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Abstracts 
Nowadays, with the rapid development of wireless technology, people cannot live 

without wireless communication technology. Among many wireless communication 

technologies, wireless positioning technology plays an important role in people's life 

and travel, etc. In recent years, in addition to the well-known GPS positioning, wireless 

positioning technology also includes many positioning technologies 

 

This paper mainly focuses on indoor positioning. Because GPS positioning 

technology is generally only applicable to outdoor positioning, this paper will introduce 

other commonly used indoor positioning technology, and then focus on our theme: 

RFID indoor positioning and positioning methods. In here, some positioning methods 

or techniques can be applied in RFID indoor positioning. The project team will choose 

to use the Received Signal Strength Indication (RSSI) positioning and the positioning 

algorithm (LANDMARC) as our main positioning method and applied it to RFID 

indoor positioning for experimental research. 

 

The main purpose of this project is to try to use some more accurate methods for 

positioning in the process of learning RFID and collect some data in several 

positioning-related experiments to plan the positioning method. As well as to build up 

the positioning programs as our basic program (input is RSSI reading, output is possible 

to position), and finally try to use LANDMARC algorithm and machine learning to 

make positioning results more accurate.   
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Chapter.1 INTRODUCTION 

In this chapter, the background of Wireless technology for positioning related to this 

report, and the research purpose of this project, structure of this report will be introduced, 

and some knowledge of positioning related to this report will be introduced also. 

 

1.1 RESEARCH BACKGROUND 

In recent years, there are many areas around the world used wireless 

communication technology, such as aerospace, and communication network. With the 

development of wireless technology, people's daily life needs more and more wireless 

communication technology. Especially positioning technology, which is widely used in 

people's communication, navigation and goods management, and with the rise of the 

Internet of things (IOT), it is also widely used in this area. 

 

 

Figure11.1 Internet of things in precise positioning of Bright Beacon 

 

When it comes to positioning, many people think of GPS technology, because 

today, almost every smartphone has a GPS function, and people can use this function 

to do the positioning for their devices. However, for general GPS, because GPS is a 

technology of acquiring position information from satellite, it can transmit position 

information by radio wave. When there are few obstacles outside, the measured position 

information is relatively accurate. But if it is indoors, because of the block of buildings, 

the position information will produce great error. 
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So, for general GPS, it cannot carry out accurate indoors positioning, and has very 

high limitations. Therefore, the indoor positioning technology can only choose other 

ones, it can apply the other positioning technology, such as Wi-fi, Bluetooth, and RFID. 

 

Figure21.2 Wireless connection example of GPS 

 

RFID indoor positioning technology is based on RFID, using some indoor 

positioning methods to locate. Because RFID is one of the key technologies of the 

Internet of things, its application in the Internet of things is very extensive, and indoor 

positioning technology is also widely used in the Internet of things, so in this paper, we 

choose RFID technology for indoor positioning. 
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1.2 RESEARCH PURPOSE & PAPER STRUCTURE 

I. Purpose 

Because in daily life, in the storage room, people will often forget where those 

items are placed in the room; and in the logistics warehouse or libraries, because there 

are too many items, people often need to spend a lot of time to find specific items, and 

the efficiency will be relatively low. So, if we use the positioning technology to get the 

general indoor location information, the efficiency will be improved a lot. 

 

RFID technology is a technology to identify objects. So, Indoor positioning can 

be realized by using this technology. We will carry out many experiments and 

simulation through some algorithms and considering various interference items to 

measure the RSSI information of various positions and situations, and then calculate 

the corresponding position information to realize the positioning with using some more 

accurate calculation methods. Finally, is to compare the accuracy of Traditional field 

strength positioning and LANDMARC positioning of my work. 

  

II. Structure 

This paper is divided into five chapters, 

the first chapter is to explain the research background and purpose, and the positioning 

technologies of wireless in modern society. 

the second chapter is to introduce RFID technology and the current wireless indoor 

positioning technology and discuss the RFID indoor positioning algorithm for my part 

of the project.  

the third chapter will have the brief introduction of machine learning for how to increase 

the positioning accuracy, it means this chapter will have the introduction of AI and 

machine learning.  

the fourth chapter introduces our system design and architecture. 

the fifth chapter is a series of research, comparison and discussion related to the 

experiments, 

and finally, is to summarize this paper and the future feasibility Description of the study, 

and to make the conclusion. 
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Chapter 2 INTRODUCTION TO POSITIONING & RFID 

In this chapter, the principle of positioning, the principle of RFID and the related 

positioning concept will be introduced. then the main concept of LANDMARC which 

used to achieve the main positioning system for our project will be introduced. 

 

2.1 BRIEF INTRODUCTION FOR WIRELESS INDOOR POSITIONING 

Indoor positioning refers to the realization of location positioning in indoor 

environment, mainly using wireless communication, base station positioning, inertial 

navigation positioning and other technologies to form a set of indoor location 

positioning system, to realize the position monitoring of people, objects and so on in 

indoor space. 

 

In addition to the cellular positioning technology of communication network, the 

common indoor wireless positioning technology includes Wi-Fi, Bluetooth, ultra-

wideband (UWB) and RFID positioning. In the following paragraphs, it will show 

some details: 

 

I. WLAN(WIFI) Positioning 

At present, the popular Wi-Fi positioning is a positioning solution for the wireless 

Ethernet of IEEE802.11b, which is a series of standards of wireless local area network. 

The AP access point or wireless network card in WLAN can easily measure the strength 

of the wireless signal, which can be used to locate by matching the signal strength.1 

 

Figure32.1 (I)  A general indoor positioning system based on Wi-Fi technology 
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II. Bluetooth positioning 

Using the RSSI positioning technology based on Bluetooth, in addition to the 

Bluetooth module integrated in the mobile terminal, the Bluetooth base station needs to 

be deployed.2 

 

Figure42.1 (II) System architecture of the Bluetooth positioning system 

 

III. RFID positioning 

RFID positioning technology uses radio frequency to exchange data in non-

contact two-way communication to realize the purpose of mobile device identification 

and positioning. 3 

 

Figure 2.1 I) System architecture of 2-dimensional RFID positioning 

 

And for the comparing, it can show as the following table 

Type Advantage Disadvantage Accuracy 

& Range 

WIFI 

positioning 

The network has been 

widely deployed with 
mature products and low 

price. No need for 

additional erection 
equipment, low cost, easy 

to use  

The RF signal is easy to be 

interfered by the environment, with 
poor positioning accuracy and 

accuracy, and has strong time-

varying characteristics. Not suitable 
for high-precision real-time 

tracking  

Accuracy:  

<15m 
 

Range:  

<150m 



11 
 

 

 

Bluetooth 

positioning 

low power consumption, 

high positioning accuracy 

In addition to the use of Bluetooth 

modules integrated in mobile 

terminals, Bluetooth base stations 
are also needed, but Bluetooth base 

stations, devices and devices have 

not been widely promoted at 
present 

Ibeacon is generally powered by 

batteries, but the batteries need to 

be replaced every 3-5 years with 
high maintenance costs 

Accuracy: 

<8m 

 
Range:  

<75m 

RFID 

positioning 

It is very convenient to 

implement, and the 
system is less disturbed 

by the environment, and 

the electronic label 

information can be edited 
and rewritten more 

flexibly. 

RFID is not easy to integrate into 

mobile devices, with short 
operating distance (generally up to 

tens of meters) 

Accuracy: 

<10cm 
 

Range:  

<1m 

Table 1 Differences compare with four types of positioning technologies 

 

There is an example of RFID indoor positioning is: In some university libraries, 

because there are too many books in the library, it takes time to find books by general 

means, whether it is to find books or to check whether they are in the original place. So, 

to save the time of searching for books, or to prevent the loss of books, libraries often 

install RFID tags in many books. Librarians can confirm the location of books through 

RFID positioning system and confirm that books are taken away or brought in through 

the RFID tag detection system. 

 

Because RFID positioning technology is easy to realize, the system is not easy to 

be interfered by the environment, and the electronic label information can be edited and 

rewritten flexibly, we chose this technology as our main goal of the project. And next 

part will start to talk about RFID positioning. 

  



12 
 

 

 

2.2 PRINCIPLE AND IMPORTANT COMPONENTS OF RFID 

I. Principle of RFID 

RFID (radio frequency identification) technology was developed by the British in 

1948 for use in war, in airport identification of enemy and US fighters, and then used 

for different purposes by countries around the world.  

 

This is a technology that uses space electromagnetic induction or electromagnetic 

propagation to communicate and identify objects (e.g. RFID tag or card) automatically. 

It is considered to be one of the most potential information technologies in the 21st 

century. 

 

For the working process of RFID, it will show as the following steps: 

1) Some RFID tags are attached to the object to be identified. RFID tags store 

messages in a permanent storage area by electronic technology. Generally, 

there is a micro radio transceiver on the tags 

 

2) An RFID two-way radio transceiver called a reader sends a coded radio signal 

to the tag to "inquire" the radio frequency tag, and the tag sends its 

identification message to respond after receiving the signal. The identification 

message can be either the serial number of the label itself or other product-

related information, such as material number, etc.  

 

3) RFID reader will interpret its response. 

 

4) Generally, the reader will transmit the received information to the computer 

system with RFID middleware or RFID software. 

 

RFID system has three important components: RFID tag, RFID reader and antenna 
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II. RFID Tag 

Some tags can get energy from the electromagnetic field emitted by the reader 

when they are identified, and they do not need batteries; some tags have their 

power supply and can actively emit radio waves (electromagnetic field adjusted to 

radiofrequency). The tag contains electronically stored information that can be 

identified within a few meters. Unlike bar codes, RFID tags do not need to be in 

the line of sight of the reader, it can also be embedded in the tracked object. 

 

According to whether there is power supply inside the tag, RFID tags are 

roughly divided into three categories 

Passive 

tag 

The internal integrated circuit of the passive RFID tag can obtain the electric 

energy by the electromagnetic wave emitted by the reader, then return the 

corresponding backscatter signal to the reader. However, in the environment of 

propagation path attenuation, the read distance of tags is limited. 

Semi-

passive 

tag 

The semi-passive tag is similar to the passive tag, but it has a small battery. The 

power can drive the IC in the tag. If the IC in the tag only receives the weak 

signal from the reader, the tag has enough power to send back the memory data 

in the tag to the reader 

Active 

tag 

The active tag itself has an internal power supply, which can use its power to 

form an effective active area around the tag, actively detect whether there is a 

call signal sent by the reader, then transmit its data to the reader. 

 

RFID tag has at least two parts: one is an integrated circuit to store and process 

information, modulate and demodulate a section of RF signal, collect power from the 

signal sent from the reader, etc.; the other is an antenna to receive and conduct signals. 

 

Figure52.2 (II)  example of RFID tag structure 
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III. RFID Reader 

RFID reader is used to read electronic tags. It uses the RF signal, so it can 

read data without contacting electronic tags. The reader can be connected with the 

computer to transmit the obtained data to the computer for subsequent processing. 

 

For fixed readers, if the device is equipped with cadres, it can create a "query 

area" that can be tightly controlled. When the tag enters and exits the query area, 

it can be read in this clearly defined reader area. The mobile reader can be used by 

hand or installed on the vehicle. 

 

The RFID reader can be divided into four types according to the working 

frequency of RF: 

1) Low Frequency (LF) 

The RF frequency range of this kind of reader is 30~300kHz, the reading mode is 

inductive coupling1, which is suitable for applications with short distance and low cost. 

Examples of application: Animal chip, access control and endpoint sales system, etc. 

 

 

2) High Frequency (HF) 

The RF frequency range of this kind of reader is 3~30MHz, the reading mode also is 

inductive coupling, which is suitable for the applications by transmitting a large 

amount of data. Examples of application: Smart card, gate control, etc. 

 

 

1 Inductive coupling: When the electronic tag is close to the magnetic field range of the reader, the inductive coupling 

of the antenna of the electronic tag will generate current, so it gets power supply and transmit the data to the reader 

in the form of RF. 
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3) Ultra-High Frequency (UHF) 

The RF frequency range of this kind of reader is 300~3000MHz, the reading mode is 

capacitive electric field effect (backscatter coupling 2 ), which is suitable for long 

read/write distance and high write speed. Its antenna beam direction is narrow. It is 

mainly used in the supply chain, traffic monitoring and electronic toll collection. 

 

 

4) Micro-Wave 

The RF frequency range of this kind of reader is 2.45~5.8GHz, the reading mode is 

backscatter coupling. Example of application: vehicle identification. 

  

 

  

 
2 Backscatter coupling: when the electromagnetic wave emitted by the sensor touches the target tag, it will reflect 

and carry back the information of the target tag 
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IV. Antenna 

The antenna will be embedded or connected on the RFID tag and RFID reader 

to transmit the RF signal between the tags and the reader. 

 

According to the frequency band used by the tag, the signalling between the 

reader and the tag is carried out in several different incompatible ways. Tags 

working in the low and high-frequency bands are very close to the reader antenna 

in terms of radio wavelength because the distance between them is only a small 

part of a wavelength. In UHF and higher frequency, the distance between tag and 

reader is more than one wireless wavelength, so different methods are needed. 

 

Electronic product code (EPC)3 is a common type of data stored in labels. 

When a tag is written by an RFID tag printer, the tag contains a data string of 

specific digits. 

 

More than one tag usually responds to the tag reader. Collision detection is 

important to allow data to be read. Two different protocols are used to "separate" 

a specific tag, allowing its data to be read between many similar tags. 

 

In the slotted ALOHA system, the reader broadcasts initialization commands 

and parameters, which are used by the tag alone to pseudo-randomly delay its 

response. When using the adaptive binary tree protocol, the reader sends an 

initialization symbol and then one bit of ID data at a time; only tag responses with 

matching bits, and finally only one tag matches the complete ID string. 

 

 

This project is mainly based on the positioning of UHF RFID. Therefore, after the 

introduction of RFID and related information, the wireless positioning will be 

introduced below.  

 
3 The EPC of tag contains 96 bit data strings. The first 8 bits are a title that identifies the version of the protocol. 

The next 28 bits identify the organization that manages the tag's data; the organization's number is assigned by the 

EPCglobal Association. The next 24 bits are object classification, which is used to determine what kind of product 

it is. The last 36 bits are the unique serial number of this label. The last two fields (end code) are set by the 

organization that published the label. The total EPC can be used as the key to access the global database, which 

can uniquely identify a specific product. 
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2.3 PRINCIPLE AND THEORY OF WIRELESS POSITIONING 

Wireless positioning refers to the measurement of the characteristic parameters of 

the received radio waves in the wireless mobile communication network, using the 

measured radio signal data, using a specific algorithm to estimate the geographical 

location of the object. And there are many ways to do the positioning, and RFID readers 

of different enterprises measure different data. 

 

I. Positioning Methods 

 According to the different information of location measurement, location methods 

can be roughly divided into 3 main categories: time, angle and field strength, the 

following will talk about the principles and theories of those methods: 

1) Time: 

a) Time of arrival (TOA) 

TOA is the transmission time of radio signal from a single transmitter to a 

remote single receiver. Its geometric principle is shown in Figure 2.3.1. 

When three readers are used for positioning, the distance di (i∈n*) 

between tag and reader is defined as: 

 𝒅 𝒊 =  (𝒕𝒊 – 𝒕𝟎)𝒄 Eq. (1) 

Here ti is the time for reader signal to arrive at the tag, and t0 is the start 

time of signal sending, c is light speed. 

 

Figure62.3. 1) TOA positioning diagram 

Here it can get the location of the tag (xm, ym) by distance d1, d2, d3 and 

plug it in equation (2). (Here i=1,2, 3…) 

 𝒅𝒊
𝟐  =  (𝒙𝒊 – 𝒙𝒎)𝟐 + (𝒚𝒊 – 𝒚𝒎)𝟐 Eq. (2) 

For TOA, it needs the clock of reader and tag to have accurate 

synchronization, so the measured value can approximate the actual 

estimated distance. 

Tag 

Reader 1 

(x1,y1) 

Reader 2 

(x2,y2) 

Reader 3 

(x3,y3) 
(xm,ym) 

 

d1 

 
d2 

 

d3 
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b) Time Difference of Arrival (TDOA) 

Its basic principle is to take advantage of the property that the 

difference between the points on the hyperbola and the two focal points is 

a constant value. As shown in Figure 2.3.2, the hyperbolic focus of the 

dotted line is Reader 1 and Reader 3, and the hyperbolic of the solid line is 

Reader 1 and Reader 2.  

 

Figure72.3. 2) TDOA positioning diagram 

Take reader 1 and reader 2 in the figure as an example. The distance 

between the tag and two readers is: 

  𝒅𝟐𝟏 =  𝒅𝟐 − 𝒅𝟏 =  (𝒕𝟐 – 𝒕𝟏)𝒄 Eq. (3) 

 

That is to say, TDOA is to determine the location of the mobile 

target by the time difference between the detection signal and the two 

base stations. It only needs time synchronization between the base 

stations, but there is no time synchronization requirement between the 

target and the base station. 

  

(x1,y1) 

 d2 

Tag 

 

Reader 1 

 Reader 2 

 

Reader 3 

 

(x2,y2) 

 

(x3,y3) 

 

(xm,ym) 

 
d2 d3 

d1 
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2) Angle: 

Angle of Arrival (AOA) 

It is a positioning method, as shown in Figure 2.3.3. It uses the 

directional antenna to determine the source direction of the active tag signal, 

which determines a straight line so that more than two readers can 

respectively measure the direction of the tag, then the intersection of more 

than two straight lines is the possible position of the tag.  

 

Figure82.3. 3) AOA positioning diagram 

 

The relationship between the location of the tag and the two reader 

locations is as follows: 

[
𝒙𝒎

𝒚𝒎
] =  [

𝒙𝟏

𝒚𝟏
] − [

𝒅𝟏𝒄𝒐𝒔𝜶𝟏

𝒅𝟏𝒔𝒊𝒏𝜶𝟏
] Eq. (4) 

 

[
𝒙𝒎

𝒚𝒎
] =  [

𝒙𝟐

𝒚𝟐
] − [

𝒅𝟐𝒄𝒐𝒔𝜶𝟐

𝒅𝟐𝒔𝒊𝒏𝜶𝟐
] Eq. (5) 

When we know the Reader1 coordinate (x1, y1), reader2 coordinate (x2, 

y2), and the angle α1, α2 between two readers and the tag, it can apply the 

formula (4), (5) to get the tag coordinates (xm, ym) 

 

This method is easy to be affected by the environment, for example, in 

the environment with more obstacles, because the obstacles will reflect the 

signal of tag and make it become the interference signal source, it is easy to 

cause the reader's misjudgment. 

  

Reader 1 

(x1, y1) 

 

Reader 2 

(x1, y1) 

 

Tag 

(xm, ym) 

 
d1 

 
d2 

 

d2 cosα2 

d1 sinα1 

α2 α1 
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3) Field Strength: 

Received Signal Strength Indication (RSSI) 

RSSI is to use the channel propagation model to describe the attenuation of 

path loss to distance. According to the free space propagation model, the ratio 

of signal transmission to received power is as follows: 

𝑷𝒓_𝒓𝒆𝒂𝒅𝒆𝒓 =  
𝑷𝒕_𝒓𝒆𝒂𝒅𝒆𝒓𝑮𝒕𝒓_𝒓𝒆𝒂𝒅𝒆𝒓𝑮𝒓_𝒕𝒂𝒈𝝀𝟐

(𝟒𝝅𝒅)𝟐
 Eq. (6) 

In the equation: 𝑷𝒕𝒓𝒆𝒂𝒅𝒆𝒓
  shows the sending power of readers, 𝑮𝒕𝒓_𝒓𝒆𝒂𝒅𝒆𝒓 is 

the reader single antenna gain, and 𝑮𝒓_𝒕𝒂𝒈 is the tag accepting antenna gain. 

𝝀 is the wavelength of the signal. Both sides take the logarithmic then simplify 

are shown in the equation (7) 

𝑷𝒓(𝒅) =  𝑷𝒓(𝒅𝟎) − 𝟏𝟎𝒏𝒍𝒈(
𝒅

𝒅𝟎
) Eq. (7) 

Here 𝑷𝒓(𝒅) shows reader accept echo signal reflected from the tag, i.e. RSSI;  

𝑷𝒓(𝒅𝟎) shows reader accept signal strengths sent from tag at reference point, 

i.e. RSSI0; n is signal attenuation factor (n = [2,4]). 

If RSSI and RSSI0 are given, to get the distance between antenna and tag, it 

can use equation (8) as below, which is the distance estimation formula. 

𝒅 =  𝒅𝟎 × 𝟏𝟎
𝑹𝑺𝑺𝑰𝟎−𝑹𝑺𝑺𝑰

𝟏𝟎𝒏  Eq. (8) 

The RSSI method requires multiple readers or antenna to accurately locate, as 

shown in Figure 2.3.4. 

 

Figure92.3. 4) RSSI positioning diagram 

Because the transmission of infinite signal in the room will present the multi-

path interference attenuation and masking effect, which will cause errors with 

the estimated transmission distance, resulting in the estimated position of the 

tag will only be in one predicted area.  

But because of hardware limitations, this positioning method will be mainly 

used in my part of the project. 

Tag 

 

Reader 1  

Reader 2 

 

Reader 3 
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II. Positioning algorithm 

In most RFID indoor positioning systems, to improve the accuracy of 

positioning, many RFID readers will be used to cover the whole positioning area, 

so although the accuracy has been improved, the cost of positioning is quite 

expensive 

 

So, there is the positioning system – LANDMARC for RFID positioning. 

 

This system uses a lot of reference tags to do auxiliary location calculation. It 

can use a lot of cheap RFID tags, to improve the positioning accuracy, without 

using a lot of RFID readers.  

 

In the positioning area, the reference tags with fixed positions are arranged, 

and the system is informed of the position information of these reference tags in 

advance. In this way, when the signal strength of reference tags and tracking tags 

within the receiving range of RFID readers, the possible position information of 

tracking tags can be determined by the algorithm. The system deployment 

architecture is shown in Figure 2.5 

    

    

    

Figure102.3. 5) LANDMARC example Structure 

  

  The algorithm of LANDMARC is that, suppose there are n RFID readers or 

antennas, m reference tags and p target tags: 

1) The signal strength matrix of reference tags will be: 

𝑺 = [

𝑺𝟏𝟏 ⋯ 𝑺𝟏𝒏

⋮ ⋱ ⋮
𝑺𝒑𝟏 ⋯ 𝑺𝒑𝒏

] Eq. (9) 

Here 𝑺𝒊𝒋 (i=1,2, … m; j=1,2, … n) represents that the i-th signal strength level of 

the reference tag that read by j-th RFID reader or antenna.4 

 Reference Tag 

 Tracking Tag 

2m 

2m 
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2) The signal strength matrix of target tags will be: 

𝜽 = [
𝜽𝟏𝟏 ⋯ 𝜽𝟏𝒏

⋮ ⋱ ⋮
𝜽𝒎𝟏 ⋯ 𝜽𝒎𝒏

] Eq. (10) 

Here 𝜽𝒊𝒋 (i=1, 2, … m; j=1, 2, … n) represents that the i-th signal strength level 

of the target tag that read by j-th RFID reader or antenna.  

