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ABSTRACT  

This report focuses on designing indoor navigation system for visually impaired people 

by the collaboration of tactile paving, Radio Frequency Identification system, Bluetooth 

Low Energy, and application software in smartphone. A RFID system is composed of 

three components which are UHF RFID tag, RFID reader and scanning antenna. The 

project did the study, fabrication, and experimental measurement on the scanning 

antenna to replace the original antenna of the system since the size of the original 

antenna needs to be modified to implement on the navigation system. Several 

parameters such as the bandwidth, center frequency, gain and return loss (S11) are 

considered to achieve the requirement of the antenna. To accomplish the requirements 

for the RFID reading, a meander antenna is referenced and optimized through HFSS. 

On the other hand, the Received Signal Strength Indicator (RSSI) retrieves from the 

RFID signal is measured to design the algorithm for the navigation system. The 

comparison of the antennas is also included to verify the reliability when the UHF RFID 

is covered by the tactile paving. Furthermore, as the smartphone is the platform to 

navigate, the retrieved data from the tags are read by the RFID reader and it will be sent 

to the smartphone by Bluetooth LE. The Dijkstra's algorithm is used to process the data 

to get the shortest path for the system to navigate, it is an to execute the navigation 

system to guide the user to the designated destination. For further function on the system, 

a Linear Resonant Actuator (LRA) is used to provide a directional vibration to assist the 

user to indicate the correct direction and the hazardous notice. Concluding the whole 

navigation system, the project involving hardware and software part, the circuits and 

electronic components are integrated into a 3D-printed box and installed in the guiding 

cane to investigate the effectiveness of the guiding system. 
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CHAPTER 1 INTRODUCTION 

Accessible facilities and barrier-free designs are adopted in urban society for the vision 

impaired and disabled person. Accessible design is focusing on providing direct and 

indirect access to the disabilities. The basic barrier-free facilities are regarding to down-

hill near stairs or entrance, restroom for disabilities and tactile paving for visually 

impaired navigate. In this report, it focuses on developing a solution which integrates 

tactile paving and RFID system for the visually impaired user to help them to navigate 

on a specific indoor area.  

 

Visually impaired person relies on tactile paving to help them to go to the desire location. 

In which the tactile paving is designed in different patterns as an indicator for visually 

impaired people to indicate the road. However, the tactile paving has potential to 

accompany with UHF RFID to lead the user in indoor environment with more precise 

accuracy and humanity design. By utilizing the characteristics of the RFID and the 

tactile paving. A RFID reader is used to read the data stored in the RFID to get the 

information in the corresponding location, and the information will lead the user to the 

destination after processing the data through smartphone software with specific 

feedbacks. This report is divided into several sections to clarify the develop idea and 

procedures of the Indoor Guiding System by UHF RFID. Aims to analyze the whole 

system in critical to understand the operating principle of the system. 
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1.1 ACCESSIBLE OR BARRIER-FREE DESIGN 

Accessible design is related with Universal design concepts. Universal design is able 

for everyone to access no matters him/her is sound or not to reach fair and easy to use. 

And accessible design is focused on the disabled person, or special needs, or enabling 

access through assistive technology, let them have ability to access.  

 

1.1.1 ACCESSIBLE DESIGN IN URBAN 

Accessible design employ in urban planning is common in recent, especially in wealthy 

region. Using curb cut or dropped kerb (see Figure 1-1) to allow wheelchairs to move 

between sidewalk and street. Moreover, there are some features for assisting the visually 

impaired which contain braille signs in most facility and utility and tactile paving on 

sidewalk to assist them with a cane to identify the signs and curb, stairs, platform and 

sidewalk.  

 

Figure 1-1 Dropped Kerb construction criterion from IAS Macau. 
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1.1.2 TACTILE PAVING 

There are six types of tactile to resend different sign and meaning for visually impaired 

to identify, which are BLISTER, OFFSET BLISTER, LOZENGE, HAZARA, 

CYCLEWAY and DIRECTIONAL (see Figure 1-2). The blister with dropped kerb 

designs for indicate sidewalk crossing street; the offset blister will parallel to the side 

of the platform at subways or rail station for indicate the platform side, or indicate the 

intersection on sidewalk; the hazard warning block is used for indicate for edge top or 

bottom the stairs; cycleway is used for indicate a cycle lane; the directional is used to 

indicate safety direction on sidewalk; the lozenge is used for indicate off-street which 

mean the edge for sidewalk. The function of tactile paving is only for indicating, these 

are not actually able to provide the navigation features as some visually impaired people 

are completely blind, it means they would not know where they are unless there is 

someone tell them, or they had already been familiar with that place. 

DIRECTIONAL BLISTER OFFSET DLISTER

HAZARD CLYCLEAY LOZENGE
 

Figure 1-2 Types of Tactile Paving 
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1.1.3 TACTILE PAVING ON MACAU 

In Macau, there are mainly three types of tactile paving to assist visually impaired to 

navigate (see Figure 1-3). And the meaning of some paving is different with the regular 

mean. Such as, the blister in Macau is used for indicating the top or bottom of the stairs, 

or as off-street sign, or needs pay attention; and the offset-blister is for indicating the 

corner or intersection on the sidewalk. Moreover, Tactile paving in Macau is majority 

paved outdoors, most of the Tactile paving indoors are paved for utility, the tactile 

paving in Macau might not enough to indicate for visually impaired to avoid potential 

hazardous.  

 

Figure 1-3 Types of Tactile Paving in Macau 
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Figure 1-4 The specification of blister and offset-blister paving on Macau by IAS 

 

1.2 CURRENT DEVEOPMENT OF GUIDING SYSTEM FOR VISION 

IMPAIRED PERSON 

Tactile paving is the current mainstream technology for guiding the vision impaired 

person, though different technologies, such as sound indication and Braille are used 

together for information deliver, however, according to the aforementioned functions, 

the information provided to the users is limited. Along the development of the 

technologies, different solutions are proposed overcome these challenges. Such as 

smartphone with GPS and continuous image capture for obstacle [1], audio guidance 

system for blind using ultrasound [2] [3]. However, few of them are considered to 

extend the current widely deployed tactile paving. 

 

The challenge of design the navigation system for visually impaired person is real-time 

navigate, small size, user friendly, no dependence on internet and GPS. There are some 

designs related in navigation system for visually impaired person. For Figure 1-5, it 
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shows the design from Tokushima University [4], it is a system overview to their design. 

They are using an Arduino to control the overall device and module. The system has the 

RFID tag reader for ID detection, digital compass to identify the direction of user, voice 

module and headphone to provide navigate information. A braille keypad and voice 

recognition processor for destination selects. Overall, this system demonstrated enough 

reliability because it does not rely on GPS positioning system and does not need to 

connect to the network, but for users, the equipment that needs to be carried is too heavy 

and many devices need to carry, which is not user-friendly. Therefore, in this project, 

we develop an indoor navigation system for visually impaired using UHF RFID, it can 

provide more information and guiding for the actual scene such as stair, elevator, 

entrance and any hazard location. 

 

Figure 1-5 System overview for referenced navigation system for visually impaired people [4] 
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1.3 OVERVIEW OF THE INDOOR GUDIING SYSTEM 

In Figure 1-6, it demonstrates the overview of the indoor guiding system. This system 

is designed for the visually impaired people to navigate in an indoor environment with 

the cooperate of tactile paving and guiding cane. The guiding system could be separated 

into three parts, the RFID system, the forwarder, and the client device (smartphone). 

