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This thesis project aims to develop an active Radio Frequency Identification 
tag (RFID) which uses an interesting method for positioning and ID detection. In this 
project, rather than classical ways of positioning methods such as triangulation or 
radio maps, infrared light and a camera with an infrared filter was used for the 
positioning. Tag identification detection is done by applying image analysis on 
camera images. When a specific part is wanted from the warehouse, this part is 
addressed through the active RFID system and the tag attached to that part starts to 
blink with the tag ID. A camera with an infrared filter above the goods in the ceiling 
finds the blinking infrared led, detects the tag’s position by image analysis, and 
confirms the ID with the requested ID number. A led transmitting visual light is used 
to ensure the tag also can be seen by the forklift driver in the warehouse 
environment when he is in close range of the part. 

First of all, related work and scientific papers were examined mostly from 
the IEEE database, which was instrumental in constructing this thesis project. Under 
the circumstances of low power consumption and the demands from the tag, 
additional possible components for an RFID tag such as an infrared led, a visual led, 
transistors for the LED amplifier stage and an LDO (Low-dropout) voltage regulator 
are chosen. Necessary technical calculations such as gain, power consumption are 
calculated. The RFID tag is built with these components, and transferred into the 
software environment .First the schematic is drawn and footprints created for the 
each component and the case styles are decided for transferring the circuit into the 
layout environment. For the radio circuit part which is used for the communication 
between the server and the tag, transmission lines of PCB demands are examined 
and the necessary calculations are made for impedance matching to prevent any 
disorder. After preparation of the PCB, gerber files are sent for the manufacturing 
process and the hardware part is completed. The components are mounted and the 
LED’s blinking time interval is set depending on the camera’s applicable frame 
speed, relevant tests for the ID detection and positioning (see fig.1). With 
optimisation of the time interval for recognition of the ID, an algorithm for the 
positioning of the RFID tag is developed and the related ID detection algorithm is 
developed for the real time applications by using a camera. 

As a result of this thesis project, instead of using complex systems for the 
positioning, such as triangulation or creating a radio map with multiple readers etc. 
a basic solution is produced as an alternative.  The efficiency of the system, the 
distance that allows the positioning and how applicable the system is are examined. 
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Figure (1) Overview of the thesis project 
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RFID (Radio Frequency Identification) is an actively technology being used 
for tracing and tracking applications. Basically an RFID system uses radio waves for 
data transmission and it provides communication between stationary and movable 
objects or multiple movable objects such as RFID readers and RFID tags [1]. RFID 
systems work under the principles of automatic identification technology which 
allows data transmission without any manual intervention unlike the optical 
barcode systems. For the automatic identification, a unique code as a unique ID for 
each RFID tag is used and this ID provides data to RFID readers from RFID tags 
depending on what information is required from the tag [2]. 

  The first examples of RFID technology was used by the British Air forces for 
identification of enemy and allied air forces at the beginning of 1940s in the form of 
RADAR (Radio detection and ranging) (see fig. 2). After 1970s, RFID technology was 
used in specific areas such as identifying and tracking nuclear materials, but the first 
real examples of RFID technology being used in business started after the 1990s. 
Today, RFID technology is widely spread and being used for a huge number of 
applications. It is possible to read more about the history of RFID from IEEE 
potentials [1].  

     Figure (2) History of RFID [1] 

1940-1950 
• RFID was used in the form of RADAR during the second world war 

1950-1960 
• First Laboratory experiments in RFID area. 

1960-1970 
• RFID theory developed and used in certain areas 

1970-1980 
• RFID started being used actively and became competitive among other products 

1980-1990 
• Became a commercial product 

1990-2000 
• RFID technology became a partial part of life and became widely deployed. 

2000-.... 
• RFID is a challenging technology for tracking and tracing applications. 
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  The RFID System basically works as the RFID tag detects the radio waves 
when any data is requested and responds with transmitting that requested data [3]. 
This data is received by readers through antennae and is transmitted to software to 
process it with the developed algorithm to position and identify a tag (see fig. 3). 
Depending on the application type, tag type and components can differ [4]. 

 

Figure (3) An RFID System 

  While using an RFID tag, the most common techniques are the triangulation 
(see fig. 4) and the trilateration methods for tracking. Depending on the calculation 
results of factors such as the three antenna’s distance, signal power, angles etc. to 
the center of the tag, the coordinates of the tag can be estimated. But in this way, 
there are some restrictions of using the RF spectrum. For instance, while using RF in 
a hospital, RF spectrum can cause noise on sensitive measurement devices. 
Therefore, it is essential to provide low noise solutions. Another scenario would be 
these methods would not be the optimized solution for small areas and there may be 
an alternative solution. In our case, an alternative system for tracking and 
identifying goods in a warehouse will be developed. 