 

3) Then the correlation matrix of target tags and reference tags will be: 

𝑬 = [

𝑬𝟏𝟏 ⋯ 𝑬𝟏𝒎

⋮ ⋱ ⋮
𝑬𝒑𝟏 ⋯ 𝑬𝒑𝒎

] Eq. (11) 

Here  

𝑬𝒊𝒋 = √ ∑ (𝜽𝒊𝒌 − 𝑺𝒋𝒌)𝟐

𝒏

𝒌 = 𝟏

 Eq. (12) 

(i = 1,2, …, p; j = 1,2, …, m) 

It represents Euclid distance between the i-th target tag and the j-th reference tag, 

it means that the smaller the Euclid distance, the closer the j-th reference tag and 

the i th target tag 

 

4) For this algorithm, it means to choose k reference tags that closest to the target 

tags. For the coordinates of the reference tags, it can present as (x1, y1), (x2, 

y2), …, (xk, yk). Then the coordinate of target tag (x, y) can be calculated by the 

following formula: 

(𝒙, 𝒚) = ∑ 𝝎𝒊(𝒙𝒊 , 𝒚𝒊)

𝒌

𝒊 = 𝟏

 Eq. (13) 

Here 

𝝎𝒊 =

𝟏

𝑬𝒒𝒊
𝟐

∑
𝟏

𝑬𝒒𝒋
𝟐

𝒌
𝒋=𝟏

 Eq. (14) 

It represents the weight of the i-th reference tag in the k nearest neighbour 

reference tags, where number k can determine the influence range of the 

reference tags, which is an important parameter. 
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And here q means that for the q-th target tag, select the smallest k reference tags 

in the matrix (Eq1, Eq2, …, Eqm) (see Eq.11) 

 

5) It can define the estimation error e as follow: 

𝒆 = √(𝒙 −  𝒙𝟎)𝟐 + (𝒚 −  𝒚𝟎)𝟐 Eq. (15) 

And here (𝒙𝟎 , 𝒚𝟎) is the actual coordinate of the target tag, and (𝒙, 𝒚) is the 

target tag coordinate calculated by the formula.  

 

After we finished the basic positioning studies based on the field strength 

positioning, then I will apply this LANDMARC to my part of the project.  

 

Then, for the positioning result accuracy, we would like to use machine 

learning to increase positioning accuracy, and because of the data we measured last 

semester, the RSSI error range of some positions is too large, so it is necessary to 

use machine learning to correct the accuracy of these data. So next chapter will 

introduce machine learning and how it will apply to increase the accuracy. 
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Chapter.3 MACHINE LEARNING FOR POSITIONING 

 This chapter is to introduce Machine Learning which is the method for our 

experiment data processing, and we may try to use it to train our data and positioning 

more reliable in this semester or the future. In here, the machine learning and the 

related topic deep learning, and how machine learning can increase positioning 

accuracy will be introduced. This semester, my partners (Zero Ieong and Hayate Ho) 

are mainly focusing on how to apply machine learning to increase the accuracy, and I 

mainly focus on positioning, so in here I just can have a brief introduction on it. 

 

The difference between Artificial Intelligence (AI), Machine Learning and Deep 

Learning is visualized in Figure.3.0. 

 

Figure113.1 The distinction between Artificial Intelligence (AI), Machine Learning, Deep 

Learning 

 

By Fig.3.1, Deep Learning is a subset of Machine Learning, which is also a subset 

of AI. Thence, AI is the all-encompassing concept that initially erupted, then followed 

by Machine Learning that thrived later, and lastly Deep Learning that is promising 

to escalate the advances of AI to another level.5 
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3.1 INTRODUCTION TO MACHINE LEARNING 

Nowadays, Machine learning has been widely used in data mining, computer 

vision, natural language processing, biometrics, robotics and other fields. There are 

many places to use machine learning. So now I will have a brief introduction to machine 

learning and how it related to our project. 

 

I. Brief introduction of Machine learning 

Machine learning is a kind of data analysis method which can automatically build 

an analysis model. It is a branch of Artificial Intelligence (AI). Its main property is to 

enable the system to learn from the data, identify patterns and make decisions with the 

least human intervention. 

 

 Machine learning can identify and learn the best or most reasonable 

corresponding relationship and value among multiple groups of measured data (in this 

project, multiple groups of RSSI data), to achieve the best solution. For example, in our 

project, multiple groups of RSSI and distance data can be judged to find the most 

appropriate location.  

 

 To make machine learning helpful for our project, we will talk about the 

Convolutional neural network. It is a way to realize machine learning. 
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II. Convolutional Neural Network (CNN) 

Convolutional neural network (CNN) is a kind of forward neural network. Its 

artificial neurons can respond to a part of the coverage area of the surrounding cells and 

have good large-scale image processing performance. 

CNN model is developed for image classification. In this process, the model 

receives two-dimensional input representing image pixels and colour channels, which 

is called feature learning. 

CNN can identify the simple patterns in the data well, and then use it to form more 

complex patterns in a higher layer. 1D CNN is very effective when you want to get 

features of interest from a short (fixed length) segment in the overall dataset, and the 

position correlation of the features in the segment is not high. 

CNN can be divided into one-dimensional, two-dimensional and three-

dimensional, but their characteristics and methods are the same. The sliding method of 

feature detector in data and the dimension of input data are the key differences of 

different dimensions of CNN. Fig.3.1(II-a) and Fig.3.1(II-b) are the example of 1D 

CNN. 

 

Figure123.2 (II-a) 1D CNN – example - fig.a 
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The data was collected from accelerometers worn by people on their arms. The 

data represents the acceleration of all three axes. 1-D CNN can perform activity 

recognition tasks based on accelerometer data, such as standing, walking, jumping, etc. 

This data has 2 dimensions. The first dimension is the time step, and the other is the 

acceleration value on three axes. 

 

And the following figure illustrates how the core moves over accelerometer data. 

Each row represents the time series acceleration of an axis. The core can only move one 

dimension along the time axis. 

 

Figure133. 3 (II-b) 1D CNN – example - fig.b 
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3.2 MACHINE LEARNING IN OUR PROJECT 

After talked about machine learning and CNN., here we'll talk about how to apply 

it to our project 

 

Because the error range of multiple sets of RSSI measured at various positions in 

the 1-D space last semester is a little large, for example, when the RSSI value is between 

4m and 5m, the trend of RSSI value does not decrease but rises, or sometimes it falls 

very far (probably due to environmental reflection factors). 

 

Therefore, we need more test data to do machine learning and try to reduce the 

impact of errors and instability factors 

 

So, in our project, it can be used or applied 1D CNN to find the data characteristics 

of RSSI to increase the reliability and accuracy of the data. So that positioning will be 

more accurate.  

 

Next part I will talk about the system design of my part of the project. 

 

Because this part of machine learning is completed by my teammates, and I am 

responsible for the positioning part, so in the following experimental part, I mainly talk 

about positioning. 
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Chapter 4 Design Procedures of our RFID Positioning system 

In this chapter, I will talk about the literature review in the RFID positioning area 

according to others. Next, my design procedures for the project this semester will be 

introduced in detail. 

 

Refer to other people's practices, I will review some points according to some 

literature in RFID positioning area firstly, then for our system, I will introduce its basic 

model of my design procedure, and then introduce the hardware structure and software 

structure of our system in detail. 

 

4.1 LITERATURE REVIEW OF RFID POSITIONING SYSTEM FOR 

OTHERS 

Che-Chen Kung (2010)6 put forward signal analysis by Sliding Window Moving 

Average and Successive Moving Average. This is calculation by continuous active tag 

signal. It improves accuracy in Landmark by Virtual tag group-based RFID Positioning. 

But it positions tag what it is moving. It will have more error instil. It also put forward 

antenna direction affect the result.  

 

Sih-Ying Li7 put forward a program for improving calculation for positioning. It 

shows the system structure in 3 part. There are Communication Layer, Resources 

Management Layer and Location Layer. It can improve waste of time in calculation.  

 

W.C.Cheng8 put forward four type of correction signal. There are LANDMARK, 

LANDMARC combined time series, LANDMARC combined time-series and average 

correction, LANDMARC combined time-series and single correction. It shows that 

LANDMARC method average error is 62.1 cm and they have increased it to be less 

than 20cm.  
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4.2 BASIC MODEL OF THE PROJECT 

For the project measurement result of the last semester which we have measured 

the 100 times RSSI of each distance, this is not enough to do the credible positioning. 

 

So, this semester, we have divided labour. My part is mainly to build up the basic 

positioning simulation system and LANDMARC positioning simulation, and make a 

comparison of them. And my partners (Zero Ieong and Hayate Ho) are working on the 

part of machine learning to improve the accuracy of positioning.  

 

For my part, I built a simple positioning system using some algorithm. That can be 

described of two flow chart model. One is the design procedure model; another is our 

system operation process model. 

 

I. Model of System operation process 

To design an RFID positioning system, it may first to consider the system 

operation process. The main process of the system that I expect is using RFID 

reader and antennas to read the RSSI values, then input the antennas RSSI reading 

to the simple positioning system to do positioning.  

 

The operating model of our system will show as following figure 4.2(I), the 

main components include RFID tag tracking system, RFID tag’s RSSI 

Experiments, and Positioning Programs developments.  

 

This system can represent that, the input is RSSI values of the reading of 

RFID reader by two antennas, and the output is the possible location of the target 

tag. 

  



31 
 

 

 

The system operation process is that:  

1st Step: Use the achievement of last semester- RFID tag tracking program 

to do the RSSI measurement for the target tag by using RFID reader and antennas 

(one or two). (Experimental Tracking) Here measurement job developed by my 

partner Zero Ieong and Hayate Ho. 

 

2nd Step: Do the Experiment Data result plotting, which included 1-

Dimension plotting (one antenna) and 2-Dimension plotting (two antennas) 

(Direction difference 90 °). 

 

3rd Step: Input the RSSI results and the corresponding distance to the 

positioning system/program, so that to achieve the positioning. The output will be 

a possible position. Here the positioning programs include simple RSSI 

positioning of two methods, and LANDMARC Positioning.  

 

 Figure144.2 (I) Flow Diagram / schematic of our System operation 

1
s
t 

2 

3 
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II. Model of Design Procedure  

To build up the design system and achieve the goals in this semester, it may 

be better to consider or plan the reasonable workflow or design procedure in here. 

There is the workflow diagram of the design procedure in this semester so that it 

can have the direction of the process: 

 

 
Figure154.2 (II) Flow Diagram of our design procedure in this semester 

  

Additional experimental data 
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In this plan, it shows the brief procedure of the design system, this is based 

on the project results of the previous semester, which have a few RSSI result data, 

and then continues to build the positioning system. 

 

Step 1: Based on the limitation of the data measured last semester and the 

error of the data of the same level, it is known that more data need to be measured 

in this semester to support the reliability of positioning. So, we should get more 

RSSI and corresponding distance data by using the RFID reader and two antennas. 

Then do the one antenna and two antennas result plotting. 

 

Step 2: Based on the data and the concept of RFID positioning, it can build 

up two traditional simple positioning system based on two antennas. One is 

conversion based on RSSI and distance experimental data (Approximation), the 

other one is based on the RSSI to distance estimation formula. 

After built up two simple positioning system, the LANDMARC positioning 

system can be also built by some algorithms. 

 

Step 3: Record the error or accuracy of each position / coordinate point, so 

that to do the result comparing. 

 

Step 4: Do the final analysis for the data and positioning system, then to 

evaluate which positioning system/program has high reliability and how to 

improve or use other methods, etc. 

 

So, the design procedure is here, although this semester mainly focuses on the 

establishment of some positioning systems and positioning program, there still 

need a lot of experimental data, we have to measure the RSSI of some tags at 

different distances, we need to use some hardware devices and structures, those 

will be introduced in next parts. 
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4.3 BASIC HARDWARE ARCHITECTURE OF OUR SYSTEM 

For the basic achievement of the systems, we should consider the system 

architecture to achieve the project. There is the basic system architecture established by 

us. It can be introduced by the hardware part and software part. 

 

I. Hardware components 

For the hardware part, to build up the reliable positioning system based on the 

RSSI and distance comparison/ conversion, it must do some RSSI measurement 

by using RFID reader and antennas. It means to build an RFID tracking network 

seems as last semester first. Again, our RFID reader is S-8600 UHF RFID Reader 

(produce by EPC Global and INDY), the chip used in this reader is R2000. Its 

appearance is as shown in figure 4.3(I). 

 

Figure164.3 (I) Appearance of S8600 UHF RFID Reader 

And some of the specification of this reader is shown in table 2. 

Table 2 Specification of S8600 UHF RFID Reader 

Size 230mm*160mm*28mm 

Weight 1.8 KG 

Working temperature -20℃ ~ +55℃ 

interface protocol EPCglobal UHF Class 1 Gen 2 / ISO 18000-6C 

Working Frequency band 860MHz – 960MHz 

Output Power 30dBm 

Receiving sensitivity < -85dBm 

Card reading distance > 12M 

Communication interface Ethernet: 10/100 Base-T Ethernet (RJ45) 

Serial: RS-232 Console (DB9) 

Serial: RS-485 (Optional) 

Multi-tag reading performance >500 

Reading speed >500/s 
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And for the antenna, we chose a Directional antenna. 

The antenna is Circular Polarity RFID Panel Antenna A9028R/A9028L 

Its appearance is as shown in figure 4.3(I-2). 

 

Figure174.3 (I-2) Circular Polarity RFID Panel Antenna A9028R/A9028L 

 

And some of the specification of this antenna is shown as table 3. 

Table 3 Specification of Circular Polarity RFID Panel Antenna A9028R/A9028L 

Antenna Part Number  A9028R/A9028L  

FREQUENCY RANGE 902 - 928 MHz 

GAIN 9 dBic 

Front to Back Ratio 20 dB 

radiation pattern 

 

So, for this Reader and antenna, the reading distance can be bigger than 12m, 

so if we use 6m*6m as the positioning room size in my project, it is acceptable. 

And it is allowed to do the multi-tag reading. And our using tags is a passive tag, 

so that there are many tags can be used to build up our system measurement 

experiment. Combine all the specification of this reader and consider achieving the 

RFID Positioning system by using LANDMARC, we have built up the hardware 

architecture to do the RSSI measurements. 
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II. Hardware architecture 

The basic measuring network architecture of our positioning system is shown 

in Figure 4.3(II).  

 Measurement Experiment  

            

1. 100 times each reference point, 

2. 200 times each reference point 

3. 1000 times each reference point 

 

Figure184.3 (II) basic measuring network architecture 

 

 Here exist PC and RFID Reader RS232 connection to transfer the RSSI reading to 

PC.  

To build the positioning system, we have done three measurement experiment for 

RSSI and different distances (for each 0.5m). The measurement experiment is that: 

On a straight line in one direction, from 0.5m to 5m, let the reader and antenna 

read RSSI values of target tag at this point every 0.5m for n times, (here n=100, 

200, 1000 times) 

 

This hardware architecture will be used in the next chapter. If there are 

problems, some solutions will be proposed. 

  

RFID 

Reader 

PC 

RS232 

Antenna 

0.5m 

Tracking Tag Reference point 
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4.4 BASIC SOFTWARE ARCHITECTURE OF OUR SYSTEM 

For the software part, to achieve positioning system, it must include several 

programs or different software architecture for it, it can be divided as two-part, one is 

measuring software part and the other one is positioning software part. 

 

I. Measuring Software 

To control the reader, issue a command to the reader so that the RFID positioning 

system can work well, the first step of it is to identify the programming language 

suitable for S8600 UHF RFID Reader. (using R2000 chip). 

 

 That is, from the specification, Microsoft C# is suitable for this reader (for R2000 

model). And it can send the command package by using the C# program of our design, 

it will show in the appendix chapter. 

 

In this program, we mainly use the red ellipse part, which contains several items 

that can support us to do the RFID tracking experiment for data collection. 

 Then, to support the data storing, after our data tracking program finished, it will 

store the data line by line and save it as CSV file, the CSV file includes RSSI and EPC 

data from all tags, and several frequency ranges. (Theoretically, the RSSI values 

received in different frequency bands will be different, so there is frequency hopping 

function in tracking program) 

The output file data type can show in table 4. 

Table 4 data type of output CSV file 

Antenna EPC Frequency Range RSSI Distance Repeat Times 

And here RSSI will be mainly focused to do the positioning. 

 After collecting all the CSV file, they will be uploaded on the Cloud or database, 

then it’s time to do the plotting and analysis, because Python can achieve many 

functions of plotting and data analysis, so we use Python 3.7 to do. 

So, for easy understanding, the software schematic of measuring process will show 

as figure 4.4(I) 
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Figure194.4 (I) the measuring process schematic model 

It means, first we use Microsoft C# in PC to do the command process between PC 

and Reader connected by RS232 to do the radio broadcasting and waiting for tags 

response, then, after the received data (replied from tracked tag) called back from the 

buffer of the reader, the data will store in the CSV, then the other computers can pull the 

CSV data files, and do the data processing or build up the positioning program by using 

Python. 

This software contributes to our system operation, which is beneficial to our 

experiment in the next chapter and make it easy to measure the RSSI results. 

 

II. Positioning Software 

To achieve the positioning system, it must develop the positioning program, which 

simulates the positioning process, here we expect the system input are two antennas 

(90-degree difference) RSSI reading, and the system output is the coordinate of 

possible position in a 6m*6m space. 

 

Here all the positioning program is based on the simulation case, which is the ideal 

situation, ignoring the influence of environmental factors. So, when we do 

simulation, it can be assumed that the tag RSSI reading of every antenna of the same 

type at the same distance is the same, even in the same environment and same space. 

This means that the magnetic field interference and other factors of the two antennas 

are ignored.  

Just like the system model above (see figure 4.2(I) and figure 4.2(II)), according 

to different positioning methods, the positioning program can be divided of three types, 

and the system modelling/flow chart and the detail of three types positioning system 

will show in here:   

Microsoft C# 

(Command language)

CSV

(Database)

Python 3.7

(Data Processing software)
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i) Positioning program based on RSSI and distance estimation formula  

This program based on RSSI and distance estimation formula, that is: 

𝒅 =  𝒅𝟎 × 𝟏𝟎
𝑹𝑺𝑺𝑰𝟎−𝑹𝑺𝑺𝑰

𝟏𝟎𝒏  
Eq. (8) 

Although this is only an estimation formula, the accuracy is still to be 

discussed, but it can also roughly locate the possible location. 

The following figure is a schematic model of this positioning program: 

 

Figure204.4 (II-1) Schematic model of Estimation Formula Traditional RSSI 

Positioning 

First is input two antennas RSSI reading respectively to the program, and do 

the RSSI and distance conversion by using traditional Estimation formula Eq. (8), 

then the distance between the possible position and antenna 1 (called D1), and the 

distance between the possible position and antenna 2 (called D2) are calculated.  

Then, to calculate the possible location by two distance values D1 and D2, 

some geometric formulas were used. 

If two distances corresponding to two RSSI of the simulating input can be 

directly calculated by the geometric formula, then the corresponding positions will 

be directly output. However, if these general geometric formulas cannot find the 

corresponding coordinate points due to some factors (for example, there is no 

intersection between two circles, etc.), then only some methods can be used to 

convert two distances into corresponding positions. 

One method is to establish a comparison table of location coordinates and 

distance in advance. When the distance is converted to location, you can take the 
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approximate value of distance in the comparison table and finally output the 

corresponding location. 

ii) Positioning program based on RSSI/distance comparison table 

This program based on two types of RSSI, one is the RSSI from the measured 

database, the other one is RSSI input read by antenna in simulation case. 

The following figure is a schematic model of this positioning program: 

 

Figure214.4 (II-2) Schematic model of RSSI Approximation positioning 

The detail of this schematic model is that:  

First, a cross-reference table of RSSI and distance is established according to 

multiple RSSI data measured at different distances.  

 

Now input the RSSI read by two antennas for simulation, then, the input RSSI 

would be approximated to the RSSI in the reference table so that it can extract the 

corresponding distance, and the error of the distance may be ±0.5m.  

 

Then, for the calculation of the possible location by two distance values, it 

seems like the previous program, it also uses a geometric method or 

distance/location cross-reference table to convert distance and location. So, this 

program can also call data conversion table for RSSI and Distance 

 

Then, the accuracy of the possible positions obtained by these two methods 

should be relatively low. We will use them to compare with the accuracy of 

LANDMARC positioning method. 
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iii) Positioning program based on LANDMARC 

This is the main program of this semester, that is the positioning program of 

using LANDMARC positioning methods. The following figure is a schematic 

model of this positioning program: 

 

Figure224.4 (II-3) Schematic model of LANDMARC positioning  

This schematic shows the detail information of our design positioning.  

First, a coordinate system of two-dimensional space is established as a 

simulation case, such as a 6 * 6 room. It is assumed that the room places the 

reference RFID tags in a certain space and marks the coordinates of each reference 

tag. Then, use some geometric method to transform the coordinate location to the 

distance from this coordinate to two antennas, respectively. 

 

Secondly, using the data from the RSSI measurement experiment to make a 

comparison to convert the two distances into corresponding RSSI values. (it means 

to refer to the comparison table of experimental data) To express the RSSI 

value that antenna may read in each position of each reference tag in this plane. 

That is to say, the signal strength matrix of reference tags has been built in here. 

 

Thirdly, for simulation, input two simulation RSSI values, representing the 

RSSI values measured by two antennas, it can also build the matrix as the signal 

strength matrix of target tag, so here can plug it into LANDMARC algorithm. 

(see Eq. (9) to Eq. (15)) 

 

All positioning system schematics of my project have been shown here, the 

next chapter will start the simulation of those positioning system process. 
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Chapter 5 Implementation & Experimentation 

In this chapter, the implementation of me and our group for this project will be 

introduced. It mainly contains simulation and experimentation 

 

5.1 MEASURING EXPERIMENT OF OUR GROUP 

To build up a reliable positioning system, we must do the target tag RSSI and 

distance relationship measurement. 

For this measuring experiment, we would use one antenna to detect one target tag. 

