.php is used to return the contents of the info table from the 

server to the client. The algorithm flow is shown in Table 4-7 as program 

5. 

Table 4-5 The program of ‘test.php’ 

 Program 3 

 Use “select distinct MAC from Wi-Fi_sheet” get the MAC addresses in Wi-Fi_sheet, the 

number of MAC addresses save as ‘d’; 

 Use “select distinct position from Wi-Fi_sheet” get the positions in Wi-Fi_sheet, the 

number of positions save as ‘n’; 

 $array2=array(); //system will save all fingerprints in this array; 

 for(n) 

get the position number; save as row2; 

$array1=array(); //system will save the fingerprint of row2 in this array; 

 for(d) 

get the MAC_address; save as row1; 

use “select CEILING(AVG(value)) as avg from Wi-Fi_sheet where 

MAC='$row1' and position=$row2” get the average of signal strength in that 

position; save as num; 

if num==’ ’ //means there is no signal strength of row1 in row2. 

num=100; //make the value one hundred, means the system can’t get 

signal strength of row1 in row2. 

$array2[$row2]=$array1; //add array1 to array2; 

Create data sheet “info” with the data in array2; 

end; 
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Figure 4-12 The result from the doorway test 

 

Figure 4-13 The result from measurements in room L211 
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Table 4-6 Client program 

 Program 4 

 Start Thread 1:Scan Wi-Fi list every 3 seconds save as ‘wl’; 

 Start a new thread: 

 Send get request to url: 

 http://[ip address]/position.php 

Wait for response 

 if response code==200: 

            save the returned Json as ‘fp’;   foreach in ‘fp’ as ‘pos’: 

calculate the distance between ‘wl’ and ‘pos’; 

if(distance<min): 

min=distance; 

loc=pos; 

send message1 to message handler: 

draw a blue circle on the position of ‘loc’. 

end 

 

Table 4-7 The program of ‘position.php’ 

 Program 5 

 Get data from “info” and create array ‘json’; 

 json_encode($json); 

 echo $json; 

 end 

http://[ip/
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Figure 4-14 Positioning app 

4.4 Implementation of ZigBee positioning 

ZigBee is a low-speed short-range transmission wireless network proto-

col with little RF transmission power. Signal attenuates quickly, and for 

indoor positioning this is a great advantage. In the lab, the attenuation 

value of a distance from 0 to 1 m ranges from 20 to 60, i.e. there is an 

obvious difference. The value of distance from 1 m to 2 m ranges from 

60 to 70 and then the change of signal strength is not obvious. This 

means significant packet loss.  

The positioning chip recommended by Texas instrument is CC2431 in 

which a positioning unit is deployed. This chip is very expensive and 

needs several of nodes for positioning. In this paper, the low-power 



Research and implementation of 

indoor positioning algorithm 

Honggang Liu 

Terminology 

2017-12-05 

 

49 

ZigBee protocol chip CC2530 produced by Texas instrument is used. 

Through the simulation of the positioning chip, the indoor coordinate 

positioning is implemented. However, there is a big difference between 

the simulated chip and hardware positioning unit. According to finding 

in the lab, when deploying it with 1 m interval, positioning accuracy can 

reach 0.5 m. The advantage of ZigBee positioning is that time or wave-

length measured by special devices is not needed, unlike for other 

indoor positioning. Moreover, the messages used for communication are 

carried when the signal attenuation is measured. The disadvantages is 

that, as previously mentioned, it is easily interfered. When it is used for 

indoor positioning, the receiving strength is unstable because of people 

walking around in the positioning area and the interferences in the form 

of high power signals. Outdoors with low strength signals, the accuracy 

of this method can be improved. 

