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Abstract 
This thesis aims to develop hardware for laboratory in courses such as 
Switching Theory at Halmstad University which can help students to 
understand practical applications of the hardware they are studying at 
university. To achieve this, a printed circuit board (PCB) that simulates traffic 
intersections has been designed, constructed, and tested. 

The project consists of four main phases. The first step is to create an 
equipment list to identify the components needed to meet our goals. Then, the 
schematic design phase is started using KiCad program for PCB design. A 
printed circuit board is manufactured, and all the components lists in the 
equipment inventory is carefully soldered. This step completes the second 
stage, involving PCB fabrication and component placement. The next step is 
to program one intersection using an embedded system according to a state 
machine and ensure the PCB works properly. For this purpose, a state 
machine is developed to describe test conditions and program sequences. 
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1 Introduction 
The learning process can be enhanced by including experimental materials to 
help students better understand theory. This thesis produces laboratory 
materials for Halmstad University students. Additionally, as automation and 
traffic management are good real-world applications, this lab 
equipment helps in the Switching Theory course. Using object detectors and 
traffic lights, the circuit simulates traffic crossings (see Figure 1). The 
programming for the traffic environment follows a state machine with several 
states and conditions in between them. The functioning of the circuit can be 
tested using the embedded system to ensure it performs as intended. 

 
Figure 1.  The representation model of a traffic environment has four traffic intersections, 17 traffic 
lights, 17 object detectors, and the moving play car connected to a small magnetic. 
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1.1 Purpose  

The primary purpose of this thesis is to help students understand practical 
applications of the hardware they are studying in university. This program 
seeks to improve student performance in a range of laboratory activities and 
give them the tools they need to apply their theoretical knowledge in practical 
situations. To achieve this, the student is provided with a printed circuit board 
(PCB) that simulates traffic intersections.  

Through this thesis, students understand how theoretical concepts can be 
applied to real-world situations and acquire valuable skills to help them in 
their future careers.  

1.2 Goal  

The circuit board is an integral part of the thesis and acts as a hands-on 
teaching tool that allows students to gain hands-on experience with the 
hardware. PCB control mechanisms vary by course and content. This board 
is able to be controlled by either an microcontroller or FPGA. Both are 
powerful tools that allow students to understand different design concepts 
fully. 

1.3 Problem Statement 

This thesis aims to produce lab equipment that can be used in the Halmstad 
University educational process. This thesis aims to develop a hardware tool 
that can be used to handle laboratory tasks in the switching theory course. The 
primary goal of the lab task is to program and control the circuit board. It is 
intended to simulate a traffic environment with one or more intersections. The 
project is divided into four main problem statements: 

• Preparing the equipment list and designing the schematic 
• Printing the PCB and placing components  
• Program one traffic intersection using an Embedded system 

according to a state machine to ensure the PCB functions 
correctly. 

• Making sure that the circuit board and other components can 
transfer signals safely (contact bounces free) 

In summary, this degree thesis aims to answer how to create a PCB that can 
be connected to an FPGA or a microcontroller. Both devices will be 
programmed to detect any object and control the traffic environment.  

 



 

 3 

2 Background 
This section provides an overview of the most relevant tools and theories 
related to this thesis. Laboratory assignments are a valuable tool for 
enhancing the learning process by providing students with active learning 
opportunities, encouraging critical thinking and teamwork, and offering 
practical experiences. 

The background section discusses the methods used to construct the lab 
equipment and specifically highlights the importance of object detection to 
gain control over the traffic environment. 

The optoisolator needs to be used in this thesis because its ability to adjust the 
signal between different devices. It also can be used to avoid issues such as 
electrical noise and ground loops, which can cause interference or damage. 
Additionally, the TTL protocol is used to establish communication between 
the PCB and other practical devices. 

