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Abstract: 

Over a past few years, technology is constructing the way humans live. With the rapid growth 

towards Internet of Things (IOT) and other connected services, companies are investigating 

the ways to enhance current living conditions. There are several devices that are launched in 

the market to help people to increase flexibility and most of all, to see beyond what is 

possible. It is helping us reinforce ourselves in our day to day activities. Even in sports, thanks 

to the latest technological developments, most people’s lives have been enhanced and 

simplified. Advances in technology has a huge impact on sports which includes- analysis of 

sport performance, improvements in design of sports equipment and facilitate coaches to 

provide feedback on players’ performance. Sports equipment continually undergoing 

research and development to improve sporting performance ensuring a superior game and 

positive results.  

Significant technology such as smart gear is popular among athletes to analyse their 

performance. The equipment usually includes sensors controlled by microcontrollers. The 

main contribution of this thesis is to investigate the possibilities of a suitable sports 

equipment to detect and calculate speed of a fast-moving object and providing the drawbacks 

while using different sensors.  

In this thesis, IR/Laser sensors, along with a Doppler radar module were tested to put forward 

a best suitable method to calculate the speed of a fast-moving object and transmit the data 

over a network. 

 

 

 

 

 

 

 

 

 

 

 



Summary of results: 

In the initial stages, Ultrasonic sensors were used to detect a fast-moving object, but 

ultrasonic sensors were not efficient enough to detect such a fat moving object. Later 

assumption was experiment with Doppler radar and laser sensors to calculate the velocity 

and detection of the puck. Two algorithms were tested for Doppler radar and the accuracy 

was up-to 80% with some added noise. The equipment was tested at the tennis academy with 

their speed measuring devices. The accuracy of the laser sensors was very high when 

compared with ultrasonic sensors. The laser sensors used to detect the puck, there would be 

a laser beam between receiver and transmitter, so whenever the beam breaks the puck gets 

detected. The final prototype was set in such a way that the beams were at a known distance 

apart and the time difference between two beam breaks would give the speed of the puck. 

The accuracy was up-to 100% when laser sensors were used instead of Doppler. IR sensors 

with the same concept of beam break were tested, they had an 100% accuracy but for a 

limited distance.  

Keywords: Arduino, Laser/IR sensor, Doppler radar, ESP module. 
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CHAPTER 1 - INTRODUCTION  

1.1 Motivation: 

Sport has always required hard work and talent, but a few things have changed over the last 

century- From the way people watch the sport, to the way people participate in the sport. 

The fundamental reason is the impact of technology. Technology in sports is a man-made 

need to enhance the performance in sports and to make it accessible for all. Technology is 

accelerating and INTERNET of things (IoT) could be the next big thing. IoT is a system of 

interconnected devices that has the ability to transfer data over a network without involving 

human or computer interaction.  

In recent times, IoT has entered the sports industry to enhance the performance, health, 

fitness, accessibility and spectatorship. Devices connected through IoT track the data such as 

heart rate, pulse count and transmit the data for analysis. Some of the examples of IoT devices 

in sports industry are Sony’s Smart Tennis Sensor, Adidas miCoach Smart ball. These devices 

help players to track the data and enhance their performance. 

The inspiration for this thesis is to craft something that enhances people’s daily life, create 

something that augments human experience.  

1.2 Related works: 

Arduino is an open-source prototyping platform that combines hardware and software to 

construct a project. Arduino Uno is a type of micro controller, [1] and a micro controller can 

be thought of a very scale down computer, which contains components such as a processor, 

small amounts of memory for storing simple programs and various input output pins that 

produce an electrical current as a result of instructions in the program. The pins on an Arduino 

are here to interface with physical components such as LED’s, speakers, sensors, motors and 

so much more.  

The literature,[1] provides complete details about the micro controller and the software 

needed to program the Arduino. In [2], the paper focus on connecting Low-cost infrared 

sensors to an Arduino. The primary target was to use these infrared sensors for measuring 

distance. The concept was to use multiple infrared sensors, simultaneously in order to 

eliminate the blind zone of infrared range finder. This paper combines a short range and a 

long range infrared sensor to detect an obstacle and measure its distance. In [3], it advances 

to a step ahead where infrared sensors are used to determine the shape of the obstacle. 