 

I. Measuring experiment 

Here we will measure the target tag from 0.5m to 5m in one direction, let the 

reader and antenna read RSSI values of target tag at this point every 0.5m for n 

times, (here n=100, 200, 1000 times) 

 

We first were to set up the environment to start measuring experiment. The 

environment can show as figure 5.1(I). (The maximum length of this environment 

is 5m) 

 

Figure235.1 (I) Environment for Measuring Experiment: One tag one antenna  

 

Antenna 
connected with 

RFID Reader 
RFID Tag on 
the object 



43 
 

 

 

Here RFID reader connected with Antenna, and we put an RFID tag inside 

this field, an antenna and RFID tag are raised on tripods so that they are on the 

same height level. We first set up the distance between Antenna and the tag is 0.5m 

 

 After setting up our experiential environment, then we can start measuring 

RSSI data. To obtain the RSSI value of each position in the range, we will move 

the tag to another position after measuring the RSSI value of the tag at one position 

in each round. And to get enough RSSI data for us to put it into the positioning 

program or machine learning, we will measure n times in each position as one 

round.  

 

Therefore, in this RSSI measurement experiment, we have done 100 times 

data sets, 200 times data sets and 1000 times data sets measurements respectively 

at each location. 

 

The measurement results of three sets of data will show in the next part.  
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5.2 RESULTS OF OUR GROUP MEASURING EXPERIMENT 

 After finishing the measurement experiment, it can analyze the measurement result, 

there are three different result plotting in this part., which means the measurement result 

of three different testing times in one direction. Then it will do some analysis for each 

result separately. 

 

I. RSSI/Distance Measurement Result for 100 sets of data 

The following figure 5.2 I) will be the RSSI Measurement Result of 100 testing 

times (or called 100 sets of data) for each difference distances. And these measurement 

data are from last semester measuring.  

 

Figure245.2 I) RSSI/Distance Measurement Result for 100 sets data 

Description: 

This is the result measured in last semester. This experiment is to read 100 times 

of RSSI value every 0.5m in the range of 0.5 to 6m. It can be seen from the figure 

that the RSSI corresponding to each distance is diverse, and there are many repetitive 

RSSI. Here, the more repetitions of RSSI measurements at each location, the lighter 

the colour, and the more reliable the RSSI value. So, in this graph, there is a general 

trend line, which is the connection of every mode point. 
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Analysis: 

In terms of general expectation trend, the farther the distance is, the smaller the 

RSSI value can be read. But from this trend line, the RSSI value at 4-5m and 6m is 

out of expectation. So, this result shows an imperfect RSSI curve. 

There are many reasons for this kind of deviation, such as antenna angle deviation, 

environmental reflection factor, or interference of other signals, etc 

  Therefore, to reduce the deviation between the data and the expected trend and 

make the data more reliable, the number of measurements can be increased. For 

example, add the times of RSSI measurements per distance to 200 or 1000. 

 

Because of this kind of deviation, we would like to measure 200 and 1000 sets data 

in this semester. 
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II. Measurement Result for 200 sets of data 

The following figure 5.2 II) would be the RSSI Measurement Result of 200 sets 

of data for each difference distances.  

 

Figure255.2 II) RSSI/Distance Measurement Result for 200 sets data 

Description: 

In this picture, when the distance is 2 and 3.5m, the jitter range of RSSI value is 

very large. From the trend line of this figure, the change trend of RSSI is in line with 

the expected trend, that is, the farther the distance, the lower the RSSI. 

 

Analysis 

In this example, there are some positions where the RSSI values fluctuate greatly, 

but the trend statistical points conform to the overall trend. This may be caused by 

the transient change of environment, or the change/reflection/interference of 

electromagnetic signal, etc 
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III. Measurement Result for 1000 sets of data 

The following figure 5.2 III) would be the RSSI Measurement Result of 1000 

sets of data for each difference distances.  

 

Figure265.2 III) RSSI/Distance Measurement Result for 1000 sets data 

Description: 

In this picture, the amplitude of numerical jitter is smaller than that in the above 

picture, although there are still sporadic errors. Then, except that the RSSI of 4m is 

lower than the expected value, all the others are in line with the expected value. 

 

Analysis 

In this figure, there are still some sporadic deviation points, but overall, the whole 

trend curve is relatively reliable, and its RSSI value is also the most consistent with 

our expected curve. Therefore, if adjust the RSSI value of this curve by the way of 

machine learning, it may be able to get a more reliable curve. For all parts of the 

following, this curve will become the reference conversion curve of RSSI and 

distance. 

After we plot these results, we can do some processing according to these results, such 

as taking the average value or mode, etc., and turn them into an approximate conversion 

method of RSSI and distance, to start the simulation. And it can be compared with the 

curve obtained from the RSSI/Distance estimation formula in the next part.  
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5.3 SIMULATING EXPERIMENT FOR ONE ANTENNA 

For one-dimension (here it means just one antenna) RSSI values evaluation based 

on distances. According to the above results, before positioning, we can carry out a 

simple simulation, that is, the conversion of RSSI and distance. Because the positioning 

here is the conversion of RSSI (the signal strength read by the antenna) and distance 

(the distance between the target tag and the antenna), and finally to transform the 

distance to possible position. So, we can first deal with the conversion of RSSI and 

distance here. 

Here would be conducted two simulation/experiments, that is, use different methods 

to evaluate the conversion of RSSI and Distance, and analyze the relationship between 

RSSI and Distance. 

 

I. Simple transformation based on RSSI estimation formula 

 

Figure275.3 I) RSSI/Distance 1-D transformation based on Estimation Formula 

Description & Analysis 

This figure can show a change curve that is more in line with the expected curve. Although 

it is only a distance and RSSI estimation, the RSSI value corresponding to each distance is 

not accurate. However, from this figure, the approximate value of RSSI corresponding to 

each distance. Next, use this curve to compare with the above experimental data. 
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II. Simple transformation based on RSSI/Distance comparison table from data 

measurement (n=100,200,1000 times) 

According to the RSSI Experiments based on different distances, it can build up 

the 1-antenna RSSI/distance comparison simulation 

First take the RSSI and distance measurement data as the comparison table and 

database of RSSI and distance, and based on the comparison table/database of the RSSI 

and Distance, so that the simulation can implement RSSI and Distance converting. 

 

i) RSSI/Distance Conversion curve based on 100 sets of measurement data. 

 

Figure285.3 II) RSSI/Distance 1-D transformation based on 100 sets comparison data 

Description & Analysis 

This figure is the result of taking the mode or average of 100 groups of data for each 

position. Compare with the transformation curve based on the estimation formula, 

this 100 sets experiment data transformation curve are not very reliable. Because it 

can be seen from this figure that at 2m, 4m and 4.5m, the RSSI is quite different from 

the RSSI of the estimation curve, and more than half of the RSSI points are biased. 

The reason for the deviation may be caused by the environment, reflection or other 

issues. 

So, this 100 sets a data transformation curve may not be a reliable conversion. 
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ii) RSSI/Distance transformation curve based on 200 sets measurement data 

The following figure 5.3 III) is the transformation curve of RSSI/Distance based 

on 200 sets data, which shows the comparison between this curve and the estimation 

curve. Normally, this curve is more reliable than the curve of the above 100 sets of data. 

 

Figure295.3 III) RSSI/Distance 1-D transformation based on 100 sets comparison data 

Description & Analysis 

This figure is the result of taking the mode or average of 200 sets of data for each 

position. Compare with the transformation curve based on estimation formula, here 

just have two RSSI points is a match. There still are some deviations in the other RSSI 

points, especially at 0.5m, 3.0m, 3.5m and 4.5m. 

However, compared with the above 100 sets, the data curve of 200 sets has a certain 

degree of reliability, and the deviation rate is not so large. Therefore, if we increase 

the data sets of measurements, the data curve will be more reliable. 
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iii) RSSI/Distance transformation curve based on 1000 sets measurement data 

The following figure 5.3 IV) is the transformation curve of RSSI/Distance based 

on 1000 sets data, which shows the comparison between this curve and the estimation 

curve. Normally, this curve is more reliable than the curve of the above 100 and 200 

sets of data. 

 

Figure305.3 IV) RSSI/Distance 1-D transformation based on 100 sets comparison data 

Description & Analysis 

This figure is the result of taking the mode or average of 1000 sets of data for each 

position. Compare with the transformation curve based on estimation formula, there 

are only a few differences, such as at 1.5m, which is generally acceptable. 

And compared with the above 100 sets, and 200 sets, this curve is very close to the 

near future. The reliability is enough. (although it can still be corrected with machine 

learning). Moreover, these 1000 sets of data fully represent the actual comparison 

between RSSI and distance in this measurement environment. 

Because the estimation formula is an estimation after all, which is not accurate, in 

the following positioning simulation, I will use the RSSI / distance comparison 

relationship based on 1000 groups of actual measurements as the reference conversion 

curve to apply it to an approximate value positioning system based on actual data. 

  



52 
 

 

 

5.4 POSITIONING SIMULATING EXPERIMENT FOR TWO ANTENNAS 

For two-dimension (using two antennas), I can establish the 2-D positioning 

simulation systems, which are to evaluate the relationship among RSSI, distance and 

location values, here would be conduct three simulation/experiments, that is, use 

different methods to evaluate the conversion of RSSI and Location, it means to achieve 

positioning with two antennas. 

 

In this simulation, two antennas are at 90-degree angles, and the positions are set 

as (- 3,0) for antenna 1 and (0, - 3) for antenna 2 of the room coordinate system 

 

In this simulation, I will take the data referred positioning based on experimental 

data conversion curve as the benchmark (i.e. RSSI / distance based on data conversion 

table of method 1 below) to compare with the traditional field strength positioning based 

on the estimation formula and the positioning based on the LANDMARC method. 

 

 In this part, it mainly simulates that there is a reader, two antennas and some tags 

in a room. The RSSI value of the tags read by the two antennas is input. After some 

calculation or comparison, some possible positions can be output. 

 

I. Positioning simulation based on data referred to method 1: 

This is a positioning simulation system based on transformation/ Conversion table 

from data (1000 sets RSSI Data) 

 

Here providing two antennas positioning. It is directly converted according to the 

comparison table of RSSI and distance by using 1000 sets of measurement data, and its 

detailed process can refer to Figure 4.4 (II-2). And the demo output of this simulating 

system based on 1000 sets RSSI measurement data and those transform curve is shown 

as following figure 5.4 (I).  
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Positioning output demo based on 1000 sets measurement data (input:-57,-76) 

 

Figure315.4 I) Positioning Demo output based on measurement data transformation table  

Table 5. Demo Input /Output for positioning method 1 (Data Conversion): 

(Input) Antenna 1 and 2 RSSI reading (Output) Possible Location 

-53 -76 (-2.4,-0.4),  (-2.1,-0.8),  (-2.0,-0.9), etc. 

-80 -76 (0.5,-0.5),  (1.0,0.4),  (0.9,-0.1), etc. 

-80 -42 (0.1,-3.5), (-0.5,-2.8), (-0.15,-3.1), (0.5,-2.5) 

Description & Analysis 

In this figure, the blue dots are the possible position of target tag, and the red dots are the 

position of two antennas. This figure shows the set of output position results when the input 

is - 53 (antenna 1 reading) and - 76 (antenna 2 reading). Normally, the general expected 

answer is to output an accurate position. But in this positioning system, because of the data 

table that each distance has 1000 RSSI of different sizes, and this RSSI have some up and 

down jitter deviation (because of some factors), which will deviate from the relatively 

accurate RSSI value. (see figure 5.2 (III)). Therefore, even when RSSI transform to distance, 

RSSI of the same value may correspond to different distances. For example, RSSI of - 80 

may correspond to 3.5m or 4m.  

 

When the position (x, y) is calculated based on the distance between two antennas and tag, 

the answer is often more than one position. Therefore, these blue dots in the figure can only 

be the set of possible positions calculated by target tag according to the RSSI readings of two 

antennas. So, it is necessary to use machine learning calibration. Nevertheless, this data 

conversion table is of the reference value. After all, there are still some relatively accurate 

RSSI values. 

 

Ant. 1 

Ant. 2 
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II. Traditional RSSI positioning based on estimation formula (method 2) 

The following figure 5.4 II) is the demo output of the simulation for traditional RSSI 

positioning based on estimation formula, which can show the case when input two 

antennas reading are -53 (antenna 1 RSSI reading) and -76(antenna 2 RSSI reading). 

Positioning output demo based on RSSI/distance estimation formula (input:-57,-76) 

 

Figure325.4 II) Positioning Demo output based on estimation formula algorithm 

Table 6. Demo Input /Output for positioning method 2 (Estimation Formula): 

(Input) Antenna 1 and 2 

RSSI reading 
(Output) Possible Location Accuracy(%) 

-53 -76 (-2.9,-1.1), (-2.4,0.4), (-2.1,0.9), etc. 35.2 

-80 -76 (1.3,0.25), (0.45,-0.54), (1.0,0.36), etc. 29.8 

-80 -42 (0.4,-2.6), (-0.5,-2.9), (0.5,-2.5), etc. 77.8 
 

Description & Analysis 

In this figure, the green dots are the possible position of target tag, and the red dots 

are the position of two antennas. In the output diagram of the simulation system, after 

inputting the RSSI readings of two antennas respectively, it will convert them into 

two distance values through the estimation formula (eq.8), which represents the 

distance between two antennas and target tag respectively. Then, two distance values 

are used to find the possible positions by the geometric method. So that is how these 

two possible positions come out. Its detailed process can refer to Figure 4.4 (II-1) 

 

However, this method is based on the estimation formula after all, and its output 

position will be inaccurate, which can also be seen from the accuracy in Table 6. (the 

accuracy is based on the measurement data of the above parts) 

Ant. 1 

Ant. 2 
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III. Positioning simulation based on LANDMARC (method 3) 

The following figure 5.4 III) is the demo output of LANDMARC algorithm, which can 

show the case when input two antennas reading are -53 (antenna 1 RSSI reading) and -

76(antenna 2 RSSI reading). 

 

Figure335.4 III) Positioning Demo based on LANDMARC algorithm 

Table 7. Demo Input /Output for positioning method 3 (LANDMARC): 

Ant1 RSSI 

Reading 

Ant2 RSSI 

Reading 
Possible x (m) Possible y (m) Accuracy (%) 

-53 -76 -2.59 0.33 42.5 

-80 -76 0.58 -0.53 35.3 

-80 -42 0.13 -2.84 90.0 

Description 

In this figure, the green dots “▄” are the sets of possible position of target tag based on data 

conversion (refer to method 1), the blue dots are the location of the reference tags, the red 

dots are the position of two antennas, and the rectangle box is the range of the four reference 

tags with the shortest Euclidean distance from the target tag. And the orange “x” dot is the 

most likely location of the target tag, which is the final output after LANDMARC algorithm, 

the detail of LANDMARC algorithm can refer to Figure 4.4 (II-3). Therefore, the final 

output of this LANDMARC positioning simulation can only have one location. 

 

Ant. 1 

Ant. 2 



56 
 

 

 

Analysis 

There is only one coordinate point in the result of LANDMARC in the figure 

because LANDMARC algorithm is to find the nearest four reference tags in 

Euclidean distance and then calculate the weight of the four reference tags to find the 

most likely position. 

It can be seen from the position of the points on the graph that there are still 

some errors between the calculated position of LANDMARC and the approximate 

position of the actual measurement. But theoretically, the calculation method of 

LANDMARC can reduce the error to a certain extent, so its accuracy will be 

improved compared with the positioning method of the above estimation formula. 

 

5.5 SIMULATION RESULT COMPARISON 

After built the simulation for three different types of RFID positioning system and done 

the analysis, we can do the result comparison for the simulation in 2-D and 1D. 

The following will show the accuracy comparison of the three positioning systems, 

mainly based on the following two comparisons: 

i) estimation formula v.s. measurement data conversion table. 

(traditional RSSI positioning method v.s. data referred positioning method) 

 

ii) LANDMARC algorithm v.s. measurement data conversion table. 

(LANDMARC algorithm v.s. data referred positioning method) 

 

This comparison part is first assuming that the data conversion table of 1000 groups of 

RSSI / distance is taken as the benchmark, and compared with the other two methods, 

the accuracy of the other two methods can be obtained  

 

So, for the first comparison, the distribution of the accuracy based on different methods 

comparison will be shown in the figure bellows 

 

The following accuracy chart will use the accuracy of different positions to make a 

comparison of different positioning methods· 
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I. Accuracy distribution of Positioning based on Estimation formula method 

(method 2) 

Here the following figure 5.5 I) is the accuracy distribution for each location of 

Estimation formula method, the accuracy of this method is calculated by this method 

comparing with the actual measured data (measurement data conversion table, method 

1). 

 

Figure345.5 I) Accuracy distribution for Estimation Formula 

Description & Analysis 

This figure shows the accuracy of the positioning method based on Estimation 

Formula for every location compared with the measurement data conversion table.  

Again, the red dot is the location of the two antennas. Then the accuracy of this 

method can be compared with the colour bar on the right, with light green as the 

highest and dark blue as the lowest. And the white area is where the accuracy is 0. 

Although the points in this picture are dense, they can still draw the high accuracy 

range with a circle, that is, the places close to the two antennas respectively. That is 

to say, the distance of 1m around the antenna is the most accurate. But the high 

accuracy points in this range are still relatively sparse. Here can show the further 

away from the antenna is, the more inaccurate it is. This may be due to the nature 

of the antenna itself, as well as environmental or reflective factors. 
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II. Accuracy distribution of LANDMARC Positioning method (method 3) 

Here the following figure 5.5 II) is the accuracy distribution for each location of 

LANDMARC Positioning method, the accuracy of this method is calculated by this 

method comparing with the actual measured data (measurement data conversion table, 

method 1). 

 

Figure355.5 II) Accuracy distribution for LANDMARC 

Description & Analysis 

This figure shows the accuracy of the positioning method based on LANDMARC 

for every location compared with the measurement data conversion table. 

Again, the accuracy of this method can be compared with the colour bar on the right, 

with light green as the highest and dark blue as the lowest. And the white area is 

where the accuracy is 0. 

As shown in the figure, the positions with high accuracy are within 1m area 

around the two antennas. and the density of the positions with high accuracy in this 

area is also very high. Here also can show the further away from the antenna is, 

the more inaccurate it is. 

To summary this part, it can be concluded that the further away from the antenna is, 

the more inaccurate it is, and the accuracy distribution of LANDMARC is more 

reliable than that of traditional positioning method 
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III. LANDMARC v.s. Traditional Field strength positioning (estimation 

formula) 

After two comparisons and get make some analysis, we can finally make the 

comparison in 1-D, that is, the comparison between traditional field strength positioning 

based on estimation formula method and LANDMARC positioning. 

 

To make the graph more visual, I change the two-dimensional (x, y) into one-

dimensional (y / x), which makes it easier to analyze. 

 

The following figure 5.5 (III-a) and figure 5.5 (III-b) show the accuracy of two methods 

in each point of y/x 

 

Figure365.5 (III-a) Accuracy distribution for Estimation Formula 

 

Figure375.5 (III-b) Accuracy distribution for LANDMARC 

Description & Analysis  

It can be seen from the figure 5.5 (III-a) that when y / X is in the interval [- 

0.3,0.3], the accuracy is the highest, at about 0.8. This means that when the value of 

Y is (- 0.3 to 0.3) times of X, the accuracy is about 80%. And in the interval [2.5,2.8], 

the accuracy is about 0.8. In other locations, the accuracy is only less than 50%. That 
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is to say, the accuracy of the traditional positioning is only 80% at a specific location. 

Combined with the 2D analysis of the previous part, the accuracy of the location near 

the antenna is only 80%, while the accuracy of other locations is less than 50%. 

 

  And it can be also seen from the figure 5.5 (III-b) that when y / X is in the 

interval [- 0.3,0.3], the accuracy is the highest, about “100%”. This means that when 

the value of Y is (- 0.3 to 0.3) times of X, the accuracy is highest, and higher than the 

traditional method. And in the interval [2.5,3.2], the accuracy also is highest. In other 

locations, the accuracy is only less than 60%. That is to say, the accuracy of 

LANDMARC can be higher than the traditional method at a specific location. 

Combined with the 2D analysis of the previous part, the accuracy of the location near 

the antenna can approach to 100%, while the accuracy of other locations still is less 

than 60%. 

 

To summary this comparison, it can be concluded that LANDMARC algorithm 

positioning is more reliable compare with traditional positioning, and in a specific 

range, the “accuracy” of LANDMARC can reach nearly 100% 

 

However, a problem arises again, because this “accuracy” is based on the 1000 

groups of data measured in this experiment. These 1000 groups of data are not 

necessarily accurate, and the jitter range of RSSI is very large (so some places above 

also say that it needs to be calibrated with machine learning). Moreover, these 

positioning systems ignore the environmental impact of RSSI. 

 

Therefore, this accuracy is not very reliable, although it can still prove that 

LANDMARC is more reliable than traditional location methods. However, if we can 

do some post-processing to make 1000 groups of experimental data more reliable, so 

that the accuracy is more reliable, then the LANDMARC can be located more accurately. 

Of course, LANDMARC can also apply some processing methods to make it more 

reliable, so it can realize real positioning 
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Recommendations for future research 

Based on the above analysis of each simulation, I can summarize the following 

deficiencies or suggestions for the future: 

 

1. Because the simulation is based on the biased experimental database as a reference, 

the experimental results are biased, and the accuracy is not very reliable. So, the 

most important thing is to use my teammate's machine learning to correct the 

experimental data and apply it to LANDMARC, to make the location of 

LANDMARC more reliable and accurate. 

 

2. Read more experimental data, so that machine learning has more reference data for 

learning, so that there is a more reliable comparison table of experimental data for 

LANDMARC positioning. 

 

3. Apply deep learning[5] to improve LANDMARC positioning. Make the positioning 

system larger, more accurate and more reliable. 

 

4. More angle between antenna and target tag (angle between antenna and antenna, 

antenna and target tag, or angle between antenna and ground) can be considered, 

more scene factors can be considered, and experimental data of different scenes can 

be obtained, to make the positioning system more accurate. 

 

Therefore, I think the results of this simulation show that if we want to build a 

positioning system that conforms to our ideas, we still need not enough experimental 

data, not enough scenarios to consider, and still need a lot of work (such as using 

machine learning or deep learning, etc.). So, the subsequent part can only be handed 

over to master student Loi Kin Chong to continue to complete it. 
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Conclusion 

 In general, we have carried out measuring experience, positioning simulation, and 

apply machine learning in this semester, from which we have got many conclusions and 

experience on building up positioning system. 

 

In conclusion, we know the operation mode and nature of LANDMARC 

positioning, which is more reliable than the traditional positioning method, and my 

team-mates have a deep understanding of the operation mode of machine learning in 

the correction data, and draw the conclusion that if both are applied together, it can 

make the positioning system more reliable. 

 

In terms of results, we initially realized the location of LANDMARC, and initially 

applied machine learning to correct the experimental data, making the reference data of 

LANDMARC positioning more reliable. In the future, we can also try to use deep 

learning to improve the accuracy and reliability of LANDMARC to achieve a real 

positioning system.  
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ABSTRACTS 

With the development of global wireless communication technology and the 

growing demand for positioning, the rapid development of wireless positioning 

technology has been promoted. In recent years, wireless positioning technology 

in addition to the well-known GPS positioning RFID can be used for positioning. 