At this point, the idea of using an RFID system, integrated with image 
processing would be a solution. This idea relies on a system that uses an antenna 
just for communication, to trigger sending the identification code and positioning 
and identifying the tag by image analysis. 
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Figure (4) Triangulation Method 

This project aims to develop an RFID tag which enables to use a camera for 
positioning and identifying the tag. For this purpose, visual wavelength and infrared 
wavelength light sources are used in the design of the tag.  

The main goal of the RFID tag project is to develop the hardware part of the 
RFID tag which uses visual and infrared wavelength for image processing when the 
tracking application is in progress. The second goal of the RFID tag project is to 
develop an algorithm for positioning and identifying the tag. 

Test cases of performance criteria of the tag by image analysis for positioning 
and identification and how realistic results can be obtained in real time applications 
are the factors that will be researched in this thesis project. 

As an example of what this RFID project application could illustrate, 
localisation of goods in warehouses by using infrared light and visual light could be 
undertaken by using the RFID system. When a specific part is required from the 
warehouse this part is addressed through an RFID system and the infrared light 
starts to blink (coded). A camera located above the goods in the ceiling find the 
blinking infrared light and then directs a fork lifter to the right spot (see fig. 5). 

The tag ID is modulated on to the IR signal and transmitted by the IR LED. 
The main advantage of the IR wavelength is just by filtering the system from other 
light sources with an IR filter, without any complex analysis or radio maps, IR 
wavelength can be used for real time positioning and ID recognition applications, 
whereby the RFID tag can be positioned and the ID can be detected by recognition of 
blinking patterns. 
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Figure (5) An illustration of the thesis project scenario 

  Some of the other reasons for preferring infrared LEDs are they are cheap, 
easy to setup, invisible to the human eye and easy to detect patterns with image 
analysis [5]. 

The project will be processed under two main headlines, hardware and 
software. My intention is to finish these parts with the required conditions and 
therefore this thesis work will focus on those two main headlines. 

The tag will be using a lithium battery. The intention is to design the tag with 
low power consumption requirements since the tag will be running on battery and 
higher power consumption requires higher demands on the battery. Thus, high 
current LEDs are not preferred. 
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In this project test limitations are considered as building the RFID tag 
successfully integrated with an IR LED and a visual LED and writing an algorithm to 
be able to detect the ID code by using a standard webcam with an IR filter. 

 This report is organized (see fig. 6) as follows: 

 

Figure (6) Outline of the thesis 
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RFID tags can be categorized as passive and active.  

Passive tags do not possess any internal power supply and use the radio 
waves which are transmitted by an RFID reader and basically possess an RF 
circuitry and a microchip which can be programmable just for once. When a passive 
tag encounters with radio waves from an RFID reader, the radio waves are used as a 
power supply and the tag sends data to the reader at the same frequency with the 
transmitted signal from the reader [6]. Even though passive tags non requirement 
for an external power supply seems to be an advantage, since there is a requirement 
for an interrogation signal, it also limits the range of data transmission to just a few 
meters, as a result these kind of tags are suitable for short data transmission 
required tracking and tracing applications. Their major advantages are simplicity, 
low price per unit, small sizes and long lifetime [6]. 

An active tag possesses a power supply which supplies itself and RF 
communication circuitry. The major advantage of active tags is data transmission in 
long distances is possible with active tags, since the RF communication circuitry is 
supplied by an internal power supply. The other major advantages of active tags are 
they can have additional functionalities such as memory, sensor or a cryptography 
module [3]. Unlike with passive tags they have higher price per unit, much more 
complicated construction, bigger sizes and a shorter lifetime [3].  

 Semi-passive tags are a mixture of active and passive tags. The main 
difference between an active tag and a semi-passive tag is the internal power supply 
is only being used to supply internal circuit and the readers supply required power 
for RF communication circuitry like passive tags [3]. 

 In this section since our project is based on indoor tracking environment, a 
warehouse, related indoor positioning methods which are being used actively with 
an RFID system are examined. In an indoor environment, positioning is under the 
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effect of environmental effects on the signal [3]. Thus for an accurate signal 
measurement there would be need for post process localisation algorithms. 

Bouet M. et al. [3] presented in their research that localisation algorithms are 
classified under three headings; 

1. Distance Estimation 2.Scene Analysis 3.Proximity  

The distance estimation family is based on two main approaches; 
triangulation and trilateration (see fig. 7). The triangulation method uses angles to 
estimate the position of the target with two reference points with a known distance 
between them [3]. The trilateration approach evaluates distances from at least three 
reference points and estimates an intersection point as it can be seen from the figure 
below [3]. 