The UHF RFID will place under the tactile paving as a locate point for the RFID system 

to retrieve the information that stored in the RFID. The forwarder is used to forward the 

retrieved RFID’s information to the client device by using Bluetooth LE, it requires 

programming to extract the data from the RFID. The client device is used to execute the 

indoor guiding algorithm, which needs the data from the RFID to get the location 

information to access. 

 

 

Figure 1-6 Overview of the indoor guiding system 
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CHAPTER 2 RFID SYSTEM AND SCANNING ANTENNA 

In this project, the UHF RFID and advance microprocessor technologies are integrated 

with the conventional Tactile Paving to develop an innovative guiding system for the 

vision impaired persons. Such basic technologies e.g., RFID and planar antenna will be 

introduced and summarized. 

 

2.1 HISTORY OF RFID  

The RFID technology firstly appear during the World War II, every country is using 

radar to detect the planes. However, it is difficult to identify which country the airplanes 

belong to. However, it is difficult to identify which country the airplanes belong to. 

When German pilots returned to base, they discovered that rolling their planes changed 

the radio signal reflected. Therefore, using this kind of method can tell the radar that 

plane is not enemy. It's also the world's first passive RFID system. 

 

Watson Watt invented the first active identify friend or foe (IFF) system. Each plane 

was equipped with a transmitter. When a transmitter receives a signal from a radar 

station, it begins broadcasting a signal identifying the aircraft as friendly. RFID is based 

on the same basic principle. A signal is sent to a transmitter, which awakens and either 

transmits or broadcasts a signal. 

 

In 19 centuries, the ratio frequency communications systems were still developed. The 

Scientists did research to explaining how to use ratio frequency (RF) energy to identify 

the objects. Due to the security was chaotic at the time, some company start to develop 

the anti-theft systems that used radio waves to determine whether an item had been paid 
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for or not. They are using the Electronic article surveillance tags, which are still used in 

packaging today, only have one bit of information. Either the bit is on, or it is off. When 

a customer pays for an item, the bit is set to 0 (turn off), and the customer is free to leave 

the store. Otherwise, when someone tries to leave the store, the readers at the door will 

detect the tag and sound an alarm. 

 

In modern time, RFID system has developed to be very maturity. It mainly divides three 

different properties by the operation frequency. Which is Low Frequency (LF), High 

Frequency (HF) and Ultra High Frequency (UHF). In Table 2-1 shows their main 

different. In this project using UHF because it has lower cost, with good read range and 

fast read rates. 

Table 2-1 Comparison between LF, HF and UHF 

 LF HF UHF 

Frequency Range 30 ~ 300kHz 3 ~ 30Mhz 300Mhz ~3GHz 

Common frequency 

for RFID Tag 

125kHz/134khz 13.56Mhz 860MHz~960MHz 

Read range A few cm A few 10cm ~5m 

Tag price Expensive Fair Good 

Infrastructure Fair Good Global Standard 

Antenna size Huge Big Small 

 

2.2 STRUCTURE OF RFID 

A RFID tag is composed of two parts, a tag antenna and a microchip. An antenna is used 

to transmit and receive signal, the microchip (see Figure 2-1) is used to store the RFID 

information for the RFID reader to read.  
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2.2.1 TAG ANTENNA 

The antenna of the tag receives the signals of the radio wave generated by the antenna 

of the reader, and then reflects the received signal back to the RFID reader. The 

propagation wave of the RFID antenna could be both vertical and horizontal [5]. RFID 

tag utilizes the induced emf from the RF signal of the RFID reader’s antenna for 

operation. Hence, the microchip of the RFID tag could be powered by that voltage, the 

information that stored in the tag could be communication with the reader. In the design 

of the tag antenna, based on the usage of the tag, the operating frequency of the tag 

determines the effective antenna length, the size could be varied as spiral coil, single 

dipole, dual dipoles or a folded dipole.  

  

Figure 2-1 Structure of RFID tag [6] 

 

2.2.2 MICROCHIP OF RFID 

The microchip of the RFID is designed and manufactured by the semiconductor 

manufacturer, in which a microchip could be composed of 40 to 50 thousands of 

transistors [7]. The microchip has its own logic unit to work and provide memory to 

store data. To power the microchip of the RFID, the tag antenna is necessary to generate 

induced emf from RF signal to power the chip. The communication protocol is 

implemented by the processing logic. During communication between the RFID reader 
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and the tag, it's also used to modulate/demodulate signals and encode/decode digital 

bits. The microchip's memory could be divided into three types of read-only memory, 

write-only memory and write-many times memory. The microchip's memory does not 

require constant power to store data. As a result, data stored on the tag is kept for a long 

time. Data such as tag ID, object identifier, password and error code could be stored in 

the microchip's memory. 

 

2.3 ANTENNA FOR THE RFID READER 

The antenna is used to detect the RFID tags, it can transmit power to the RFID tags to 

activate and receive data back from the activated tags. The antenna is connected to the 

RFID reader by using coaxial cable. When the antenna operates, it propagates the 

electromagnetic (EM) energy that trigger the tag to start sending data in the form of 

radio frequency (RF) energy. If RFID tags receive the RF energy, it will be activated, 

and the stored data could be read by the reader. In order to lower the size of the original 

antenna for the navigation system, a meander antenna is referenced and optimize 

through HFSS to approach the requirements of the UHF RFID. The simulated and 

experiment results of the antenna are discussed and analyzed in the following section, 

included return loss (S11) and the radiation pattern. The comparison of the performance 

on scanning the tag with the original and meander antenna is included as well. 

 

2.3.1 CIRCULAR SLOT ANTENNA 

At the beginning of this project, a circular slot antenna is referenced from ZhiNing Chen 

and XianMing Qing’s paper [8] ‘Asymmetric-Circular Shaped Slotted Microstrip 

Antennas for Circular Polarization and RFID Applications’ was fabricated as the first 

prototype antenna for the RFID reading. It shows a novel asymmetric-circular shaped 
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slotted microstrip patch antenna, in which the antenna is proposed to the application for 

the UHF RFID reading with a circularly polarized radiation characteristic. The 

configuration of the antenna is based on a square microstrip patch with four asymmetric 

circle and four slits embedded on the top side of the microstrip patch (see Figure 2-2). 

Hence, the operating frequency of the antenna could be tuned by varying the radius of 

the circles and the size of the slits while keeping the same polarization characteristic. 

The antenna is fed by a coaxial probe which is located at the bottom of the antenna to 

flow energy from the RFID reader. In order to meet the requirement of the RFID reading 

application, the ‘High Frequency Structure Simulator (HFSS)’ software is used to 

simulate. 

 

 

Figure 2-2 (a) Cross-section view of the proposed antenna. (b) Asymmetric-circular shaped slotted 

microstrip patch [8] 
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2.3.1.1 OPTIMIZATION 

Aims to optimize the center frequency of the antenna at around 930MHz, since based 

on the early trial of 915Mhz antenna, the vector network analyzer had shown that the 

center frequency of the antenna was shifted about 15Mhz. Therefore, the designed 

center frequency of antenna had increased to 930Mhz. 