ZigBee positioning uses an RSSI value to calculate the position. The 

node power of the transmitted signal is constant and the receiving node 

compares the received signal strength with the emission intensity to 

obtain the signal attenuation value which is negative. The bigger the 

value, the less the attenuation and the shorter the distance. ZigBee signal 

is easily interfered because of the low power. For example, if someone 

passes by the transmission path, the attenuation value will suddenly 

increase to 30, causing a big deviation in the positioning result. 16 

CC2431 nodes are used to evaluate the RSSI, calculating distance and its 

average to reduce the impact of a single node deviation. CC2530 can’t 

obtain the link quality outside the application layer. Therefore, it is 

necessary to transmit information with node number and sending 

packet number to the anchor node at the application layer and the 

anchor node evaluates the distance between the blind node and its own 

by obtaining the received signal quality.  In the application layer, send-

ing 16 signals to a different anchor node will result in a large amount of 

data. For the ZigBee node, this is a heavy burden. This is why the meth-

od that can remove the abnormal value is used for the data filtering. 

When someone passes through the positioning area, the direction of the 

signal changes. In the actual positioning, at least four anchor nodes are 

used, and for the positioning of a blind node only data from three an-

chor nodes is needed. When only one node changes, and not the remain-

ing three, it is considered something of a deviation. What this means is 

that the signal change at this time is the result of someone passing by the 
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signal transmission path. This signal change needs to be filtered. The 

filtering method is called error filtering algorithm. 

4.4.1 Implementation of the Improved Triangle Positioning  

The formula of distance and received signal strength is as below: 

                         （4-1）

 

where A is the RSSI value received at distance of 1 m, and n is the value 

that is pushed back by distance d using another distance interval. The A 

value of this project is measured in the following way: using the current 

environment, a value is recorded every five seconds for an hour, the 

average is obtained, the average is 73. The n in Formula 4-1 is measured 

in the following way: with an interval of 0.5 meters , got the RSSI is 

obtained every five seconds for 1 hour and take average, the average is  

1.875. 

The formula becomes: 

                      （4-2） 

By using this method in the experiments with 1 m interval. The average 

error is 0.5 meters. The initial idea is to use ZigBee to find the location 

shown in Figure 2-1, but the experiment found that Wi-Fi positioning 

could achieve better results when it came to room location. Confidence 

accuracy can be achieved up to 2 m, and no other devices have to be 

deployed. This project will improve ZigBee positioning, and use it for 

precise coordinate positioning. 

The steps to get A and n is as follows: First deploy the experiment 

devices with 1 meter interval, after a while take average of RSSI as A 

value; Second deploy the experiment devices with 0.5 meter interval, 

after a while take average of RSSI as Rssi in 4-2, 0.5 as d in 4-2, and Step 

1’s value as A to get the n value in 4-2. This formula will be used in the 

experiment positioning area. 
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When the blind node enters, the anchor in the corner of the 1 meter 

square will receive the signal sent from blind node, the room is covered 

with serval squares, when the blind node sends the signal, the server 

will use the strongest four anchor signal as the positioning anchor. 

In Figure 4-15, the bottom yellow area is the positioning area, the top 

numbers are the signal messages. 

The structure of the message is as follows: 

0x0A - The anchor node’s number – the pack’s number -RSSI. A message 

consists of 16 bytes. 0x0A is the beginning of the message. The position-

ing software will look for 0x0A as the first byte of the message. 

The red point is the positioning point got from four anchor nodes, 

Usually the average error is 0.5 meter in the experiment. 

 

Figure 4-15  A ZigBee positioning experiment 
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Based on the data in the figure, we can see that the signal strength value 

changes are great in the indoor environment. If there is no error filtering 

algorithm, the red positioning point will flash from time to time in other 

places. In this project the error filtering algorithm is used; Table 4-8 

shows the main idea: because the selected signal strength is the highest 

(that is, the lowest attenuation) in four positioning points, but only three 

points are needed for positioning. When the positioning node moves, 

geometry dictates that it should change the RSSI for at least three anchor 

nodes. This means that when one or both nodes changes, it can be as-

sumed that it is because a person walked by, or it was a measure error. 

The coordinates of the red locator are recalculated when the three values 

change at the same time. 

