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Abstract 
As the positioning technology is becoming more advanced, people’s demands 

increase progressively on the indoor positioning system, since Global 

Positioning System (GPS) already cannot meet these demands. In order to 

solve the problem of accuracy and stability of the indoor positioning system, an 

indoor positioning system which is based on Radio Frequency Identification 

Devices (RFID) has been developed rapidly. 

In this project we propose to design an indoor positioning system based on 

RFID, and make the system on purpose of guaranteeing the rapid response and 

accurate positioning so as to achieve a low cost and low energy consumption.  

We combine the features of RFID and ultrasonic system together in an effort to 

complete the indoor localization. This system is divided into two modules: one 

is RFID identity module and the other is ultrasonic positioning module. The 

RFID identity module depends on RFID’s rapid response ability and it is 

widely covered to the recognized targets. The ultrasonic positioning module by 

receiving ultrasonic signal measures the target distance and sends the results to 

the microprocessor to implement the positioning. 

This thesis also describes the hybrid indoor positioning system structure. It 

presents the influence of different ultrasonic sensors on the ultrasonic 

positioning module and the test results for the prototype of ultrasonic range 

finder module.  Meanwhile the test results and the accuracy of positioning are 

also analysed in this thesis. 

 

Keywords: radio frequency identification devices, ultrasonic, indoor 

positioning, Arduino Nano, microcontroller, time of arrival  
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1 Introduction 
A Global Positioning System (GPS) is a satellite-based navigation system that 

provides location and time information. GPS as the representative of the 

satellite navigation system has been widely used for civil applications and it 

has greatly facilitated the daily lives of people. The increasing of the location 

information services that positioning requests has expanded from the outdoor 

to indoor environment. The indoor environment is even tougher, it brings more 

noise, interference, and always been in change. A satellite navigation system 

already cannot meet the demands of positioning accuracy and stability, so the 

research for the positioning system to be suitable for the indoor environment is 

of great importance.  

So far as wireless communication technology is concerned, the location 

information service is becoming more and more important. As a representative 

of the location information service, GPS system has been widely used in many 

fields. The GPS system consists of space segment, ground control system 

components and user equipment. But the limitation for the GPS system is that 

the line of sight must be kept between the satellite and target. When people 

want to establish an indoor location service, the GPS signal from the satellite 

cannot be transmitted directly to indoor users’ devices, and also the cost will be 

very high. So it is necessary to add the additional equipment in order to achieve 

the indoor positioning. 

There are many different ways to apply indoor positioning technology. In 

general, the indoor positioning technology can be divided into several types: 

RFID, Wi-Fi, Bluetooth, and Infrared Ray and so on, these various types of 

wireless location technology are the mainstream of the current research. Radio 

Frequency Identification Devices (RFID) is one of them. RFID uses the radio 
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frequency tags which conduct the transmission and reception of the radio 

signals for the readers. RFID is low in cost, good in application quality, high in 

communication speed, wide in coverage and easy in installation, thus it is a 

method which has the extreme potential to the indoor positioning system. RFID 

is a non-contact automatic identification technology, and can automatically 

identify the target through radio frequency signal and obtain relevant data from 

the target. The RFID system is constituted of three components: Readers, Tags 

and Data Management System (DMS). The reader is the information 

controlling and processing center, which functions to read information from the 

tag, or to store information to the tag.  

The reader starts to send the data information when the tag has been triggered 

on in its field, then it stores the information data and makes communication 

with the computer through a specific interface. The tag as a data carrier is used 

to identify, track and gather information. According to the power supply form 

of the tag, tags can be divided into active tags and passive tags. 

This project is to design an indoor positioning system based on RFID in 

combination with ultrasonic technology, and to test different ultrasonic sensors 

while figuring out the consolidation effects of the indoor positioning system, at 

the same time to build prototypes of ultrasonic distance measuring module and 

ultrasonic signal transmitting circuit. 

This thesis consists of the following parts. Chapter 1 introduces the whole 

project and its background. Chapter 2 states a related study on RFID, ultrasonic 

positioning technology and microcontroller programming. Chapter 3 expounds 

objectives and main contribution of this research. Chapter 4 describes the 

system structure, circuit design and components selection. Chapter 5 presents 

the main implementation process of the system. Then Chapter 6 verifies the all 



10 
 

experiments. Chapter 7 analyses the testing results and system accuracy. And 

at last Chapter 8 summarizes the whole process of the project and gives some 

suggestions for the future work. 
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2 Survey of related work 
M. Rostamain, M. Parsa, and V. Groza have designed and implemented a smart 

electronic guide for museum [1]. They used AVR microcontroller to facilitate a 

transfer of information to the visitors of museums. They also proposed an 

availability for using RFID on the similar devices in the future work.  