 

For Figure 2-3, it shows the simulation model of the antenna. After optimization, the 

size of antenna is changed to 90mm× 90mm square and the slotted patch size is 

78mm× 78mm. The coaxial feed-location of antenna is 15mm to the left of antenna 

center. The material of the microstrip is chosen as RO4003C with a thickness of 

1.524mm, the permittivity constant ε0 of the material is 3.38. 

 

Figure 2-3 HFSS simulation model of 930MHz microstrip antenna 

 

The optimized circular slot radius, 𝑠𝑤 and 𝑠𝑙 is shown below, where 𝑠𝑤 and 𝑠𝑙 are 

slit width and slit-length respectively. 
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Table 2-2 Optimized parameters 

𝒓𝟏 6.02 mm 

𝒓𝟐 5.04 mm 

𝒓𝟑 4.25 mm 

𝒓𝟒 3.14 mm 

𝒔𝒘 1.39 mm 

𝒔𝒍 11.79 mm 

Size: 𝟗 𝒄𝒎 × 𝟗 𝒄𝒎 

 

2.3.1.2 SIMULATION RESULTS 

In this section, the simulation results of the antenna with the parameters as shown in 

Table 2-2 Optimized parameters is used to simulate through HFSS. Hence, the return 

loss (S11) and the radiation pattern of the antenna could be observed. 

 

Figure 2-4 Simulated S11 of the antenna. 



   

 

15 

 

 

Figure 2-5 Simulated radiation pattern of the antenna. 

 

In Figure 2-4 Simulated S11 of the antenna.Error! Reference source not found., it 

shows the simulated S11 of the antenna which has the center frequency of 930MHz 

located at -17.16dB and the bandwidth located at -3dB has 30MHz of operating range 

also agrees with the s requirement to detect the RFID.  

 

For Figure 2-5 Simulated radiation pattern of the antenna., it shows the radiation pattern 

of the antenna, it is used to define the directivity of the antenna, it also shows the loss 

or gain of the antenna for a 360-degree sweep around it and the corresponding gain is 

0.5 dBi. 
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2.3.1.3 IMPLEMENTATION AND ANALYSIS 

As the simulation results fit the requirement for the frequency bands of the UHF RFID 

tag. The antenna model is exported to computer numerical control (CNC) to build the 

prototype of the antenna (see Figure 2-6 Circular Slot Antenna.). 

 

 

Figure 2-6 Circular Slot Antenna. 

The Circular Slot Antenna is measured through vector network analyzer to measure the 

practical plot of the return loss of the antenna (see Figure 2-7 Return loss of the 

prototype slot antenna.). Despite of the antenna has a center frequency of 930MHz in 

the simulation, the center frequency is left shifting by 15MHz to 915MHz in impractical 

which is a knew situation from previous attempting. It also has a bandwidth nearly 

30MHz located at -3dB. Hence, the prototype achieves the requirement for scanning the 

UHF RFID in the measurement.  
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Figure 2-7 Return loss of the prototype slot antenna. 

 

2.3.2 MEANDER DIPOLE ANTENNA 

In section 2.3.1, a Circular Slot Antenna was fabricated, and it was used to conduct the 

measurement of RFID reading to test the effectiveness of the antenna. However, it was 

found that the performance was not good enough at the RFID reading experiment, 

because it has a poor gain to scan the surrounding RFID tag. Hence, the performance of 

the antenna is a lot worse than the original one. 

 

Thus, a Meander Dipole Antenna is investigated for RFID reading. Meander Dipole 

Antenna could be fabricated with a smaller size than the original and circular slot 

antenna for the RFID reading. Moreover, the reader can only be compatible with 

frequency range of 902Mhz – 928Mhz with the antenna’s operating frequency. The 

center frequency of the meander antenna has designed to 925MHz and the 

corresponding result could be seen in the plotting of return loss through vector network 

analyzer.  

 



   

 

18 

 

‘Meander dipole’ [9] shows the design procedures of the meander technique and the 

discussions of the characteristics on meander a dipole to reduce the size of antenna for 

different applications. This type of antenna has a directional polarization characteristic 

which fits the orientation of the system to design the navigation algorithm. The 

configuration of the antenna is based on a square microstrip patch with same length and 

at right angles on the bottom, sides and top with each other (see Figure 2-8 Basic of 

Meander antenna ). Hence, by changing the shape of the meander dipole, different 

characteristics of the antenna can be simulated, such as the operating frequency and 

radiation pattern. The antenna is fed by a coaxial probe which is a center-fed dipole 

located at the middle of the antenna to flow energy from the RFID reader. In order to 

meet the requirement of the RFID reading application, the ‘High Frequency Structure 

Simulator (HFSS)’ software is used to simulate. 

 

   

Figure 2-8 Basic of Meander antenna [9] 

 

In order to make the antenna as small as possible, the RO3210 is chosen as the substrate 

of the antenna, it is a high dielectric constant material, the dielectric constant of the 

material is 10.2. Thus, according to the wavelength formular, higher dielectric constant 

and higher frequency will have shorter wavelength. It means that the length of dipole 

antenna can be shorter. To design the meander dipole antenna, it is necessary to know 
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the wavelength of a normal dipole antenna. Using the wavelength formular to calculate 

the wavelength: 

𝜆 =
𝑐

𝑓√𝜀𝑟

=
3 × 108

√10.2 × 925𝑀𝐻𝑧
= 10.15 𝑐𝑚 

Where c is the light speed, 𝑓 is the frequency of the antenna and 𝜀𝑟 is the dielectric 

constant. 

 

For the length of dipole, according to Dick Reid’s paper, the length of meander dipole 

is about 54.42% of a normal dipole. Thus, the length of meander dipole can be 

calculated. 

𝐷𝑖𝑝𝑜𝑙𝑒 𝐿𝑒𝑛𝑔𝑡ℎ = 10.15 × 0.5442 = 5.52 𝑐𝑚 

2.3.2.1 OPTIMIZATION 

Similarly, the antenna is optimized with the center frequency of the antenna at around 

940MHz through HFSS, because based on the early trial with center frequency of 

925Mhz was shifted about 25Mhz. Therefore, the designed center frequency of antenna 

is increased to 940Mhz in the optimization platform. 

 

For Figure 2-9, it shows the simulation model of the antenna. The size of antenna is 

70mm*48mm. The material of the microstrip is chosen as RO3210 with a thickness of 

1.68mm, the permittivity constant is 10.5. 

 

Figure 2-9 HFSS simulation model of 940MHz microstrip antenna 
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Table 2-3 Optimized parameters. 

𝒘 3.6 mm 

𝒉 21.7 mm 

𝒔 16.2 mm 

𝒘𝟏 8.35 mm 

𝑳 18.8 mm 

Size: 𝟕 𝒄𝒎 × 𝟒. 𝟖 𝒄𝒎 

 

2.3.2.2 SIMULATION, IMPLEMENTATION AND ANALYSIS 

As the simulation results fit the requirement for the frequency bands of the UHF RFID 

tag. The antenna model is exported to computer numerical control (CNC) to build the 

prototype of the antenna (see Figure 2-10).  

 

 

Figure 2-10 Meander dipole antenna. 
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In this section, the simulation results, and experimental results of the antenna with the 

parameters as shown in figure 3-10, the antenna are simulated through HFSS and Vector 

network analyzer respectively. Hence, the return loss (S11) and the radiation pattern of 

the antenna could be observed. 

 

Figure 2-11 Simulated and Experimental S11 of the antenna. 