                                                       

Figure (7) Triangulation and Trilateration 

The scene analysis approach is based on two different steps. First, 
information about the environment, called footprints, are being saved in the 
database and later, when positioning is needed, depending on these pre-known 
footprints in the database, positioning occurs. The most common technique for 
creating first time footprints is called the kNN (k-nearest neighbor) method. This 
footprinting method is also known as radio map and uses the received signal 
strength (RSS) measurement technique for building a radio map. Another technique 
for first time footprinting is called probabilistic approach. This approach is based on 
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the idea that there are n possibilities that can occur and by applying the posteriori 
probability and Bayes formula, the highest probability can be chosen [3]. 

This approach is based on proximity and easy to implement, but its efficiency 
is based on the size of the cells and number of antennae. When a target is detected 
by a single antenna, it’s counted as the target being at the same place as the antenna. 
When a target is detected by multiple antennae, the target is counted as being the 
same place with the antenna that has the strongest power signal [3]. 

During my search, several projects were found based on infrared positioning. 
One of them utilises the self-localisation of a mobile robot in an indoor environment. 
In this exam [5], infrared LEDs are used as references to allow a mobile robot to be 
able to self-localise. In an indoor environment, unlike the outdoor environment, GPS 
is not a suitable tracking method since electrical waves can be blocked thus this 
project is produced as an alternative solution. By using infrared LEDs as reference 
points and a camera on the mobile robot, the robot is attempted to self-localise by 
image processing. By a CCD (Charge-coupled device) camera, which provides high 
quality data, image processing and localisation can be carried out. 

As can be seen from the figure (see fig. 8), by using coordinates captured by 
camera and mathematical calculations and conversions between world coordinate 
system and camera coordinate system, positioning occurs. 

 

Figure (8) Indoor self-localisation system and related coordinate systems by using 
infrared LEDs [5] (Permission is given for using this figures by the author) 
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In conclusion for this exam, the system is assumed to be robust and 
challenging for the future. They are calling this process “a very simple indoor GPS”. 
Detailed information can be found in [5]. 

In comparison with my thesis project, infrared LEDs are used for creating 
references like a map for localisation. In this project, infrared LEDs are used for 
positioning and in order to have an accurate detection, I need to make the same 
reference LEDs for an area, so in this way creating reference LEDs are alike. The 
major difference with my thesis project is, ID detection is done by LEDs and goods in 
a warehouse will be immobile. In addition, future work for this exam is aimed as 
working with frames by developing a method to work with LEDs using on and off 
states. In my thesis project, in frame rate LEDs are worked with. 

Another project that I have encountered while searching is an optical 
infrared local positioning system [8]. In this project, active tags which emit infrared 
signals are used. By a stationary mounted stereo-camera, these signals are received 
and angle of arrival of the emitted light rays in space at two different points are 
measured. By using triangulation, spatial positions are calculated. For positioning, 
the world coordinate system and the camera coordinate system translation, like in 
the upper example, is used in the same way (see fig. 8). By using two cameras with 
fixed distance before fixing the stereo mounted camera, calibration of an area for 
positioning is arranged like mapping. 

In order to provide an accurate transmission, the system uses a translation 
from images to binary codes for identification. It relies on processing an algorithm 
on frames to detect 1 (light ON), and 0 (light OFF).By using binary coding it tries to 
obtain the identification code correctly. Relevant tests and theories can be found in 
[8]. 

In comparison with my thesis project, one of the main reasons to develop this 
project is explainable as a lack of GPS efficiency in indoor environments and this 
infrared system is easy to setup as an alternative in the same way as my project. 
Both projects are alike in the way they handle ID detection. The main difference 
between the projects is the positioning methods are different even though both 
projects use cameras. While this project is using angles for detection like 
triangulation, my project aims to use frames and reference IR LEDs to create a map 
for positioning rather than angles and also it supplies a visual led for direct human 
interaction. 
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The project is separated into two main parts (see fig. 9). 

The first step involves the changes in the basic design of the RFID tag circuit. 
Firstly, the necessary power supply, LEDs and amplifier stages were added to the 
circuit. Secondly they were transferred into a software environment (Cadence 
ORCAD software), schematics were drawn and the footprints were prepared. The 
components were placed on the board dependent on the demands of the radio 
circuit and gerber files were sent for the manufacture of the PCB. 

The second step involves image processing with MATLAB software and tests 
relevant to the efficiency of using IR wavelength and a camera for the real time 
tracking and tracing applications. 

Figure (9) Project Diagram 

  

In the hardware part, how a basic RFID tag is converted into an IR and a 
visual LED consisting of a tag with a selection of components is explained.   
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As a microprocessor, ATmega168PA [9] low power CMOS 8-bit will be used 
and is supplied by the company. The major advantages of this microprocessor are 
low power consumption and high performance. It allows the user to execute 
powerful instructions in a single clock type and save energy with the optimisation of 
power consumption. The crystal/resonator oscillator continues to run in standby 
mode while the rest of the device is sleeping which allows a very fast start up and 
provides low power consumption. The ATmega168PA has 32 pins directly 
connected to its arithmetic logic unit and allows the user to make two different 
registers with one single instruction and execution in one clock cycle. It provides 32 
register, pins and 23 I/O lines for the user. It is built consisting of a 16K read-while-
write flash memory, 512 bytes EEPROM and 1K SRAM for programming, data 
process and storage [9]. 