K. Pahlavan, Xinrong Li and J.P. Makela have presented an overview of the 

indoor location technology [2]. In the paper, they provided with a kind of new 

perspective to explore scalability, privacy, low cost and accurate space 

detection for the indoor location system which was more advanced than the 

single signal positioning method. 

S.L. Ting, S.K. Kwok, Albert H.C. Tsang and George T.S. Ho have made 

studies on using passive RFID tags for indoor positioning [3]. They studied the 

feasibility of using passive RFID tags for indoor positioning and object 

location detection to provide real time information for tracking movement. And 

this method is a more cost effective solution when compared with other 

positioning technologies. 

Abdelmoula Bekkali, Horacio Sanson and Mitsuji Matsumoto have worked out 

a RFID indoor positioning system based on probabilistic RFID map and 

Kalman Filter [4]. In the papers, they introduced a new positioning algorithm 

for RFID tags by using two mobile RFID readers and landmarks which were 

passive or active tags with known locations and randomly distributed. They 

presented an analytic method for estimating the location of the unknown tag by 

using the multilateration with the landmarks and a probabilistic RFID map-

based technique with Kalman filter to enhance the location estimation of the 
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tag. This new algorithm has low power consumption that can be used in many 

complex indoor environments. 

In order to make a better indoor positioning system, MIT has made some 

efforts [5]. In their project, they combined ultrasonic sensors and RFID 

modules to implement the indoor positioning and navigation system which not 

only saved the money but also improved the accuracy. 

Dai Hepeng and Su Donglin made a combination of RFID and ultrasonic 

sensors to reach their goal for the indoor location system [6]. They selected 

commercially available RFID and ultrasonic devices as their prototyping 

technologies. This system is characterized by low complexity and high 

positioning accuracy. The system is also low cost and easy to implement. The 

locating request can be started up either by the caller, the transponder, or the 

external network. 

Rajkumar, Sankaranarayanan and Sundari used Arduino microcontroller boards 

for the control management method [7]. In their research, Arduino 

microcontroller boards has been used to make varieties of robot applications, 

innovative home automation gadgets, automotive projects, for sensing and 

controlling lights, motors, locks and sounds etc. Any application can be easily 

handled by the Arduino. This solution has been also used for vehicle tracking 

applications. 

Julien Bayle wrote C programming for Arduino [8]. In his book, Chapter 1 

introduced how to install the Arduino integrated development environment on 

the computer. Chapter 2 covered the relationship between the software and the 

hardware, and introduction of C language. And Chapter 3 introduced the basic 

programming in C.  
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Yuan Lihong, Sun Shuangzi, Yang Yong also did some contributions in C 

programming [9]. In their papers, practical examples are shown of a fast and 

efficient way to study C language of programming. 

 



14 
 

3 Problem statement, Project 
objectives and main contribution 

3.1 Problem statement 

Now a day, with the advancement of wireless technology, people have come to 

rely more and more on wireless electronic products. In the museum, the 

electronic commentary device is becoming more and more common. It can 

reduce work pressure for tourist guides, greatly reducing the usage of human 

resources.  

However, the current electronic commentary devices require visitors 

themselves to make selection in order to play the audio content [10]. So it is 

necessary to put the beacon on a suitable location in the museum, and the 

beacon is provided with a field encoder, and then the commentary encoder is 

selected.  

For example, when users need to listen to the audio instruction in the museum, 

they have to push the button on the device, the device receives the field 

encoding to activate the search program, and then the search program helps 

find the correct audio address according to the field encoding, and play the 

audio instruction out. This manual service method not only wastes user’s time 

but also cannot set the tourists’ hands free. 

3.2 Project objective 

The aim of this project is to design a hybrid RFID and ultrasonic system used 

for the indoor positioning for museum guidance, and to build a prototype 

which focuses on identification of the indoor 2D positioning. 
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The main objective is to design the indoor positioning system based on the 

ultrasonic and RFID technologies and to implement these technologies on one 

system. We also have to select the hardware components of the indoor 

positioning system and focus on the circuit design for ultrasonic receiver and 

transmitter module. In addition, in a specific scenario such as tourist visit in a 

museum, the system positioning accuracy should be within 1 to 2 meters. 

Meanwhile learning and understanding digital coding, ultrasonic positioning 

technology and RFID technology are necessary to make the prototype. The 

system design and prototyping require testing the operation status and accuracy 

of ultrasonic receiver and transceiver modules. 

3.3 Main contribution 

The main contribution of our project is to combine RFID and ultrasonic sensors 

working together in an indoor environment. We also wrote the programs for 

Arduino Nano board to control all the components and to process the signals. 