 

Figure 2-12 Simulated radiation pattern of the antenna. 
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In Figure 2-11, it shows the simulated S11 of the antenna which has the center frequency 

of 950MHz located at -19.11dB and the bandwidth located at -10dB has 30MHz. For 

the experimental result, the center frequency is 928MHz located at -21.96dB and the 

bandwidth located at -10dB has 30MHz. It can be observed that the result between 

simulation and experiment it has about 20Mhz frequency shift. However, its operating 

range also achieved the reader requirement to detect the RFID. 

 

For Figure 2-12, it shows the radiation pattern of the antenna, it is used to define the 

directivity of the antenna, it also shows the total gain which is about 2dBi and a 360-

degree sweep around. 

 

Figure 2-13 Simulated and Experimental radiation pattern of the antenna. 
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From Figure 2-13, it is the comparison of the radiation antenna between simulation and 

experimental, this graph has shown that the actual radiation of the antenna is totally 

match the simulation result and its gain also match the simulation result which is around 

2dBi. To compare with the previous circular slot antenna, which total gain has improved 

from 0.5dBi to 2dBi.  

 

The Meander Dipole Antenna is measured through vector network analyzer to measure 

the practical plot of the return loss of the antenna. Despite of the antenna has a center 

frequency of 950MHz in the simulation, the center frequency is left shifting by 24MHz 

to 926MHz in impractical which is a knew situation from previous attempting. It also 

has a bandwidth nearly 30MHz located at -10dB. Hence, the prototype achieves the 

requirement for scanning the UHF RFID in the measurement.  

 

As a result, the return loss S11 and the radiation pattern of the proposed antennas are 

discovered and analyzed. The majority specifications of those antennas are compared 

and shows in the following table. 

 

Table 2-4 Majority specifications of the proposed antenna 

 Size Gain 

Original antenna 26 𝑐𝑚 × 26 𝑐𝑚 10𝑑𝐵𝑖 

Circular slot antenna 9 𝑐𝑚 × 9 𝑐𝑚 0.5𝑑𝐵𝑖 

Meander dipole antenna  7 𝑐𝑚 × 48 𝑐𝑚 2𝑑𝐵𝑖 
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CHAPTER 3 ANTENNA EFFECTIVENESS 

In this chapter, the measurement results on scanning the UFH RFID with the original 

antenna of the RFID reader, the circular slot antenna and the Meander Dipole Antenna 

are shown and compared. These measurements are conducted because the indoor 

navigation system requires the UHF RFID to place under the tactile paving to run the 

guiding algorithm, attenuation on the receiving signal on the UHF RFID is discovered 

since the tactile paving is made of PVC with the dimensions of 250mm*250mm.   

Hence, the UHF RFID would be placed under the tactile paving to test the effectiveness 

of the antennas. It is very helpful to find out best height to install the antenna on the 

cane. There are two different measurement results based on the applied antenna and get 

the corresponding data on the measurement platform. The received signal strength 

indication (RSSI) is used as the reference to show the performance of the antenna with 

the strength of the receiving signal back from the RFID tag. 

 

 

Figure 3-1 Tactile paving 
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Table 3-1 Specifications of RFID tag 

Specifications  

Protocol EPCglobal UHF Class 1 Gen 2 (ISO 18000-6C) 

Operating Frequency 860-960MHz 

IC Type Impinj Monza 4 

Memory EPC 96 bits, User 512 bits 

Dimensions 48*48mm 

Operating Temperature -40°C ~ 70°C 

Range  1~12m 

 

Figure 3-2 Passive UHF RFID tag 

 

3.1 EXPERIMENT PLATFORM 

In order to compare the performance with of the original antenna, circular slot antenna 

and meander dipole antenna. A vertical measurement that covered with/without the 

tactile paving on the UHF RFID are conducted. 

 

Figure 3-3is a holder that built by the 3D printer for the antenna to fix it on the tripod. 

By using the tripod, several measurements could be formed by changing the placement 
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of the antenna’s angle and height. Based on the requirement of the indoor guiding 

system, the RFID tag should be located on the ground (see Figure 3-4). 

 

Figure 3-3 Antenna holder 

 

Figure 3-4 Experiment platform 

After measuring several sets of data, according to Figure 3-5 and Figure 3-6, it shows 

the measurement results of the original antenna when the measurement was conducted 

in different venue respectively (see Figure 3-7). It finds that the floor of the old venue 

was made by static resistant material, the attenuation of the propagation of radio energy 

is significant on the value of RSSI. It is inferred that the static resistant material was 

built on the floor of the laboratory for protecting advanced equipment. The performance 

of the original antenna on retrieving the signal is affected, the venue is not reliable to 
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conduct the scene for testing the navigation algorithm. Thus, the experiment 

environment was changed to the new venue to conduct it again and the retrieving signal 

on the RSSI is significantly increase. Therefore, the measurement results of the three 

antennas are conducted in the new venue. (Greater RSSI represents better performance) 

 

Figure 3-5 Measurement results of original antenna in old venue. 

 

Figure 3-6 Measurement results of original antenna in new venue 
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(a) 

 

(b) 

Figure 3-7 Old experiment venue (a), New experiment venue (b) 
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3.2 EXPERIMENT RESULTS 

The vertical measurement results are formed by using the tripod. The experiment results 

are conducted in the following situations, with and without the tactile paving covered 

on the RFID tag, varying the height of the antenna from ground. The following plots 

represent the amount of RSSI retrieved from the original antenna, the circular slot 

antenna and meander dipole antenna respectively.  

 

Figure 3-8 Measurement result of original antenna. 

 

Figure 3-9 Measurement results of circular slot antenna. 
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Figure 3-10 Measurement results of meander dipole antenna. 

 

3.3 ANALYSIS 

According to section 3.2, Figure 3-8, Figure 3-9 and Figure 3-10 show the measurement 

results on retrieving the RSSI with the corresponding antenna. The RSSI of the RFID 

is retrieved whether the tactile paving is covered or not in each experiment. Among 

three antennas, the original antenna has the highest effectiveness since it has the largest 

size and highest gain, the performance of the antenna would be better and the others. 

On the other hand, although circular slot antenna has a circular polarization 

characteristic to scan the tag, it has the worst performance, when the tactile paving 

covered the tag, the reading height and decrease to 15 cm with low value of RSSI, the 

result of this antenna cannot be accepted. Therefore, the Meander Dipole Antenna is 

investigated to replace the circular slot antenna. From Figure 3-10, it shows the 

measurement results of meander dipole antenna, the reading range is increased to 40cm. 

The RSSI is -90dBm at the height of 40cm, it does not affect the overall performance 

of the antenna since the reading scale of the antenna is much better than the circular slot 
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antenna. Although the performance of Meander Dipole Antenna is inferior to the 

original antenna, it has the smallest size and light enough to implement on the guiding 

cane. Hence, the Meander Dipole Antenna is used to be a part of component in the 

system. The size of the scanning antenna is reduced by 95% to the original antenna. 

This antenna could have a high flexibility on design the suitable position on the guiding. 
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CHAPTER 4 SMART CANE 

In this chapter, it introduces the require electronic components that construct the smart 

cane. Except the RFID system that describes in the previous chapter, the system also 

requires other electronic devices to work accompany with the RFID system to provide 

a complete using experience to the user. The following sections illustrate the objective, 

functions and specifications of the corresponding electronic component that engages in 

the system. The prototype of the smart cane could be built by assembling the electronic 

components and antenna on the guiding cane. A 3D-printer is used to produce the 

junction between the cane and the electronic components. 