Table 4-8 Two-dimensional table of the signal intensity filtering algorithm 

 No.n+2        No.n+1        No.n 

 Anchor1                                a                                b                             c 

 Anchor2                                e                                f                              g 

 Anchor3                                h                               i                               j 

 Anchor4                                k                               l                              m 

This method successfully decrease the flash of red positioning point, the 

program of error filtering algorithm is shown in table 4-9 as program 6 

This method effectively reduces the flicker of the positioning point, but 

this two-dimensional experiment only takes one scenario into considera-

tion when the blind node has no power. It does not consider a scenario 

where the anchor node has no power. In fact, if the system is running 

and an anchor node dies, the system can only receive information from 

three anchor nodes. In Table 4-7, n will be stuck, and the data will not be 

updated. In addition, the flags of program 6 will never have three True 

at the same time, however, the other three anchor nodes could received 

the signal. This means that it will not be judged as a data point disap-

pearing. The result is that the positioning point does not move as shown 

in Figure 4-11. The solution to this problem is to place the power detec-

tion device on the anchor node. 

The purpose of this method is to make the positioning point looks stable. 

But the data has not be changed. The neural network method will actu-
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ally change the data and make it smooth. 
 

 

Table 4-9 Program of signal intensity filtering algorithm 

 Program 6 

 A two-dimensional table consisting of four rows and three columns and an array of flags 

containing four elements. The two-dimensional table records the received strength values 

of the three packets recently issued by the node. For example, the first line in Figure 5.3.2 is 

The number of packets received by an anchor node is n, n + 1, n + 2. The n + 2 packet 

should be the last packet sent by the location node. 

 If the node 10s does not receive the signal for the node, the node is a disappearance. 

 Whenever a new packet is received, all columns in the data table are moved to the right 

and the last column is discarded. 

 When the received new packet differs greatly from the data of the previous packet, for 

example (a> b + 2 or a <b-2), it is assumed that the data of this row has changed, and the 

subscript value in the array becomes TRUE. 

When there are three values in the flag array at the same time, it is assumed that the 

position of the point changes, and the positioning point is calculated using the four values 

of a, e, h, k in Figure 5.3.2. 

When a, b, c three data difference is less than 2, the flag array in the subscript value turns 

back to False. 

4.4.2 Implementation of ZigBee neural network  

First, deploy ZigBee nodes in the room, as shown in Figure 4-16. The 

black nodes are deployed in the room around the anchor node, its 

location is casual and does not necessarily need to be arranged in ac-

cordance with the square. The experiment uses four nodes; three nodes 

is sufficient to obtain the positioning data, but less effective. The average 

error is 45 cm. 

The second step is to make an axis in the room, so that the coordinates of 

the training data can be measured in the room. In figure 4-16, the grey 

point which at top left of the figure is the origin point, the bottom right 

point’s coordinate is x=500 cm, y=500 cm. The positioning area should be 

covered by the coordinate axis, if not covered does not matter, in fact, 

the coordinates can be displayed as negative. 

Next, the neural network is trained, the yellow points in figure 4-16 are 

training points, the coordinate of these points needs to be measured 

with ruler. 
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The blind node is placed in the training position, and a message is sent 

to the anchor nodes. When the anchor nodes receive the signal they will 

send the anchor nodes number, the blind node’s number, the pack 

number and the RSSI to the coordinator. The coordinator will send a 

message to the computer though the serial port. The program of the 

blind node is shown in Table 4-10, program 7 

In the training stage, the coordinator connects to the computer via a 

serial port. The computer uses a software to receive the message from 

the port, as shown in Figure 4-17. This software is a Windows applica-

tion. To start collecting data from the serial port, press start, and the 

data will be shown in the upper text area. The main function of this 

software is to receive the pack from the coordinator and create an arff 

file with the data. This software runs on the server. The three numbers 

on the bottom left is the X position, Y position, Z position of the training 

point. In this experiment, Z position is not used, so it is set to 0 through-

out. The lower middle text area is for the arff file directory. In the data 

process part, this software does not use the error filter algorithm, be-

cause for the neural network, the data should not be extremely clean. 

However this system has the same problem ZigBee network always has: 

lost packages, it handle this problem easily, by only storing the full 

package. Packages without message will be ignored. The program of 

this software is shown in Table 4-11, program 8. 

The arff file is a data processing format file for Weka. The arff file is 

produced as shown in Figure 4-18. The first line is the data table header, 

the third line to the ninth line are the names of each column, where 

numeric means that the value is a numeric type. Line 11 shows the 

beginning of the data line, and line 12 is one line of the RSSI data, the 

first column is the Z coordinate, all the numbers in this column are 0, the 

second column is the first anchor node signal strength, followed by 

another three similar columns. The sixth column is the X-axis coordi-

nates, and the seventh column includes the Y-axis coordinates. 