2.1 How can lab assignments affect the learning process? 

Laboratory exercises are essential to effective teaching and learning in 
various fields, such as science, technology, and medicine. Studies show that 
lab assignments can significantly impact student learning by providing 
students with hands-on experiences that reinforce concepts taught in lectures 
and readings [16]. Reinforcement of concepts is one of the ways lab tasks 
influence the learning process. This approach improves knowledge retention 
and application, increasing the potential for long-term retention. Lab 
assignments also influence the learning process by encouraging active 
learning. Lab assignments promote active learning by providing students with 
devices, materials, and opportunities to interact with equipment, materials, 
and colleagues. Critical thinking is another important skill that students can 
develop through lab assignments. Lab assignments develop critical thinking 
skills by encouraging students to analyze and evaluate information gathered 
during experiments. Laboratory assignments also help students develop 
problem-solving skills by providing opportunities to identify and solve 
problems that arise during experiments [15]. These skills are essential in 
various fields and highly valued by employers. Teamwork and collaboration 
are also important advantages when applying laboratory tasks in teaching. 
Lab assignments often require students to work in groups. They help develop 
teamwork and collaboration skills. Through lab assignments, students can 
share knowledge and ideas and learn to work together to achieve a common 
goal [16, 17]. These skills are essential in a workplace where collaboration 
and teamwork are essential to achieving organizational goals. This experience 
is valuable when students go out into the world and apply what they have 
learned in real-life situations [18].  
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2.2 Design of PCB 

Printed circuit board (PCB) design is an important aspect of any electronic 
thesis. There are two main methods of building PCBs: non-automated 
assembly and automated assembly. Our thesis uses an automated method in 
which circuit boards are created [2]. The non-automated method, also known 
as point-to-point construction, was utilized before printed circuit boards 
became a common component of electronic devices [1][2]. The first 
improvement in hand wiring was to weld copper into the busbar circuit, which 
was highly costly [2].  

An electrical circuit is an integral part of a printed circuit board, a rigid 
structure made up of traces and planes (metal surfaces that connect to larger 
metal areas). The circuit on the board has metal pads that are used to connect 
various components, resulting in an interconnected system. Printed circuit 
boards can have one, two, or more layers, making them highly versatile [3]. 
To ensure proper spacing and pure circuit transfer, printed circuit boards are 
manufactured with low-conductivity dielectric core materials [3]. 

Producing of printed circuit boards has negative impacts for the environment, 
that’s why it must be taken in consideration. PCBs can contain dangerous 
substances such as lead, antimony, barium, cadmium, titanium, and mercury. 
Improper disposal or poor recycling practices can release these hazardous 
substances into the environment, causing pollution and potential health 
hazards [31,32].  

RoHS (Restriction of Hazardous Substances) is a directive implemented by 
the European Union to restrict the use of certain hazardous substances in 
electrical and electronic equipment. It aims to protect human health and the 
environment by reducing the presence of substances like lead, mercury, 
cadmium, hexavalent chromium, PBBs, and PBDEs in electronic products. 
Compliance with RoHS is mandatory for manufacturers selling electronic 
products in the EU market, and it has influenced the electronics industry 
globally by promoting the use of safer materials and manufacturing processes 
[36]. 

2.3 Object detection  

A printed circuit board (PCB) contains various hardware components to 
perform a task. Different colored LEDs represent traffic lights and object 
detectors are used to detect oncoming vehicles and control traffic flow. 

A proximity sensor is a device that detects the presence or absence of objects 
within a specified area without physical contact. Proximity sensors are used 
in electronic devices, industrial applications, robotics, and automotive 
systems [30].  
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Types of proximity sensor:  

- Infrared (IR) Proximity Sensors  
- Ultrasonic Proximity Sensors 
- Capacitive Proximity Sensors 
- Inductive Proximity Sensors  
- Magnetic Proximity Sensors 

The infrared proximity sensors (IR) emit and detect infrared light to measure 
the distance to objects. When there is an object within the detection area, the 
emitted light is reflected to the sensor and triggers a reaction. Ultrasonic 
sensors emit high-frequency sound waves and measure the time it takes for 
the sound waves to hit an object and then reflect. Capacitive sensors are used 
to measure the change in capacitance caused by the presence or absence of an 
object. When an object enters the sensor's electric field, the capacitance 
changes, and the sensor detects proximity. The inductive sensors generate an 
electromagnetic field and detect changes in the field caused by the presence 
of conductive objects [30].  

The magnetic proximity sensors which is the sensor related to this thesis, use 
magnetic fields to detect the presence of ferrous objects. When an object 
enters a magnetic field, it disturbs the magnetic field and activates the sensor 
[30]. 