 

Figure 4-1 Smart Cane 

4.1 FORWARDER  

The Forwarder is integrated with RFID reader, microcontroller, and power supply to 

provide the Bluetooth LE communication between RFID Reader and Client Device and 

transfer the data back and forth. Moreover, the Forwarder is connected with LRA motor 

for enhance the hazard indication by multi-modal vibration.  

 

4.1.1 RFID READER 

Readers are devices for communicate with RFID Tags. For this report, using the UHF 

RFID Reader for communicate between tags and client. It is because UHF RFID have 
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wide communication range, the read distance is over 1 meter, and the cane of the 

visually impaired is essential. Using UHF RFID, the canes do not need to be completely 

modified, in case the system is completely adopted in everywhere, they still have ability 

to explore the surrounding and indicated the barrier by the canes.  

 

The reader in project chose INDY R2000 as a RFID fixed reader without fixed or 

integrated antenna, it supports the Protocol of EPCglobal UHF Class 1 Gen 2 (ISO 

18000-6C) and ISO 18000-6B, and it is supported multiple region UHF frequencies 

brand. Moreover, it has many useful features, such as provides high inventorying speed, 

have ability to identify many tags, have a buffer for storage and record the tags, and 

have Dense Reader Mode (DRM) for reduced interference while multiple reader will 

be working nearby. For Figure 4-2, it is the pulse signal of inventory mode, it can be 

observed two tags identified pulse signals in orange only took about a millisecond, it 

can be reflected ability of the reader regarding high identifying speed. Furthermore, the 

reader is supported TTL UART commutation, it means this module have ability to 

commutation with another platform, such as the Microcontroller or computer, handle 

transmitting and receiving the command and the tags data.  

 

Figure 4-2 Command and Feedback Pulse Signal from Reader 
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Table 4-1 INDY R2000 Reader Module Specification and Electrical Characteristics 

Operating Voltage  3.7V-5V 

Standby Mode Current  <50mA 

Sleep Mode Current <100uA 

Operating Current 1.2A +/-10% 

Operating temperature -20°C - +55 °C 

Storage temperature -20°C - +85 °C 

Humidity <95% (+25°C) 

Air Interface Protocol EPCglobal UHF Class 1 Gen 2 (ISO 

18000-6C) /ISO 18000-6B 

Spectrum Range 860Mhz – 960Mhz 

Supported regions US, Canada and other regions following 

U.S. FCC Europe and other regions 

following ETSI EN 302 208 with & 

without LBT regulations Mainland 

China, Japan, Korea, Malaysia, Taiwan 

Output Power 20-33dBm 

Output Power precision +/- 1dB 

Output Power Flatness +/- 0.2dB 

Receive Sensitivity <-85dBm 

Peak Inventory Speed >500tags/sec 

Tag Buffer Size 800 tags @ 96bit EPC 

Tag RSSI Supported 

Antenna Detector Supported 



   

 

35 

 

Ambient Temp Monitor Supported 

Working Mode Single/DRM 

Host Communication TTL Uart 

GPIO 2 inputs; 2outputs  

Max Uart Baud Rate 115200 bps 

Heat Dissipation Air Cooling 

 

Figure 4-3 INDY R2000 UHF RFID reader module 

This reader is able to be connected by Uart - TTL, which means it can be monitored 

when message transfer back or forth by Serial Monitor. Moreover, the commands of 

Reader can be classified as reader setting commands, EPC C1G2 Tags commands, ISO 

18000-6B commands and Reader buffer commands. For tags identified, the useful 

commands of this report regrading EPC C1G2 Tags commands and Reader buffer 

commands. For tags commands, it is available explore or inventory tags and store tags 

IDs to reader buffer and read or write additional data in tags. When request the buffer, 

it will response the stored tags IDs. 
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4.1.2 BLUETOOTH LOW ENERGY AND MICROCONTROLLER 

Bluetooth low energy (BLE) [10] is used 2.4 GHz radio frequencies brands for transmit 

the data, the main difference between Bluetooth LE and Bluetooth classic is the power 

consumption and cost reduced, it does not mean the Bluetooth LE communication range 

is less than the classic. The roles of the Bluetooth LE devices can be defined as Central 

devices and Peripheral devices. Peripheral devices are similar as the client devices, but 

it is specially for some small and low power devices. And the central devices are much 

more powerful than the Peripheral devices, it can provide much more computing power 

and memory, such as mobile phone or computer. Both of Central and Peripheral can 

broadcast and receive the data. In this report, the main feature of the Bluetooth LE is 

transmit the data from the RFID reader to the Central devices, instead of Bluetooth 

Classic, the Bluetooth LE has better power consumption performance. 

 

In this report, the Bluetooth LE is used nRF52840 [11] System on a Chip (SoC), it is 

embedded Bluetooth LE feature and microcontroller (MCU). The version of Bluetooth 

LE is Bluetooth 5, compare with previous version Bluetooth LE, Bluetooth 5 have four 

times larger commutation range, two times bandwidth of raw data and the eight times 

broadcasting capability. Moreover, the nRF52840 Soc is built-in the 32-bit ARM 

Cortex™-M4 CPU, it must have ability to transmit the command to the reader and 

forward the data from the reader to client by Bluetooth LE. Furthermore, the nRF52840 

is embedded on Arduino NANO 33 Bluetooth LE Single Board Computer, it means the 

hardware part of this report is based on the Arduino NANO 33 Bluetooth LE to develop. 

Based on Table 4-2, there are 14 General purpose input/output (GPIO), it is possible to 

adopt responders or sensors for assist or incident to provide more feature for making 

visually impaired more convenient to identify surround. 
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Table 4-2 Arduino Nano 33 Bluetooth LE Specification [11] 

Microcontroller  nRF52840 

Operating Voltage 3.3V 

Input Voltage (limit) 21V 

DC Current per I/O Pin 15 mA 

Clock Speed 64MHz 

CPU Flash Memory 1MB (nRF52840) 

SRAM 256KB (nRF52840) 

EEPROM none 

Digital Input / Output Pins 14 

PWM Pins all digital pins 

UART 1 

SPI 1 

I2C 1 

Analog Input Pins 8 (ADC 12-bit 200k samples) 

Analog Output Pins Only through PWM (no DAC) 

External Interrupts all digital pins 

LED_BUILTIN 13 

USB Native in the nRF52840 Processor 

IMU LSM9DS1  

Length 45 mm 

Width 18 mm 

Weight 5 gr (with headers) 
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Uart For RFID Reader

 RFID Reader Enable Pin

I2C For LRA Driver

 

Figure 4-4 Arduino Nano 33 Bluetooth LE Pinout Diagram  

4.1.2.1 BLUETOOTH LOW ENERGY COMMUNICATION  

The feature and roles of Bluetooth LE has been mentioned, there are many wireless 

protocols were designed by engineers, Bluetooth LE protocol is one of those, it also 

simplest way to communicate with modern Central devices, which support Bluetooth 

LE protocol. 

 

4.1.2.2 CONNECTION AND ADVERTISING 

Generic Access Profile (GAP) [12] handle connections and advertising in Bluetooth, it 

lets Bluetooth devices have ability to visible for outside world and organized the 

interaction between two devices. 