For data communication, Nordic semiconductor’s nRF24L01 single chip 
2.4GHz transceiver [10] is used. Its major advantages are that it allows a 
configurable air data rate under ultra-low power consumption, less requirement for 
the external passive components to create a radio communication system, fast 
operation speed and a smooth data flow that is ensured between itself and a 
microprocessor [10]. 

With a radio antenna, which is implemented on the PCB, a data connection is 
established between the control unit and the RFID tag. When an object that carries 
the RFID tag is requested from the control unit, the RFID tag will be addressed 
through an RFID-system and use the antenna for communication to give a start 
signal for the LEDs to blink. This part will be examined in STEP2. 

Depending on the demands from the circuit, the LDO and the visual led, the 
transistor for the amplifier stage and the infrared LED are chosen and calculations 
are explained in this part. 

The tag circuit requires a 3.3 V input. In order to provide high accuracy and 
low noise for switching operations, especially for accurate blinking with the IR LED, 
a fast speed LDO (Linear Dropout Voltage Regulator) is used with a 3.7V lithium 
battery as a power source.  

The LDO, Torex 6223, 300 mA [11] is preferred. While choosing this LDO 
there were two important criteria. Since the infrared LED is supposed to blink, the 
LDO was chosen to ensure high speed switching operations. Secondly, it is supposed 
to give enough current to the circuit and must have low power consumption since it 
will run from the battery. Another reason to choose this LDO is the providence of 
high accuracy and low noise as mentioned above. 
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The system consists of two different LEDs and they should be chosen to allow 
tracking and tracing applications.  

The visual led chosen is the Everlight 20mA orange colored [12], because of 
its low forward voltage (2.4 V), plus the dominant wavelength (615 nm) and the 
luminous intensity (820 mcd) are high. A significantly higher current led would have 
been chosen but since the circuit will work on battery power that option was 
unfeasible. Instead, wavelength, intensity, and low power consumption are 
considered as important parameters. 

The second led selected, the infrared led, is the Everlight 100 mA [13], 
depending on the wideness of the viewing angle of the camera (160o), high current 
(100 mA), and low forward voltage (1.6 V). The infrared led must be high current to 
be able to be detected by the camera from a long distance. In step 2, the camera and 
the detection distance of the infrared LED and ID detection algorithm will be 
examined. 

 

Figure (10) The amplifier stage 



RFID TAG 

 

14 

 

 

After the main components selection, to be able to give enough current to the 
LEDs, an amplifier stage (see fig. 10) is built. The microprocessor’s second and forth 
I/O pins are used to drive the transistor. PD2 (pin 2) and PD4 (pin 4) should be held 
below 3 mA depending on the electrical characteristics of the microprocessor, so I 
used a low VCEon and hi HFE (DC gain factor) transistor for the amplifier stage. As a 
result, a BCV27 model transistor (NPN-Darlington) was chosen. From the 
datasheets, necessary base and collector resistors are calculated approximately to 
calculate the power consumption at the maximum rate. Depending on these results, 
case styles of resistors are chosen for the production of the PCB.  

IC1=100 mA   ,   IC2=20 mA    

VCE1=0.85 V  ,   VCE2=0,7 V 

              VBE1=1,5 V     ,  VBE2=1,3 V  

VD1=1,6 V  (It is supposed to be between 1,5 V< VD1<1,8 V) 

VD2=2,4 V  (It is supposed to be between 1,7 V< VD2<2,8 V) 

For RC1 and RB1; 

3,7 V – 100 mA. RC1 - 1,6 V - 0.85 V= 1,25 V 

 100 mA . 1,25 V=0,125 W=125 mW  P(RC1)=125 mW 

 RC1=1,25 V / 100 mA =12,5 ohm      RC1=12,5 ohm 

 3,3 V-IB1RB1 -1,5=0 

 IB1RB1 =1,8 V  V(RB1)=1,8 V 

RB1 =1,8 V / IB1 IB1 = 100 mA/ HFE1 

Instead of using RC1=12,5 ohm we can use 12 ohm since there is no 
manufactured resistor in 12,5 ohm value 

Thus; VD1=1,65 V  (It is supposed to be between 1,5 V< VD1<1,8 V) 

For the lowest value of HFE1=4000  

IB1= 100 mA /4000 =2,5.10-5=25.10-6=25 µA    IB1=25 µA 

 RB1 =1,8 V / 25 µA    RB1=72k ohm 

 P(RB1) =1,8 V . 25 µA =45 µW   
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Approximately we can choose  RB1=68k ohm 

Depending on these theoretical results, we can choose 0207 size for 
footprints of RC1 and RB1, which has a tolerance up to a maximum 0.25 W. 