Hall effect sensors are used technology for detecting magnetic fields. It has 
various applications in various fields, such as automobiles, computers, 
industrial controls, and consumer electronics. The Hall effect is named after 
the physician Edwin Hall who discovered it in 1879. There are many reasons 
why Hall effect sensors are considered a good choice, including small size, 
low cost, and ease of use [7].  

When current flows through a Hall effect sensor, as shown in Figure 4, it 
flows between the device's VCC and ground pins. However, when an external 
magnetic field is applied, it interacts with the magnetic field of the flowing 
current. This causes the electrons flowing through the device to be deflected 
to one side, creating a charge imbalance across the chip that causes the current 
path to appear curved. This charge imbalance results in more electrons on one 
side of the sensor than the other, creating a potential difference across the 
sensor called the Hall voltage, Equation 1,   
Equation 1 Hall effect voltage 

𝑉! =
1
𝑒	𝑞		 . 𝐵𝐼𝑑 

Where B is the magnetic field strength, I is the current flowing through the 
material which is constant, d is the thickness of material, n is the density and 
e is the elementary charge.  
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The stronger the magnetic field, the more electrons are deflected within the 
Hall effect sensor, creating a larger potential voltage. This means that Hall-
effect sensors detect not only the presence of a magnetic field but also its 
magnitude[7]. 

 
Figure 2. Hall effect sensor with current flowing between the VCC and ground pins. [34] 

 

2.4 Optoisolator 

Isolators are essential parts of electronic circuits used in a variety of 
applications, including electrical isolation. Isolators electrically isolate 
various parts of a circuit to prevent electrical noise, ground loops, and other 
problems that can cause interference or damage [13]. 

There are various types of isolators used in electronic circuits, including 
optocouplers, digital isolators, and gate drive isolators. Optocouplers, also 
known as optoisolators, are commonly used in electronic circuits to provide 
isolation. 

When the optocoupler is powered, the LED emits infrared light, which is 
received by the receiving device. The photosensitive device then conducts 
current, causing it to flow through the output circuit. The light sensor stops 
conducting when the current through the LED is interrupted [9].  
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Figure 3. Schematic Diagram of an optocoupler. 

There are various types of optocouplers, such as photo-transistor, 
photodarlington, photo-SCR, photo-TRIAC, and high-speed optocouplers. 
Photo-transistors and photodarlingtons are used in DC circuits, while photo-
SCRs and photo-TRIACs are used in AC circuits [12][10]. 

Optocouplers have numerous applications in electronic circuits, including 
power supplies, motor control, and digital communications. They offer 
several advantages over other types of isolators, such as high isolation 
voltage, low coupling capacitance, and low power consumption [19]. 

2.5 Safe signal transfer 

TTL communication protocol, also known as transistor-transistor logic, is a 
type of digital signaling protocol widely used in early digital circuits and 
electronic devices before more advanced technology was introduced. It is a 
family of digital logic that uses bipolar junction transistors (BJTs) as the main 
building block for transmitting and receiving digital signals [20].   

However, one of the limitations of TTL communication is its range. Voltage 
drops along transmission lines limit the distance over which TTL signals can 
be reliably transmitted. TTL communication is suitable only for short-range 
applications such as the communication protocols that are used in 
microcontrollers, memory chips, and other digital logic circuits [21].  

Contact bounce is a phenomenon that occurs when a mechanical switch or 
relay is opened or closed. It is characterized by rapid, unintended fluctuations 
in the electrical contact due to the physical movement of the switch contacts.  

The contacts of a switch do not instantly make or break contact when it is 
turned on or off. Instead, they usually vibrate or bounce against each other for 
a short time before stabilizing. This bouncing action causes the contacts to 
quickly make, and break contact repeatedly, resulting in a series of transient 
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electrical signals. Contact bounce can cause several problems in electronic 
circuits, such as signal instability, recovery failure, and circuit damage [37]. 

 

2.6 AtmelSam3x8E 

The Arduino Due is a development board that is based on the Atmel 
SAM3X8E microcontroller. The SAM3X8E, Figure 4, is a 32-bit ARM 
Cortex-M3-based MCU that operates at up to 84 MHz and is designed for 
applications that require high-speed data processing and low-power 
consumption. It includes 512 KB of flash memory for program storage, as 
well as 96 KB of SRAM for data storage. The SAM3X8E also includes a 
range of peripherals, such as Ethernet, USB, CAN, and UART interfaces, 
which make it suitable for applications that require 
communication with other devices [25, 26].  