Because GPS is not suitable for indoor positioning, RFID indoor positioning has 

become a topic in recent years. 

 

In recent years, RFID positioning methods have been proposed in succession, 

such as AOA and TOA. Here, our project team will choose LANDMARC as our 

main positioning method for experimental research. 

 

The methods and algorithms related to RFID positioning technology, our 

RFID positioning system architecture, our experimental process and test data, 

and discussion will be introduced in this report. Then analyze the experimental 

data to discuss whether we can realize LANDMARC and whether we can import 

a large amount of data into machine learning for more accurate positioning 

operation and so on. 

 

The main purpose of this project is to try to use some more accurate methods 

for positioning in the process of learning RFID and collects some data in several 

positioning-related experiments to plan positioning methods, and finally, try to 

use LANDMARC and machine learning to make positioning results more 

accurate. 
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Chapter.1 INTRODUCTION 

In this chapter, the background of Wireless technology for positioning related to 

this report, and the research purpose of this project, structure of this report will be 

introduced, and some knowledge of positioning related to this report will be 

introduced also. 

1.1 RESEARCH BACKGROUND 

With the popularity of mobile communications, wireless communication is 

famous in our daily life. Wi-Fi and Bluetooth, which are always used in 

people’s smartphone, are the most common wireless communication. As 

wireless communication technology matures, 5th generation wireless systems 

(5G), robots, drones and autonomous vehicles are gradually developed. 

 

Fig 1.1.1 Internet of things system 

Nowadays, the main purpose of wireless communication in smartphones is to 

chat with other people, surf the Internet, buy things and read the current location. 

Reading the current position is positioning technology, which can be used for 

navigation and tracking. The most widely used is the global positioning system 

(GPS). However, it is more suitable for outdoor positioning because it uses 

satellite positioning to transmit information and is easily blocked by obstacles. 

Through indoor location, many scholars are using different wireless 

communication for research. If this technology matures, different types of indoor 

https://www.enterprisemobilityexchange.com/eme-big-data-analytics/articles/iot-devices-guide
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positioning will grow rapidly.

 

Fig 1.1.2 Wireless connection example of GPS 

 

RFID indoor positioning technology is based on RFID. It is some indoor 

positioning methods to locate. It is because RFID is one of the key technologies of the 

Internet of things. It is application in the Internet of things is very extensive and 

indoor positioning technology. It is also widely used in the Internet of things. So, we 

try to use RFID technology for indoor positioning. 

 

Fig 1.1.3 model of RFID tag 

 

1.2 RESEARCH PURPOSE & PAPER STRUCTURE 

a. Purpose 

In daily life, people often forget the location of these items in the 

storage room and logistics warehouse. It is because there are so many 

things. People usually waste time looking for specific projects and the 

http://www.qhftdx.cn/Home/Info/2271
https://www.udemy.com/course/rfid-programming/
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efficiency is relatively low. Therefore, we use location technology to 

obtain general indoor location information. It will be greatly improved. 

RFID technology is a technology of identifying objects. We use this 

technology to achieve indoor positioning. We use some algorithms to do 

most experiments and consider all kinds of interference items to measure 

the RSSI information of various positions and situations and calculate the 

corresponding position information to realize the positioning. 

 

b. Structure 

It has five chapters in this paper. First chapter is to explain the research 

background and purpose, and the indoor positioning technologies of 

wireless in modern society. Second chapter is to introduce RFID 

technology and the current wireless indoor positioning technology, and 

discuss the RFID indoor positioning algorithm. Third chapter is 

introducing our system design and architecture. The fourth chapter is a 

series of research and discussion related to the experiment. Finally, the 

fifth chapter is to summarize this paper and the future feasibility 

Description of the study. 
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Chapter 2 POSITIONING AND RFID 

In this chapter, the principle of RFID and the related positioning concept will be 

introduced 

2.1 INTRODUCTION OF POSITIONING  

Positioning can distribute outdoor positioning and indoor positioning. As the 

main point of here is indoor positioning. An indoor positioning system is a 

network of devices used to locate people or objects where GPS and other 

satellite technologies lack precision or fail, such as inside multistory buildings 

airports, alleys, parking garages, and underground locations. 

 

Fig 2.1.1 Intelligent RFID Parking System 

Indoor positioning system has broad applications in commercial, military, 

retail and inventory tracking industries. There are several commercial systems 

on the market. But it is no standards for an Indoor positioning system. Instead, 

each installation is tailored to spatial dimensions, building materials, accuracy 

needs and budget constraints. i 

At present, the research on indoor wireless positioning technology is 

relatively concentrated on RF-based signals, combined with various wireless 

network technologies such as ZigBee1 , Ultra-Wide Band (UWB)2, Wi-Fi3 , 

 

1 ZigBee is an IEEE 802.15.4-based specification for a suite of high-level communication protocols used to create 

personal area networks with small, low-power digital radios, such as for home automation, medical device data 

collection, and other low-power low-bandwidth 

https://www.transportadvancement.com/road-traffic/use-of-iot-in-making-smart-parking-systems/
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Bluetooth Beacon 4 , Radio-frequency Identification (RFID) and other 

positioning technologies. 

Indoor positioning system can achieve position accuracy of 2cmii, which is 

on par with Real-time kinematic 5enabled Global Navigation Satellite System 

6receivers that can achieve 2cm accuracy outdoors 

 

2.2 INTRODUCTION OF RFID 

RFID is an abbreviation of "Radio-Frequency Identification". It is usually a 

system consisting of a card reader and an RFID tag. Its working principle is to 

use the sensor to emit radio waves, touch the RFID tag within the sensing range, 

and generate a current through electromagnetic induction to power the RFID tag. 

The chip responds to the sensor and emits electromagnetic waves. According to 

the different driving energy, RFID tags can be divided into active and passive 

types: passive tags have no battery device, the required current is generated by 

the electromagnetic induction of the sensor radio waves, so only when the 

passive signal responds, the sensor's The tag only has a built-in battery, which 

can actively send a signal for the sensor to read, and the signal transmission 

range is wider than the passive type. 

RFID system has three important components: RFID tag, RFID reader and 

Antenna. 

 

 

 

2 Ultra-wideband (also known as UWB, ultra-wide band and ultra-band) is a radio technology that can use a very 

low energy level for short-range, high-bandwidth communications over a large portion of the radio spectrum. 

3 Wi-Fi is a family of wireless networking technologies, based on the IEEE 802.11 family of standards, which are 

commonly used for local area networking of devices and Internet access. 

4 Bluetooth beacon is hardware transmitters - a class of Bluetooth low energy (LE) devices that broadcast their 

identifier to nearby portable electronic devices. The technology enables smartphones, tablets and other devices to 

perform actions when in close proximity to a beacon. 

5 Real-time kinematic (RTK) positioning is a satellite navigation technique used to enhance the precision of 

position data derived from satellite-based positioning systems (global navigation satellite systems, GNSS) such as 

GPS, GLONASS, Galileo, NavIC and BeiDou. 

6 A satellite navigation system with global coverage may be termed a global navigation satellite system (GNSS). A 

satellite navigation or satnav system is a system that uses satellites to provide autonomous geo-spatial positioning. 
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I. RFID tag 

RFID tag has at least two parts: one is an integrated circuit to store and 

process information, modulate and demodulate a section of RF signal, 

collect DC power from the signal sent from the reader, etc.; the other is an 

antenna to receive and conduct signals. Fig 2.2.1 is an RFID tag structure 

picture. 

 

Fig 2.2.1 RFID tag structure 

When some tags are recognized, they can get energy from the 

electromagnetic field emitted by the reader and do not need batteries. Some 

tags have a power supply that can actively transmit radio waves (adjust the 

electromagnetic field to radiofrequency). The tag contains electronically 

stored information that can be identified within a few meters. Unlike bar 

codes, RFID tags do not have to be in the reader's line of sight, but can also 

be embedded in the object being tracked. 

According to whether there is power supply inside the tag, RFID tags can 

be roughly divided into three categories: active tag, semi-passive tag and 

passive tag. Table 2.2.1 shows that comparison of three tags.  

 

Tag Active tag Semi-passive tag Passive tag 

Example figure 
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Power source From itself 

Little from 

reader, most from 

itself 

From reader 

With or without 

battery 
With Without Without 

Required signal 

size from reader 
Small Medium Large 

Communication 

distance 
>100m >5m 3~5m 

Communication 

method 

Actively detect if there is 

a call signal from the 

reader around and send its 

data to the reader 

 

Receive the 

electromagnetic 

waves from the 

reader, generate 

the power 

required for 

operation, and 

then return the 

data or signals 

Price More expensive Less expensive Less 

Size Large Medium Small 

Application 

Military, medical, 

transportation 

management 

 

Animal chip, 

smart card, anti-

theft and access 

control 

management 

Table 2.2.1 Comparison of electronic tags 

II. Antenna 

The antenna will be embedded or connected on the RFID tag and RFID 

reader to transmit the RF signal between the tags and the reader. From the 
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appearance, RFID antenna can distribute to Panel Antenna and PCB 

Antenna. 

According to the frequency band used by the tag, the signalling between 

the reader and the tag is carried out in several different incompatible ways. 

Tags working in the low and high-frequency bands are very close to the 

reader antenna in terms of radio wavelength because the distance between 

them is only a small part of a wavelength. In UHF and higher frequency, the 

distance between tag and reader is more than one wireless wavelength, so 

different methods are needed. 

Electronic product code (EPC)7 is a common type of data stored in labels. 

When a tag is written by an RFID tag printer, the tag contains a data string 

of specific digits. 

 

More than one tag usually responds to the tag reader. Collision detection 

is important to allow data to be read. Two different protocols are used to 

"separate" a specific tag, allowing its data to be read between many similar 

tags. 

 

In the slotted ALOHA system 8 , the reader broadcasts initialization 

commands and parameters, which are used by the tag alone to pseudo-

randomly delay its response. When using the adaptive binary tree protocol, 

the reader sends an initialization symbol and then one bit of ID data at a 

time; only tag responses with matching bits, and finally only one tag 

matches the complete ID string. 

 

III. RFID Reader 

 

7 The EPC of tag contains 96 bit data strings. The first 8 bits are a title that identifies the version of the protocol. 

The next 28 bits identify the organization that manages the tag’s data; the organization’s number is assigned by the 

EPC global Association. The next 24 bits are object classification, which is used to determine what kind of product 

it is. The last 36 bits are the unique serial number of this label. The last two fields (end code) are set by the 

organization that published the label. The total EPC can be used as the key to access the global database, which 

can uniquely identify a specific product. 

8 Slotted ALOHA is introduced discrete time slots and increased the maximum throughput by original ALOHA 

protocol. ALOHA-net became operational in June, 1971, providing the first public demonstration of a wireless 

packet data network. 
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RFID reader is used to read electronic tags. It uses the RF signal, so it can 

read data without contacting electronic tags. The reader can be connected 

with the computer to transmit the obtained data to the computer for 

subsequent processing. 

For fixed readers, if the device is equipped with cadres, it can create a 

"query area" that can be tightly controlled. When the tag enters and exits the 

query area, it can be read in this clearly defined reader area. The mobile 

reader can be used by hand or installed on the vehicle. 

a. Low Frequency 

This uses frequency band less than 135 kHz LF RFID reads the 

shortest distance, only about 3 cm ~ 90cm. Low data conversion rates, 

slow transfer rates, and large tag sizes 

b. High Frequency 

This uses 13.56MHz band. The biggest advantage of HF RFID is that 

it has high penetrating power and strong resistance to water and metal 

interference. However, its disadvantages are its small reading range and 

low data conversion rate. However, It is a small reading range so it resists 

strong miscellaneous. 

c. UHF 

This uses two types of bandwidth. There are 860 ~ 960MHz and 

433MHz. UHF RFID has the characteristics of small tag size, low power 

consumption, and high integration. This also has the advantages of fast 

data conversion rate, long reading distance, and cheap price. 

d. Micro-Wave 

The RF frequency range of this kind of reader is 2.45~5.8GHz, the 

reading mode is backscatter coupling. Example of application: vehicle 

identification. 

 

2.3 PRINCIPLE AND THEORY OF WIRELESS POSITIONING 

Wireless positioning refers to the measurement of the characteristic 

parameters of the received radio waves in the wireless mobile communication 

network. It uses the measured radio signal data and a specific algorithm to 
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2m 

estimate the geographical location of the object. There are many ways to do the 

positioning and RFID readers of different enterprises measure different data. 

a. Received Signal Strength Indication (RSSI) 

Received Signal Strength Indication (RSSI) 

RSSI is to use the channel propagation model to describe the attenuation of 

path loss to distance. According to the free space propagation model, the ratio of 

signal transmission to received power is as follows: 

𝑷𝒓_𝒓𝒆𝒂𝒅𝒆𝒓 =  
𝑷𝒕_𝒓𝒆𝒂𝒅𝒆𝒓𝑮𝒕𝒓_𝒓𝒆𝒂𝒅𝒆𝒓𝑮𝒓_𝒕𝒂𝒈𝝀𝟐

(𝟒𝝅𝒅)𝟐
 Eq. (1) 

In the equation: 𝑷𝒕𝒓𝒆𝒂𝒅𝒆𝒓
  shows the sending power of readers, 𝑮𝒕𝒓_𝒓𝒆𝒂𝒅𝒆𝒓 is the 

reader single antenna gain, and 𝑮𝒓_𝒕𝒂𝒈 is the tag accepting antenna gain. 𝝀 is the 

wavelength of the signal. Both sides take the logarithmic then simplify are shown 

in the equation (7) 

𝑷𝒓(𝒅) =  𝑷𝒓(𝒅𝟎) − 𝟏𝟎𝒏𝒍𝒈(
𝒅

𝒅𝟎
) Eq. (2) 

Here 𝑷𝒓(𝒅) shows reader accept echo signal reflected from the tag, i.e. RSSI;  

𝑷𝒓(𝒅𝟎) shows reader accept signal strengths sent from tag at reference point, 

i.e. RSSI0; n is signal attenuation factor (n = [2, 4]). 

If RSSI and RSSI0 are given, to get the distance between antenna and tag, we 

can use equation (8) as below. 

𝒅 =  𝒅𝟎 × 𝟏𝟎
𝑹𝑺𝑺𝑰𝟎−𝑹𝑺𝑺𝑰

𝟏𝟎𝒏  Eq. (3) 

 

b. LANDMARC 

In most RFID indoor positioning systems, to improve the accuracy of 

positioning, many RFID readers will be used to cover the whole positioning area. 

Although the accuracy has been improved, the cost of positioning is quite 

expensive 

There is the positioning system – LANDMARC for RFID positioning. 

This system uses a lot of reference tags to do auxiliary location calculation. It 

can use a lot of cheap RFID tags and improve the positioning accuracy without 

using a lot of RFID readers.  

In the positioning area, the reference tags with fixed positions are arranged 

and the system is informed of the position information of these reference tags in 
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advance. when the signal strength of reference tags and tracking tags within the 

receiving range of RFID readers, the possible position information of tracking 

tags can be determined by the algorithm. The system deployment architecture is 

shown in Fig 2.2.1 

    

    

    

Fig 2.2.1 LANDMARC example Structure 

Then we can apply this LANDMARC to our project. But we will experiment 

in next semester, not this semester. We will try the straight-line experiment and 

even a part of LANDMARC experiment in this semester. 

 

 

  

 Reference Tag 

 Tracking Tag 

2m 
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Chapter 3 MACHINE LEARNING 

This section is about Machine Learning which is the main method for 

processing our experiment data. Also, the difference between Artificial 

Intelligence (AI), Machine Learning and Deep Learning will be introduced 

briefly. 

Machine Learning is a method of data analysis that automates analytical 

model building. It is a branch of Artificial Intelligence (AI) based on the idea 

that systems can learn from data, identify patterns and make decisions with 

minimal human intervention.iii 

 

Fig 3.0.1 Machine Learning 

 

3.1 CURRENT DEVELOPMENT 

Nowadays, Machine Learning is used by many industries for automating 

tasks and doing complex data analysis. An intelligent assistant like Google 

Home, wearable fitness trackers like Fitbit are the examples around us with 

Machine Learning in use. 

 

Fig 3.1.11 Google Home 
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In the past 30 years, Machine Learning has developed into a 

multidisciplinary interdisciplinary subject, involving multiple subjects such as 

probability theory9, statistics10, approximation theory11, convex analysis12 and 

computational complexity theory 13 . Machine Learning theory is mainly to 

design and analyze some algorithms that allow computers to “learn” 

automatically. 

Due to the large number of statistical theories involved in learning 

algorithms, machine learning is particularly closely related to inferred statistics, 

also known as statistical learning theory. 

 

Fig 3.1.2 computer vision 

Machine learning has been widely used in data mining, computer vision, 

natural language processing, biometrics, search engines, medical diagnosis, 

detection of credit card fraud, stock market analysis, DNA sequence 

sequencing, speech and handwriting recognition, strategic games and robotics, 

etc. 

 

9 Probability theory is the branch of mathematics concerned with probability. Although there are several different 

probability interpretations, probability theory treats the concept in a rigorous mathematical manner by expressing 

it through a set of axioms. 

10 Statistics is the discipline that concerns the collection, organization, analysis, interpretation and presentation of 

data. 

11 Approximation theory is concerned with how functions can best be approximated with simpler functions, and 

with quantitatively characterizing the errors introduced thereby. 

12 In the field of mathematics known as convex analysis, the characteristic function of a set is a convex function 

that indicates the membership (or non-membership) of a given element in that set. 

13 Computational complexity theory focuses on classifying computational problems according to their inherent 

difficulty and relating these classes to each other. 
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Fig 3.1.3 search engine 

 

3.2 CONVOLUTIONAL NEURAL NETWORK (CNN) 

Convolutional Neural Network (CNN) is a feed-forward neural network, 

and its artificial neurons can respond to the surrounding units in a part of the 

coverage area has excellent performance for large-scale image processing. 

CNN models were developed for image classification, in which the model 

accepts a two-dimensional input representing an image’s pixels and colour 

channels, in a process called feature learning. 

A CNN works well for identifying simple patterns within your data which 

will then be used to form more complex patterns within higher layers. A 

1DCNN is very effective when you expect to derive interesting features from 

shorter (fixed length) segments of the overall data set and where the location of 

the feature within the segment is not of high relevance. 

CNN can be 1D, 2D and 3D but their characteristics and approach are the 

same as each other. The method of the feature detector slides across the data 

and the dimensionality of the input data is the key difference between different 

dimensions of CNN. Fig 3.2.1 is an example of 1DCNN. 
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Fig 3.2.1 1DCNN example 

In Fig 3.2.1, it is a natural language processing, which is using 9 words to 

make up a sentence. Each word is a vector which represents a word as a low 

dimensional representation. The whole words will be always covered by the 

feature detector and the height determines how many words are considered 

when training the feature detector. 

The example of Fig 3.2.1 is the data will be iterated through 8 times by the 

feature detector and the height is tow. 

 

3.3 DENSE (FULLY CONNECTED LAYER) 

The operations of convolutional layer, pooling layer and activation function 

layer are to map the original data to the hidden layer feature space. The fully 

connected layer is helpful to realize the connected convolution operation of the 

fully connected layer in actual use. A fully connected layer that is fully 

connected to the front layer can be converted into a convolution with a 

convolution kernel of 1x1. The front layer is a fully-connected layer of the 

convolution layer, which can be converted into a stacked convolution with a 

convolution kernel of h x w where h and w are the height and width of the 

previous layer convolution result, respectively 
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Fig 3.3.1 Fully connected layer 

In Fig 3.3.1, the red circle is the activated neuron. It shows how to find the 

cat feature (weight) for cat photo.  

 

3.4 MODEL EVALUATION IN MACHINE LEARNING 

Machine learning is a type of building model. But people need to know how 

the accuracy of the model. So people try to use more data to test it. In this, it 

has so type to show it. There are accuracy, precision, recall and f1-score 

accuracy(y, ŷ) =
1

nsamples

∑ 𝐼(ŷ𝑖 = 𝑦𝑖)

nsamples−1

𝑖=0

              Eq. (4) 

P =
TP

𝑇𝑃 + 𝐹𝑃
                                                    Eq. (5) 

R =
TP

𝑇𝑃 + 𝐹𝑁
                                                    Eq. (6) 

2

𝐹1
=

1

𝑃
+

1

𝑅
                                                      Eq. (7) 

Eq. (4) is accuracy formula. ŷi is the predicted value of the ith sample. yi is 

the true value of the ith sample. I function is the indicator function. Eq. (5) is a 

precision formula. It calculates the proportion of all "correctly retrieved 

results" to all "actually retrieved". Eq. (6) is recall formula. It calculates the 

proportion of all "correctly retrieved results" to all "should be retrieved results". 

Eq. (7) is F1-measure formula. P and R indicators are sometimes contradictory. 

So we use F1-measure to comprehensive analysis. If it is high, this shows that 

the experimental method is ideal. In Eq. (5) to (7), TP is true positives. FP is 

false positive. FN is false negative.  
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The true positives case refers to the model correctly predicting positive 

category samples as positive categories. Similarly, true negative examples 

mean that the model correctly predicts negative category samples as negative 

categories. False-positive example means that the model incorrectly predicts 

negative category samples as positive categories. False-negative examples 

mean that the model incorrectly predicts positive category samples as negative 

categories 
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Chapter 4 DESIGN PROCEDURES OF OUR RFID 

POSITIONING SYSTEM 

In this chapter, it is about the literature review in the RFID positioning area 

according to others. Then it show that our design procedures and introduced in 

detail.  

Refer to other people's practices, I will show some points according to some 

literatures in RFID positioning area. Next, I will introduce its basic model of our 

design procedure and introduce the hardware and software structure in our system. 

 

4.1 LITERATURE REVIEW OF RFID POSITIONING SYSTEM FOR 

OTHERS 

Che-Chen Kung (2010) iv  put forward signal analysis by Sliding Window 

Moving Average and Successive Moving Average. This is calculation by 

continuous active tag signal. It improves accuracy in Landmark by Virtual tag 

group-based RFID Positioning. But it position tag what it is moving. It will have 

more error instil. It also put forward antenna direction affect the result.  

Sih-Ying Liv put forward a program for improving calculation for positioning. 

It shows the system structure in 3 parts. There are Communication Layer, 

Resources Management Layer and Location Layer. It can improve waste of time 

in calculation.  

W.C.Cheng vi  put forward four type of correction signal. There is 

LANDMARK, LANDMARC combined time series, LANDMARC combined 

time-series and average correction, LANDMARC combined time-series and 

single correction. It shows that LANDMARC method average error is 62.1 cm 

and they have improved it too little than 20cm. 

 

4.2 BASIC MODEL OF OUR PROJECT 

Our project has two basic models. One is the design procedure model. Another 

is our system operation process model. 