When the data has been collected, the Weka Java interface can be used 

to deal with data.arff. First five columns of the dataset are used, An-

chor1, Anchor2, Anchor3, and Anchor4 as input, and the X-position as 

the output. The neural network is trained as shown in Figure 4-19. It is 

the trained X-neural network weights. 
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Next, Anchor1, Anchor2, Anchor3, and Anchor4 are used as input, and 

the Y-position as the output. Then use the input and output data train 

neural networks, get trained Y-neural network weights. Insert the 

weights into the database. 

 

Figure 4-16  Deployment of the ZigBee devices using the neural network method 

 



Research and implementation of 

indoor positioning algorithm 

Honggang Liu 

Terminology 

2017-12-05 

 

56 

 

Figure 4-17  The software processing the data from ZigBee devices 

 

Table 4-10 ZigBee blind node program 

 Program 7 

 define：flag: 1 for positioning，0 for training， default is 0. 

n: pack number, default is 1 

amount: number of received pack number n, default is 0 

data[4][4]: store the pack message, default is empty  

thread1：broadcast message every second 

thread2：wait for the message from anchor point: 

if receive No n’ from anchor nodes： 

if (n’==n) amount=amount+1;  

                                                        save the message in data; 

if(4==amount) 

if(1==flag) start thread3; 

else send data to coordinator though ZigBee ； 

if (n’>n) n=n’; amount=1; 

 Thread3：send message through serial port. 
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Figure 4-18  File data.arff 

 

Table 4-11 Arff file creating program 

 Program 8 

 Press start button： 

Init the buffer pack number=0； 

Init receive buffer for 4 bytes: buffer[4]； 

Init the array for flags: flag[4]； 

while（1）： 

if the received byte is 0X0A： 

if(pack number>buffer pack number) ： 

buffer pack number=pack number； 

empty buffer and flag； 

flag[anchor node number]=1； 

buffer[anchor node number]=RSSI； 

if flag all bytes are 1： 

 Write buffer and text box of X,Y,Z into the arff file 
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Figure 4-19  X-neural network weights 

 

Then the X neural network weights and the Y neural network weights 

are inserted into the database in the format of Table 4-12, where the 

position is the number of the precise positioning area, N0_1 is the con-

stant value to the weight of the first hidden layer node, N1_1 is the 

weight of the anchor node 1 to the first hidden layer node, etc. The 

contents of the NN data table at this time are the required neural net-

work weights. If the test result is considered available, the contents of 

the table can be sent to the user's mobile phone for offline positioning. 

The test uses the software shown in Figure 4-17 to produce test data, 

change the file name to test.arff, and to change the X and Y values to the 

actual position coordinates when positioning. The results of several test 

are shown in Table 4-13. The plane error is calculated by the average 

error of the X neural network and the average error of the Y neural 

network. 

If the result can not show the actual position of the node, it is possible 

that the anchor nodes are deployed in a positions hard to distinguish the 

blind node position. In this case the anchor node needs to be reposi-

tioned, and the data.arff, test.arff and NN data tables are cleared, to 

repeat the test until the test results are satisfactory. 

Once satisfactory results have  the weights of the neural network can be 

used 
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Table 4-12 Structure of datasheet ‘nn’ 

# name            type        key        

 

 

1           id             int(11)         yes        incremented 

2           position       int(11)         no        

 3           N0_1           decimal         no 

 4           N1_1           decimal         no 

 

 

 

 

 

5           N2_1           decimal         no 

6           N3_1           decimal         no 

7           N4_1           decimal         no 

8           N0_2           decimal         no 

9           N1_2           decimal         no 

 …          …               …            no 

 

Table 4-1 Neural network method test results 

 ZigBee neural network method test result cm/cm
2
 

 Average error of X-neural network      27.4249 

 Average error of Y-neural network      20.3706 

 Min variance                2.2126 

 Max variance                9.1517 

 Average panel error            34.16 

 

4.5  Implementation of mixed positioning 

This experiment uses a positioning display software to show ZigBee 

indoor positioning result. The software function is simple, it only dis-

plays the positioning node in different application scenarios. 