In addition, we designed an ultrasonic transmitting circuit and an ultrasonic 

range finder circuit. 
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4 System design 
4.1 System structure 

In this project, the hybrid RFID & ultrasound based 2D indoor positioning 

system consists of four parts: a RF/ultrasound tag, RF reader, ultrasound 

receiver and controller. According to the project scenario, the RFID modules 

are put in the museum exhibition show room and on every tag device. The 

ultrasonic receivers are put in the museum exhibition showroom near the work 

of art and the ultrasonic transmitters are also put on every tag device. 

As seen from Figure 4.1-1 where the RF Base Station (BS) sends a signal, 

when the tag is coming into the room, the RF receiver on the tag will receive 

the signal, then the BS identifies the signal sent from the tag and after the 

signal has been identified, the ultrasonic transmitter on the tag will be activated 

and starts to transmit the ultrasonic signal. The RF transmitter on the tag will 

transmit the RF signal at the same time, and when the RF receiver at the BS 

receives the signal from the tag, it will activate the ultrasonic reader near the 

exhibit in the museum. 

The system including: RF module with receiver and transmitter which are 

connected to digital input and output respectively on an Arduino Nano board. 

The ultrasonic signal receiver is connected to an analog input on the Arduino 

Nano board. The ultrasonic signal transmitter is connected to digital output on 

the Arduino Nano board and with 5 V power supply.  

 



17 
 

 

Figure 4.1-1 System strcutre diagram 

When the communication session is done, the microprocessor calculates the 

time of arrival and converts it into a distance variable. The distance variable 

will be compared with the range that is fixed in the program in order to make 

sure that the tag is within the range near the work of art, and then the 

microprocessor will activate the audio instruction automatically. It ensures the 

sufficient accuracy of the visitors’ legalization and sets the visitors’ hands free. 

The Figure 4.1-2 shows the way of calculating distance through time delay, and 

this calculation starts after the identification has been established. The RF 

triggering signal and the ultrasonic signal will be transmitted at the same, but 

RF triggering signal transmits in light speed which is , but the 

ultrasound propagation speed in the air is only  which is much slower 

than the light speed. So the RF triggering signal reaches to the reader earlier 
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than the ultrasonic signal, this means the time delay occurs, and then we used 

this time delay to calculate the distance  by using equation (4.1). 

 .         (4.1) 

 

 

Figure 4.1-2 Timing figure 

So the main steps of this hybrid system are: identification, confirmation, signal 

sending/receiving and distance calculation, as shown in the algorithm in Figure 

4.1-3. 
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Figure 4.1-3 System block diagram 
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4.2 Components arrangement  

This system consists of three main basic components: RFID modules, 

ultrasonic sensors with receivers and transmitters, and Arduino Nano board. 

4.2.1 Untrosonic range finder probe  

The ultrasonic sensor we used in the project is called LV-MaxSonar®-EZ1 

High Performance Sonar Range Finder MB1010. 

This ultrasonic sensor provides a long-range detection in a very short time. The 

sensor detects objects from 0 m to 6.45 m. The interface output formats include 

pulse width output, analog voltage output, and serial digital output. Figure 4.2-

1 shows the component information and structure of the sensor, the beam 

characteristics or more details can be found in reference [19]. 

 

 

Figure 4.2-1 LV-MaxSonar ultrasonic range finder 
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4.2.2 RFID modules 

The RF receiver we used in the project is called RWS-371 RF MODULE 

Series, Wireless High Sensitivity Receiver Module (RF ASK) RWS-371-6. 

This receiver module is designed for frequency band 433.92 MHz and 

modulate mode ASK, the operating voltage is 5 V and the data rate of the RF 

receiver is 4800 bps, its selectivity is -108 dBm. Figure 4.2-2 shows the overall 

view of the RF receiver and more details can be found in reference [20]. 

 

 

Figure 4.2-2 RF recveiver unit 

Figure 4.2-3 shows the RF transmitter we used in the project. It is the same 

module series as RF receiver. This type of RF transmitter is very small and 

easy to install, the operating voltage range for this RF transmitter is between 

1.5 V and 12 V and its data is 8000 bps, the output power of the RF transmitter 

is 14 dBm. More details can be found in reference [21]. 

 



22 
 

 

Figure 4.2-3 RF transmitter unit 

4.2.3 Arduino Nano board 

An Arduino is an open-source microcontroller development board. There are a 

number of different types of Arduinos to choose from, such as Arduino Uno, 

Arduino Mega, Arduino Nano and so on.  

In this project we choose Arduino Nano board because it is small and easy to 

carry. The Arduino Nano is a versatile, embedded microcontroller board based 

upon the popular Arduino format. It can be used on breadboards and can be 

powered via a Mini-B USB connection, a 6 V to 20 V input voltage range, or 5 

V DC power supply. The power source is automatically selected to the highest 

voltage source. This Arduino Nano board has 32 KB flash memory, 2 KB 

SRAM and 1 KB EEPROM, and the clock speed is 16 MHz. 