I. Model of System operation process 

On design an RFID positioning system, we need to consider the system 

operation process. The main system operation is using the controller to 
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control the RFID reader. Next, the reader can start tracking and waiting for 

the response of tags. After that, the tag sent the response signal and 

controller receive the signal from the reader. Finally, it does the plotting 

and analysis.  

The model of our system shows in Fig 4.2.1. The main components 

include controller, RFID tags and RFID Reader in the hardware side, RFID 

Tracking Program, Cloud and Python in the software side.  

It is that the control system will run the RFID tracking program as user 

client to control the reader and send the command package code to RFID 

Reader for start tracking. After that RFID reader will send a signal for 

tracking tag. If the RFID tag can receive a signal, it will send the reply 

signal package to the read buffer.  

Controller can send the receive buffer command to the reader and 

decode the reply signal package. Then it can do the first calculation of the 

reply signal (i.e. it can get the RSSI value). So that, the data of the tags will 

show in the tracking program, such as RSSI and frequency value, etc. Then 

the tracking program can upload the data on the cloud (drive) as the 

database. Finally, it can do the data analysis and calculation in python after 

pulling the data from the cloud (database). 

 

 
Fig. 4.2.1 branch tree of the whole RFID tracking system 
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Fig 4.2.2 Flow Diagram/schematic of our System operation 

In Fig 4.2.1, it is the branch tree of our whole designed system. In this 

map, it shows the whole RFID positioning system schematic of our project. It 

can show the link of each part. 
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II. Model of Procedure 

To achieve our system goals, we may be better to consider or plan the 

reasonable workflow or design procedure in here. There is the workflow 

diagram of our procedure. We have the direction of our process: 

 

 
Fig. 4.2.3 Flow Diagram of our design procedure in this semester 

In this plan, we first did the literature learning to learn about RFID 

positioning, then we tried to use the other controller besides a computer to 

control the RFID reader for tracking process, such as using Arduino14 to 

achieve tracking. But it did not work. It needs to turn back to use the 

computer.  

 

 

14 Arduino is a convenient, flexible and easy to use open source electronic prototype platform. It includes hardware 

(Arduino boards of various models) and software (Arduino IDE). It is built on the open source simple I/O interface 

and has a processing / wiring development environment similar to Java and C. 
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Thirdly we developed the first experiment that is for one tag 

measurement, which is to measure the RSSI value of the tag from the start 

location to end location, next chapter will introduce in detail.  

Fourthly, we expect to use MYSQL15 as our database. However, the 

network has some security problem. So we use CSV to instead. Then we 

developed the data processing program by using Python16.  

Fifthly, we build up an ideal point system to get the point results. 

The next chapter can carry out experiments according to this process, 

then make measurements, and then analyze the results. 

  

 

15 MySQL is an open source relational database management system (RDBMS), which uses the most commonly 

used database management language structured query language (SQL) for database management. 

16 Python is a cross platform computer programming language. It is an object-oriented dynamic type language, 

which was originally designed to write automatic scripts (shells). With the continuous update of versions and the 

addition of new language functions, it is increasingly used in the development of independent and large-scale 

projects. 
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4.3 BASIC HARDWARE ARCHITECTURE OF OUR SYSTEM 

We should consider the system architecture to achieve our project. There is 

basic system architecture established what we use. It is introduced by the 

hardware part and software part. 

I. Hardware components 

For the hardware part, to build up an RFID tracking network, first, we 

choose the RFID reader is S-8600 UHF RFID Reader (produce by EPC 

Global and INDY) and the chip used in this reader is R2000. Its 

appearance is as shown in the Fig 4.3.1and some of the specification of this 

reader is shown as Table 4.3.1. 

 

Fig 4.3.1 Appearance of S8600 UHF RFID Reader 

Size 230mm*160mm*28mm 

Weight 1.8 KG 

Working temperature -20℃ ~ +55℃ 

interface protocol EPCglobal UHF Class 1 Gen 2 / ISO 18000-6C 

Working Frequency band 860MHz – 960MHz 

Output Power 30dBm 

Receiving sensitivity < -85dBm 

Card reading distance > 12M 

Communication interface Ethernet: 10/100 Base-T Ethernet (RJ45) 

Serial: RS-232 Console (DB9) 

Serial: RS-485 (Optional) 

Multi-tag reading performance >500 

Reading speed >500/s 

Table 4.3.1 Specification of S8600 UHF RFID Reader 

For this Reader, the reading distance can be bigger than 12m. If we use 

6m as the endpoint in my project, it will be acceptable. It is allowed to do 

the multi-tag reading. Combine all the specification of this reader and 

consider achieving the RFID Positioning system by using LANDMARC, 

we tried to build up the hardware architecture and makeup two 

experiments in this semester.  
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For antenna, we choose a Directional antenna. The antenna is Circular 

Polarity RFID Panel Antenna A9028R/A9028L. Fig 4.3.2 shows the antenna. 

And the specification of this antenna shows on Table 4.3.2. 

 

 

Fig 4.3.2 Circular Polarity RFID Panel Antenna A9028R/A9028L 

 

Antenna Part Number  A9028R/A9028L  

FREQUENCY RANGE 902 - 928 MHz 

GAIN 9 dBic 

Front to Back Ratio 20 dB 

radiation pattern 

 

Table 4.3.2 Specification of Circular Polarity RFID Panel Antenna A9028R/A9028L 

For the reader and antenna, the range of reading distance can be bigger than 

12m. If we use 6m*6m as the positioning room size in my project, it is 

acceptable. It is allowed to do the multi-tag reading. We use passive tag in our 

project.  

 

II. Hardware architecture 
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RS232 

Antenna 

Radio Signal 

The basic architecture of our designed system is shown in Fig 4.3.3. It 

can be divided into 5 parts as follow: 

 Experiment 1 

            

 

Experiment 2 

            

 
Fig 4.3.3 our system basic hardware architecture 

Part 1: Controller sends the command packet signal to RFID Reader 

through Serial communication by using RS23217. RFID Reader can receive 

the command packet and read it.  

Part 2: Then RFID Reader executes the command content, i.e. to 

send the radio broadcast signal through the antenna, to detect whether there 

is a tag around. 

Part 3: To do the positioning experiments for next semester, the 

position of the tag can be calculated by the RSSI value. So, this semester 

will first measure the approximate RSSI range of each location. Next 

semester, we will try to refer to many RSSI values for each distance to 

deduce the approximate location of these tags when reading a series of 

RSSI values. 

Experiment 1: There is one passive tag around the RFID antenna, and 

when the radio signal passes through the circuit on the passive tag, it can 

generate enough power to send back the specific response information.  

Experiment 2: There are 5 passive tags as reference tags, and 1 passive 

tag as tracking tag around the RFID antenna, and when the radio signal 

passes through the circuits on each passive tag, all of them can generate 

 

17 RS-232 standard interface (also known as EIA RS-232) is one of the commonly used serial communication 

interface standards. It was jointly formulated by EIA, bell system company, modem manufacturer and computer 

terminal manufacturer in 1970 
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enough power to send back the specific response information. (If the tag is 

out of the antenna launch range, it may not have enough power to send 

back the signal) 

Part 4: Each passive tag will send the reply signal which includes the 

EPC of itself and the RSSI is obtained by calculating the power intensity of 

the received information and the transmitted power intensity in reader side. 

Reader will store RSSI and EPC data of each tag in its buffer. 

Part 5: Controller sent the buffer receiving a command to the reader, 

so that controller can get and read the data in the buffer zone of the reader, 

and it is suitable for the controller (PC) to do data analysis and calculation 

by using software in next part. 

 

4.4 BASIC SOFTWARE ARCHITECTURE OF OUR SYSTEM 

For the software part, to control the reader, issue a command to the reader 

so that the RFID positioning system can work well, the first step of it is to 

identify the programming language suitable for S8600 UHF RFID Reader 

(Using R2000 chip). 

That is, from the specification, Microsoft C# is suitable for this reader (for 

R2000 model). And it can send the command package by using the following 

C# program. However, this program is not perfect for our project. So we have 

improved. To support the data storing, after our data tracking program finished, 

it will store the data line by line and save it as CSV file, the CSV file includes 

RSSI and EPC data from all tags, and several frequency ranges. (Theoretically, 

the RSSI values received in different frequency bands will be different.  There 

is frequency hopping function in tracking program) 

After collected all CSV file, they will be uploaded on the Cloud or database. 

It’s time to do the plotting and analysis, because Python can achieve many 

functions of plotting and data analysis, so we use Python 3.7 to run. 

For the analysis part, we use python 3.7 to build up. Machine learning also 

is including in.  
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Fig 4.4.1 our software schematic model 

 

4.5 TYPE OF RSSI TRANSFORM 

In this part, we introduce the way of our transform. For the program, we have 

three-part of it. First is the data part. It is collect the data to transform. Next is the 

model of transform function. In this, we have 4 types of it. First is Formula. 

Second is statistics. Third is machine learning by dense. Finally is machine 

learning by 1DCNN. The last part is the calculation of accuracy. We use 

“sklearn.metrics” to calculate the summary report. 

 

Fig. 4.5.1 our test accuracy model 

I. Formula  

Microsoft C# 

(Command language)

CSV upload on MySQL / Cloud 

(Data Storage Spaces/Database)

Python 3.7

(Data Processing software)

Python 3.7

(pointing system progrem)
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Positioning program based on RSSI and distance estimation formula this 

program based on RSSI and distance estimation formula Eq. (3). Although this is 

only an estimation formula, the accuracy is still to be discussed, but it can also 

roughly locate the possible location. 

 

II. Statistics 

First according to the multiple RSSI data measured at different distances, a 

comparison table of RSSI and distance is established. 

Now we enter RSSI. The input RSSI will be similar to the RSSI in the 

reference table, so that the corresponding distance can be extracted and the error 

of the distance may be ± 0.5m. 

 

III. Machine Learning by Dense 

For this model, we use 4 times of dense to train model. “reshape_90” is a 

model of we need to use. Dense is the type what we use to train. The Flatten 

layer is used to "flatten" the input, that is, one-dimensionalize the multi-

dimensional input. The number of neuron weights per layer 

Layer (type) Output Shape Param # 

reshape_90 (Reshape) (None, 20, 2) 0 

dense_175 (Dense) (None, 20, 100) 300 

dense_176 (Dense) (None, 20, 100) 10100 

dense_177 (Dense) (None, 20, 100) 10100 

flatten_91 (Flatten) (None, 2000) 0 

dense_178 (Dense) (None, 10) 20010 

Table 4.5.1model of dense 

 

IV. Machine Learning by 1DCNN 

For this model, we use Conv1D and Dense to train model. “reshape_90” 

is a model of we need to use. “conv1d” is 1DCNN model of training. The 

Flatten layer is used to "flatten" the input, that is, one-dimensionalize the 

multi-dimensional input. Param is the number of neuron weights per layer. 

Layer (type) Output Shape Param # 

reshape_67 (Reshape) (None, 20, 2) 0 

conv1d_67 (Conv1D) (None, 16, 128) 1408 

flatten_67 (Flatten) (None, 2048) 0 

dense_133 (Dense) (None, 256) 524544 
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dropout_67 (Dropout) (None, 256) 0 

dense_134 (Dense) (None, 10) 2570 

Table 4.5.1model of 1DCNN 
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Chapter 5 IMPLEMENTATION & EXPERIMENTATION 

In this chapter, the implementation of me and our group for this project will be 

introduced. 

5.1 EXPERIMENT OF OUR GROUP 

We first were to set up the environment to start the 1st experiment: one 

tag tracking. The environment can show as Fig 5.1.1. (The maximum length 

of this environment is 6m) 

 

Fig 5.1.1 Environment for One tag tracking 

 

It shows that RFID reader connected with Antenna and we put an RFID 

tag inside this field. An antenna and RFID tag are raised on tripods so that 

they are on the same height level. We first set up the distance between 

Antenna and the tag is 0.5m. In this, we get data 100 times per 0.5m. It will 

do to the max for the antenna. 

 

Antenna 

connected with 

RFID Reader 

RFID Tag on 

the object 

Tripod 

Tripod 
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5.2 RESULTS OF OUR GROUP EXPERIMENT 

Fig 5.2.1 the points of RSSI and distance with trend line in one tag 

Fig 5.2.1 shows that tag request RSSI in different distance in different 

carrier frequency. The yellow to blue is from 902MHz to 928MHz. The 

trend line is the total of the data. The distance is from 0.5m to 6m. The 

RSSI unit is dBm.  

For other experiments, please read Ieong Io Neng paper. It shows all of 

the experiment what we do. 

 

5.3 RSSI ANALYSIS 

In part 5.2, we find that RSSI has a high range of distance. In this part, we 

will use some type to analysis the RSSI to distance. We also get more data for 

it to train. For each data, it will have about 2000 times. 

I. Formula  

In Eq. (3), it is ideal for RSSI to distance and change it to classification. 

a. 0.5m Interval per each Distance Class  

In this class, the class range is 0.5m. Such as little than 0.75m will be 

0.5m class. The error is more than 5.5m. In table 5.3.1, the support 

column is times of the data. It shows that the formula class method’s 

accuracy just has 11 per cent. It just determines the 0.5m class is accurate. 

Other classes are bad accurate. So it is bad of classification model. 

Distance class(m) precision recall f1-score support 

0.5 1.00 0.89 0.94 2000 

1 0.00 0.00 0.00 2000 

1.5 0.00 0.00 0.00 1998 
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2 0.00 0.00 0.00 1998 

2.5 0.00 0.00 0.00 2000 

3 0.00 0.00 0.00 2000 

3.5 0.07 0.14 0.09 1448 

4 0.00 0.00 0.00 2002 

4.5 0.03 0.02 0.03 2002 

5 0.05 0.02 0.02 1978 

error 0.00 0.00 0.00 0 

 

accuracy 0.11 19426 

macro avg 0.11 0.10 0.10 19426 

weighted avg 0.12 0.11 0.11 19426 

Table 5.3.1 base report for accuracy for 0.5m per class 

b. 1m Interval per each Distance Class and start form 1m  

In this class, the class range is 1m. Such as little than 1.5m will be 1m 

class. The error is more than 5.5m. In table 5.3.2, the support column is 

times of the data. It shows that the formula class method’s accuracy just 

has 11 per cent. It is show bad of classification. It just determines the 

0.5m class is more accurate. Other classes have more accurate than model 

of Table 5.3.1. It is because the range is more than a model of Table 5.3.1. 

But it also is bad of classification model. 

 

Distance class(m) precision recall f1-score support 

1 1.00 0.43 0.60 2000 

2 0.04 0.02 0.03 1998 

3 0.01 0.01 0.01 2000 

4 0.00 0.00 0.00 2002 

5 0.11 0.06 0.08 1978 

error 0.00 0.00 0.00 0 

 

accuracy 0.11 9978 

macro avg 0.19 0.09 0.12 9978 

weighted avg 0.23 0.11 0.14 9978 

Table 5.3.2 base report for accuracy for 1m per class from 1m start 

c. 1m Interval per each Distance Class and start form 0.5m  

In this class, it is similar to the model of Table 5.3.2. But is start form 

0.5m. In table 5.3.3, the support column is times of the data. It shows that 

the formula class method’s accuracy just have 27 per cent. It also 
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resemble to model of Table 5.3.2. But it also is bad of classification 

model. 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 2000 

1.5 0.00 0.00 0.00 1998 

2.5 0.03 0.01 0.02 2000 

3.5 0.13 0.25 0.17 1448 

4.5 0.14 0.07 0.10 2002 

error 0.00 0.00 0.00 0 

 

accuracy 0.27 9448 

macro avg 0.22 0.22 0.21 9448 

weighted avg 0.27 0.27 0.26 9448 

Table 5.3.3 base report for accuracy for 1m per class from 0.5m start 

 

II. statistics 

In this, the formula method just has 10 per cent of accuracy. So we choose 

statistics to improve RSSI to Distance. 

a. 0.5m Interval per each Distance Class  

In this, it is similar to the model of Table 5.3.1. In table 5.3.4, it shows 

that the formula class method’s accuracy just have 29 per cent. It has 

improved for the base model. But it is bad for accuracy. 

Distance class(m) precision recall f1-score support 

0.5 0.73 0.99 0.84 400 

1 0.35 1.00 0.52 400 

1.5 0.30 0.78 0.43 400 

2 0.01 0.01 0.01 400 

2.5 0.00 0.00 0.00 400 

3 0.01 0.01 0.01 400 

3.5 0.02 0.01 0.01 288 

4 0.29 0.00 0.01 401 

4.5 0.00 0.00 0.00 400 

5 0.00 0.00 0.00 398 
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accuracy 0.29 3887 

macro avg 0.17 0.28 0.18 3887 

weighted avg 0.17 0.29 0.19 3887 

Table 5.3.4 base report for accuracy for 0.5m per class 

b. 1m Interval per each Distance Class and start form 1m  

In this class, the data set is similar to Table 5.3.2. In table 5.3.5, it 

shows that the method’s accuracy has 38 per cent. It also has improved 

for the model of Table 5.3.2. But it also is unfavourable.  

Distance class(m) precision recall f1-score support 

1 0.57 1.00 0.72 402 

2 0.31 0.45 0.36 402 

3 0.05 0.06 0.05 402 

4 0.71 0.38 0.5 403 

5 0.00 0.00 0 400 

 

accuracy 0.38 2009 

macro avg 0.33 0.38 0.33 2009 

weighted avg 0.33 0.38 0.33 2009 

Table 5.3.5 base report for accuracy for 1m per class from 1m start 

c. 1m Interval per each Distance Class and start form 0.5m  

In this class, the data set is similar to Table 5.3.3. In table 5.3.6, it 

shows that the method’s accuracy has 45 per cent. It also has improved 

for the model of Table 5.3.3. But it also is unfavourable. 

Distance class(m) precision recall f1-score support 

0.5 0.85 0.99 0.91 400 

1.5 0.39 1.00 0.57 400 

2.5 0.12 0.08 0.1 400 

3.5 0.17 0.08 0.11 288 

4.5 0.00 0.00 0 400 
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accuracy 0.45 1888 

macro avg 0.31 0.43 0.34 1888 

weighted avg 0.31 0.45 0.35 1888 

Table 5.3.6 base report for accuracy for 1m per class from 0.5m start 

 

III. Machine Learning by Dense 

Although statistics method has 20 to 40 per cent of accuracy, it is not 

enough to transform distance. We use machine learning to improve it. In this 

part, we will only use Dense to train model and add a Carrier Frequency in the 

input. 

In this, we choose it 20 data in one group and the next data will repeat the 

last 10 data. Then we train it 50 times. Fig 4.10 shows that the loss and 

accuracy trend for training and validation. The trend lines tend to horizontal. It 

shows that the model will be fit. In this, we choose 800 data per class to train 

the model. In this, it has 1/10 part to do the test. We also use 200 data per class 

to do another test. In Table 5.3.7, the support column is a set of the data. Per 

set data has 20 times.in this, it has 49 per cent of accuracy. Table 5.3.8, it 

shows that the other test result. It shows that it also has 49 per cent of accuracy. 

But in there two tables, they show that 2m and 2.5m don’t have good precision.  

 

Fig 5.3.1 loss and accuracy for Dense by 50times training 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 148 
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1 1.00 1.00 1.00 143 

1.5 0.33 1.00 0.50 141 

2 0.00 0.00 0.00 144 

2.5 0.06 0.03 0.04 140 

3 0.64 0.06 0.12 139 

3.5 0.56 0.81 0.66 105 

4 1.00 0.01 0.01 140 

4.5 0.50 0.04 0.07 140 

5 0.34 1.00 0.50 142 

 

accuracy 0.49 1382 

macro avg 0.54 0.49 0.39 1382 

weighted avg 0.54 0.49 0.39 1382 

Table 5.3.7 Dense train report of 50 times 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 20 

1 1.00 1.00 1.00 20 

1.5 0.33 1.00 0.49 19 

2 0.00 0.00 0.00 20 

2.5 0.00 0.00 0.00 19 

3 0.50 0.05 0.09 20 

3.5 0.45 0.71 0.56 14 

4 1.00 0.15 0.26 20 

4.5 1.00 0.05 0.10 19 

5 0.33 1.00 0.49 18 
 

accuracy 0.49 189 

macro avg 0.56 0.50 0.40 189 

weighted avg 0.57 0.49 0.40 189 

Table 5.3.8 Dense test report of 50 times 

 

 So we have do more learn time for this. Fig 5.3.2, it shows trend lines for 

Accuracy and Loss. It shows the accuracy has decreased in some. The model will 

have over fit. In table 5.3.9 and 5.3.10, it shows the accuracy is 57 per cent. It 

also has 2m, 3m and 4.5m miss for the transform. However, the accuracy also is 

unfavourable.  
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Fig 5.3.2 loss and accuracy for Dense by 100times training 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 148 

1 1.00 1.00 1.00 143 

1.5 0.65 1.00 0.79 141 

2 0.00 0.00 0.00 144 

2.5 0.36 1.00 0.53 140 

3 0.00 0.00 0.00 139 

3.5 0.94 0.28 0.43 105 

4 0.53 0.91 0.67 140 

4.5 0.00 0.00 0.00 140 

5 0.31 0.46 0.37 142 

 

accuracy 0.57 1382 

macro avg 0.48 0.56 0.48 1382 

weighted avg 0.47 0.57 0.48 1382 

Table 5.3.9 Dense train report of 100 times 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 20 

1 1.00 1.00 1.00 20 

1.5 0.56 1.00 0.72 19 

2 0.00 0.00 0.00 20 

2.5 0.38 1.00 0.55 19 

3 0.00 0.00 0.00 20 

3.5 1.00 0.21 0.35 14 
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4 0.55 0.90 0.68 20 

4.5 0.00 0.00 0.00 19 

5 0.30 0.44 0.36 18 

 

accuracy 0.57 189 

macro avg 0.48 0.56 0.47 189 

weighted avg 0.47 0.57 0.47 189 

Table 5.3.10 Dense test report of 50 times 

  

IV. Machine Learning by 1DCNN 

In Machine Learning by Dense, the accuracy is around 40 to 60 per cent. It 

just is a pass of the transform function. However, we will choose 1DCNN to 

improve it and change the data set input to improve it. 

First, we choose it 20 data in one group and the next data will repeat the last 

10 data to train it 50 times. The data input set includes RSSI and Carrier 

Frequency. In table 5.3.11 and 5.3.12, it is a report of the train and test report 

of this model. It shows the accuracy is 77 per cent. In 5m, it also has a loss. 