In this experiment the positioning system will positioning the blind 

node in L Building of Mid-Sweden University, the background image is 
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a map of L building’s first floor, the map is shown in Figure 4-20. The 

area is divided as Figure 4-8. Area number 1 of L211 has been deployed 

as the precise positioning area. For area positioning, the positioning 

software will display a blue circle with a radius of 50 pixels, and for 

precise coordinate positioning, the positioning software will display a 

red circle of 10 pixels in radius. The lower part of the software shows a  

list of Wi-Fi signal strength. 

Since the ZigBee positioning uses the CC2530 node, the neural network 

weights cannot be downloaded to the microcontroller, so the Bluetooth 

module is used to connect CC2530 and the smartphone. In this way the 

client could download the fingerprint dataset for Wi-Fi positioning and 

the neural network weights for ZigBee positioning on the smartphone. 

Simultaneously, by using the Bluetooth module, the client will receive 

the RSSI of anchor nodes through the blind node and Bluetooth module,  

and use the client to display the positioning results. Figure 4-21 shows 

the client app interface, where the red circle is the ZigBee precise posi-

tioning position. If the error filter algorithm is used, the red circle will be 

stable. 

 

Figure 4-20  Positioning software background picture 
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Figure 4-21  The positioning application on the Android system 

On the Android 6.0, user permissions are further encapsulated, google 

makes Wi-Fi permissions and positioning authority binding, what the 

mobile client app needs for authority is: ACCESS_WI-FI_STATE, AC-

CESS_NETWORK_STATE, ACCESS_LOCATION, and for system access: 

WI-FI_SERVICE. The classes need to use are: android.net.Wi-Fi package 

ScanResult, Wi-FiInfo, Wi-FiManager. The mobile client app algorithm 

flow is shown in Table 9-14 as program 9. 

4.6 Comprison of Wi-Fi positioning and ZigBee positioning 

In Wi-Fi positioning, the location of the device and the distance to the 

router, communicating with the router is not necessary, but equipment 

is needed to assess the router signal strength value as a vector. This is 

done by comparing the positioning Wi-Fi vector and client vector da-

tasets, which determines the current location. 
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Table 4-14 Program of the positioning application 

 Program 9 

 Thread 1：send GET request to server，download info datasheet and NN datasheet， 

 Thread 2：scan Wi-Fi list every 3 seconds, compare with datasheet info and get 

the area number. 

Event 1：Listen to the bluetooth interface, if there is a message:  

t=5; 

save the message into a array. 

Use the latest data as the input, through the neural network in NN 

datasheet, output the coordinate. 

Thread 3：loop： 

t=t-1; 

sleep(1000); 

if(t<0) flag=1; 

else flag=0; 

Thread 4：if(1==flag) area positioning mode. Display the blue circle. 

if(0==flag) precise positioning mode. Display the red circle. 

 

ZigBee RSSI triangle positioning is sent by the blind node to the anchor 

nodes, and the distance from the blind node to the anchor node is calcu-

lated to determine their location. Compared to the Wi-Fi method, the 

accuracy of the method highly depends on the deployment. Theoretical-

ly, its accuracy should be better than Wi-Fi positioning, but the deploy-

ment process and calculation are both complex and data could easily be 

lost. 

The ZigBee neural network location method improves the RSSI triangu-

lation method. This method does not need to model the relationship 

between the anchor nodes and blind nodes, and it is easy to deploy. 

When using four anchor nodes, positioning accuracy is better than the 

method including triangle positioning where four anchor nodes are 

placed at 1 m intervals. These are reasons why I personally believe that 

this method for precise positioning is the most appropriate. 
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Compared with the three positioning methods, Wi-Fi positioning heavi-

ly depends on the Wi-Fi environment. In environments where there is 

no Wi-Fi, such as underground parking, the method cannot be used. 

ZigBee positioning accuracy also relates to the Wi-Fi environment, the 

results are more accurate when there is no Wi-Fi.  