The Arduino Due board includes a variety of features and 
interfaces that make it easy to use the SAM3X8E 
microcontroller for developing and prototyping projects. 
The board includes a USB interface for programming and 
communication, Ethernet connectivity, and a range of other 
interfaces, such as SPI, I2C, and CAN, which allow the 
board to communicate with a wide range of sensors and 
other devices. Additionally, the board includes a microSD 
card slot and a 12-bit analog-to-digital converter (ADC) for 
data acquisition [25]. 

 

2.7 Arduino IDE 

The Arduino Integrated Development Environment (IDE) is an open-source 
software application that provides an interface for writing, compiling, and 
uploading code to Arduino microcontroller boards. It was created to simplify 
the process of programming and prototyping with Arduino boards and is 
widely used by makers, hobbyists, and professionals alike. The Arduino 
board has its programming language, a set of C and C++ programming 
languages [24, 28]. In addition to the Arduino IDE, several alternative 
programming environments are available for Arduino boards, including 
Visual Studio Code, Eclipse, and Platform IO. The e-environments offer 
additional features and customization options but may require more advanced 
knowledge and experience to use effectively [30]. The Arduino IDE is a 
powerful and user-friendly tool for developing projects with Arduino 
microcontroller boards. Its simplicity, versatility, and community support 
make it a popular choice for advanced users. 

 

Figure 4. ATSAM3X8E 



 

 9 

3 Materials and Methodology 

PCB design requires a systematic approach to ensure that the final product 
meets the required specifications. KiCad is a widely used program in PCB 
design and offers many features to make the design process go smoothly. The 
design process involves several steps: drawing the schematic, adding 
component footprints, drawing the board layout, and checking for errors using 
the Design Rule Checker. 3D viewer tools are very helpful in the design 
process, allowing designers to see the finished board and what it will look 
like in the real world. A well-designed circuit board is critical to ensuring that 
the final product performs as intended and meets the required quality 
standards. 

3.1 Equipment 

The thesis involves the use of various components for its successful 
implementation. The traffic light system consists of 51 LEDs representing the 
three colors of the traffic light. Seventeen sensors are used to detect vehicles 
on the road. However, each vehicle must have a magnet attached to its bottom 
for the sensor to detect it. Several resistors control the current flowing in the 
circuit. In addition, ribbon cables are used to connect the circuit to the FPGA 
or Embedded system. There are three resistors chosen in this thesis. The first 
one is the 180-ohm resistor, which is the resistor connected to the traffic light, 
to limit the current throw the led to 8 mA and to limit the current drawn from 
the FPGA.  

The resistor can be calculated by 𝑅 = "
#
 which is ohm’s law, in our case the 

voltage is 3.5 V(5 V-1.5 V) and the forward input current is 10 mA. 𝑅 =
$,&

'(×'(!"
= 350	Ω which is one of the resistors that are needed to complete the 

project.  

The last used resistor is a 1k ohm resistor that has been calculated using ohm’s 
law, 𝑅 = "

#
= $

$×'(!"
= 1𝑘	Ω.  

The main purpose of the sensors in the printed circuit board (PCB) is to detect 
the field generated by vehicles moving on the road. Traffic lights are known 
to work in two scenarios. The first scenario involves the green light being 
turned on for each way by timing the other ways in the same intersection. In 
the second scenario, if a vehicle arrives at a red traffic light when the other 
way is empty, the green light will be on, ignoring the timing. In this case, the 
sensors help identify the traffic situation differently. The Hall sensor A1101 
is chosen because it has a sufficient detection range to detect the field 
regardless of whether it is placed below or above the circuit. It can also detect 
even a small magnetic field, which is ideal for the limited space of the model 
[11].  
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To ensure that the inputs to which the sensors are connected are free of static 
electricity, a selective isolator is required for each sensor. Optocouplers have 
many advantages as a component for galvanically isolating logic circuits from 
the outside world. it is, for example, the absence of contact bounce, very fast 
changeover, and insensitivity to mechanical shocks and vibrations. The type 
of optocoupler selected depends on the isolation requirements required. High-
speed optocouplers with an output type of open-collector Schottky pinched 
transistor were selected among the various types of optocouplers available. 
The optocouplers used in this model are four-channel ACSL-6400-50TE and 
two-channel ACSL-6210-50RE. The optocouplers have a supply voltage of 
3.0V to 5.5V, which is suitable for both the Embedded system and FPGA 
board supply voltages. They also have proper output current which is 50 mA 
and proper common mode rejection. Another important feature of the fast 
isolator is that it is multi-channel, which saves more board space and makes 
the design process more manageable [14]. 