For RC2 and RB2; 

3,7 V -2,4 V – 0,7 V= V(RC)V(RC2) =0,6 V 

RC2=0,6 V / 20 mA =30 ohm      RC2=30 ohm 

20 mA . 0,6 V=0,012 W=12 mW  P(RC2)=12 mW 

 3,3 V - IB2RB2 -1,3=0 

 IB2RB2 =2 V  V(RB2)=2 V 

RB2 =2 V / IB2 IB2 = 100 mA/ HFE2 

Instead of using RC2=30 ohm we can use 27 ohm since there is no 
manufactured resistor with a 30 ohm value 

Thus; VD2=2,46 V  (It is supposed to be between 1,7 V < VD2 <2,8 V) 

For the lowest value of HFE1=4000  

IB2= 20 mA /4000 =50.10-5=5.10-6=5 µA     IB2=5 µA 

 RB2 =2 V / 5 µA    RB2=400k ohm 

 P(RB2) =2 V . 5 µA =10 µW   

Approximately we can choose   RB2=390k ohm 

Depending on these theoretical results, we can choose 0204 size for 
footprints of the resistors, which has a tolerance up to a maximum 0.125 W. 

After making all of these calculations, necessary additional components are 
selected and depending on the power consumption, size for footprints is decided. 
But later the decision is changed to use 0603 sized footprint since it has larger size, 
the soldering is much easier and so far 0603 sized footprint provides safety of 
electronic components for this power consumption anyway. 

Before starting schematics, LDO and battery connections are done (see fig. 
11). The LDO that is used in this project has 5 pins [11]; 
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Vin = Vin is used as an input voltage (3.7 V from lithium battery) to the LDO 
regulator.  

Vss = Vss pin is used to make a ground connections for the LDO. 

CE = CE pin is used to control the ON / OFF control of the LDO. 

N.C = No connection pin. 

Vout = Vout pin is used to get 3.3V high accurate, low noise input voltage for the 
circuit components of the RFID tag.  

Figure (11) LDO connections 

 Provided data from the datasheet, external capacitors added to use LDO with 
high performance. From figure above, connections can be seen. 

From the block diagram of the transceiver (see fig. 12), it can be seen that the 
ANT1 and ANT2 output pins work as a differential amplifier and provides a 
differential output  to the antenna. One of the most important criteria for the radio 
circuit is impedance matching between the circuit and the antenna for maximum 
output power, thus impedance matching depending on the datasheet is made (see 
fig. 13). 
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Figure (12) nRF24L01 block diagram [10] 

 

 

Figure (13) Recommended impedance matching for 50 ohm between IC of the 
transceiver and the antenna for maximum output power [10]. 

Kai. Liu et al. [14] presented in their research that theoretically impedance 
matching and noise suppression relies on the structure called as balun (balance + 
unbalance) in the communication systems. While making connections between the 
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active circuits, such as LNA, PA, etc. and in the RF front end modules, baluns are 
used to suppress noise and to provide the matching impedance [14]. Furthermore, 
baluns are used for converting differential impedance into single end impedance. A 
differential output provides a differential output and after balun structure it is 
converted into a unbalanced output in other words single-ended output like in our 
case. Basically, in a 50 ohm matching network, components are selected and the 
circuit is designed to fulfill a 50 ohm matching condition and cascaded in the circuit. 
In the existence of an intrinsic active device in the circuit, such as a LNA input or a 
PA output, a 50ohm matching in the IC is hard to provide since these devices do not 
naturally have 50 ohm impedance and the cost/size criteria is important for an IC. 
Instead of matching impedance to 50 ohm embedded in IC, the network is matched 
outside of the IC to 50 ohm. As a solution, we can use the LC components as a 
matching circuit to fulfill 50 ohm outside of IC (see fig. 14).  

Li Zhi et al. [15] presented in their research that one important criterion 
while working with high frequency is EMC, electromagnetic compatibility. In a badly 
designed PCB if EMC is not being considered, it can decrease the performance of the 
circuit and even cause inoperability. The main reason for this is a result of the 
electromagnetic coupling between the transmission lines and the frequency 
increasing as the board gets smaller with the developing technology. The coupling 
increases since the transmission lines have to be closer. 

 

Figure (14) Balun and matching network schematic [10]. 