In the formula for the relationship between the signal strength and the 

distance, value A and n would be different in different Wi-Fi environ-

ments. This means that Wi-Fi positioning and ZigBee positioning should 

be complementary; the use of Wi-Fi positioning to determine regional 

information, ZigBee positioning for accurate coordinate positioning.  

4.7 Summary 

Chapter 4 introduces to steps imply Wi-Fi indoor positioning experi-

ment. First the area of the L building‘s first floor is classified according 

to location, as the positioning area. Next, a self-made app running on the 

Android system is used to collect data in each positioning area of the 

building. After data collection, the server processes the data. It found 56 

routing access points, and extracted fingerprints from each of the posi-

tion by using the dataset, as the client fingerprint dataset, stored in the 

info datasheet. When user opens the client app, the info data sheet will 

be sent to the phone client, the phone app will now be able to carry out 

positioning independently. In the experiment, there are some errors 

when the user moves around in the area’s edge,  the distances could 

change a little, but the location result is stable. 

In addition, this project carries out an experiment to measure the small-

est area interval of Wi-Fi positioning. The experiment is carried out in 

room L212, the area is divided into intervals of 5 meters, 3 meters, 2 

meters and 1 meter. The result for the 5 and 3 mete intervals are stable, 

while the 2 meter interval shows errors, which is also the case for the 1 

meter interval. 

Chapter 4 also introduces the implementation method and improvement 

of ZigBee positioning.  

At the end of Chapter 4, a Wi-Fi positioning method and the two ZigBee 

positioning methods mentioned in this chapter are compared. 
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5 Results 
This chapter uses Wi-Fi fingerprint positioning, ZigBee triangle position-

ing and ZigBee neural network positioning in an positioning experiment. 

The chapter also describes the data structure of the experiment in detail. 

Finally, the experimental results are presented, including the operation 

result and positioning accuracy of the positioning program. 

5.1 Data structure 

5.1.1 Training stage 

The Android application sends the Wi-Fi fingerprint data to the server 

by sending a HTTP POST request. The left part of the equal sign is the 

key word and the right part is the data, they are all string type. The data 

uses semicolon to separate different MAC addresses, and comma to 

separate the MAC address and RSSI. 

size=number of Wi-Fi signals 

position=position number 

data=MAC address1, signal strength value1; MAC address 2, signal 

strength value2;…… 

for example: 

12    3    2 

c:30:33:1d:ac:bc,42;a0:04:60:b2:a4:e8,67;30:fc:68:59:b9:a4,77;a0:04:60:b2:a4:

ec,75;dc:53:7c:e5:f0:16,75;e8:94:f6:aa:dd:36,45;88:25:93:2f:fa:0e,68;a0:63:91:

0f:9a:f4,70;00:18:e7:f3:06:66,79;ec:08:6b:34:da:60,81;dc:53:7c:e5:f0:17,85;28:

c6:8e:9f:fe:17,82 

The server's index.php file is responsible for receiving the data sent by 

the Android application, saving it to the Wi-Fi_sheet datasheet, and the 

Wi-Fi_sheet datasheet’s data structure, as shown in Figure 5-1. 
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Figure 5-1 Wi-Fi_sheet structure 

Where id is incremented, mac is the MAC address in each data segment-

ed from the data key in the received data, value is the absolute value of 

the signal strength value in each data, position is the value below the 

position keyword. In order to retrieve quickly, the position is set to the 

integer type, if it is not an integer but a string type, another datasheet is 

needed. 

The server's train.php is responsible for training the system to generate a 

new table: info, as shown in Figure 5-2, where each column uses the 

distinct value of the MAC column in the Wi-Fi_sheet, each of which is a 

position column in the Wi-Fi_sheet. Wi-Fi_sheet’s data is the average of 

signal strength in each MAC address. For example, A1 is the average of 

the signal intensities of all MAC address A collected at position number 

1. If the address does not exist at position 1, setting A1 to 100 (attenua-

tion value 100) means that the signal is not received. Figure 5-3 is part of 

the data in Wi-Fi_sheet. Take the average is to reduce the dataset to 

achieve offline positioning. 

position Mac address A Mac address B Mac address C … 

1 A1 B1 C1 
 

2 A2 B2 C2 
 

… 
    

  

Figure 5-2 data in datasheet ‘info’ 
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Figure 5-3  The vectors of each position 

ZigBee precise positioning is only deployed in room L211. For ZigBee 

triangle positioning two ZigBee devices have to be replaced in the room, 

and measure value A and n, and then put the number into the datasheet 

on the server. This project uses 1-meter-square-interval anchor points. 