The Arduino Nano can be programmed using a software package, written in 

Java, C or C++. This microcontroller is easy to use because it can be 

automatically reset during program download. It has green (TX), red (RX) and 

orange (L) LEDs to show the status, where the TX pin is for data transmitting, 

the RX pin is for data receiving and the L is related to digital pin 13. Figure 
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4.2-4 is the picture of Arduino Nano board and more details can be found in 

reference [22]. 

 

 

Figure 4.2-4 Arduino Nano board 

4.2.4 Ultrasonic transducer UTT4016 and UTR4016 

This ultrasonic transducer UTT/R4016 has 40 kHz center frequency which is 

commonly used in distance measuring aspects. The transducer diameter is 16 

mm and it has high sensitivity in -65dB, high sound pressure level in 100dB, 

shock and water resistance and excellent vibration, and the capacity is 2000 pF. 

It can operate in big a range, therefore it has been wildly used as a remote 

control of electronic appliance, back/level meter sensor, or range detecting 

sensor.  

UTT4016 is ultrasonic transmitting probe and UTR4016  is ultrasonic 

receiving probe, Figure 4.2-5 shows a view of ultrasonic transducer, where the 

transmitting probe and receiving probe look the same, more details can be 

found in reference [23]. 
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Figure 4.2-5 Ultrasonic transducer  
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5 System implementation  
5.1 Circuit implementation of ultrasonic range finder  

This ultrasonic range finder probe has already a fixed circuit. According to the 

datasheet, the ultrasonic range finder probe has a fixed PW pin which means it 

fixed with PWM technology, and the main use of PWM technology is to allow 

the control of the power supplied to electrical devices.  

The PW pin on the ultrasonic range finder probe outputs a pulse width 

representation of range and it can be calculated into distance by using the scale 

factor of 147 us per inch. In addition, PW pin generates the ultrasonic signal in 

square wave form and this kind of signal is easy to be implemented in the 

microcontroller.  

Firstly, the wire connection on breadboard has been made as seen in Figure 

5.1-1. The +5 V pin to 5 V DC supply, GND pin to the ground and PW pin to 

oscilloscope. After the circuit connection, it is possible to investagate the 

performance of the ultrasonic range finder from the oscilloscope. 

 

 
Figure 5.1-1 Ultrasonic range finder testing circuit 
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After the investagation of the ultrasonic range finder probe, the breadboard is 

replaced by Arduino Nano board, so the +5 pin is connected with 5 V pin, 

GND pin to ground and PW pin to D7 pin which is digital I/O pin on Arduino 

Nano board, the LED is connected to 5 V pin and also grounded. After the 

program code has been uploaded to Arduino Nano board, it is time to run the 

program and see the results from PC.  

The designed program for Arduino can be found in appendix A and more 

details about schematic diagram can be found in appendix B. 

5.2 Circuit implementation of RFID module 

This RFID module plays a very important role in communication and 

identification in this project, the circuit connection is based on the demo circuit 

regarding to the reference [24].  

Figure 5.2-1 and Figure 5.2-2 shows the completed circuit connection of RFID 

module. The RF transmitter pin 2 is wired with Arduino Nano pin TX for 

sending out signals, and the RF receiver pin 2 is wired with Arduino Nano pin 

RX for receiving siganls. Both transmitter and receiver are connected to 5 V 

power supply and grounded, the antenna pin is optional.  

Then a specific program is uploaded to Arduino Nano board and the TX pin 

and RX pin also connect to oscilloscope. More details about the specific 

program codes can be found in appendix A and the circuit detail can be found 

in appendix B. 
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Figure 5.2-1 RF receiver circuit 

 

Figure 5.2-2 RF transmitter circuit 

5.3 Circuit design of ultrasonic transducers 

In the project, ultrasonic transmitting probe UTT4016 has been built into a 

circuit as seen from Figure 5.3-1. This is a non-inverting amplifier based circuit 

using UA741CP amplifier. The pin 3 on amplifier is connected with Arduino 

Nano board digital I/O pin 5 in order to get PWM signal, the Arduino Nano 

board is connected with 5 V power supply and grounded. This circuit can 
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amplify the signal by changing the resistance values, and then the amplified 

signal is sending out from the transmitting probe. 

Meanwhile, one of the pin on ultrasonic transmitting probe is wired with 

oscilloscope, the Arduino Nano board is also connected to PC with USB cable. 

The circuit details can be found in appendix B. 

 

 

Figure 5.3-1Ultrasonic transmiter circuit 

5.4 Program control of Arduino Nano board 

The Arduino Nano board is the main controller controlling all the components 

operating under their appropriate situation and processes the data 

communication between each component based on the system.  
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All the electrical components of the system are controlled via the Arduino 

Nano board, and programming for Arduino Nano board makes the whole 

system working. In order to do programming on Arduino Nano board, the 

appropriate application programming software can be downloaded from its 

official website. The programmable languages for Arduino are: C/C++, 

Assembler, Java and etc., the most applicable and most convenient language in 

this case is C/C++ because its codes execution efficiency is high and the 

programs written in C/C++ can be transplanted into another set of system 

easily. 