Karunakaran S. [16] presented in his research, an accurate EMC control 
needs tests on the signal integrity of the PCB depending on the demands. Routing on 
the PCB must be tested and transmission lines, the width of the tracks even the 
position of the components’ effects must be calculated to fulfill a matching 
environment on the PCB. In a poorly designed PCB, cross talk and ringing effects can 
occur. Crosstalk can be explained as an unintentional interaction between two 
transmission lines. The reason for that is, every trace has its own inductance and a 
form capacitance with the adjoining trace. When signal propagation occurs in one 
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trace, it can affect the adjoining trace and cause inoperability. This is known as 
“forward cross talk”. On the other hand, the current flow on a trace creates a 
magnetic field and can induce an opposite current in the adjoining trace. This kind of 
crosstalk is known as “backward cross talk” . Possible effects of cross talk are, the 
logic level can change in the adjoining trace and can result in timing violations. 
Another type of PCB design problem is known as ringing. If an impedance mismatch 
occurs in the impedance of the PCB traces and the circuit, a signal that is sent will be 
reflected back and forth. Moreover if ringing occurs it causes cross talk effects to 
increase.          

There are several ways to apply these EMC design rules to the PCB, but in this 
thesis project we will follow up the radio circuit datasheet pre calculated design 
instructions. But if you are interested in the necessary calculations, methods and 
theories for PCB engineering it can be read from [17]. 

The following design flow shows which sequence was followed in 
manufacturing the circuit. 

 
1. Starting ORCAD capture 
2. Drawing circuit schematic by using ORCAD capture. 
3. Creating footprints of the components 
4. Saving footprints in the database , and matching footprints with related components  
5. Creating a layout netlist as .MNL for ORCAD layout 
6. Choosing a PCB technology template .TCH in the ORCAD layout software 
7. Importing .MNL netlist into the ORCAD layout and creating a .MAX board 
8. Board Outline 
9. Positioning the parts depending on the radio circuit demands 
10. Routing manually depending on the component’s datasheets instructions. 
11. Generating gerber files to send PCB for manufacturing. 

Before transferring the schematic into ORCAD layout software, a footprint for 
each component is created or used from the library if the footprint already exists. It 
is essential to match components with regards to the footprint, since its mechanical 
size, pin configuration and other shape features, or in other words ‘package 
dimensions’ are the key features while creating a PCB. To be able to do that, the 
package dimensions have been studied from datasheets first and prepared in 
ORCAD layout software. 
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 In this part, how the infrared LED’s footprint is created will be explained as 
an example of creating footprint. To accomplish this, the datasheet has been studied 
for package dimensions. 

 

Figure (15) shows datasheet information of infrared led package dimensions. 
Dimensions are in millimeter [13]. 

As can be seen from the figure (see fig. 15), this is a surface mounted 
component and necessary dimension units for creating the padstack of the 
component are given in the datasheet. So as a method, the padstack of the LED is 
created. 

At this point, PCB manufacturing specifications such as which layer 
component will be used on and other specifications should be known or decided and 
depending on this should be saved under padstack data information. To configure 
these parameters, the following terms should be known. 

TOP: Top plane copper layer  

BOTTOM: Bottom plane copper layer 

PLANE: Power or ground plane 

INNER: Inner copper layer 

SMTOP: Top soldermask 

SMBOT: Bottom soldermask 

SPTOP: Top solder paste 

SPBOT: Bottom solder paste 

SSTOP: Top silk screen 
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SSBOT: Bottom silk screen 

ASYTOP: Top assembly drawing 

ASYBOT: Bottom assembly drawing 

DRILDWG: Indicates drill sizes x and y locations 

DRILL: Describes drill hole sizes and locations 

COMMENT LAYER: Fabrication drawing, contains board outline coordinates. 

Since the components are surface mounted in this thesis project, our 
important parameters are TOP (this layer is selected for mounting components), 
solder mask top, solder paste top, top assembly drawing. After this information, the 
parameters of padstack for the infrared LED are changed as the figure below shows. 
After preparation of the padstack, the padstacks are placed into the work area at the 
correct distance. The outline of the LED is drawn and saved in the database for 
matching with the relevant component (see fig. 16). 

For transferring schematics to the layout, a netlist should be created. A netlist 
describes the circuit to layout software. Before generating a netlist, footprints 
should be assigned to the all components. 

 

Figure (16) Footprint of infrared LED  

In the layout, after choosing the default technology template for the post 
process to create gerber files, .MAX board is created with unrouted components by 
using netlist (see fig. 17). 
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Figure (17) Un-routed components in layout 

Since the radio circuit has special instructions which must be followed when 
producing a layout for radio circuit. Because of this circumstance, auto-route cannot 
be used for routing components and instead of making an outline for the board as 
written in the design flow, it is delayed for after manual routing. 

For achieving a good RF performance, a well-designed PCB is essential. A 
badly designed layout causes loss of performance or inoperability. A well designed 
layout is subject to the surrounding components and a well matched network. For 
designing this kind of layout, the datasheet information for a well matched network 
is extremely important. 