 

Fig. 5.3.3 loss and accuracy for 1DCNN by 50 times training 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 148 

1 1.00 1.00 1.00 143 

1.5 0.84 0.97 0.90 141 

2 0.97 0.81 0.88 144 

2.5 0.99 0.97 0.98 140 

3 0.80 0.98 0.88 139 
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3.5 0.94 0.49 0.64 105 

4 0.39 1.00 0.56 140 

4.5 0.64 0.41 0.50 140 

5 0.00 0.00 0.00 142 

 

accuracy 0.77 1382 

macro avg 0.76 0.76 0.74 1382 

weighted avg 0.75 0.77 0.74 1382 

Table 5.3.11 1DCNN train report for 50 times 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 20 

1 1.00 1.00 1.00 20 

1.5 0.78 0.95 0.86 19 

2 0.94 0.75 0.83 20 

2.5 1.00 1.00 1.00 19 

3 0.86 0.90 0.88 20 

3.5 0.82 0.64 0.72 14 

4 0.38 1.00 0.55 20 

4.5 0.67 0.21 0.32 19 

5 0.00 0.00 0.00 18 

 

accuracy 0.76 189 

macro avg 0.74 0.75 0.72 189 

weighted avg 0.75 0.76 0.72 189 

Table 5.3.12 1DCNN test report for 50 times 

Next, we try to change the model to train more times. Fig 5.3.2, it shows 

trend lines for Accuracy and Loss. In about 50 times on training epoch, it 

shows the accuracy has decreased. It shows that the training will overfit. In 

table 5.3.13 and 5.3.14, it shows the accuracy is 86 per cent. It is a better 

model of transform. However, we will try to use 50 times of training time to 

do the model train. 
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Fig. 5.3.3 loss and accuracy for 1DCNN by 100 times training 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 148 

1 1.00 1.00 1.00 143 

1.5 0.86 0.98 0.91 141 

2 0.98 0.84 0.90 144 

2.5 1.00 0.99 1.00 140 

3 0.71 1.00 0.83 139 

3.5 1.00 0.44 0.61 105 

4 0.84 0.86 0.85 140 

4.5 0.75 0.81 0.78 140 

5 0.66 0.61 0.63 142 

 

accuracy 0.86 1382 

macro avg 0.88 0.85 0.85 1382 

weighted avg 0.88 0.86 0.86 1382 

Table 5.3.13 1DCNN train report for 100 times 

 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 20 

1 1.00 1.00 1.00 20 

1.5 0.82 0.95 0.88 19 

2 0.94 0.80 0.86 20 

2.5 1.00 1.00 1.00 19 

3 0.69 1.00 0.82 20 

3.5 1.00 0.36 0.53 14 
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4 0.73 0.80 0.76 20 

4.5 0.78 0.74 0.76 19 

5 0.53 0.50 0.51 18 

 

accuracy 0.83 189 

macro avg 0.85 0.81 0.81 189 

weighted avg 0.85 0.83 0.82 189 

Table 5.3.14 1DCNN test report for 100 times 

 

Second, we change the input set to train the model. In the input set, we try to 

change the input group to 40 times per group and the repeat is half of it. For 

this training, it has more data to train. But it decreases the support set. Table 

5.3.15 and 5.3.16 show that it has more than three-part of class cannot train. 

The accuracy also is about 60 per cent. It is not a perfect model. For this, it 

will have train times and data sets problem. If it can get more times and data, 

it will be better. 

 

Fig. 5.3.3 loss and accuracy for 1DCNN by 40 times data per group 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 68 

1 1.00 1.00 1.00 74 

1.5 0.00 0.00 0.00 69 

2 0.38 1.00 0.55 68 

2.5 1.00 0.40 0.57 73 

3 0.59 1.00 0.74 71 

3.5 0.00 0.00 0.00 48 
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4 0.96 0.75 0.85 69 

4.5 0.46 1.00 0.63 72 

5 0.00 0.00 0.00 71 

 

accuracy 0.64 683 

macro avg 0.54 0.62 0.53 683 

weighted avg 0.56 0.64 0.55 683 

Table 5.3.15 1DCNN train report by 40 times data per group 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 10 

1 1.00 1.00 1.00 10 

1.5 0.00 0.00 0.00 9 

2 0.36 1.00 0.53 10 

2.5 0.00 0.00 0.00 9 

3 0.59 1.00 0.74 10 

3.5 0.00 0.00 0.00 7 

4 0.89 0.80 0.84 10 

4.5 0.50 1.00 0.67 9 

5 0.00 0.00 0.00 8 

 

accuracy 0.62 92 

macro avg 0.43 0.58 0.48 92 

weighted avg 0.47 0.62 0.51 92 

Table 5.3.16 1DCNN test report by 40 times data per group 

 

We have to change the data set from 20 per group to 40 per group. But it is 

not better than 20 per group. So we change it to 10 per group and repeat 5 

times to train more. Fig. 5.3.4 show that the change of the accuracy and loss. 

In table 5.3.17 and 5.3.18, they show that the accuracy is about 70 per cent. 

But it has train all of the class. However, the 20 per group input set is the best 

of them. 
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Fig. 5.3.4 loss and accuracy for 1DCNN by 10 times data per group 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 284 

1 1.00 1.00 1.00 291 

1.5 0.97 0.12 0.22 284 

2 0.50 0.88 0.64 287 

2.5 0.87 0.83 0.85 288 

3 0.69 0.84 0.76 285 

3.5 0.67 0.45 0.54 207 

4 0.56 0.95 0.71 283 

4.5 0.53 0.25 0.34 289 

5 0.38 0.41 0.39 283 

 

accuracy 0.68 2781 

macro avg 0.72 0.67 0.64 2781 

weighted avg 0.72 0.68 0.65 2781 

Table 5.3.17 1DCNN train report 10 times data per group 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 40 

1 1.00 1.00 1.00 40 

1.5 1.00 0.26 0.41 39 

2 0.57 0.97 0.72 40 

2.5 0.97 0.95 0.96 39 

3 0.76 0.78 0.77 40 

3.5 0.57 0.43 0.49 28 
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4 0.57 0.95 0.71 40 

4.5 0.42 0.13 0.20 39 

5 0.33 0.39 0.36 38 

 

accuracy 0.70 383 

macro avg 0.72 0.69 0.66 383 

weighted avg 0.72 0.70 0.67 383 

Table 5.3.18 1DCNN test report 10 times data per group 

 

Third, we change the input repeat set. We use 20 times per group and no-

repeat to train. Fig. 5.3.5 show that the change of the accuracy and loss. In 

table 5.3.19 and 5.3.20, they show that the accuracy is about 60 per cent. It is 

bad training. It may not have enough data. For data set, they are continuous of 

the RFID detect. So we can use the half group repeat data for the data set. It 

also has more than 3 classes have not trained.  

 

 

 

 

Fig. 5.3.5 loss and accuracy for 1DCNN by no-repeat data 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 70 

1 1.00 1.00 1.00 73 

1.5 1.00 0.36 0.53 70 

2 0.42 1.00 0.59 70 
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2.5 1.00 0.26 0.42 72 

3 0.60 1.00 0.75 76 

3.5 0.00 0.00 0.00 50 

4 0.00 0.00 0.00 70 

4.5 0.00 0.00 0.00 70 

5 0.33 1.00 0.50 71 

 

accuracy 0.58 692 

macro avg 0.54 0.56 0.48 692 

weighted avg 0.55 0.58 0.50 692 

Table 5.3.19 1DCNN test report by no-repeat data 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 20 

1 1.00 1.00 1.00 20 

1.5 1.00 0.53 0.69 19 

2 0.42 1.00 0.59 20 

2.5 0.00 0.00 0.00 19 

3 0.59 1.00 0.74 20 

3.5 0.00 0.00 0.00 14 

4 0.00 0.00 0.00 20 

4.5 0.00 0.00 0.00 19 

5 0.32 1.00 0.48 18 

 

accuracy 0.57 189 

macro avg 0.43 0.55 0.45 189 

weighted avg 0.45 0.57 0.47 189 

Table 5.3.20 1DCNN test report by no-repeat data 

 

Fourth, we change the input set to little type. We just use RSSI to train the 

model. Fig. 5.3.5 show that the change of the accuracy and loss. In table 

5.3.21 and 5.3.22, they show that the accuracy is about 74 per cent. It is a 

good train. However, the input site just is RSSI to build up. For more data, the 

RSSI will more resemble the data set. So we will try to use the two type of 

input to create a model. 
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Fig. 5.3.5 loss and accuracy for 1DCNN by only RSSI 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1 148 

1 1.00 1.00 1 143 

1.5 0.97 0.50 0.66 141 

2 0.66 0.99 0.79 144 

2.5 0.85 0.98 0.91 140 

3 0.54 0.84 0.66 139 

3.5 0.00 0.00 0 105 

4 0.00 0.00 0 140 

4.5 0.84 0.89 0.86 140 

5 0.44 0.85 0.58 142 

 

accuracy 0.73 1382 

macro avg 0.63 0.70 0.65 1382 

weighted avg 0.65 0.73 0.66 1382 
Table 5.3.21 1DCNN train report by only RSSI 

 

Distance class(m) precision recall f1-score support 

0.5 1 1 1 20 

1 1 1 1 20 

1.5 1 0.53 0.69 19 

2 0.69 1 0.82 20 

2.5 0.9 1 0.95 19 

3 0.59 0.95 0.73 20 

3.5 0 0 0 14 

4 0 0 0 20 

4.5 0.88 0.79 0.83 19 

5 0.4 0.89 0.55 18 
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accuracy 0.74 189 

macro avg 0.65 0.72 0.66 189 

weighted avg 0.67 0.74 0.68 189 

Table 5.3.22 1DCNN test report by only RSSI 

 

 

 

Fifth, we change the range of the input class. In pass, the input class range is 

0.5m. Now, we change it to 1m per class and start from 1m. Fig. 5.3.5 show 

that the change of the accuracy and loss. In table 5.3.23 and 5.3.24, they show 

that the accuracy of about 90 per cent. It is because the range between the two 

classes is more. It can easy to get a feature from the data.  

  

Fig. 5.3.6 loss and accuracy for 1DCNN by 1m per class and start from 1m 

 

Distance class(m) precision recall f1-score support 

1 1.00 1.00 1.00 138 

2 1.00 1.00 1.00 151 

3 1.00 1.00 1.00 144 

4 0.77 0.92 0.84 138 

5 0.90 0.73 0.80 139 
 

accuracy 0.93 710 

macro avg 0.93 0.93 0.93 710 

weighted avg 0.94 0.93 0.93 710 

Table 5.3.23 1DCNN train report by 1m per class and start from 1m 

 

Distance class(m) precision recall f1-score support 
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1 1.00 1.00 1.00 20 

2 1.00 1.00 1.00 19 

3 1.00 1.00 1.00 19 

4 0.75 0.95 0.84 19 

5 0.93 0.68 0.79 19 
 

accuracy 0.93 96 

macro avg 0.94 0.93 0.93 96 

weighted avg 0.94 0.93 0.93 96 

Table 5.3.24 1DCNN test report by 1m per class and start from 1m  

 

Next, we change the start from 0.5m to train again. Fig. 5.3.5 show that the 

change of the accuracy and loss. In table 5.3.23 and 5.3.24, they show that the 

accuracy of about 90 per cent. It likes the model of Table 5.3.23. However, it 

cut off the range to improve accuracy. It is a good type to use. If it is a long-

distance, it will be better. So we will try to use 0.5m per class. 

 

Fig. 5.3.6 loss and accuracy for 1DCNN by 1m per class and start from 0.5m 

Distance class(m) precision recall f1-score support 

1 1.00 1.00 1.00 143 

2 1.00 1.00 1.00 145 

3 1.00 1.00 1.00 140 

4 1.00 0.36 0.53 106 

5 0.67 1.00 0.80 138 
 

accuracy 0.90 672 

macro avg 0.93 0.87 0.87 672 

weighted avg 0.93 0.90 0.88 672 

Table 5.3.24 1DCNN train report by 1m per class and start from 0.5m  
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Distance class(m) precision recall f1-score support 

1 1.00 1.00 1.00 143 

2 1.00 1.00 1.00 145 

3 1.00 1.00 1.00 140 

4 1.00 0.36 0.53 106 

5 0.67 1.00 0.80 138 
 

accuracy 0.90 672 

macro avg 0.93 0.87 0.87 672 

weighted avg 0.93 0.90 0.88 672 

Table 5.3.24 1DCNN test report by 1m per class and start from 0.5m  

 

However, we have to try input other RSSI data what it reset the layout in the 

model of 20 data in one group and the next data repeat last 10 data. Table 

5.3.25 shows that accuracy is about 20 per cent. It is a bad result of the model. 

In this, we think that is about the training data. It does not know what it is. So, 

we try to mix some of the data what we try in the training data. In this, we add 

60 times data in the train.  From Table 5.3.26, we find that it has 50 per cent of 

the accuracy of testing. In the low accuracy problem, it is about the amount of 

data. If it has more type of the data to train, it will have more adaptation of the 

model. 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 7 

1 1.00 1.00 1.00 8 

1.5 0.00 0.00 0.00 7 

2 1.00 0.29 0.44 7 

2.5 0.00 0.00 0.00 3 

3 0.00 0.00 0.00 6 

3.5 0.00 0.00 0.00 9 

4 0.00 0.00 0.00 7 

4.5 0.00 0.00 0.00 7 

5 0.00 0.00 0.00 7 

 

accuracy 0.25 68 

macro avg 0.30 0.23 0.24 68 

weighted avg 0.32 0.25 0.27 68 

Table 5.3.25 put other test data in the model  
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Fig. 5.3.7 loss and accuracy for max train data 

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 152 

1 0.97 1.00 0.99 153 

1.5 0.54 0.99 0.70 149 

2 0.78 0.26 0.39 150 

2.5 0.88 0.92 0.90 146 

3 0.63 0.93 0.75 152 

3.5 0.00 0.00 0.00 111 

4 0.00 0.00 0.00 153 

4.5 0.70 0.74 0.72 159 

5 0.40 0.80 0.53 147 

 

accuracy 0.68 1472 

macro avg 0.59 0.66 0.60 1472 

weighted avg 0.61 0.68 0.61 1472 
Table 5.3.26 1DCNN train report by mix data  

 

Distance class(m) precision recall f1-score support 

0.5 1.00 1.00 1.00 4 

1 1.00 1.00 1.00 4 

1.5 0.30 1.00 0.46 3 

2 0.00 0.00 0.00 3 

2.5 0.00 0.00 0.00 3 

3 0.20 0.33 0.25 3 

3.5 0.00 0.00 0.00 3 

4 0.00 0.00 0.00 3 

4.5 0.00 0.00 0.00 3 
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5 1.00 1.00 1.00 3 

 

accuracy 0.47 32 

macro avg 0.35 0.43 0.37 32 

weighted avg 0.39 0.47 0.41 32 
Table 5.3.27 1DCNN test report by mix data  

 

To summary, we find that the model of 20 data in one group and the next 

data repeat last 10 data is the best of all models. However, the 1m per class 

model is of high accuracy. But it has little class to distinguish distance. The 

training time also should be about 50 times. For figure loss and accuracy of 

the 100 times model (Fig 5.3.3), it shows that 50 times will be the accuracy 

like to horizontal. It mains that it does not increase accuracy. For data, it needs 

to have more type of data. It can improve the accuracy of the model. 

For the pointing part, please read the paper that the author is Kong Man 

Long. In Chapter 4, it shows the pointing analysis and result. 
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CONCLUSION 

In this project, we try to create a point system by RFID and using passive tag. 

However, we find that the stability of the RSSI signal value results in accurate 

positioning. So we try to use some type to improve it. We find that using machine 

learning by 1DCNN to improve the RSSI transform is the best if we try. It will have 

high accuracy of RSSI transform. However, from our testing, we find that it is no 

perfect of the transform. The data of input is not enough. For the pointing, we use 

LANDMARC to build up the model.  

 

RECOMMENDATIONS FOR FUTURE RESEARCH’ 

The method proposed in this study can effectively improve the problem of RSSI 

signal value conversion calculation. However, we cannot have more data sets to 

train a better model. For this, it has some suggestions. First, it can add more data set 

of RSSI to train. It needs to reset the entire layout to detect. Let the data have more 

diversification. Second, it can find more input type of RFID reader. It can input the 

angle of the tag. It can improve the training. Third, it can use more data in one set to 

improve it. In our experiment, we just have 2000 data for it. So we cannot use more 

for the input to train. 
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ABSTRACTS 

The studying of RFID indoor positioning includes the methods and 

algorithms, our RFID positioning system architecture, our experimental process 

and test data, and discussion. Then analyze the experimental data to discuss 

whether we can realize LANDMARC and whether we can import a large 

amount of data into machine learning for more accurate positioning operation 

and so on. 

The main objective of this project is to try to use some more accurate 

methods for positioning in the process of learning RFID and collect some data in 

several positioning-related experiments to plan positioning methods, and finally, 

try to use different algorithms and machine learning to make positioning results 

more accurate. 
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SECTION.1 INTRODUCTION 

This section is to introduce our research background, indoor positioning and its 

trends in the world. About the trends of indoor positioning, some of the 

important examples will be shown in here. 

 

1.1 RESEARCH BACKGROUND 

With the popularity of mobile communications, wireless communication is 

famous in our daily life. Research has shown that the main user of wireless 

communication is to chat with others, surf in the internet, buy something. Even 

people carry out logistics activities. 

 
Figure 1 using wireless communication for chatting 

 

Figure 2 normal logistics network in global 

The using in wireless communication includes Bluetooth headset, walkie 

talkie and radio etc. By the way, the positioning is useful in life. For example: 
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car navigation and mobile phone positioning. 

 

Figure 3 car navigation 

Currently, on the market, the requirement of positioning is increasing so the 

types of positioning technology become more and more. Such as Satellite 

wireless RF signal GPS, Infrared and laser optical positioning, Ultrasound and 

sonar sound localization, Positioning for computer, image processing and 

computer vision, Relative positioning of gyro principle etc. 

 

Figure 4 Satellite wireless RF signal GPS 

In different positioning technology, GPS is the most famous wireless 

positioning technology but only suitable for outdoor because it is no signal in 
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building and general civilian accuracy is low. 

While today’s more sensitive GPS chips can sometimes get a fix (receive 

signals from enough satellites to determine a location) inside a building, the 

resulting location is typically not accurate enough to be useful.1 

As for indoor positioning, there is never one of the most mature and widely 

used technologies. The accuracy requirement of indoor positioning is around 1m 

or little and it is the main reason why GPS is not suitable for indoor positioning. 

Thus, the indoor positioning requires more in-depth research to find a suitable 

method. 
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1.2 BRIEF INTRODUCTION OF WIRELESS INDOOR POSITIONING 

TECHNOLOGY 

Positioning can distribute outdoor positioning and indoor positioning. As 

the main point of here is indoor positioning. An indoor positioning system is a 

network of devices used to locate people or objects where GPS and other 

satellite technologies lack precision or fail, such as inside multistory buildings 

airports, alleys, parking garages, and underground locations. 

 

Figure 5 Intelligent RFID Parking System 

Indoor positioning system has broad applications in commercial, military, 

retail, and inventory tracking industries. There are several commercial systems 

on the market, but no standards for an Indoor positioning system. Instead, each 

installation is tailored to spatial dimensions, building materials, accuracy needs, 

and budget constraints.2 

At present, the research on indoor wireless positioning technology is 

relatively concentrated on RF-based signals, combined with various wireless 
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network technologies such as ZigBeei, Ultra-Wide Band (UWB)ii, Wi-Fiiii, 

Bluetooth Beaconiv, Radio-frequency Identification (RFID) and other 

positioning technologies. 

Indoor positioning system can achieve position accuracy of 2cm3, which is 

on par with Real-time kinematicv enabled Global Navigation Satellite Systemvi 

receivers that can achieve 2cm accuracy outdoors. 

  

 
i ZigBee is an IEEE 802.15.4-based specification for a suite of high-level communication 

protocols used to create personal area networks with small, low-power digital radios, such as 

for home automation, medical device data collection, and other low-power low-bandwidth 

needs, designed for small scale projects which need wireless connection. Hence, ZigBee is a 

low-power, low data rate, and close proximity (i.e., personal area) wireless ad hoc network. 
ii Ultra-wideband (also known as UWB, ultra-wide band and ultra-band) is a radio technology 

that can use a very low energy level for short-range, high-bandwidth communications over a 
large portion of the radio spectrum. 
iii Wi-Fi is a family of wireless networking technologies, based on the IEEE 802.11 family of 

standards, which are commonly used for local area networking of devices and Internet access. 
iv Bluetooth beacon is hardware transmitters - a class of Bluetooth low energy (LE) devices that 

broadcast their identifier to nearby portable electronic devices. The technology enables 

smartphones, tablets and other devices to perform actions when in close proximity to a beacon. 
v Real-time kinematic (RTK) positioning is a satellite navigation technique used to enhance the 

precision of position data derived from satellite-based positioning systems (global navigation 

satellite systems, GNSS) such as GPS, GLONASS, Galileo, NavIC and BeiDou. 
vi A satellite navigation system with global coverage may be termed a global navigation 

satellite system (GNSS). A satellite navigation or satnav system is a system that uses satellites to 

provide autonomous geo-spatial positioning. 
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1.3 REQUIREMENT AND TREND OF INDOOR POSITIONING 

But, why do we have indoor positioning? Why do we have a high 

requirement in indoor positioning? 

Indoor positioning refers to the location positioning in an indoor 

environment. It mainly uses wireless communication, base station positioning, 

inertial navigation positioning and other technologies to form a set of indoor 

position positioning systems, to realize the position monitoring of people and 

objects in indoor spaces. In a building or a big area, there should have many 

different removable important or common items and the number of items is very 

large. 

 

Figure 6 Indoor positioning in building 

However, how do people confirm all the items are inside the big area? 

Moreover, some items are not in their original location, but they are inside the 

big area. Then, how do people find them in the big area? To deal with these two 

difficult problems, a useful technology can be choosing which is indoor 

positioning. How to use this technology? For example, the University of Macau 

(UM) is using the indoor positioning to verify the items are inside the building. 

In simple terms, the system includes tags and detectors. The simple meaning is 

using the fixed position detector to detect the tags are or are not in this area even 
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their positions. 

 

Figure 7 simple meaning for indoor positioning working 

In UM, the chairs, the desks, the bookcases, the computers, etc. are pasted 

the tags. People can use the detector to check the things are or are not in an area 

easily. 

UM’s library is large, and it is an example of RFID indoor positioning. The 

books of the library are pasted the RFID tags. In the library, the librarian needs 

to confirm the book is or isn’t in the library and it is impossible that the librarian 

goes inside to find a specific book. Another reason that is some people don't put 

the book back in the original place. Even if someone wants to find a specific 

book, it should become a very difficult work. By the way, the indoor positioning 

can deal with this difficult work easily and apace since the librarian can use the 

system to find the target immediately. 

In terms of indoor positioning needs, UM’s library may not be a 

representative example. Why? For this example, someone also can think that it 

may be only suitable for the library, especially UM’s. They may consider this 

technology is only suitable for UM and it is not suitable in another place. 