Multiple IR sensors and a stepper motor along with Arduino software and Matlab are used 

for this prototype.   

This gave a brief introduction about Arduino, Infrared sensors and their unlimited 

applications. The next paper [4], revolves around the concept of alarm system based on Laser 

Fence and wireless communication. Laser beams are installed as perimeter based fencing and 

whenever intruder crossed the perimeter the alarm information is transmitted via Zigbee 

network. The above papers [2], [3] centre on Infrared based detection, whereas [4] consider 

laser sensor for detection. So, IR and Laser sensors are the two most commonly used for 

detecting objects. There are other sensors such as ultrasonic or PIR but there are not efficient 

enough to detect a fast-moving object.  

In next literature paper [5], a microwave motion sensor was used in order to find out the 

velocity and speed of vehicle. The output signal of the microwave sensor is a low-level voltage 

whose frequency whose frequency represents the speed of the vehicle moving towards or 

away from the sensor. The microwave sensor had a 80% accuracy while measuring the speed 

and length of vehicles. The functionality of the sensor while measuring the speed of small 

objects is still unknown.  

So, all these sensors are used in different applications and have certain limitations. The 

microwave sensor or the Doppler Radar is the main sensor used for ball tracking and several 

other applications. A recent start-up in Lund, Sweden works on similar kinds of ball tracking 

using Doppler Radar but their system is only limited to determining the speed of the ball and 

has no other strings attached to it. The current market has digital sensors, but they are not 

connected, there is a need for these sensors to be connected and a smarter way to distribute 

data. 

1.3 Main contribution of the thesis: 

Video cameras are the primary tools that coaches employ in the modern era of sports 

coaching. With the captured video the analysis is being done in accordance to the 

requirements. It is the video capture mechanism through which they calculate the speed of 

the ball in sports like cricket or football and it is restricted to the big ones. Alternatively in this 

thesis a suitable low cost method is being suggested such that it is accessible to a common 

person. The main idea revolves around using sensors to calculate the velocity and detection 

of an object, and a trade-off is obtained over the performance of different sensors with 

distance and noise as parameters. The obtained data is transmitted over a wireless network.  



The structure of the thesis is organised as follows. After conveying the motivation and related 

works in Chapter 1, the Chapter 2 deals with the fundamentals of the micro controller 

(Arduino in this case), IR/LASER sensors and Doppler RADAR, along with the Arduino software 

(IDE). Chapter 3 deals with architecture and design of the above-mentioned sensors, ESP - 

8266 WIFI module that was used to transmit the data and a block diagram indicating the 

individual blocks connected together. Chapter 4 deals with the implementation part of the 

thesis with a detailed explanation of the algorithms with the corresponding flowcharts. 

Chapter 5 deals with the results and conclusions. The performance of different sensors is 

shown graphically and the drawbacks are explained. Chapter 6 related to the future work.  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 2 - FUNDAMENTALS 

2.1 Arduino: 

 

Figure 2.1.1 - Arduino Board[1] 

Arduino Uno [1] is a microcontroller board which uses ATmega328P. It has 14 digital pins 

which can be used as both input and output. Out of these 14 pins, 6 pins can be used to obtain 

PWM outputs. There are also 6 pins which can be used for analog inputs. It can be powered 

either through a USB connection or through a power jack. It supports micro-controller as it 

has everything like a 16Mhz quartz crystal, an ICSP header, reset button etc. Arduino software 

(IDE) is required in order to configure an Arduino.  Connect the Arduino via USB cable to the 

computer and initialize Arduino software. When the code is written to the Arduino, then it 

can be powered through AC-to-DC adapter or a battery. whenever a code is being uploaded 

to the Arduino, the LEDs present on the Arduino blinks indicating that the code is being 

uploaded. The Arduino also supports various components which has different power rating 

as it has two power supplies, 5V and 3.3V. Once a code is uploaded onto the Arduino, then it 

will never be erased until it is overwritten or reset button is pressed. 