 

 

There are two approaches for Bluetooth LE advertising through GAP, which involve 
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advertising data payloads and scan response payloads. Maximum data of both payloads 

contained are 31 bytes. The data of advertising payloads compulsory. It is because the 

function of the advertising payloads is for the surrounding device to discover while the 

payloads broadcast continuously. And the function of the scan response payload is 

optional payload, it can be requested by surrounding device, it will contain more 

message then advertising payloads, such as name of device. 

When Bluetooth LE is played peripheral role, it will set up the interval for advertising, 

the advertising data payloads will broadcast data in every interval. While the interval, 

if the client device requests the additional information and the Bluetooth LE is set scan 

response payloads, it will response the additional data. Moreover, the advertising mode 

can be used to as a beacon, since the advertising package allow the surrounding central 

devices to discover and request additional information. On the other hand, the connected 

mode allows the peripheral devices to transmit much more data or package, but it only 

transmits between two connected devices.  

 

Figure 4-5 Advertising Process 

 

Figure 4-6 Advertising payloads and scan response payloads of Bluetooth LE Beacon  
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Figure 4-7 Advertising Mode vs Connected Mode  

 

4.1.2.3 CONNECTED MODE 

For connected mode, there are another protocol, which is Generic Attribute Profile 

(GATT) [13] for handle the communication between two connected devices, it means 

peripheral device had done advertising by GAP controlled. After the peripheral is 

connected to a central, it will stop advertising, it means other devices are able to 

discover the peripheral until it was disconnected to a central.  

 

There are two concepts named Services and Characteristics for Bluetooth LE devices 

transmit data. Services is for the perform a specific function, which is container of 

revelated characteristics, a service can contain one or more characteristic to perform a 

specific function. There are Universally Unique Identifiers (UUIDs) for identified each 

Advertising Mode

Central Devices 

BLE Peripheral Device

Connected Mode

BLE Peripheral Devices

A Central Device 
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service, which can be composes with 16-bit or 128-bit. Moreover, the Characteristics 

are the container of data, the data value is able to transmit between two connected 

devices, and Characteristics are similar with Services have a UUID to distinguished.  

CHARACTERISTIC

CHARACTERISTIC

CHARACTERISTIC

CHARACTERISTIC

CHARACTERISTIC

 

Figure 4-8 Layer of GATT 

 

Figure 4-9 Services and Characteristics of Bluetooth LE Peripheral device 
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4.2 LINEAR RESONANT ACTUATOR (LRA) 

In this project, an actuator is used to generate a directional vibration as the notification 

signal to navigate the user to the desire destination. There are two common types of 

actuators are using in the market today, linear resonant actuator (LRA) and eccentric 

rotating mass (ERM). These actuators have different characteristics to work as a 

vibration motor. Instead of ERM, LRA is preferred to apply in the system since it can 

provide an adjustable vibration period with direction vibration by the corresponding 

discrete signal, while the ERM can only provide a consistent vibration. Also, LRA has 

a lower manufacturing cost than ERM. 

 

Hence, a linear resonant actuator (LRA) (see Figure 4-10) is used to provide a 

notification vibration for the visually impaired people in the system. It is a vibration 

motor that commonly used in smartphone, gaming controller, headsets, watches to 

generate different level of vibration. It could be It can produce an oscillating force 

through a single axis with operating frequency of 170~230Hz. 

 

Figure 4-10 A Typical model of LRA 

A DRV2605L [14] is used to drive the LRA to provide multi-axis force directional 

vibration which can produce vibrations in either horizontal or vertical direction. Also, 

DRV2605L is a low-voltage haptic driver that provides a close-loop actuator-control 

system for the LRA.  
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Figure 4-11 Model of DRV2605L [14] 

Table 4-3 Specifications of DRV2605L [14] 

Haptic actuator type LRA 

Features Integrated Haptic Effects, Smart Loop 

Input signal PWM, Analog, I2C 

Vs (Min) (V) 2 

Vs (Max) (V) 5.2 

Output voltage (Max) (V) 5.5 

Vout (Max) (V p-p) 10.4 

Iq (Typ) (mA) 0.5 

Shutdown current (ISD) (uA) 4 

Startup time (ms) 0.7 

Operating temperature range (C)-40 to 85 Operating temperature range (C)-40 to 85 

 

4.3 POWER MANAGEMENT 

Aim to supply power to electronic components, IP5306 [15] is used to cooperate with 

Li-ion Battery for supply power. The IP5306 contain rich features to manage the battery, 

it integrated a boost convert, the battery can be boosted to 5V 2.4A, and with multiple 
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protections to protect the lift of the battery and the circuit, which regarding over-current, 

over-voltage and short-circuit protection for both output and input sources. And it also 

integrated the State of charge indicator for indicate the capacity of the battery. 

 

Figure 4-12 Typical Application Schematic of IP5306 [15] 

 

4.4 FORWARDER WORKING MODE 

The role of this device and principle is as a Peripheral device, since the central have 

higher computing ability to compute algorithm for point-to-point navigation, instead of 

using a microcontroller to provide Point to Point Route. Moreover, there are exist 

additional data block in tags, it is possible to employ essential messages for indicated 

dangers and facility, such as elevator, restroom, stairs, and obstacle. The system is 

designed for two scenes, as there only three types for paving in Macau, the information 

is not enough to indicate what those hazards are in front of visually impaired, besides 

the forwarder cooperated with Client Device to provide Point to Point Navigation, the 

system will use multi-modal vibration with LRA to indicate different hazard situations. 
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For Figure 4-13, it is the process chart flow of the Microcontroller. In order used 

Bluetooth LE to pass data from reader to Client/Central device, it is with Bluetooth LE 

in connected mode, which means, the data are only commutated or transferred within 

these two devices. Moreover, the Microcontroller will transfer the data back and forth 

and receive the specific command to control the LRA motor to provide directional 

vibration while connected mode. Besides those features, the Microcontroller also work 

with Advertising mode, there have scanning routine for inventory the Hazard for 

indicate the hazard. 

 

 

Figure 4-13 Flowchart of Microcontroller 
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4.5 PROTOTYPE 

On the follow Figure 4-14, it shows the prototype when the electronic components 

combine on the guiding cane, it is so called the smart cane. A smart cane is composed 

of three parts, a forwarder, LRA motor and a scanning antenna. These three parts will 

adopt on a guiding cane to combine the whole system, in which the guiding cane helps 

visually impaired people to scan the surrounding obstacle, it is made of aluminum to 

lower the weight for the user to handle easily. The forwarder is a box that integrates the 

RFID reader, Bluetooth LE, and other electric components for forwarding the RFID 

signal to the client device for processing the navigation algorithm. The LRA motor is 

used to provide directional vibration for the visually impaired people to indicate the 

correct path. The scanning antenna is using for the RFID system to scan the surrounding 

RFIDs, it is installed at the bottom of the guiding cane to achieve its highest 

performance on scanning the RFID.  

 

 

Figure 4-14 Prototype of the smart cane. 
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In order to install the component to the smart cane and make it more integration with 

the cane. Different kind of fastener and enclosure had design and printed by using 3D 

printer. The 3D model had shown below in Figure 4-15 and Figure 4-16. 