Therefore, the other proposed example is about globalization. 

Internet of Things (IOT) is another example and it has a strong demand for 
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indoor positioning. First of all, introduced the IOT, IOT is a system of 

interrelated computing devices, mechanical and digital machines, objects, 

animals or people that are provided with unique identifiers (UIDs) and the 

ability to transfer data over a network without requiring human-to-human or 

human-to-computer interaction. 

 

Figure 8 IOT in global 

On the Internet of Things, everyone can apply electronic tags to connect 

real objects to the Internet, and they can find out their specific locations on the 

Internet of Things. And that is the reason why it has a strong demand for indoor 

positioning. Maybe IOT is more complicated, the supermarket can be easy to 

understand because it is a “small IOT”. In different countries, their supermarkets 

are large or small. To manage their commodities in a supermarket, the indoor 

positioning technology can help a lot and it also can use in navigation to give the 

guide to costumers. Then, the costumers can find the desired goods easily. 

 

Figure 9 Indoor positioning in a supermarket 

By the way, IOT is very famous in globalization. IOT can be applied to a 
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wider range of fields such as smart homes, smart cities, and smart agriculture, 

which can reduce waste and improve energy efficiency, helping us understand 

and improve our work and lifestyle. 

 

Figure 10 Using indoor positioning tracking on the shop floor 

From the perspective of social development and globalization, the 

technology of IOT is an important developing point. Besides, IOT has strong 

demand for indoor positioning technology. It means that the development of 

indoor positioning is an important point in globalization. 
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SECTION.2 RFID & INDOOR POSITIONING 

In this section, the different type of indoor positioning technology will be 

introduced in here. The principle of RFID and the related positioning concept 

will be introduced in detail. 

 

2.1 DIFFERENT TYPE OF INDOOR POSITIONING TECHNOLOGY 

By the section.1.2, it is talking about some different type of positioning. 

They are ZigBee, Ultra-Wide Band (UWB), Bluetooth Beacon and Radio-

frequency Identification (RFID). Then, they will be introduced in detail. 

I ZigBee 

ZigBee positioning technology is using its network’s radio frequency 

infrastructure calculates the location of an item or person. The working is 

similar to GPS. Fig.11 is shown a simplified positioning system based on 

ZigBee network. 

 

Figure 11 A scenario of the ZPS scheme for estimating the BN’s location based on the RSSI 

information4 

And it is designed by using LANDMARCvii and RSSIviii value to do 

 
vii LANDMARC system uses a lot of reference tags to do auxiliary location calculation. It can 

use a lot of cheap RFID tags, to improve the positioning accuracy, without using a lot of RFID 

readers. 
viii RSSI is to use the channel propagation model to describe the attenuation of path loss to 

distance. 
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positioning. Then, the system is using four reference RSSI value to calculate the 

middle one position. 

 

II Ultra-Wide Band (UWB) 

The positioning methods of UWB technology and traditional 

communication technology are quite different. It does not need to use the carrier 

wave in the traditional communication system but transmits and receives data by 

transmitting and receiving extremely narrow pulses with nanosecond or less.5 

Fig.12 is shown a working diagram about UWB positioning. 

 
Figure 12 UWB indoor positioning system designed by NICT & Fujitsu6 

Fig.12 is a designed UWB indoor positioning system setup. Using more 

antennas to detect the station and track the destination. 

 

III Bluetooth Beacon 

Bluetooth Beacon indoor positioning is a short-range low-power wireless 

transmission technology. After installing an appropriate Bluetooth LAN access 

point indoors, configure the network to a multi-user-based basic network 

connection mode, and ensure that the Bluetooth LAN access point is always the 

master device of this micro-network. In this way, the position information of the 
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user can be obtained by detecting the signal strength.7 Fig.13 is a system 

architecture of Bluetooth Beacon positioning. 

 
Figure 13 System architecture of the Bluetooth positioning system 

  

IV Radio-frequency Identification (RFID) 

RFID positioning technology uses radio frequency to perform non-contact 

two-way communication to exchange data to achieve the purpose of mobile 

device identification and positioning.8 Fig.14 is an example RFID positioning 

system. 

 

Figure 14 System architecture of 2-dimensional RFID positioning 

Comparing these five types of positioning technologies, the difference 

between them is shown in Table.1. (H: High, M: Medium, L: Low) 

Table 1 Summary of key features of indoor positioning sensors 

Technology Accuracy(m) 

Measurement 

Type 
Reliable Cost Safety 

ZigBee 1~5 RSSI, Phase H L H 
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Shift 

Measurement 

UWB 0.1~1 
TOA, AOA, 

TDOA 
H H H 

Bluetooth 

Beacon 
2~15 

Proximity, 

RSSI 
M M M 

RFID 0.5(passive)/2(active) 
Proximity, 

RSSI 
M M M 
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2.2 PRINCIPLE OF RFID 

In 1945, Léon Theremin invented a listening device for the Soviet Union, 

and it could retransmit incident radio waves with the added audio information. 

The sound waves vibrated a diaphragm which slightly altered the shape of the 

resonator, which modulated the reflected radiofrequency. Although it was not an 

identification tag, it was passive, being activated by waves from an outside 

source. Therefore, this covert listening device is considered to be a predecessor 

of RFID.9 Fig.15 is shown the listening device. 

 

Figure 15 The Thing (listening device) 

The technology of RFID was developed by the British in 1948 (World War 

II) and it was used in the same year for in war, in airport identification of enemy 

and US fighters, and then used for different purposes by countries around the 

world.10 

This is a technology that uses space electromagnetic induction or 

electromagnetic propagation to communicate and identify objects (e.g. RFID 

tag or card) automatically. It is considered to be one of the most potential 

information technologies in the 21st century. 

For the working process of RFID, it will show as the following steps: 

1. Some RFID tags are attached to the object to be identified. RFID tags 

store messages in a permanent storage area by electronic technology. 

Generally, there is a micro radio transceiver on the tags. 
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Figure 16 RFID tag for clothing (RFID tags are attached to the object) 

2. An RFID two-way radio transceiver called a reader sends a coded 

radio signal to the tag to “inquire” the radio frequency tag, and the tag 

sends its identification message to respond after receiving the signal. 

The identification message can be either the serial number of the label 

itself or other product-related information, such as material number, 

etc. 

 

Figure 17 “inquire” the radio frequency tag 

3. RFID reader will interpret its response. 
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Figure 18 Protocol testing (one of RFID tag response examples) 

4. Generally, the reader will transmit the received information to the 

computer system with RFID middleware or RFID software. 
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2.3 IMPORTANT COMPONENTS OF RFIDS 

RFID system has three important components: RFID tag, RFID reader 

and Antenna. 

I RFID tag 

RFID tag has at least two parts: one is an integrated circuit to store and 

process information, modulate and demodulate a section of RF signal, collect 

DC power from the signal sent from the reader, etc.; the other is an antenna to 

receive and conduct signals. Fig.19 is an RFID Tag picture. 

 

Figure 19 RFID tag 

Some tags can get energy from the electromagnetic field emitted by the 

reader when they are identified, and they do not need batteries; some tags have 

their power supply and can actively emit radio waves (electromagnetic field 

adjusted to radiofrequency). The tag contains electronically stored information 

that can be identified within a few meters. Unlike bar codes, RFID tags do not 

need to be in the line of sight of the reader, it can also be embedded in the 

tracked object. 

According to whether there is power supply inside the tag, RFID tags are 

roughly divided into three categories: Active tag, Semi-passive tag and Passive 

tag. And their comparison is shown in Table.2. 
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Table 2 Comparison of electronic tags 

Tag Active tag Semi-passive tag Passive tag 

Example figure 

   

Power source From itself 

Little from 

reader, most from 

itself 

From reader 

With or without 

battery 
With Without Without 

Required signal 

size from reader 
Small Medium Large 

Communication 

distance 
>100m >5m 3~5m 

Communication 

method 

Actively detect if 

there is a call signal 

from the reader 

around and send its 

data to the reader 

 

Receive the 

electromagnetic 

waves from the 

reader, generate 

the power 

required for 

operation, and 

then return the 

data or signals 

Price More expensive Less expensive Less 

Size Large Medium Small 
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Application 

Military, medical, 

transportation 

management 

 

Animal chip, 

smart card, anti-

theft and access 

control 

management 

  

II Antenna 

The antenna will be embedded or connected on the RFID tag and RFID 

reader to transmit the RF signal between the tags and the reader. From the 

appearance, RFID antenna can distribute to Panel Antenna and PCB 

Antenna. Then, Fig.20 is one type of RFID PCB Antenna. 

 

Figure 20 5dBi PCB UHF RFID Reader 902-928M Antenna 5cmX5cm with SMA Connector 

According to the frequency band used by the tag, the signalling between 

the reader and the tag is carried out in several different incompatible ways. Tags 

working in the low and high-frequency bands are very close to the reader 

antenna in terms of radio wavelength because the distance between them is only 



 

25 

a small part of a wavelength. In UHF and higher frequency, the distance 

between tag and reader is more than one wireless wavelength, so different 

methods are needed. 

Electronic product code (EPC)ix is a common type of data stored in labels. 

When a tag is written by an RFID tag printer, the tag contains a data string of 

specific digits. Fig.21 is an example of EPC. 

 
Figure 21 Example of EPC 

More than one tag usually responds to the tag reader. Collision detection is 

important to allow data to be read. Two different protocols are used to 

“separate” a specific tag, allowing its data to be read between many similar tags. 

In the slotted ALOHA systemx, the reader broadcasts initialization 

commands and parameters, which are used by the tag alone to pseudo-randomly 

delay its response. 

 
ix The EPC of tag contains 96 bit data strings. The first 8 bits are a title that identifies the 

version of the protocol. The next 28 bits identify the organization that manages the tag’s data; 

the organization’s number is assigned by the EPC global Association. The next 24 bits are object 

classification, which is used to determine what kind of product it is. The last 36 bits are the 

unique serial number of this label. The last two fields (end code) are set by the organization that 

published the label. The total EPC can be used as the key to access the global database, which 

can uniquely identify a specific product. 
x Slotted ALOHA is introduced discrete time slots and increased the maximum throughput by 

original ALOHA protocol. ALOHA-net became operational in June, 1971, providing the first 

public demonstration of a wireless packet data network. 
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Figure 22 Slotted ALOHA working diagram 

When using the adaptive binary tree protocol, the reader sends an 

initialization symbol and then one bit of ID data at a time; only tag responses 

with matching bits, and finally only one tag matches the complete ID string. 

 

III RFID Reader 

RFID reader is used to read electronic tags. It uses the RF signal, so it can 

read data without contacting electronic tags. The reader can be connected with 

the computer to transmit the obtained data to the computer for subsequent 

processing. Fig.23 is an example of an RFID reader. 

 

Figure 23 RFID reader Nordic AR82 

For fixed readers, if the device is equipped with cadres, it can create a 
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“query area” that can be tightly controlled. When the tag enters and exits the 

query area, it can be read in this clearly defined reader area. The mobile reader 

can be used by hand or installed on the vehicle. 

The RFID reader can be divided into four types according to the working 

frequency of RF: Low Frequency (LF), High Frequency (HF), Ultra-High 

Frequency (UHF) and Micro-Wave. And Table 3 shows their comparison. 

Table 3 Comparison of different working frequency of RFID reader11 

Type of RFID 

reader 

RF 

Frequency 

range 

Reading 

mode 
Application 

Low Frequency 30~300 kHz 

Inductive 

couplingxi 

Animal chip, anti-theft, 

access control and endpoint 

sales system 

High 

Frequency 

(HF) 

3~30 MHz 
Inductive 

coupling 

Smart card, gate control 

and mass data transmission 

Ultra-High 

Frequency 

(UHF) 

300~3000 

MHz 

Backscatter 

couplingxii 

Supply chain, traffic 

monitoring and electronic 

toll collection 

Micro-Wave 
2.45~5.8 

GHz 

Backscatter 

coupling 
Vehicle identification 

As for the introduction of indoor positioning algorithm and LANDMARC 

system will be introduced in my teammate’s (Kong Man Long) project. After 

 
xi Inductive coupling: When the electronic tag is close to the magnetic field range of the reader, 

the inductive coupling of the antenna of the electronic tag will generate current, so it gets power 

supply and transmit the data to the reader in the form of RF. 
xii Backscatter coupling: when the electromagnetic wave emitted by the sensor touches the 

target tag, it will reflect and carry back the information of the target tag 
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talking about the RFID indoor positioning system and some indoor positioning 

method. Next section is to introduce the data analysis tools of our project. 
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SECTION.3 ARTIFICIAL INTELLIGENCE (AI), 

MACHINE LEARNING, AND DEEP LEARNING 

By doing different experiment, not only the experimental equipment, but also 

the analysis tools for experimental data. In our project, it is the same as. As for 

the data analysis tools, the choice is Machine Learning and it has a relationship 

between Artificial Intelligence (AI) and Deep Learning. 

This section is to introduce and compare the difference between Artificial 

Intelligence (AI), Machine Learning and Deep Learning. Also, why do we 

choose Machine Learning to analyze the data? 

 

Figure 24 The distinction between Artificial Intelligence (AI), Machine Learning, Deep Learning 

By Fig.24, Deep Learning is a subset of Machine Learning, which is also 

a subset of AI. Thence, AI is the all-encompassing concept that initially erupted, 

then followed by Machine Learning that thrived later, and lastly Deep 

Learning that is promising to escalate the advances of AI to another level.12 

 

3.1 ARTIFICIAL INTELLIGENCE (AI) 

AI, also known as intelligent equipment and machine intelligence, refers to 

the intelligence displayed by human-made machines. AI generally refers to 

Artificial 
Intelligence

Machine 
Learning

Deep 
Learning
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technologies that present human intelligence through ordinary computer 

programs. The term also indicates whether and how such intelligent systems can 

be realized. At the same time, through advances in medicine, neuroscience, 

robotics, and statistics, normal predictions assume that countless human careers 

are gradually being replaced by them. 

 

Figure 25 Artificial Intelligence (AI) 

The research of AI is highly professional and technical, and each branch of 

the field is in-depth and unrelated. It means that it involves a very wide range. 

AI’s research can be distributed into some technical question. Its branch areas 

are mainly focused on solving specific problems, one of which is how to use a 

variety of different tools to complete specific applications. 

Constructing reasoning, knowledge, planning, learning, communication, 

perception, moving objects, using tools, and manipulating machinery that are 

similar to or superior to people are included by the main problems of AI. Also, 

AI is still a long-term goal in this field. Fig.26 is an example of AI technology 

products and it is an AI robot whose name is Pepper. 
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Figure 26 AI Robot (Pepper) 

Pepper is the first robot which appears at a UK parliamentary meeting. It 

was talking to MPs about the future of AI in education. Pepper was working 

with students and appearing at events in Middlesex Universityxiii and it was 

based at Middlesex University.13 

Due to the advent of advanced sensors such as magnetometers, 

accelerometers and gyroscopes in modern smartphones, the market for 

convenient and easy-to-use indoor navigation applications is growing. IBM 

Research-Ireland built a production-ready indoor positioning system that is more 

accurate. As for the indoor positioning system is using in smartphone and it uses 

the AI technology because their design system can be adaptive.14 

Although AI technology is very useful in automation, the professional 

RFID indoor positioning system should have a good ability to automate, the 

insufficient research time and ability cannot make a very professional system. 

Therefore, our project is only using one of the main goals of AI to make our 

design RFID indoor positioning system to be accurate. And the main goals of AI 

is Machine Learning. 

  

 
xiii Middlesex University London is a public research university in Hendon, north-west London, 

England. 
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3.2 MACHINE LEARNING 

In the last part, it talked about our project use one of the main goals of AI 

and it is Machine Learning. Also, Convolutional Neural Network (CNN) is a 

Machine Learning unit algorithm, for supervised learning, to analyze data. This 

part will try to introduce them. 

Machine Learning is a method of data analysis that automates analytical 

model building. It is a branch of Artificial Intelligence (AI) based on the idea 

that systems can learn from data, identify patterns and make decisions with 

minimal human intervention.15 

 

Figure 27 Machine Learning 

I Current Development 

Nowadays, Machine Learning is used by many industries for automating 

tasks and doing complex data analysis. An intelligent assistant like Google 

Home, wearable fitness trackers like Fitbit are the examples around us with 

Machine Learning in use. 
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Figure 28 Google Home 

In the past 30 years, Machine Learning has developed into a 

multidisciplinary interdisciplinary subject, involving multiple subjects such as 

probability theoryxiv, statisticsxv, approximation theoryxvi, convex analysisxvii 

and computational complexity theoryxviii. Machine Learning theory is mainly 

to design and analyze some algorithms that allow computers to “learn” 

automatically. 

Due to the large number of statistical theories involved in learning 

algorithms, Machine Learning is particularly closely related to inferred 

statistics, also known as statistical learning theory. 

 
xiv Probability theory is the branch of mathematics concerned with probability. Although there 

are several different probability interpretations, probability theory treats the concept in a 

rigorous mathematical manner by expressing it through a set of axioms. 
xv Statistics is the discipline that concerns the collection, organization, analysis, interpretation 

and presentation of data. 
xvi Approximation theory is concerned with how functions can best be approximated with 

simpler functions, and with quantitatively characterizing the errors introduced thereby. 
xvii In the field of mathematics known as convex analysis, the characteristic function of a set is a 

convex function that indicates the membership (or non-membership) of a given element in that 

set. 
xviii Computational complexity theory focuses on classifying computational problems according 

to their inherent difficulty and relating these classes to each other. 
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Figure 29 computer vision 

Machine Learning has been widely used in data mining, computer vision, 

natural language processing, biometrics, search engines, medical diagnosis, 

detection of credit card fraud, stock market analysis, DNA sequence sequencing, 

speech and handwriting recognition, strategic games and robotics, etc. 

By using different algorithms of Machine Learning, which can apply in 

different Indoor positioning system. The main application of Machine Learning 

is to make the positioning to be more accurate. Because the important goal of 

Indoor positioning system is high accuracy. The indoor positioning algorithms 

are those kinds, but only use indoor positioning algorithms to achieve 

positioning which is far from enough. In our project, RSSI and LANDMARC 

are the choosing indoor positioning algorithms but the same position can’t get 

the same RSSI-value. The RSSI-value even varies considerably and the 

requirement of Indoor positioning system is a high accuracy (error 1m). So, 

using Machine Learning to train the data is needs. Next is to try to introduce 

the Machine Learning algorithm which is using in the project. 

 

II Convolutional Neural Network (CNN) 

CNN is a feed-forward neural network, and its artificial neurons can 

respond to the surrounding units in a part of the coverage area has excellent 

performance for large-scale image processing. 
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CNN models were developed for image classification, in which the model 

accepts a two-dimensional input representing an image’s pixels and colour 

channels, in a process called feature learning. 

A CNN works well for identifying simple patterns within your data which 

will then be used to form more complex patterns within higher layers. A 1D 

CNN is very effective when you expect to derive interesting features from 

shorter (fixed length) segments of the overall data set and where the location of 

the feature within the segment is not of high relevance. 

CNN can be distributed 1D, 2D and 3D but their characteristics and 

approach are the same as each other. The method of the feature detector slides 

across the data and the dimensionality of the input data is the key difference 

between different dimensions of CNN. Fig.30 is an example of 1D CNN. 

 
Figure 30 1D CNN – example 

In Fig.30, it is a natural language processing, which is using 9 words to 

make up a sentence. Each word is a vector which represents a word as a low 

dimensional representation. The whole words will be always covered by the 

feature detector and the height determines how many words are considered 
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when training the feature detector. 

The example of Fig.30 is the data will be iterated through 8 times by the 

feature detector and the height is tow. 
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3.3 DEEP LEARNING 

Deep Learning is an algorithm that uses Artificial Neural Networkxix as 

the framework to perform representation learning on data. It is a branch of 

Machine Learning. 

 

Figure 31 Deep Learning 

Deep Learning is a key technology behind driverless cars which also is the 

key to voice control in consumer devices. Such as the voice control of tablets, 

TVs, phones and hands-free speakers, they are all using the technology of Deep 

Learning. Nowadays, Deep Learning is getting lots of attention and its 

achievement is unprecedented.16 

 

Figure 32 Voice control of Smartphone 

 
xix Artificial neural networks (ANN) or connectionist systems are computing systems vaguely 

inspired by the biological neural networks that constitute animal brains. 
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Deep Neural Networksxx, Convolutional Neural Networks, Deep Belief 

Networksxxi, and Recurrent Neural Networksxxii have been used in computer 

vision, speech recognition, natural language processing, audio recognition, and 

bioinformatics. Also, they achieved an excellent result. 

Automated Driving is one of example in Deep Learning. Since Deep 

Learning can be used to detect pedestrians, it can reduce the accidents. By the 

way, the transportation can detect stop signs and traffic lights automatically 

which also use the Deep Learning to do research. 

 
Figure 33 Automated Driving 

  

 
xx Deep Neural Networks (DNN) is a discriminant model that can be trained using back 

propagation algorithms. 
xxi Deep Belief Network (DBN) is a generative graphical model, or alternatively a class of deep 

neural network, composed of multiple layers of latent variables ("hidden units"), with 

connections between the layers but not between units within each layer. 
xxii Recurrent Neural Network (RNN) is a class of artificial neural networks where connections 

between nodes form a directed graph along a temporal sequence. 
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3.4 DIFFERENCE BETWEEN AI, MACHINE LEARNING AND DEEP 

LEARNING 

After introducing AI, Machine Learning and Deep Learning, Machine 

Learning is a branch of AI, Deep Learning is a branch of Machine Learning. 

The difference between AI, Machine Learning and Deep Learning can 

look at their sample definition. 

Table 4 sample definition of AI, Machine Learning and Deep Learning 

Type Sample Definition 

AI Computer programs simulate what humans do. 

Machine Learning 

and Deep Learning 

Computer programs simulate what humans want to do, 

but computer programs need a mechanism for data 

to come in and learn. 

By Table 4, the different point of AI is the computer programs does not 

need a mechanism for data to come in and learn. 

Taking out AI, to discuss the difference between Machine Learning and 

Deep Learning. The question can be solved by their structure. 

Table 5 Structure of Machine Learning and Deep Learning 

Type Structure 

Machine 

Learning 

Data → Feature Extraction → Model → Answer 

Deep Learning 

Data → Model (feature extraction self-learning) → 

Answer 

To show the Structure to be vivid, Fig.34 also show the different structure 

of Machine Learning and Deep Learning, and it has a picture of the words. 
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Figure 34 Structure of Machine Learning and Deep Learning 

Machine Learning and CNN are using for data analysis in our project. 