Arduino Software: 

The Arduino Integrated Development Environment - or Arduino Software (IDE)[1] - contains 

a text editor for writing code, a message area, a text console, a tool-bar with buttons for 

common functions and a series of menus. It connects to the Arduino and Genuino hardware 

to upload programs and communicate with them.  

Programs written using Arduino Software (IDE) are called sketches. These sketches are 

written in the text editor and are saved with the file extension .ino. The editor has features 

for cutting/pasting and for searching/replacing text. The message area gives feedback while 



saving and exporting and also displays errors. The console displays text output by the Arduino 

Software (IDE), including complete error messages and other information.  

There are two important tool bar buttons- Verify and upload. Verify checks for the code for 

errors while compiling it. Upload compiles the code and uploads it to Arduino board. The 

Arduino Software (IDE) uses the concept of a sketchbook: a standard place to store your 

programs (or sketches). The sketches in your sketchbook can be opened from the File > 

Sketchbook menu or from the Open button on the toolbar. The first time you run the Arduino 

software, it will automatically create a directory for your sketchbook. You can view or change 

the location of the sketchbook location from with the Preferences dialog.  

2.2 IR LED Emitter/LASER and IR LED Receiver: 

Figure 2.2.1 - An LED 

IR LED emits infrared light, means it emits light in the infrared region. Usually IR emitters and 

transmitters are used to perform action remotely. The best example for IR transmitters and 

receivers are television remotes. The IR LED emitter is high reliable and high radiant intense 

diode. It has peak wavelength of 940nm. It has low forward voltage therefore making it highly 

flexible to be use any power supply. It consumes 20mA current and 3V power. The beam 

emitted by the LED scatters, making it easy to use in real time applications. The IR range and 

light emitting angle depends upon the manufacturer. The IR LED receiver operates around the 

same wavelength as that of the IR LED emitter thus enabling it to receive the beam emitted 

by the emitter. 

Figure 2.2.2 - A LASER  



The LASER operates on the wavelength of 650nm which is highly directional. The laser diode 

has an output of 5mW and they can be driven from 2.8V to 5.2V. Laser diodes are usually used 

for Laser harps, trip wires, laser-vision guidance and many more. The IR LED receiver can also 

be used to get the beam from the LASER, but they have to aligned in straight line so as to 

apply the concept of beam breaking. 

Performance: The performance of LASER sensors is better than IR sensors. The distance is a 

limit in IR sensors but LASER sensors can operate at a better distance. LASERS are heavily 

directional in nature, whereas IR sensors are a bit flexible.  

Benefits and downsides: IR/LASER sensors have ability to be applied for larger areas. There 

sensors are very accurate and can operate in real time. The sensors are in expensive and easy 

to install. The advantage is that they can receive light that is irradiated by both living and non-

living objects. Although infrared sensors have many advantages, there are several 

disadvantages. If the distance between the transmitter and receiver is more then, there might 

be a delay in detection. The sensors are not robust.  

2.3 Doppler RADAR: 

The microwave sensor used is a HB100 X-Band Mono-static DRO Doppler transceiver 

operating at 10.525 GHz and a low power radio device (LPRD). According to motion sensor 

application note [6], the module consists of Dielectric Resonator Oscillator (DRO), microwave 

mixer and patch antenna.  

                                        

                                        Figure 2.3.1 Block diagram of Doppler radar[6] 

This module is powered by a +5V low duty cycle pulsed trains so as to limit the consumed 

power. Sample & Hold circuit at the IF output is needed for its pulse operation. 



As in paper [5], the microwave detector of four main blocks. Microwave sensor, signal 

processing, Microcontroller and algorithm implementation. In microwave sensor, oscillator 

produces wave in X-Band, patch antenna aims at the object and the mixer compares the 

created and reflected wave. The module to be mounted with the antenna patches facing to 

the desired detection zone. The user may vary the orientation of the module to get the best  

                                         Figure 2.3.2 Amplifier circuit (CW operation)[6] 

coverage. The Doppler came with a pre-existing amplifier circuit from the manufacturer and 

ready to connect to Arduino[6].  