C/C++ has been used as the programming language, and the communication 

between Arduino Nano board and components or circuits is regarding to the 

pin connections. The program has been designed separately according to each 

component, and then all are combined as a single program. This single program 

is burnt into the Arduino Nano board. Further more details about programming 

codes please refer to Appendix A. 
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6 System verification 
In our experiments, we firstly tested single components one by one, and then 

we tested the ultrasonic range finder circuit, RFID module circuit and 

ultrasonic transducer circuit, we also tested the whole system circuit in the end. 

But we found that when we tested RF receiver and RF transmitter separately, it 

is hard to analyze its signal transmission results, so we decided to test them 

together as a RFID module circuit, and then we can analyze its signal 

transmission characteristics easily form both PC and oscilloscope screen. The 

instruction of the electronic components can be found in Appendix C. 

6.1 Components verification  

6.1.1 Verification for Arduino Nano Board 

We verified the Arduino Nano board by using the basic testing program. Figure 

6.1-1 shows the screen view of the testing program that we used in the project, 

the details for the basic testing program can be found in references [8]. In order 

to check its communication ability with PC, we connected the Arduino board 

with PC by USB cable and run the testing program. When we hit the R on the 

key board, the Arduino replied hello world to us, the reaction is very fast 

without any error. 
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Figure 6.1-1 Screen view of programming  

In order to observe the I/O control status of the Arduino Nano board, we 

connected LEDs and resistors to Arduino Nano board as seen from the Figure 

6.1-2, each pin can be considered as a power supply, as long as the voltage 

signal output is generated, the LEDs will blinking.  
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Figure 6.1-2 LEDs schematic diagram  

6.1.2 Verification for ultrasonic range finder 

Figure 6.1-3 shows the signal output from PW pin on oscilloscope, when we 

put an object close to the ultrasonic range finder slowly, the wave form also is 

narrowed simultaneously as seen from the Figure 6.1-4, so we noticed that the 

ultrasonic range finder is a fixed transceiver, it uses the reflection principle to 

receive the siganl emitted by itself, when the signal reflects back, the ultrasonic 

range finder uses the time difference to calculate the range instantly. 
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Figure 6.1-3 Signal output in PW mode 

 

 

Figure 6.1-4 Narrowed signal output in PW mode 



34 
 

6.2 Circuit validation 

6.2.1 Verification for RWS-371 and TWS-BS RF module circuit 

The RFID module plays an important role in identification and communication 

role in this system, the RF sender sends the random bytes uninterruptedly so 

that RF can receive the RF signal at any time in case the receiver comes into 

the specific space regarding to the project scenario, and RF receiver will give 

the sign to the microcontroller once the signal has been received, then 

microcontroller will process to the next step along with the program. 

In this part, we made TWS-BS RF transmitter and RWS-371 RF receiver 

connecting together to the Arduino Nano board, and the main aim is to drive 

the RF receiver and RF transmitter by using Arduino Nano board, so we wrote 

the testing program and uploaded into Arduino Nano board and then connected 

TX, RX pin with oscilloscope.  

Figure 6.2-1 shows the transmitted signals between RF transmitter and RF 

receiver, channel 1, the above square wave in the figure is the signal 

transmitted from RF transmitter and channel 2, the below square wave in the 

figure is the signal that we detected from RF receiver, both signals are almost 

the same, this means the RF receiver received the signal that sent out from the 

RF transmitter, and responded the signal to oscilloscope. 
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Figure 6.2-1 Signal pattern 

 

6.2.2 Verification for LV-MaxSonar-EZ1 ultrasonic range finder 

circuit 

In this time, we connected the ultrasonic range finder with Arduino Nano board, 

neglecting the connection of RF module connection, then we wrote the 

program and uploaded it into Arduino Nano board, when the power supply is 

given, the crcuit starts to test and calculate the range, the results are shown on 

the Figure 6.2-2, the  ultrasonic range finder performed a high accuracy 

distance detection and it accurated to ten decimal places. 
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Figure 6.2-2 Ultrasonic rang finder circuit testing result 

 

Firstly, for the fixed range detection, we put small LEDs as the prompt for the 

device as shown in Figure 6.2-3, when the object comes into the range that we 

fixed in the program, the LEDs will light up and that means the object is in the 

range. The Figure 6.2-4 shows the detected range between the ultrasonic range 

finder and the object. 
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Figure 6.2-3 Range detection circuit 

 

 

Figure 6.2-4 Range detection results 
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Secondly, we tried to put two ultrasonic range finders together and see if they 

could operate simultaneously. After the program has been uploaded to Arduino 

Nano board, we gave the power supply, then it started to operate, the Figure 

6.2-5 shows that no objects were in the range of both ultrasonic range finders, 

so both LEDs did not light up. 