But, why didn’t we choose AI and Deep Learning? It is because AI is a very 

large range which includes many parts. Therefore, using AI technology might 

not focus on what we want to do. As for Deep Learning, it is giving the feature 

extraction to learn the difference. But our project is to design an RFID indoor 

positioning system and the feature extraction does not exist. By the way, using 

Machine Learning is to train our data to be more accurate. As for none of the 

accuracy data on how we can use Deep Learning. 

As for the part of applying Machine Learning to our project which is 

completed by my teammate (Ho Chon Hei). 
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SECTION.4 DESIGN MODEL AND PROCEDURE 

In this section, it includes some literature review of RFID positioning system 

for others. Moreover, the basic model, basic hardware architecture and basic 

software architecture will be introduced in detail. 

 

4.1 LITERATURE REVIEW OF RFID POSITIONING SYSTEM 

Che-Chen Kungxxiii put forward signal analysis by Sliding Window 

Moving Average and Successive Moving Average. This is calculation by 

continuous active tag signal. It improves accuracy in Landmark by Virtual tag 

group-based RFID Positioning. But it positions tag what it is moving. It will 

have more error instil. It also put forward antenna direction affect the result. 

Sih-Ying Lixxiv put forward a program for improving calculation for 

positioning. It shows the system structure in 3 part. There are Communication 

Layer, Resources Management Layer and Location Layer. It can improve waste 

of time in calculation. 

  

 
xxiii Che-Chen Kung and Dr. Kai-Wei Ke, (2010). Design of Indoor position and Tracking 

algorithm and system based on Active RFID Technology 
xxiv Sih-Ying Li, Hsu-Yang Kung, Mei-Hsien Lin and Zhi-Jun Zhang, Improving the Accuracy of 

RFID Indoor Positioning System Using Probability Density Function 
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4.2 BASIC MODEL OF THE PROJECT 

The basic models in our project which are the design procedure model and 

the system operation processing model. 

I Model of System operation processing 

On design an RFID indoor positioning system, the system operation 

process needs to be thought over. First, the main system operation is using the 

controller to control the RFID reader; second, the reader can start tracking and 

waiting for the response of tags; finally, as long as the tag sent the response 

signal and controller receive the signal from the reader, the plotting and analysis 

can do their task. 

Our system model shows in Fig.35. Controller, RFID tags and RFID 

Reader are on the hardware side. RFID Tracking Program, Cloud and Python 

are on the software side. 

 

Figure 35 branch tree of the whole RFID tracking system 

The controller system will run the RFID tracking program as user client 

to control the reader and send the command package code to RFID Reader for 

start tracking. After that RFID reader will send a signal for tracking tag. If the 

Field for Tracking 

Controller (PC/OS) 

RFID Reader 

Antenna 

Tag Tag 
Tag 

Tracking Program 
Database 

Python 

Hardware 

Software 
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RFID tag can receive a signal, it will send the reply signal package to the read 

buffer. 

Controller can send the receive buffer command to the reader and decode 

the reply signal package. Then it can do the first calculation of the reply signal 

(it can get the RSSI value). So that, the data of the tags will show in the tracking 

program can upload the data on the cloud (drive) as the database. Finally, it can 

do the data analysis and calculation in python after pulling the data from the 

cloud (database). 

 

Figure 36 schematic of our system operation 

In Fig.36, it shows the whole RFID positioning system schematic of our 
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project. 

II Model of Procedure 

To finish our system design, we need to think or map out a reasonable 

workflow or design procedure. The workflow of our procedure is shown in 

Fig.37. 

 

Figure 37 Flow diagram of our design procedure in this semester 

In our workflow, the first thing is to study the literature about RFID 

positioning because none of enough material may not finish our project. The 

second step is to try to use the other controller besides the computer to control 

the RFID reader for tracking process as we want to make the system to be 

automatic. Our choice is using Arduinoxxv to replace the computer but it did not 

work. Therefore, we use a computer to be the controller again. 

 
xxv Arduino is a convenient, flexible and easy to use open source electronic prototype platform. 

It includes hardware (Arduino boards of various models) and software (Arduino IDE). It is built 

on the open source simple I/O interface and has a processing / wiring development environment 

similar to Java and C. 
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After these two steps, we start the first experiment which is one tag 

measurement. The measurement of the tag’s RSSI value from the start location 

to end location. The next section will introduce in detail. 

The fourth step is that we wish we can use MYSQLxxvi to be our database. 

But our expectation can’t work since the network has some security problem. To 

deal with this matter, we use CSV to instead. Besides, we use Pythonxxvii to 

develop our data processing program. 

The final step is to build up an ideal point system to get the point results. 

The next section can carry out experiments according to this process, then 

make measurements and then analyze the results. 

  

 
xxvi MySQL is an open-source relational database management system (RDBMS). 
xxvii Python is a cross-platform computer programming language. It is an object-oriented 

dynamic type language, which was originally designed to write automatic scripts (shells). With 

the continuous update of versions and the addition of new language functions, it is increasingly 

used in the development of independent and large-scale projects. 
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4.3 BASIC HARDWARE ARCHITECTURE OF OUR SYSTEM 

The system architecture is an important part because it can determine the 

success or failure of our project. Then we should consider about it. The basic 

system architecture distributes to the hardware part and software part. Here is 

Hardware part. 

I Hardware components 

By building up an RFID tracking network, the RFID Reader, which we 

choose, is S-8600 UHF RFID Reader (produce by EPC Global and INDY), the 

chip used in this reader is R2000. Its appearance is as shown in Fig.38 and some 

of the specifications of this reader is shown in table 6. 

 

Figure 38 Appearance of S8600 UHF RFID Reader 

Table 6 Specification of S8600 UHF RFID Reader 

Size 230mm*160mm*28mm 

Weight 1.8 KG 

Working temperature -20℃ ~ +55℃ 

interface protocol 
EPC global UHF Class 1 Gen 2 / ISO 18000-

6C 

Working Frequency band 860MHz – 960MHz 

Output Power 30dBm 

Receiving sensitivity < -85dBm 

Card reading distance > 12M 

Communication interface 
Ethernet: 10/100 Base-T Ethernet (RJ45) 

Serial: RS-232 Console (DB9) 
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Serial: RS-485 (Optional) 

Multi-tag reading 

performance 

>500 

Reading speed >500/s 

For this Reader, the reading distance can be bigger than 12m, so we use 5m 

as the endpoint in our project, it is acceptable. And it is allowed to do the multi-

tag reading. Combine all the specification of this reader and consider achieving 

the RFID Positioning system by using LANDMARC, we tried to build up the 

hardware architecture and make up the experiment in this semester. 

As for the antenna, we choose Circular Polarity RFID Panel Antenna 

A9028R/A9028L, and transmission of signals in the 902~928 MHz frequency 

band. Its appearance is shown in the Fig.39 and the specification of this antenna 

is shown in Table 7. 

 

Figure 39 Circular Polarity RFID Panel Antenna 

Table 7 Specification of Circular Polarity RFID Panel Antenna A9028R/A9028L 

Antenna Part Number A9028R/A9028L 

Frequency Range 902-928 MHz 

Gain 9 dBic 

Front to Back Ratio 20 dB 
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Radiation pattern 

 

For this antenna, Laird Technologies’ industry-renowned design 

methodology achieves maximum efficiency and performance across the entire 

frequency band. And its frequency range is included by Reader’s working 

frequency band, so it is suitable for assorting the Reader’s working. 

If we use 6m*6m as the positioning room size in our project, it is 

acceptable. It is allowed to do a multi-tag reading. We use passive tag in our 

project. 

 

II Hardware architecture 

The basic measuring network architecture of our positioning system is 

shown in Fig.40. 

 

Figure 40 Basic measuring network architecture 

PC connect to RFID Reader by RS232 and the connection can transfer the 
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RSSI data to PC. 

In last semester, we have done one tag tracking, multiple tag tracking and 

reference tag near target tag tracking. And the reader and antenna read RSSI 

values of target tag for 100 times. 

In this semester, we have done three measurement experiment for RSSI and 

different distances (for each 0.5m). The measurement experiment is that: 

On a straight line in one direction, from 0.5 to 5m, let the reader and 

antenna read RSSI values of target tag at this point every 0.5m for n times. 

(n=100, 200, 1000 times) 

This hardware architecture will be used in the next section. If there are 

problems, some solutions will be proposed. 
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4.4 BASIC SOFTWARE ARCHITECTURE OF OUR SYSTEM 

For the software part, to control the reader, issue a command to the reader 

so that the RFID positioning system can work well, the first step of it is to 

identify the programming language suitable for S8600 UHF RFID Reader 

(Using R2000 chip). 

That is, from the specification, Microsoft C# is suitable for this reader (for 

R2000 model). And it can send the command package by using the following C# 

program. However, this program is not perfect for our project. So we have 

improved. To support the data storing, after our data tracking program finished, 

it will store the data line by line and save it as CSV file, the CSV file includes 

RSSI and EPC data from all tags, and several frequency ranges. (Theoretically, 

the RSSI values received in different frequency bands will be different. There is 

frequency hopping function in tracking program) 

 

Figure 41 our software schematic model 

After collected all CSV file, they will be uploaded on the Cloud or 

database. It’s time to do the plotting and analysis, because Python can achieve 

many functions of plotting and data analysis, so we use Python 3.7 to run. 

Microsoft C# 

(Command language) 

CSV upload on MySQL/Cloud 

(Data Storage Spaces/Database) 

Python 3.7 

(Data Processing software) 

Python 3.7 

(Pointing system program) 
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For the analysis part, we use Python 3.7 to build up. Machine Learning 

also is including in. 

By positioning software, which can distribute three types. They are: 

Positioning program based on RSSI and distance estimation formula; 

Positioning program based on RSSI/distance comparison table, and 

Positioning program based on LANDMARC. The main positioning program 

of this semester is the last one and the schematic model of this positioning 

program is shown in Fig.42. 

 

Figure 42 Schematic model of LANDMARC positioning 

Fig.42 shows the information of our design positioning and the detailed 

explanation will be resolved by my teammate’s project (Kong Man Long). 

As for using Machine Learning to train the RSSI value, the first is to 

collect the data. Next is the model of transform function which has 4 types: 

formula, statistics, machine learning by dense, machine learning by 1D-

CNN. The last part is the calculation of accuracy. The summary report will be 

calculated by “sklearn.metrics”. 
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Figure 43 test accuracy model 

Fig.43 is shown test accuracy model and the detailed description of test 

accuracy will be resolved by my teammate’s project (Ho Chon Hei).  
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SECTION.5 IMPLEMENTATION & EXPERIMENTATION 

In this section, the implementation, experimentation, measurement result and 

analysis of this project will be introduced in detail. Also, the contrast of the 

estimation and result, and the comparison of results before and after using 

Machine Learning will be introduced briefly. 

 

5.1 MEASURING EXPERIMENT OF OUR GROUP 

By section 4.3, it puts forward the experiment of last and this semester. 

Here will show about different experiment which we have done. 

I One tag tracking 

From the part experiment procedure, we will experiment with setting a 

fixed antenna and a moving tag in a straight line. And tracking the RSSI value 

in different distance from 0.5m to 5m in one direction between the antenna and 

moving tag. Also, the reader and antenna read RSSI values of the target tag at 

this point every 0.5m for n times (n=100, 200, 1000). 

In our experiment setting, the RFID reader connected with Antenna, and 

put an RFID tag inside the field. Besides, the antenna and RFID tag are raised 

on tripods so they are on the same height level. The first setting distance 

between the antenna and the target tag is 0.5m. 

After setting the experiential environment, the measurement can be started. 

Due to obtain the RSSI value of each position, the target tag will move to 

another position to measure the RSSI value in each round. 

After finishing the RSSI value measurement, the data will put to the 

positioning program or machine learning. Each position will measure n times in 

one round. 

The experiment was taking the place in a wide field and the setting is 
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shown in Fig.44. 

 

Figure 44 RSSI measurement experiment setting (one tag tracking) 

In our RSSI measurement experiment, 100 times data sets measurements 

respectively at each location has been done in last semester. And 200 times data 

sets and 1000 times data has been finished in this semester. 

 

II Multiple tags tracking 

Multiple tags tracking had been finished in last semester. The setting of this 

experiment is similar to one tag tracking which also has a fixed antenna and a 

moving tag in a straight line. And tracking the RSSI value in different distance 

from 0.5m to 5m in one direction between the antenna and moving tag. But 
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there are 5 fixed tags inside our experiment field and they are set in the 

straight line of the fixed antenna and the moving tag in each 1m from 1m to 

5m. Besides, the reader and antenna read RSSI values of the target tag at this 

point every 0.5m for 100 times. The first distance is setting 0.5m. 

The experiment was taking the place in a wide field and the setting is 

shown in Fig.45. 

 

Figure 45 RSSI measurement experiment setting (multiple tags tracking) 

After setting the experiential environment, the measurement can be started. 

Due to obtain the RSSI value of each position, the target tag will move to 

another position to measure the RSSI value in each round. And each 

measurement is tracking all of the tags inside the field. 

In our multiple tags RSSI measurement experiment, 100 times data sets 

measurements had been done in last semester. 

 

III Additional experiment 

To be easy for us to do more analysis and comparison, we design another 
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three small experiments and have done them. All of the small experiments are 

similar to the one tag tracking and multiple tags tracking. They are setting a 

fixed antenna and a moving tag in a straight line. 

1. Block tag in front of target tag 

To change the distance between the antenna and moving tag per 1m and the 

first setting distance is 1m. The first small experiment setting is shown in 

Fig.46. 

 

Figure 46 Block Tag in front of target tag 

In Fig.46, the left one is an antenna, the red circle is a target tag and the 

brown circle is a block tag. The first small experiment is setting a block tag in 

front of the target tag and the distance between two tags is fixed to 1m. And the 

tracking is from 1m to 5m per 100 times in each position. The tracking data is 

also the RSSI value. 

2. Block tag behind target tag 

The second small experiment is very similar to the first small experiment. 

The only one difference is setting a block tag behind of the target tag and the 

distance between tags is fixed to 1m. The second small experiment setting is 
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shown in Fig.47. 

 

Figure 47 Block Tag behind of target tag 

In Fig.47, the left one is an antenna, the red circle is a target tag and 

brown circle is a block tag. The tracking is also from 1m to 5m per 100 times 

in each position and the tracking data is the RSSI value. The distance between 

the antenna and moving tag per 1m and the first setting distance is 1m. 

3. Low moving tag 

The last small experiment is setting the target tag in the ground. The first 

few experiments are setting the same height level in antenna and target tag. To 

change the distance between the antenna and moving tag per 1m and the first 

setting distance is 1m. The last small experiment setting is shown in Fig.48. 
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Figure 48 Low moving tag 

In Fig.48, the left one is an antenna and the brown circle is the target tag. 

The tracking is also from 1m to 5m per 100 times in each position and the 

tracking data is the RSSI value. 

These three small experiments are using to discuss the signal influence 

between tag and tag, the signal influence in different high level between 

antenna and tag. 

Next part is to show the measurement result and some analysis. 
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5.2 RESULTS OF OUR GROUP MEASURING EXPERIMENT 

After finished our different measuring experiment, the next thing is to 

analyze the measurement result. In this part, the measurement of one tag 

tracking, multiple tags tracking and additional experiment will be shown. 

The result of them had not been trained by Machine Learning. 

I One tag tracking 

In one tag tracking experiment, there are three sets of data with different 

sample sizes. They are 100, 200 and 1000. The 100 sets of data came from last 

semester. As for 200 sets and 1000 sets are measured from this semester. Here 

only show the measurement of 1000 sets of data. Fig.49 is shown the 

RSSI/Distance measurement result for 1000 sets data. Another two measurement 

can look for my teammate’s (Kong Man Long) project. 

 

Figure 49 RSSI/Distance Measurement Result for 1000 sets data 

Description: 

In Fig.49, the RSSI value in 4m has some strange. In our expectation, the 

RSSI value in 4m should be higher than the RSSI value is 4.5m. And the other 

RSSI value of different distance is in the expectation. 
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Analysis: 

In this figure, there are still some sporadic deviation points, but overall, 

the whole trend curve is relatively reliable, and its RSSI value is also the most 

consistent with our expected curve. Therefore, if adjust the RSSI value of this 

curve by the way of machine learning, it may be able to get a more reliable 

curve. 

 

II Multiple tags tracking 

Fig.49 is the measurement result of multiple tags tracking for 100 testing 

times in each difference distances of the target tag. And these measurement data 

come from last semester. 

00 00 06 05 06 06 18 01 00 34 20 18 Tracking target tag 

00 00 06 05 06 06 18 01 00 44 20 18 Fix reference tag, 1m from antenna 

00 00 06 05 06 06 18 01 00 35 20 18 Fix reference tag, 2m from antenna 

00 00 06 05 06 06 18 01 00 33 20 18 Fix reference tag, 3m from antenna 

00 00 06 05 06 06 18 01 00 45 20 18 Fix reference tag, 4m from antenna 

00 00 06 05 06 06 18 01 00 36 20 18 Fix reference tag, 5m from antenna 
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Figure 50 Frequency and RSSI distribution trend chart of one tag tracking 

Description: 

It is the result in last semester. This experiment is to read 100 times of 

RSSI value every 0.5m in the range of 0.5 to 5m from 5 fixed tags and 1 

moving tag. For this graph, X-axis is distance from the reader’s antenna to the 

tracking target tag, and Y-axis is RSSI of this tag. Then, at one position of X-

axis, there exist many points in a different colour, it means there exists much 

different frequency value in here. 

Analysis: 

In our thinking, the five reference tags curve should be parallel to each 

other and the target tag curve will have a downward trend. The curve should 

have only one intersection to other curves. But the figure shows that only 1m 

Reference tag curve is clear, the other Reference tags curve are confused. 

Moreover, the curve of the target tag only has an intersection to 1m Reference 

curve. 

By the way, another four Reference curve is very close which may be the 
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passive tags affect each other's signal strength. Another reason may be the 

signal is not good and the effect is more. 

To integrate, this figure shows the affections between the target tag and 

reference tag. But the affections of target tag are not very big. Instead, 

reference tags may affect each other in small-signal strength. 

 

III Additional experiment 

The three small experiments include “Block tag in front of target tag”, 

“Block tag behind target tag” and “Low moving tag”. Since they are only for 

reference and simple analysis, there only show the result of “Block tag in front 

of target tag”. 

00 00 06 05 06 06 18 01 00 34 20 18 Tracking target tag 

00 00 06 05 06 06 18 01 00 45 20 18 
Block tag, fixed 1m in front of target 

tag 

 

Figure 51 Carrier Frequency and RSSI distribution trend chart of front tag tracking 

Description: 

It also is the result of last semester. The blue one is the trend of target tag 

and the red one is the trend of block tag. The experiments also tracking 100 

sets data in different distance. 
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Analysis: 

The measurement curve of the target tag is downtrend but the block tag 

curve is strange between 1m to 2m. That may be the block tag is at directly 

below the antenna. The signal strength may be low. 

This extra experiment proves my inference that the farther away tag is 

from the antenna, the weaker RSSI of the tag is. The increase or decrease of 

RSSI is related to the frequency response, which changes with the change of 

system shape. And if the label is within the visible range of the antenna, that 

is, the signal coverage range of the antenna, the measured RSSI value is 

normal; if the label is not within the visible range of the antenna, that is, the 

signal coverage range of the antenna, the measured RSSI value is abnormal or 

extremely low. 

By plotting different measuring experiment results, the result always 

become very strange and the accuracy is very low. Increasing the testing 

frequency which can have high accuracy result. 

Since the result often becomes strange or low accuracy, Machine Learning 

is used for increasing the accuracy of the result. 

Next, the result which is trained by Machine Learning will be shown. 
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5.3 RESULTS AFTER ESTIMATION COMPARISON AND MACHINE 

LEARNING 

I Estimation comparison 

Fig.52 is the comparison between estimation and one tag tracking 1000 

sets measurement result. The blue one is an estimation and the orange one is 

experimental data. 

 

Figure 52 RSSI/Distance 1-D transformation based on 1000 sets comparison data 

Although the experiment result is close to the estimation and the testing 

frequency is increasing, the distance 1.5m and 4m still have a big difference. It 

means that to make the data increase the accuracy, only increase the testing 

frequency is not enough. Also, this testing is only use antenna to tag one tag, 

using the LANDMARC which can increase accuracy. 

As for other one tag tracking comparison and LANDMARC simulation 

will be shown in my teammate’s (Kong Man Long) project. 

 

II Machine Learning 
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Fig.53 is shown one of the training result of Machine Learning. It is 

talking about the accuracy change after multiple training. As for table 8 is one of 

result after training. 

 

Figure 53 Machine Learning training model accuracy and Loss 

Table 8 One time of the training of Machine Learning 

 Precision Recall F1-score support 

0.0 1.00 1.00 1.00 148 

1.0 1.00 1.00 1.00 143 

2.0 0.72 0.99 0.84 141 

3.0 0.99 0.62 0.77 144 

4.0 1.00 0.99 1.00 140 

5.0 0.61 1.00 0.76 139 

6.0 1.00 0.11 0.21 105 

7.0 0.50 0.99 0.67 140 

8.0 0.83 0.83 0.83 140 

9.0 0.36 0.03 0.05 142 

accuracy 0.77 1382 

Macro avg 0.80 0.76 0.71 1382 

Weight avg 0.80 0.77 0.73 1382 
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According to this time of training, the accuracy is only 0.77. And it is not 

enough by using Machine Learning to do training. And the detailed Machine 

Learning analysis can look for my teammate’s (Ho Chon Hei) project. 
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RECOMMENDATIONS FOR FUTURE RESEARCH 

According to different analysis of each simulation, experiment and our 

reporting experience, there are some suggestions for future research. The first 

thing is to adjust the time and determine what thing can do. Also, doing the 

project without dragging and something need to study should be serious. 

As for the data collection should have a large amount, which can have a 

good experiment result and the reliability of the result should be better. 

Our project is to study RFID indoor positioning and using the Machine 

Learning to train the experiment data than to find the more accurate positioning. 

And the positioning is using LANDMARC to do simulation but my teammate 

use biased experimental data to be a reference. So, the experimental results are 

biased and the accuracy is bad. After using Machine Learning to correct the data 

and apply to LANDMARC, the location of LANDMARC become more 

reliable. Therefore, our experience tells us that when doing an experiment or 

simulation, we can't be biased. The reference should be more than one. 
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CONCLUSION 

In this project, we tried to use RFID technology to make an indoor 

positioning system and tracking the passive tags. The RSSI value is the data 

what we need to detect and using the LANDMARC. By processing the data, we 

use Machine Learning to make the data more accurate and this thinking is 

successful. 

In summary, our project is realized. Although the LANDMARC is the only 

simulation, it is not a big problem. But the collecting data is not enough because 

the RSSI transform by 1DCNN needs more data. Therefore, our data’s amount 

is not perfect for the transform. So the accuracy has a little insufficient. Besides, 

the professional indoor positioning system should have good automated 

capabilities. And the future can use AI technology to make it automated. 
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