Doppler shift output from IF terminal when movement is detected. The magnitude of the 

Doppler Shift is proportional to reflection of transmitted energy and is in the range of 

microvolts (μV). A high gain low frequency amplifier is usually connected to the IF terminal in 

order to amplify the Doppler shift to a processable level Frequency of Doppler shift is 

proportional to velocity of motion. Typical human walking generates Doppler shift below 100 

Hz. 

The Received Signal Strength (RSS) is the voltage measured of the Doppler shift at the IF 

output. The RSS figure specified in the technical data sheet is level of a 25 Hz Doppler shift, 

generated from the modulated microwave signal received at the received antenna, the 

received microwave signal is attenuated to 93 dB below the transmit microwave signal from 

the transmit antenna of the same unit. The 93dB loss is the total losses combining two ways 



free space loss (82.4 dB for 30 meters at 10.525 GHz), reflection less and absorption loss of 

the target, as well as other losses. 

This RSS figure can be view as an approximation of the output signal strength for a human at 

15 meters away walking straight to the module at 1.28 km/hour. Reflection of a human body 

is varied with the size of the body, clothing, apparels and other environmental factors; RSS 

measured for two human bodies may vary by 50%. 

                                        Figure 2.3.3 Amplified Doppler Radar HB100[6] 

The Doppler radar HB100 mainly consists of 4 pins. VCC, ground, Fout, Vout.              

Fout is proportional to the object speed and Vout is proportional to the reflected RF signal. 

VCC needs to be connected to the power supply from 3.3 V to 5 V and GND to the ground 

connection. 

Performance: The performance of the Doppler radar depends on the amplification circuit or 

the signal processing unit of the Doppler radar. The radar is very sensitive and can be 

interfered by human movement as well. The radar HB100 came with a existing amplification 

circuit, so there are certain limitations while using in radar. The performance of the Doppler 

radar is satisfactory and can determine the speed of the object accurately. 

Benefits and downsides: The change in the Doppler shift frequency can used to determine 

the velocity of the object. The advantage of combining Doppler processing to pulse radars is 

to provide accurate velocity information. There are several disadvantages while using Doppler 

radar. The operating frequency of Doppler radar is 10.525 GHz and the radar attract all the 

nearby frequencies. The Doppler radar would observe the radiations emitted through USB 

ports, the human movement around that area and these radiations are added as noise to the 

Doppler radar. This is the biggest disadvantage of using a Doppler radar.  

 



CHAPTER 3 - ARCHITECTURE AND DESIGN 

3.1 Installation of IR/LASER Sensor: 

 

Figure 3.1.1 - Schematic of setup of Arduino with LED and IR receiver 

The Arduino is connected to the LED sensor through digital pin. The IR receiver is connected 

to the analog pin of the Arduino. The Arduino supplies a voltage of 5V but the IR receiver’s 

maximum peak current is about 80mA. To meet this requirement a 100k ohm resistor is 

connected in series with the IR receiver. So the current to the IR receiver is  

                                         I= 
𝑉

𝑅
 = 

5

100∗1000
 = 0.05mA. 

The LED sensor and IR receiver has two pins. The anode pin is connected to the ground and 

cathode is connected to a digital pin of Arduino. The anode of the LED sensor is connected to 

cathode of the IR receiver and the anode of the IR receiver is connected to the analog pin of 

the Arduino. The 5V power supply from the Arduino is first given to the 100k ohm resistor and 

the resistor is connected to the anode of the IR receiver. The same connections are made for 

another pair of LED and IR receiver. When the code is uploaded to the Arduino, the LED starts 

emitting and the IR receiver starts receiving. The values from the analog pin of the Arduino 

tells the extent of rays received by the IR receiver. Whenever an object passes through any of 

these pair of sensors, the value falls below the value 1 which signifies that the beam from the 

emitter is broken by some interference and the beam did not reach the receiver. 