 

 

Figure 6.2-5 Collaborative testing I  

 

When an object came close to one of the ultrasonic range finder as seen from 

Figure 6.2-6, one LED lighted up and the other one did not. Until we put two 

objects close to both ultrasonic range finders, both LEDs lighted up, Figure 

6.2-7 shows the LEDs status. 
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Figure 6.2-6 Collaborative testing II 

 

 

Figure 6.2-7 Collaborative testing III 
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Finally we checked the detection results from PC screen, both ultrasonic range 

finders were working stably and collaboratively, they performed with high 

sensitivity, high accuracy and with no error. 

6.2.3 Verification for ultrasonic transducers UTT4016 

After we validated ultrasonic range finder LV-MaxSonar-EZ1, we found that 

this ultrasonic range finder is an fixed intelligent ultrasonic transceiver, in other 

words it combines ultrasonic transmitter and receiver as a one probe that 

sending while receiving ultra sounds at the same time, it uses reflection 

principle to detect the distance by sending pulse width or analog output signal 

and confer it to specific voltage variables which can be calculated to a distance 

meter.  

So we chose another ultrasonic probe, the ultrasonic transducers are the 

replaced components with ultrasonic range finder, regarding to this project 

scenario, the ultrasonic transmitter and receiver shall be separated in order to 

complete unidirectional distance sensing. However, the system cannot operate 

when only relying on the ultrasonic probe. So the completed circuits for these 

probes are needed for filtration, amplification and rectification.  

After the circuit has been built on the bread board, we connected the ultrasonic 

signal output with oscilloscope, and adjusted the resistance values. From the 

oscilloscope, we will see the amplified signal wave as shown in Figure 6.2-8. 

The specific values of the resistances that we used in the project can be found 

in the components table. 
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Figure 6.2-8 Ultrasonic transmitter testting result 
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7 Results analysis 
7.1 Results and system accuracy analysis 

In experiment, we found that the RFID has some drawbacks: the transmitting 

device cannot work for a long time. It may relate to some private issues 

because of the changeable data information. Once the tag reaches to the RFID 

reader, it will automatically send messages. Also it may cause some 

interference when the RF device meets the metal and water environment. 

We also noticed that the central frequency for the ultrasonic transducers is 40 

kHz regarding to the datasheet and this frequency is also consistent with indoor 

positioning requirements. In the perspective of sustainable development, the 

ultrasonic transducer probes can operate perfectly in the low energy 

consumption, and it sends the signal in pulse, where the signal is generated 

from Arduino Nano board, amplified by the non-inverting amplifier circuit and 

sent out through the TX probe.  

The programming for microcontroller is also an important part because the 

whole system operation depends on the uploaded program, and C programming 

language is used for this microcontroller, and it is easy to understand the 

meaning of the program codes and the troubleshooting as well when errors 

occur. It not only occupies less memory in the microcontroller but also has a 

wide range of applications. 

For the accuracy in the whole system is depends on the ultrasonic sensors, in 

the testing part, the waveform of ultrasonic range finder, seen from 

oscilloscope represents the sensitivity of the sensor itself, and it is controlled 

by Arduino Nano board, so when we change the variable types or calculation 
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methods, the sensor accuracy will also change, therefore, the accuracy depends 

on the program in this case. 
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8 Conclusion and future work 
In this thesis, we designed a hybrid RFID and ultrasound based 2D indoor 

positioning system. In accordance with the result of testing and analyses, we 

achieved better understanding of the roles of ultrasonic distance measuring 

modules in the system. Through testing and analyses on different ultrasonic 

sensors, we found that transducer sensors were more suitable for application in 

robot navigation and indoor detection for fixed objects. On the contrary, the 

receiver- transmitter sensors due to its flexibility were a better selection for 

moving targets within the indoor positioning system. Moreover, the prototype 

test results showed that the ultrasonic distance measuring modules had a high 

accuracy and stability in the indoor environment, and the Arduino Nano 

microcontroller was proved to be of excellent operability and reliability.  

We used C/C++ programming language for programming in this project 

because it has both high-level language features, and also has characteristics of 

assembly language. The C/C++ has a wide usage of applications with strong 

data processing capabilities, not just in software development, but also in 

various electrical researches. It is suitable for system software writing, 2D, 3D 

graphics and animation, specific applications such as microcontrollers and 

embedded system development. There are also many related similar procedures 

which can be used as references from the Internet, which makes the 

programming process much easier and faster. 