    

(a)         (b) 

Figure 4-15 Antenna fastener (a) and battery fastener (b) 

 

Figure 4-16 PCB enclosure 
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CHAPTER 5 INTERACTIVE INTERFACE 

Navigation represents monitoring and guiding the movement from one place to another, 

especially for the vehicle. Nowadays, the people will use the navigation to explore some 

unfamiliar place at outdoor by using Global Positioning System (GPS) or assisted 

Global Positioning System (AGPS) development. However, the GPS or AGPS signal is 

weak at indoor situation, which mean the positioning from GPS or AGPS is not precise 

and accurate, and large tolerance, such that the GPS or AGPS is hard to apply at indoor 

environment and provide the positioning service. Therefore, there is another system 

provides positioning service for indoor, those system uses Bluetooth, Wi-Fi or Zigbee 

to locate the position of the user. But those system require to implement many active 

devices to provide the positioning service, and the price of those devices are not cheap 

and require maintenance. In this project, it is focus on using UHF RFID to provide 

positioning service as the UHF RFID tags is passive devices, it also has several 

advantages in the development level, it does not need supplying power to keep its 

operation, low cost on manufacturing, and it is a maintenance-free. In order to apply 

UHF RFID for helping visually impaired people to use in indoor, the UHF RFID is 

arranged under the tactile paving for the navigation system to retrieved information for 

the navigation algorithm to guide the user to the destination. 
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Figure 5-1 Indoor navigation 

 

In this chapter, it introduces the require algorithm that constructs the navigation system 

after retrieved signal from the forwarder. The algorithm of the system is mainly 

established by programming with different platforms to cooperate with each other. It 

can be divided into several branches to demonstrate the idea of building the whole 

system, including the navigation algorithm (Dijkstra’s Algorithm), VoiceOver and the 

application software. 

 

5.1 DIJKSTRA’S ALGORITHM 

Dijkstra’s Algorithm is one of the most popular guiding algorithms to determine the 

shortest path between node to node in a particular graph. It is also applied from the 

satellite navigation to internet packet routing and robotic path; hence, this algorithm is 

widely used in different area and have high scalability on designing the route. Also, this 

algorithm can operate under cycles in one graph, in other word, the initial node could 

be any node on the graph to start the algorithm. Therefore, by using the characteristics 

of Dijkstra’s Algorithm, the indoor navigation could be achieved.  
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5.1.1 DIJKSTRA’S ALGORITHM WITH RFID SYSTEM 

In the graph of the Dijkstra’s algorithm, it is composed of two elements, the nodes, and 

the weight between node to node, the illustration of all the nodes and weights is called 

a graph. In Figure 5-1, it shows an example of graph on how the algorithm works to get 

the shortest path from node 1 to node 9 with the lowest weight. Vice versa, every RFID 

tag can be defined as a node and the distance between the adjacent node is defined as 

weight. Hence, the principle of the Dijkstra’s algorithm could be fully applied in the 

RFID system to get the corresponding navigation.  

 

Figure 5-2 The graph of Dijkstra’s Algorithm 

 

In order to achieve the requirement of the Dijkstra’s algorithm base on the data retrieved 

from the RFID system, data with the corresponding node name and coordinates has to 

be written in the RFID tag before executing the algorithm, the purpose of the 
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coordinates are used to calculate the weight of the adjacent node and provides a clear 

prospective for building the scene in practical. On the other hand, the graph for 

algorithm needs to prepare by the arrangement of the scene, according to the scene as 

shown in Figure 5-3, it is a scene arranged by tactile paving with sequence number that 

used to test the algorithm, the corresponding graph (see Figure 5-4) could be written in 

the form of Excel for the program to process the algorithm.  

 

 Figure 5-3 The scene for testing the algorithm.  

 

 

Figure 5-4 The graph of the scene in Excel 
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5.1.2 DATA SET FOR THE DIJKSTRA’S ALGORITHM 

In section 5.1.1, it demonstrates the principle of the collaboration of the algorithm with 

RFID system. However, the graph of the algorithm is assigned in Excel as a checkpoint 

to store detailed information of the environment before processing the algorithm.  

 

In order to provide more information in navigation for visually impaired people. 

Because they hard to distinguish where they locate and what hazard in the scene. 

Therefore, every digit within tag EPC has been redefined (see Figure 5-5). For example, 

the 4th byte used to distinguish the crossroad, straight road, and stair, the 8th byte used 

to distinguish which room the user locates and the indoor x, indoor y coordinate used 

to calculate the direction and location of the user by the algorithm. In order to increase 

the efficiency of the modification to the scene and due to the program won know the 

actual scene by picture, it needs to convert the data into array that the program 

understands. That is why the excel exist. The excel document containing the data of 

each RFID tag, it can make the scene building more easily to edit and more straight 

forward for people who editing graph of the scene. With this file, the scene for the 

navigation system can easily import to the program without coding, because 

corresponding program has been written in advance. 
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Figure 5-5 Defined EPC data 
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5.2 VOICEOVER 

Due to the system is control under a client device (Smartphone), an application software 

needs to build of the user to use. However, the targeting users are visually impaired 

people, the software and the user interface have to provide enough accessibility and 

humanity for them to use. Such as a VoiceOver is a compulsory function to assist 

visually impaired people, it is an industry-leading screen reading that describes what is 

happening on the device with auditory description based IOS system. By using this 

accessibility, it could be easy to tell contents of the indoor position to the visually 

impaired people to navigate in an indoor environment. Hence, this function is one of 

the most important part that needs to develop in the project. 

 

5.3 APPLICATION SOFTWARE 

The RFID guiding system can totally be managed by the mobile application, such as 

writing tags, connecting the smart cane through Bluetooth and the destination guiding. 

These functions are divided into three modes, that is setting mode, Bluetooth device 

connecting mode and navigation mode (see Figure 5-6). 

 

As the data transformation is mainly dependent on Bluetooth. Therefore, the mobile 

application must pop-up a connection window for user to connection the smart cane 

when they start the app. After connection, if the Bluetooth signal is disturbed, the device 

will automatically reconnect after the signal recovered.  

 

For the setting mode, it is mainly for developers to debugging and setting the RFID 

reader. Also available to access RFID tags data for writing tags, testing the RFID 

reading, such as reading the RSSI or test whether the RFID reader can read the RFID 
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tags and the reading performance. 

 

At navigation mode, user can select their destination and the app will generate the 

shortest path to the destination. And guide the user to the correct location by voice and 

arrows. Users can choose their destination on the home page, and it supports reaching 

every rooms, restroom, stairs, and elevators in the building that available to visit. 
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Figure 5-6 Operating procedure diagram for the application software 
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CHAPTER 6 ACTUAL OPERATION 

The actual operation demonstrates the comprehensive working flow on how to assist 

the visually impaired people to use the system. On the following Figure 6-1, it shows 

the process of establish the guiding system. RFID tag information needed to prepare by 

the developer before place the tag under the tactile paving. By using Bluetooth LE 

connects with the client device, the UHF RFID tag editing function can be controlled 

through the client device to write the designated information in the tag. This method 

can replace the traditional communicate method by using RS-232 to control through 

computer. Thenceforth, as the tags place in a properly position with written information, 

the user can start to select the destination and compute the guiding algorithm. 

 

Figure 6-1 The flow of establishing the system. 
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In the following Figure 6-2, it shows the testing scene for verify the whole indoor 

navigation system. The RFID tags were placed under the tactile paving with the 

corresponding information.  