This information for layout is calculated values by the manufacturing 
company for a perfect match [10]. 

Datasheet information is as follows [10]: 

-For optimum performance, minimum of two layers including a ground plane. 

-nRF24L01DC supply voltage should be decoupled as close as possible to VDD pins 
with RF capacitors. 
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-Supply voltage should be filtered and routed separately from the supply voltage -
Short lines should be preferred on PCB. 

-Ground,VDD connections and VDD by pass capacitors must be connected as close as 
possible to nRF24L01. 

-For a PCB with a bottom ground plane, via holes should be as close as possible to 
VSS pads. A minimum of one via should be used for each VSS pin. 

-Full swing data or control signals should not be routed close to the crystal or power 
supply lines. 

The figures below show top view and component positions for a 
recommended layout for the radio circuit (see fig. 18 and 19). In our schematic, 
passive components that belong to the radio circuit are shown as C_x or L_x format 
(see fig. 20).  

 

Figure (18) Top Overlay (Module with OFM crystal and SMA connector) 

With this data written above and below, instructions are applied to the radio 
circuit and the components are placed. After placing all components, free vias are 
placed, net connections are assigned as ground and the components of the radio 
circuit are routed manually to fulfill the radio circuit layout instructions.  

Figure (19) shows the recommended bottom layer with ground plane and via 
connections.      
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Figure (19) Bottom Layer (Module with OFM crystal and SMA connector) 

The figure below (see fig. 20) shows a top layer of the radio circuit and free 
vias that are connected to the ground plane. They are placed according to the radio 
circuit instructions. 

 

Figure (20) TOP layer and vias for ground connections 

In this part, ID recognition and positioning process (see fig. 21) is explained. 

In theory, to be able to get all frames accurate the sampling rate of the 
camera should be at least two times faster than the blinking interval rate. 

 fmin(camera) >= 2 x fblinking_interval 

If this condition is not provided, frames will be missing and will result in 
wrong calculations.  
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Figure (21) Flowchart of positioning and ID recognition 

For ID recognition, the method is made as follows; 

It is assumed that the ID code will be 5 digits and a maximum of 32 different 
tags will be situated around the warehouse. The ID code will be sent as (Start Bit, 
Bit1, Bit2, Bit3, Bit4, Bit5, Stop Bit) and the relevant calculation as follows : 

If start bit =1 

Get bit1, bit2, bit3, bit4, bit5 

And check stop bit=1  

 If stop bit=1  

Calculate_ID = bit1X20 + bit2X21 + bit3X22 + bit4X23 + bit5X24 

If start bit or stop bit =0 

Check next bit array and run  

If start bit =1 

When a specific 
part is wanted 
from a 
warehouse ,this 
part is adressed 
through a RFID 
system and a 
request signal for 
tag is sent via 
antenna 

Related RFID tag 
starts to blink and 
real time video 
acquisition tools save 
a video at least 
double time of the ID 
code transmission 
time in the database 

With neccessary 
algorithm processesion, 
positioning occurs.Video 
is seperated into frames 
and binary code is 
created by using these 
frames depending on 
LEDs on (1) and off(0) 
states 

Binary start bit and stop 
bit is checked from 
acquired binary.If start 
and stop bits are 
correct, ID is confirmed 
and it is calculated by 
the relevant algorithm. 

If start and stop bits 
are incorrect, next 
start and stop bits are 
checked and confirmed 
binary code is 
calculated for 
detection of ID 
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Get bit1, bit2, bit3, bit4, bit5 

And check stop bit=1  

 If stop bit=1  

Calculate_ID = bit1X20 + bit2X21 + bit3X22 + bit4X23 + bit5X24 

An example can be found in the results part. 
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After deciding the components and parameters, the circuit is transferred into 
ORCAD Capture software and drawn. Below, the full circuit schematic can be seen 
that was drawn in ORCAD capture (see fig. 22). 

 

 

Figure (22) RFID Tag Schematic 
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After all routing process and correcting errors, manufactured board can be 
seen as below (see fig. 23 and 24). 

Figure (23) PCB Layout 

Figure (24) PCB after manufacturing 
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Figure (25) RFID tag after mounting components 

For the ID detection and positioning tests, an additional switch is used to 
make the IR LED start blinking without any antenna or interface connection (see fig. 
25).When the switch is changed to ON, the tag starts to blink. 

The composnents are implemented on the board and the blinking interval 
time of the IR LED is set to 200ms for each bit. The maximum speed can be chosen 
as 100ms since sampling time is set to 50ms and fmin(camera) >= 2 x fblinking_interval. 