As for the future work, since there is much to be desired for work of the 

ultrasonic receiver circuit, we will work hard and come up with better solutions 

for the improvement of the ultrasonic receiver circuit. Thus, the combination of 

ultrasound and RFID played a considerable role in the indoor positioning 

system application, its low power consumption, low cost and high accuracy 



45 
 

have won more and more attention to the future development. On the other 

hand, it is necessary to use microprocessors to achieve the control management 

of the indoor positioning systems. 

In the next step, designing and testing identity modules which are based on 

RFID is an important task in this system. We plan to build prototypes including 

identity modules and ultrasonic modules to verify the system performance in a 

specific case. 
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Appendix  
Appendix A: Programming codes for Arduino Nano 
/* 
Demo test codes Ver4.2 Updates 
For 2 receivers, test ranges and get distance calculation independently. 
In order to find which receiver is more close to the object 
Each receiver has range finder limit setup for LED light up 
From the datasheet of the The LV-MaxSonar-EZ1, the output analog voltage 
with a scaling factor of (Vcc/512) per inch. 
http://www.maxbotix.com/documents/MB1010_Datasheet.pdf 
*/ 
 
//receiver No.1 
double anPin1 = 0; //set analog input pin A0 
int ledPin1 = 3; //set led output pin D3 
 
//receiver No.2 
double anPin2 = 1; //set analog input pin A1 
int ledPin2 = 4; //set led output pin D4 
 
/* 
Calibration for 2 receivers 
Using Simultaneous Operation type 
Hold the RX pin high for more than 20uS and up to 400uS.  
Do not continuously leave this pin high, as then all of the sensors will free run. 
*/ 
intconfigPin = 13; //set calibration pin D13 
 
//command from PC port 
//intcmd; 
 
void setup() 
{ 
Serial.begin(9600); 
pinMode(anPin1, INPUT); //receiver 1 analog signal input 
pinMode(anPin2, INPUT); // receiver 2 analog signal input 
pinMode(ledPin1, OUTPUT); //setup LED 1 output 
pinMode(ledPin2, OUTPUT); ////setup LED 2 output 
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pinMode(configPin, OUTPUT); // setup calibration pin  
} 
 
void loop() 
{ 
Serial.println(" Loading ... "); 
digitalWrite(configPin, HIGH); //calibration 
delay(300); // hold pin for 300uS  
//for receiver No.1 
double Dis1 = analogRead(anPin1); //read analog input signal for receiver 1 
double Range1 = Dis1/(2*0.3937); //convert to cm 
//for receiver No.2 
double Dis2 = analogRead(anPin2); //read analog input signal for receiver 2 
double Range2 = Dis2/(2*0.3937); //convert to cm 
 
//show in screen 
Serial.print("Range from Receiver 1: "); 
Serial.print(Range1, DEC); 
Serial.println("cm "); 
Serial.print("Range from Receiver 2: "); 
Serial.print(Range2, DEC); 
Serial.println("cm "); 
 
/* 
Distance range detect set up 
Only test for range between 20cm to 50cm 
If in the range light up the LEDs 
Otherwise no operation 
*/ 
if(Range1<=40) 
{ 
digitalWrite(ledPin1, HIGH);//light up LED with receiver 1 
} 
else 
{ 
digitalWrite(ledPin1, LOW); 
} 
if(Range2<=40) 
{ 
digitalWrite(ledPin2, HIGH);//light up LED with receiver 2 
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} 
else 
{ 
digitalWrite(ledPin2, LOW); 
} 
 
//delay(300); 
digitalWrite(configPin, LOW); //off the calibration pin 
delay(300); 
} 
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// 
//  Demo test codes Ver5.0.c 
//  Demo test codes Ver 5.0 
// 
//  Created by ShiLei on 13-10-9. 
// 
// 
 
/* 
 Demo test codes Ver 5.1 
 This codes is work for 2 Maxsonar sensors 
 1 for signal receiver, 1 for signal sender 
 Using PW pin mode 
From the datasheet of the The LV-MaxSonar-EZ1, the output PWM with a 
scaling factor of (147us/inch). 
http://www.maxbotix.com/documents/MB1010_Datasheet.pdf 
 */ 
 
 
//receiver 
//Digital pin 7 for reading in the pulse width from the MaxSonar device. 
//This variable is a constant because the pin will not change throughout 
execution of this code. 
intledPin = 3 ; //set led output pin D3 
constintpwPin = 7; 
//variables needed to store values 
long pulse, inches, cm; 
 
void setup() 
{ 
//This opens up a serial connection to shoot the results back to the PC console 
Serial.begin(9600); 
pinMode(pwPin, INPUT); //Used to read in the pulse that is being sent by the 
MaxSonar device. 
pinMode(ledPin, OUTPUT); //setup LED output 
} 
 
void loop() 
{ 
Serial.println(" Loading ... "); 
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//Pulse Width representation with a scale factor of 147 uS per Inch. 
 