For the ZigBee neural network method four ZigBee devices have to be 

deployed in the room, and the neural network needs to be trained. The 

resulting data will be saved on the server in a datasheet. 

5.1.2 Positioning stage 

In the positioning stage of the Wi-Fi positioning, the data structure is 

like collection stage but there is no key position. I.e., like this: 

size=numbers of Wi-Fi signal  

data=MAC address1, signal strength value1; MAC address 2, signal 

strength value2;…… 

then send to the test.php on server with a POST request. 

Test.php is used to calculate the distance between the Wi-Fi list and each 

of the Wi-Fi fingerprint datasets. Using the smallest distance as location 

information, the below is the distance result after calculation: 

2 1153   

4 1557  

3 2153  
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1 2811   

7 3390  

5 5136  

6 7497 

The location number should be 2. Based on the data we can see that 

there is a great distance interval, at least 400, as the increase of interval 

increases between areas, so will the distance interval. After a long time 

of observation, the change of this distance is lower than 200 when the 

user is not moving. When the user moves, the distance changes drasti-

cally for a short time, but it will stabilize in 5 seconds after the user stops 

moving. 

If this area is a precise position, then the ZigBee positioning method is 

used and the result is sent back to the Android application. 

The structure of the ZigBee triangle positioning is shown in Figure 5-4 

below: 

 

Figure 5-4  Data structure using the TP method 

L and H is for the error filtering algorithm, G is used to find out if the 

positioning point is missing, and r to save the distances, which is also 

the radius when positioning. It is visible because it is needed to see the 

positioning result. The Point is used to save the positioning coordinates, 

and use the geometric centre plus the axis as the final coordinate.  

ZigBee neural network positioning is used by the server to collect the 

anchor node receive signal strength through the serial port, and to use 

these data as the input of the neural network through the neural net-

work weights and obtain the coordinate output as the positioning result. 

Figure 5-5 shows the neural network weights. 
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Figure 5-5  Part of weights in neural network 

5.2 Experiment result 

In the experiment, when using Wi-Fi positioning, the result is accurate 

and there is no jitter. 

When using triangle positioning, the result could be called accurate, 

there is a little jitter when the user is not moving, but when user moves, 

there is a lot of error, and the positioning point’s deviation is significant. 

When using neural network positioning, the jitter is greater, but based 

on the positioning data, accuracy is 34 cm, which is better than the 50 cm 

of triangle positioning. When the user moves, the deviation increases, 

but it is not significant. There is no error filter algorithm in this experi-

ment, it is likely the jitter rather depends on the triangle positioning 

having an error filter algorithm on it. 

An experiment is carried out in L211 to test the limit interval of the Wi-

Fi positioning. Figure 5-6 is the experiment data with 2 meters interval. 

We can see the distances are close, and they are in the right order. In the 

experiment, there are going to be errors. In the experiment with 3 meters 

interval, the error does not occur.  

Table 5-1 shows the comparison of the three types of indoor positioning. 

Since the Wi-Fi is only for area positioning, it is impossible to measure 

the specific error and variance, and the positioning limit can only be 

provided by the above experiment. The current rate of the result is 

obtained from the experiment done in Chapter 4 (Figure 4-17 software 

positioning data). The number in the table with an asterisk indicates that 

the value is related to the deployment; the number with the asterisk is 

the best result from multiple measurements. The delay time in this table 
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means the minimum time of the positioning system detect the new 

position, though the new position may be not correct. 