 

3.2 Designing of the printed circuit board, PCB  

After deciding which components to use, the next critical step is the printed 
circuit board (PCB) design. Several programs provide the functionality 
needed to design circuit boards such as KiCad and Cadence, but the program 
used in this thesis is KiCad. There are several steps in creating a circuit board:  

• Drawing the schematic design 
• Adding footprints 
• Running the electrical rules checks 
• Drawing the board layout 
• Drawing the board outline 
• Running the design rules check 

 

The first is drawing a schematic which forms the groundwork for the PCB. 
This involves several steps such as Adding wires to connect components and 
adding the required components to the schematic. 

Since components have different values, KiCad offers the possibility to add 
values to the symbols of the components. Due to the many resistors, 
optoisolators, and other components on the PCB, it is easier to label them with 
unique numbers, a process known as a schematic annotation. Before 
proceeding to draw the circuit board, it is important to add footprints for each 
component so that they can be printed on the board, see figure 5. 
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Figure 5.Footprint editor 

The final step in the schematic design process is to perform electrical rules 
checks to ensure there are no errors in the schematic. Once the schematic is 
designed, the next step is to draw the board layout. Updating the PCB from 
the schematic enables the retrieval of information about footprints and 
connections. This next step is similar to the previous schematic design step of 
placing components. The best placement of components is that the airlines do 
not cross. Connections between components are achieved by drawing tracks 
and replacing air lines with these tracks. 

The tracks can be drawn on the front or back of the board, but in this case, the 
choice was to draw on both sides. After finishing drawing the tracks, the 
outline of the board needs to be drawn. This is achieved by adding a polygon 
to the edge cuts layer. To ensure that no errors have been made in the design, 
the design rules check can be run. A useful tool during the design process is 
the 3D viewer. This will allow you to see the finished board and how it will 
look in reality. 

3.3 Soldering components 

After receiving the printed PCB, the next step involves ensuring proper track 
connections and verifying the accuracy of the printing process before 
commencing soldering. This verification process is carried out using a 
multimeter. Soldering of the components is done with utmost care, with the 
pin headers being the first components to be soldered. Following this, each 
pin is checked using the multimeter to ensure correct voltage and proper 
connection between the pin headers and the corresponding pins in the ribbon 
cable. The soldering plan begins with soldering an LED and its resistor, 
followed by testing its functionality by supplying voltage from an external 
power source. Next, a hall effect sensor is soldered along with an optocoupler 
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and connected resistors. This step aims to test each sensor independently from 
the others. The multimeter is also used during this step to measure voltages 
in different parts of the circuit and verify the proper functioning of the sensor 
and optocoupler. All the components are soldered sequentially according to 
the aforementioned plan. 

As for the soldering tools used, the utilized tools are the provided one by 
Halmstad University, namely the soldering station shown in Figure (6). This 
soldering station is adjustable, allowing for temperature regulation, which is 
displayed on a small screen.  

 
Figure 6 Soldering station. 

Additionally, the soldering station includes a soldering pen. The soldering 
process involves the use of various tools to ensure satisfactory results on the 
PCB. The soldering pen is equipped with a conical-shaped soldering tip, 
chosen for its ability to provide accuracy even in tight spaces and to minimize 
the risk of accidentally contacting other components on the PCB. 
Furthermore, tin solder was used to join the two metal surfaces together. 
Solder compositions may consist of various alloys, such as tin, silver, and 
copper. Other useful tools to have during soldering include a wiping sponge 
and magnifying lamp.  