For initial tests regarding positioning and ID detection, an analog setup is 
used. A home-made fake IR filter (see fig. 26) is produced by using an old floppy disk 
film, and attached to a USB webcam. 

Figure (26) Homemade IR filtered camera 
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While working with frames, 20 fps is used. In image analysis, Matlab software 
is used. With 20 fps, every bit is sampled for 4 times to prevent missing any bits. 
Every 50ms a frame is taken, and 4 samples are used for ID recognition.  

After acquiring frames which is explained in the next page illustration of 
system (see fig. 27), the algorithm is applied as 

If start bit =1 

Get bit1, bit2, bit3, bit4, bit5 

And check stop bit=1  

 If stop bit=1  

Calculate_ID = bit1X20 + bit2X21 + bit3X22 + bit4X23 + bit5X24 

If start bit or stop bit =0 

 Check next bit array and run  

If start bit =1 

Get bit1, bit2, bit3, bit4, bit5 

And check stop bit=1  

 If stop bit=1  

Calculate_ID = bit1X20 + bit2X21 + bit3X22 + bit4X23 + bit5X24 
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Illustration of how system works as follows 

Figure (27): Illustration of how system works 
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Figure (28) ID code and how it is processed in Matlab 

In our test case, ID number 21 is examined (see fig. 28). The acquired frames 
conversion into binary codes is as follows: 

Start bit -  (10101)2  -  Stop bit  

The acquired ID number is: 

ID = ( 1 X 20  ) + ( 0 X 21 ) + ( 1 X 22 ) + ( 0 X 23 ) + ( 1 X 24  ) = 21 

 

 After the tests for the positioning and an accurate ID recognition, applicable 
distance is estimated as 3-4 meters without a filter in a dark room. After 4 meters 
without a filter in a dark room, since my camera quality is low, it misses some of the 
bits and miscalculations occur. 

 Especially the degree which the camera can see the IR LED affects the 
positioning and ID recognition. Even though the IR LED is so close, if the degree is 
not 90 degrees, missing bits sometimes occurred. In conclusion, for the best result 
when decoding the IR LED, the vertical angle between the camera and IR diode 
should be small. Increasing distance between the tag and camera decreases the 
angle. 

In the case of a "low cost home-made" IR filter, since it suppresses light 
sources accurate results are acquired up to around 10 cm. Another reason for this 
unsatisfying result is the short sample rate of 50 ms, the camera settings are set to 
low quality values, but it would be possible to obtain better results with a 
professional IR filter and a high quality acquisition device. 
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As an example, at a 4 meter distance 202 frames are acquired and some of 
the binary codes that have been acquired from the frames are as follows: 

  Columns 53 through 65 

    …  0     0     0     0     0     0     0     0     0     0     0     1     1 

  Columns 66 through 78 

          1     1     1     1     1     1     0     0     0     1     1     1     1 

  Columns 79 through 91 

          1     0     0     0     1     1     1     1     1     1     1     1     0 … 

As can be seen from these logic values, some of the bits are acquired 
incorrectly. 

Third bit: 0 0 0 1 Fifth bit: 0 0 0 1 Stop bit: 1 1 1 0  

As a result it can be said that some of the frames are overlapping with next 
bit codes. This problem is solved thus: 

If the sum of four bit values are greater than or equal to 3 

Related bit is equal to 1 

Else 

Related bit is equal to 0 

With this, even though overlapping bits occurs, the correct bit value is 
acquired. 
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The aim of this project was to develop a positioning system to be able to find 
goods in a ware house. This system comprises of an active RFID system and the 
RFID tag that is integrated with IR and the visual LED is built, software is written 
and the relevant tests are completed for the RFID tag positioning and ID recognition, 
now the RFID tag is able to send its ID to the camera for recognition.  

 Efficiency of this prototype system is found as can manage to cover a small 
area since reliable positioning and ID detection results are obtained up to 4 – 5 
meters. After 4-5 meters, it is observed that even though the positioning can be 
possible, an accurate ID recognition is failed because of low quality of acquisition 
device caused speed loss, thus missing frames. While positioning the tag and 
recognising the ID, the importance of the IR LED’s degree is also observed as an 
extremely important criterion that affects efficient distance of the camera and an 
accurate ID recognition for applicable results.  

For future work, enhancing the coverage area into a larger area must be the 
first aim to increase the applicability of the prototype. Secondly, multiple RFID tag 
detection, so the detection of coded infrared light to distinguish between several 
product emitting at the same time and relevant algorithm should be worked on to 
improve the prototype for the real time applications. The calibration of the area is a 
necessity for an accurate positioning, the area can be divided into zones and 
reference calibration points must be determined, this can be tested in future work 
as using infrared LEDs around the area as reference points. The requirement of 
vertical viewing angle necessity of camera to provide an accurate ID recognition 
should be examined in future work to improve this prototype. 
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