  

Figure 6-2 The testing scene 

 

Figure 6-3 The overview of the testing scene 
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Before executing the navigation system, the user needs to select the desire destination 

in the application software. In the following figures, it shows the procedures of user 

interface on selecting the destination. First, all the destinations are settled in the main 

view for the user to select. Second, shows more information and makes confirmation. 

Finally, presses start navigation and execute the algorithm with the help of voiceover 

and vibration. 

 

According to the overview of the experiment venue (see Figure 6-3), it shows all the 

sequence number of the RFID tags. Seq 6 represents the crossroad in the venue, when 

the user approaches that tactile paving (see Figure 6-10), the LRA motors will provide 

a significant vibration to tell the user to change the direction to the certain destination. 

 

 

Figure 6-4 Main view 
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Figure 6-5 Room selection 

 

Figure 6-6 Destination confirmation 

 

Figure 6-7 Execute the navigation algorithm 
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Figure 6-8 At the turning point 

 

Figure 6-9 Circumstance of the demonstration 

 

Figure 6-10 Vibration condition 
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CHAPTER 7 CONCLUSION AND FUTURE DEVELOPMENT 

7.1  CONCLUSION 

In conclusion, the fundamental of the indoor guiding with UHF RFID system is 

introduced for the visually impaired person. The system is composed of UHF RFID 

system, Bluetooth low energy, application software and tactile paving. A Meander 

Dipole Antenna is fabricated to replace the original antenna for the RFID system. The 

characteristics of the antenna are investigated through HFSS and VNA to verify its 

specifications for the RFID system. Although the Meander Dipole Antenna has a lower 

gain than the original antenna, the size of the Meander Dipole Antenna is smaller to the 

original antenna significantly, the size is reduced by 95%. For Smart Cane part, it is the 

core of this project, it is assembling with Forwarder, RFID antenna, Power Supply, and 

LRA Motor. The forwarder, which is cooperated with RFID Reader, LRA Motor Driver, 

and Bluetooth LE SoC, bridge up the communication between a client device and RFID 

reader is adopted to the Bluetooth LE to transfer data back and forth. The 

microcontroller is used to handle the data from reader and trigger the LRA to vibrate 

for indicate different situation while inventorying hazard or guiding the user to follow 

pointed to pointed path. Moreover, the Smart cane is used 3D-Printed junction for 

employ each component to assemble. Furthermore, the retrieved data from Bluetooth 

LE will be processed by the application software that installed in the client device and 

the data is used to guide the user to follow the desire destination in an indoor 

environment and the path is computed Dijkstra’s algorithm. During the path-guiding, 

the direction will use voice and vibration to assist and indicate until the user approached 

the destination.  
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7.2  FUTURE DEVELOPMENT 

There are still several prospects that listed on the following to improve the system. 

⚫ Improves the overall processing procedure to enhance the response of the system. 

⚫ Provides more services on helping the visually impaired people to familiar with 

the system. 

⚫ Builds an indoor map to increase software diversity for different kind of visually 

impaired people. 

⚫ Integrates the guiding cane and the whole system in a single cane. 

⚫ Improves the reliability of the antenna and the navigation system. 
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APPENDIX A         

In this section, the fundamental theory of the antenna is discussed. In this electronic 

world, every electronic device requires its own antenna to order to communicate with 

other device to do some specific work. Based on the function of the device, different 

kind of antenna is used in this few decades, such as dipole, folded dipole, yagi, 

monopole, mount monopole and patch monopole antenna. In the design on the antenna, 

there are several important parameters that need to focus on, which is the operating 

center frequency, bandwidth (BW), return loss & VSWR, radiation pattern, main-lobe 

and side-lobes, half-power beam width (HPBW), directivity & gain and EIRP, front-to-

back ratio and the polarization of the antenna, these parameters are used to decide the 

antenna’s operation and the performance of the antenna. 

 

A-1 CENTER FREQUENCY OF THE ANTENNA 

The center frequency of the antenna is one of the most import parameter in the 

design of the antenna, in which the center frequency describes the operating 

region of the antenna that can work at an acceptable level of efficiency. 

 

A. ANTENNA GAIN 

The antenna gain describes how much power is transmitted in the direction of 

peak radiation to that of an isotropic source. Which can be expressed as the ratio 

of transmit/receive power in a particular direction, to that of an isotropic antenna.  

𝐺 = 10𝑙𝑜𝑔
𝑃𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙

𝑃𝑖𝑠𝑜𝑡𝑟𝑜𝑝𝑖𝑐
(𝑑𝐵) (1) 
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A-2 RADIATION PATTERN 

A radiation pattern defines the variation of the power radiated by an antenna as a 

function of the direction away from the antenna. People always discuss the radiation 

pattern, where the units (or magnitude of the pattern) are measured in antenna gain. 

Typically, because it is simpler, most radiation patterns are plotted in 2d. However, 3d 

radiation patterns is more intuitive. 

 

Figure 1 Two-dimensional Radiation Patterns. 

 

Figure 2 Three-dimensional Radiation Patterns. 
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A-3 ANTENNA BANDWIDTH 

Bandwidth describes the range of frequencies over which the antenna can properly 

radiate or receive energy. Often, the desired bandwidth is one of the determining 

parameters used to decide upon an antenna. Moreover, different antenna can have 

different bandwidth. To compare with some common antennas such as microstrip, 

dipole, horn and spiral antenna, the microstrip antennas have lowest bandwidth and the 

spiral antenna have highest bandwidth. 

 

A-4 ANTENNA IMPEDANCE 

Antenna Impedance is presented as the ratio of voltage to current at the antenna's 

terminals. The fundamentals of antenna theory require that the antenna should match 

the impedance of the transmission line or the antenna will not radiate. If an antenna has 

impedance of 50 ohms. This means that if a voltage is applied to the antenna terminals 

with 1 Volt, then the current will be 1/50=0.02 Amps. Alternatively, suppose the 

impedance is given by a complex number, Z=50+j50 Ohms. Then the impedance 

magnitude equal to 

|𝑍| = √502 + 502 = 70.71 Ω (2) 

 

The phase will be equal to 

𝑡𝑎𝑛−1
𝐼𝑚(𝑍)

𝑅𝑒(𝑍)
= 45° (3) 

This means the phase of the current will lag the voltage by 45 degrees. That is, the 

current waveform is delayed relative to the voltage waveform. Then the voltage at the 

antenna terminals is given by 

𝑉(𝑡) = cos (2𝜋𝑓𝑡) (4) 



   

 

4 

 

The electric current input to the antenna will be 

𝐼(𝑡) =
1

70.71
cos (2𝜋𝑓𝑡 −

𝜋

180
∙ 45) 

(5) 

 

A-5 POLARIZATION OF THE ANTENNA 

The polarization of an antenna is the polarization of the radiated field produced by an 

antenna. It often classified as ‘Linearly polarized’ and ‘circularly polarized’. If antennas 

with different polarizations, cannot communicate with each other such as horizontally 

polarized antenna will not communicate with a vertically polarized antenna. For linearly 

polarized antenna that are rotated from each other by an angle 𝜑, the power loss due to 

this polarization mismatch will be described by the Polarization Loss Factor (PLF): 

𝑃𝐿𝐹 = 𝑐𝑜𝑠2𝜑 (4) 

 

For circularly polarized antenna, it is a desirable characteristic for many antennas. Since 

two antennas that are both circularly polarized do not suffer signal loss due to 

polarization mismatch.  

 