 

3.4 Arduino and Arduino IDE  

The testing part of the PCB was achieved by using an Arduino Due. One of 
the key advantages of using the Arduino Due is the availability of a large 
community of users and developers who have created a wide range of 
libraries, examples, and resources for working with the board and the 
SAM3X8E microcontroller [25]. 
The combination of the Atmel SAM3X8E microcontroller and the Arduino 
Due board makes it a popular choice for a wide range of applications, 
including robotics, data logging, and Internet of Things (IoT) projects [27]. 
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Arduino IDE is used to program the Arduino Due, one of its features is the 
simplicity. It has a straightforward interface and is easy to use, even for 
beginners. The software also includes several built-in libraries that make it 
easy to interface with sensors, displays, and other components commonly 
used in Arduino projects. The Arduino community is very active and 
supportive [29]. 

 

3.5 Test 

3.5.1 Test of the material and method 

The purpose of conducting the tests is to ensure that the chosen components 
are working effectively, connecting seamlessly with each other and 
seamlessly connecting to the devices to which they are connected. 
Additionally, it is important to ensure that both the Embedded system and the 
FPGA can read the output data correctly. To assess the effectiveness of the 
chosen components, a simplified wiring is created using all the components 
and tested to ensure that they work as intended. A different optocoupler with 
the same functionality was selected for this test. 

Two tests were performed to evaluate the performance of the coupling and 
ensure a seamless connection with the Embedded system and the FPGA. The 
first test, shown in Figure 8, was run between the coupling and the Embedded 
system, and the second test, shown in Figure 11, was run between the test 
board and the FPGA.  

In Figure 7, the schematic illustrates the setup involving an A1101 Hall effect 
sensor, which has three pins. The first pin, labeled VCC, is connected to a 5-
volt pin on either the FPGA or Embedded system. The second pin, known as 
ground, is connected to the corresponding ground pin of the connected device. 
Finally, the last pin, referred to as the output, is linked to an optocoupler. 

The optocoupler is connected to a 330-ohm resistor and receives 5 volts from 
pin number 1. Additionally, it is connected to a 1000-ohm resistor and 3.3 
volts, directly linked to a GPIO pin on either the FPGA or Embedded system, 
specifically on pin number 5. A device connected to the test board reads data 
from pin number 5 of the optocoupler. Subsequently, the device sends a 
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command to the pin connected to a 180-ohm resistor and an LED.

 
Figure 7. The schematic design of the test that provided to sure the communication between the 
components we have and the other devices. U1 is the A1101 hall sensor, U2 is a 4-pin optoisolator 
that connects the hall sensor to the other devices. 

The figure 8 shows a test method in which a series of wires connects an 
Arduino Due containing a component and an Embedded system. This 
experiment is based on detecting the proximity of magnetic objects to the 
sensor. Running the Arduino code shown in Figure 10 configures the LED to 
automatically turn on when a magnetic object is near the sensor. 

 
Figure 8. The wiring between the components and the Arduino which has Embedded system. 

As a result, the testing showed that the components were effectively 
connected and working as expected. By measuring the input data for the 
Atmel process, it was observed that the voltage measured is 0.2 volts when a 
magnetic field is applied and 3.3 volts when there is no magnetic field. To 
determine the validity of these measured values, a comparison is made with 
the intervals specified in Figure 9, extracted from the Atmel process 
datasheet.

 
Figure 9. Input voltage for the Atmel process [34] 
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Below is the Arduino code for detecting magnetic. First, the code assigns two 
names, "sensPin" and "ledPin," to pin numbers 4 and 5, respectively. Then 
"pinMode" function is implemented that, specifies the pins as input or output. 
In this case, pin number 4 is specified as input and pin number 5 as output. 
During program execution, the "loop" function keeps reading reads the value 
of pin number 4 continuously. A value of 1 turns the LED on, and 0 keeps it 
off. 

 
Figure 10. Arduino code to test the method with the Embedded system. 

Figure 11 shows the connections between the circuit and the FPGA. The 
connection method is the same for Arduino and FPGA.  In both cases, 
the sensor works according to the same principle. The FPGA detects the 
presence of magnetic fields through sensors and sends commands to turn 
on the LEDs. On the other hand, if the sensor detects no magnetic field, the 
LED remains off.  