pulse = pulseIn(pwPin, HIGH); 
//147uS per inch 
inches = pulse/147; 
 
 
//change inches to centimetres 
    cm = inches * 2.54; 
 
Serial.print(inches); 
Serial.print("in, "); 
Serial.print(cm); 
Serial.print("cm"); 
Serial.println(); 
delay(500); 
 
if(cm<=50) 
    { 
digitalWrite(ledPin,HIGH); 
    } 
else 
    { 
digitalWrite(ledPin,LOW); 
    } 
 
delay(500); 
} 
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// 
//  Final programming codes.c 
//  Updated 
//  Demo test codes Ver 5.0 
//  Created by ShiLei on 13-11-27. 
// 
/* 
 Program for RF communication part and activation for Ultrasonic sensors 
 Connected RF modules and Ultrasonic sensors to Arduinonano board 
Prgram when RF receiver receives signal from RF transmitter(Serial 
communication),  
activate Ultrasonic transmitter and start to sending ultrasonic signal(square 
wave form) 
  * The code counts from 0 up to 255 
  * over and over 
  * (TX out of Arduino is Digital Pin 1) RF transmitter 
  * (RX into Arduino is Digital Pin 0) RF receiver 
*/ 
 
voidsetPwmFrequency(int pin, int divisor)  
{ 
byte mode; 
if(pin == 5 || pin == 6 || pin == 9 || pin == 10)  
  { 
switch(divisor)  
    { 
case 1: mode = 0x01; break; 
case 8: mode = 0x02; break; 
case 64: mode = 0x03; break; 
case 256: mode = 0x04; break; 
case 1024: mode = 0x05; break; 
default: return; 
    } 
if(pin == 5 || pin == 6)  
    { 
      TCCR0B = TCCR0B & 0b11111000 | mode; 
    }  
else 
    { 
      TCCR1B = TCCR1B & 0b11111000 | mode; 
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    } 
  }  
else if(pin == 3 || pin == 11)  
  { 
switch(divisor)  
    { 
case 1: mode = 0x01; break; 
case 8: mode = 0x02; break; 
case 32: mode = 0x03; break; 
case 64: mode = 0x04; break; 
case 128: mode = 0x05; break; 
case 256: mode = 0x06; break; 
case 1024: mode = 0x7; break; 
default: return; 
    } 
    TCCR2B = TCCR2B & 0b11111000 | mode; 
  } 
 } 
 
//pins connection and variavles 
byte counter; 
intRFByte = 0;                 //The incoming serial data pin RX 
constintpinUtt = 5;           //pin connect to Ultrasonic transmiter D5 
 
//initiallize the settings 
void setup() 
{  
Serial.begin(2400);            //2400 baud for the 434 model 
counter = 0;                    //counter counts transmitting  
pinMode(pinUtt, OUTPUT); 
} 
 
void loop() 
{ 
Serial.println(counter);       //send out to transmitter 
Serial.println(""); 
counter++; 
delay(1000); 
 
  // read in values, debug to computer if received  
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if (Serial.available() > 0)  //only transmitting when receive data 
  { 
RFByte = Serial.read();//read incoming bytes 
Serial.print(" Received value: "); 
Serial.println(RFByte, DEC); 
 
  //activate the ultrasonic transmitter 
  //PWM output, square wave form 
setPwmFrequency(5, 2); 
digitalWrite(pinUtt, HIGH); 
delayMicroseconds(500000);  //0.5seconds 
digitalWrite(pinUtt, LOW); 
delayMicroseconds(500000); 
  } 
 
else 
    { 
Serial.println(" No signal received ! "); 
    } 
 
RFByte = 0; 
} 
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Appendix B: Circuit Schematic  
Schematic diagram of UTT4016 ultrasonic transmitter  
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Schematic diagram of TWS-BS-3 RF transmitter 
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Schematic diagram of RWS-371-6 RF receiver 
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Schematic diagram of LV-MaxSonar-EZ1 ultrasonic range finder 
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Schematic diagram of LEDs  
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Schematic diagram of LV-MaxSonar-EZ1 ultrasonic range finder testing 
circuit 
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Appendix C: Components table  
Component Symbol Quantity Comments 

Ultrasonic Sensor UTR4016 2 Sensor type 1 
(receiver/transmitter) 

Ultrasonic transducer 40LR-16 1 Sensor type 2  
(receiver) 

Ultrasonic transducer 40LT-16 1 Sensor type 2 
(transmitter) 

Operational Amplifier UA741CP 1 OP-Amp, Amplify the 
output voltage 

Resistor R1 1 330 Ω 

Resistor R2 1 680 Ω 

Resistor R 1 280 Ω 

Light-emitting diode LED 5 Green and yellow  

 