 

Figure 5-6  Experiment result 

Table 5-1 Experiment result of the three separate methods 

               Wi-Fi            TP              NN 

 Mean error（cm）               -                 50*                 34 

 Limit（cm）                   200                 -                  - 

 Variance                       -                 1.5                2.21* 

 Correct rate                 93.4%                 -                  - 

 

 

Jitter                        None               less                 much 

delay                          3s              >1s(not stable)        1s 

deploy                       no need             complex            normal 

data collection       relate to environment       normal              much 

cost                           low                high                low 
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5.3 Summary 

This chapter compares each of the three positioning methods separately, 

presenting the results at the end of the chapter. In the experiment, there 

is no problem with Wi-Fi positioning. When using ZigBee positioning, 

neural network positioning is better than using the triangle positioning 

method, but there is still jitter. It is possible that if an error filtering 

algorithm is added before the input layer would improve the situation, 

which means programming this algorithm on the Z-stack. This method 

should be tested in the future. 

The positioning system in the training phase has a drawback, when 

collecting training data and test data, because of the ZigBee signal 

instability, a package number disorder situation often occurs. The meth-

od this project deals with only obtains the data that has not been disor-

dered, which will result in wasting a lot of collected data, In the experi-

ment the blind node sends a message each second, and after ten minutes 

only 120 lines of data had been obtained, implying that data loss is 

significant. The method used to solve this problem is to set the cache at 

the server when data is obtained from the serial port. 
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6 Conclusions  

6.1 Work of this paper 

In this paper a positioning system has been implemented. This system 

integrates the application of Wi-Fi signals and ZigBee signals to operate 

at low cost while positioning accuracy reaches the current level of in-

door positioning research. It is characterized by the realization of the 

client being separated from the server location, which has not been 

implemented by other positioning methods. In order to improve the 

stability of the positioning point, this paper uses the original error filter 

algorithm to explore the ZigBee positioning, successfully improving the 

user experience. 

The creative result of this paper is a complete positioning system includ-

ing packet expansion client, server, system, and data protocol. 

This paper use Wi-Fi signals for regional positioning and ZigBee signal 

for precise positioning. the use of these two positioning methods adapts 

to different positioning accuracy needs, enabling a significant reduction 

in positioning costs. 

Through the median processing of Wi-Fi signals and training ZigBee 

neural network, a large number of data of positioning is reduced, so that 

the client can position, independently from the server. When a large 

number of users are positioning, there is a significant reduction in server 

pressure.  

Finally, an error filtering algorithm is used to improve the user experi-

ence. 

At present, there is no complete indoor positioning system on the mar-

ket, but there are products used to memorize an indoor path, such as 

high-end sweeping robots. These, however, are expensive. In Germany, 

they are attempting to develop an automatic parking robot in the airport, 

able to use indoor positioning technology to shovel cars and put them 

into the parking spaces. 
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Google band positioning permissions and Wi-Fi authority together, 

which shows that there is a huge demand in the indoor positioning 

market, this research has great potential. 

The system implemented in this paper can be improved in many aspects. 

This paper only realizes the positioning of the mobile client, but it could 

also be used for the monitoring software of the server. The equipment 

used in this paper is in the experimental stage. The interface designed in 

this paper is only done to successfully send and receive display data, for 

the purpose of the actual product, it should be improved. 

Ten years ago the concept of the Internet of Things was still in the labor-

atory stage, but today there are several Internet of Things products. In 

the recent years, many Internet companies have launched their own 

Internet of Things platforms. With the rapid integration of IoT in our 

daily life, the level of demand continues to increase. It is likely that 

within the field of indoor positioning design will improve, and ultimate-

ly enter the industrial market to be used in our daily life. 

6.2 Future work 

The positioning system made in this paper is only on experiment stage, 

there were a lot of work to do if it need to be develop as a product, the 

dataset refresh time needs to be considered. User interface now is not 

well looked, it should be friendly to the users. The ZigBee positioning 

variance is highly depend on the deploy of anchor devices, but the 

relation is not clear, there should be more research on it. 

6.3 Ethical consideration 

The scenes of this positioning system is the museum, the position of the 

user is shown on user’s phone, when the user’s phone connect to the 

server, the server will get the location of the user, in this case, there 

should be some confidentiality measures on the server to protect the 

information of the users. 

The only data could get from positioning system is the position of the 

user, so the confidentiality measures should be focus on the Wi-Fi data 

and ZigBee data collect from user’s smart phone.  
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