 

 

 

 

 

 

 

 

 

 

 
Figure 11. The coupling between the components and the 
FPGA 
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Through measuring of the input voltage of the FPGA, it has been observed 
that the voltage reading is 0.2 volts when a magnetic field is present, and 3.3 
volts when there is no magnetic field. To determine the accuracy of these 
measured values, a comparison must be made with the values specified in the 
FPGA datasheet. By referring to Figure 12 from the FPGA datasheet, we can 
establish that the measured values fall within the specified intervals.

 
Figure 12. The voltage data from the FPGA datasheet 

This validated that the Embedded system and FPGA could read the output 
data correctly and successfully integrated the coupling with the device. 

3.5.2 Test of the result  

The test of the result has been done by testing the idea of the traffic 
environment using an Arduino code.  In the beginning all the traffic lights are 
red then depends on the sensor the traffic light will light up red and yellow 
and then green. Then the sensor will detect the magnet each 5 milli second to 
check if there are any upcoming cars.  

 

 

 

 

 

 

 

 

 

 

  



 

 17 

 

4 Result 
The thesis is divided into a few tasks to achieve the purpose as explained 
above in the problem statement. Listing all the needed equipment to be able 
to draw the schematic design is the first step. The next step is drawing the 
board layout and then printing the PCB and finally testing it. 

 

4.1 The schematic design 

The equipment list has been decided before designing the schematic, and it is 
illustrated in the table below with the cost for each component. 
Tabell 1. The equipment list with the cost for each component 

Component name Cost for 10 pieces in SEK 
Hall effect sensor A1101 18,56  
Red LED KPT-2012EC 16,60  
Green LED KPT-2012CGCK 18,10  
Yellow LED KPT-2012YC 16,30 
180 Resistor MCWR08X1800FTL 0,359 
330 Resistor MCWR08X3300FTL 0,969  
1k Resistor MCWR06X1001FTL 0,164 
4-channel optocoupler ACSL-6400-50TE 701,44 
2-channel optocoupler ACSL-6210-50RE    390,37 
Pin header 30340-6002HB 12.64 
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The schematic design shows how the components are connected. We can see 
how the optocouplers are connected between the sensor and the FPGA, 
represented by the two 40 bins IDC connectors. Each one of the optocouplers 
(2,3,4 and 5) has been connected with four hall sensors which exist in the 
same traffic intersection. The optocoupler number  1 is connected with two 
hall sensors. The figure also shows 51 pieces of LED, where each one is 
connected to a resistor. 

 
Figure 13 The schematic design of the PCB  
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4.2 The Printed Circuit board  

The third task is achieved as shown in figure 14 which is printing the PCB. 
The outcome here is the printed board with consists of four traffic 
intersections labeled with unique street name. The figure shows the lab 
material that the students will be handed later from the university. 

 
Figure 14 The PCB 
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4.3 Testing of the result 

After completing the soldering of the components on the board, the next step 
involved testing the functionality of the PCB. This was accomplished by 
designing a state diagram to outline the execution of the test. The test has 
been done in two ways. The first one was by connecting the PCB to an Atmel 
process. The second way was by connecting it to a FPGA. An Arduino code 
(see Appendix 2) and a VHDL code (see Appendix 3) were written to 
implement the state machine illustrated in Figure 15. For the testing, a specific 
intersection on the PCB was chosen, consisting of two streets named 
"Idrottsgatan" and "Laholmsvägen" as shown in Figure 14.  

The state machine described below has two inputs, referred to as "sensors," 
and six outputs, referred to as "traffic lights." It is structured in this manner 
because the two opposite traffic lights and sensors operate synchronously. 
The state machine encompasses eight distinct states. The initial state, denoted 
as "S0," is when all the traffic lights at the intersection are red. This state 
persists until one of the sensors detects a magnet, indicating a logic 0 input. 

The first state, "S1," occurs when either the left or right street sensor detects 
a magnet, while the other sensor(s) either do not detect anything or have also 
detected a magnet. In this case, the traffic lights for the left and right streets 
switch to red-yellow, while the remaining lights remain red. 

The second state, "S2," involves the transition from yellow-red to green, 
allowing cars to pass, while the red lights remain illuminated until the other 
sensors detect a magnet. 

The third state, "S3," occurs when the LR lights turn yellow due to an FB 
value of 0, indicating a detection in that area. The subsequent states follow 
the same principle. 

 

 