The setup for LASER is same as the LED but the LASER follows a unique phenomenon known 

as Total Internal Reflection (TIR). According to this phenomenon, the light gets reflected back 



from a transparent medium when the light is incident more than certain angle known as 

critical angle (өc).   

                                         Өc = 𝑠𝑖𝑛−1(
𝑅𝑒𝑓𝑟𝑎𝑐𝑡𝑖𝑣𝑒𝐼𝑛𝑑𝑒𝑥𝑜𝑓𝑚𝑒𝑑𝑖𝑢𝑚2

𝑅𝑒𝑓𝑟𝑎𝑐𝑡𝑖𝑣𝑒𝐼𝑛𝑑𝑒𝑥𝑜𝑓𝑚𝑒𝑑𝑖𝑢𝑚1
) 

So, two glass plates are put along the sensors so reflect the beam. The refractive index of 

medium 1 (glass) is 1.52 and that of medium 1 (air) is 2. So the critical angle would be 41.1o. 

So instead keeping two LASERs like LED, we can put only one, reflect the beam and receive at 

the other end. The below figure explains the setup. 

 

Figure 3.1.2 - Schematic of setup with LASER  

 

3.2 Installation of Doppler RADAR: 

The below block diagram shows the circuit installation of the Doppler RADAR HB100. 



Figure 3.2.1 - Schematic of circuit installation of Doppler radar HB100 

The output of the signal processing block of a microwave sensor is square wave. In this an 

Arduino Uno is the microcontroller used to process the output from the Doppler radar. 

Arduino performs the task of calculation the frequency and displaying the speed of the fast 

moving object.  

There are 4 pins in the Doppler RADAR i.e.  Vcc, ground, Fout and Vout. Vcc is connected to 

the 5V pin on the Arduino, Ground pin is connected the ground and Fout pin on the radar is 

connected to the digital pin 5 on the Arduino. Digital pin 5 processes the output frequency 

from the Doppler RADAR. Vout does not require any connection. This is the basic circuit 

installation of HB100 Doppler RADAR to the Arduino microcontroller. When Arduino is 

powered up the Doppler RADAR is powered up and transmits frequency continuously. The 

reflected frequency is fed into the Arduino.  

The Doppler frequency is given by the equation in reference paper [5]: 

                                   Fd= 2v (
𝐹𝑟𝑒𝑞𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑

𝐶
) cosα 

Where,  

          Fd is the Doppler frequency 

          v is the Velocity of the target (m/sec) 

          Freq transmitted is the Transmit frequency 

          c is the Speed of light (3x108m/sec) 

          And α is the Angle between the target moving direction and the axis of the module 

When the target is moving straight towards or away from the Doppler RADAR the equation is 

modified as follows: 

Fd= 19.49*v (v is the velocity in km/hour) or 31.36*v (v is the velocity in mile per hour) 

Therefore, v = Fd x 0.051 km/ hour or Fd x 0.031 mile/hour 

The formula is implemented in the code of Arduino to find out the velocity of the moving 

target.  

 

 

 

 

 



3.3 Installation of ESP - 8266 WIFI module: 

 

Figure 3.3.1 - Schematic of ESP - 8266 WIFI module installation  

The ESP module has 8 pins. The receiver pin of the ESP module is connected to transmitter 

pin of the Arduino and the transmitter pin of the ESP module is connected to the receiver pin 

of the Arduino. The voltage rating of the ESP module is 3.3V so the Vcc of the ESP module is 

connected to the 3.3V supply of the Arduino. The ground pin of the Arduino is connected to 

the ground of the ESP. The ESP module has its own list of “AT” commands to configure itself. 

These commands can be given from the code itself. When the code is uploaded from the 

Arduino, the ESP module resets and enters WIFI mode and creates a temporary WIFI. The ESP 

has its own IP address so that any data can be displayed over the Internet when this IP address 

is accessed but before that the wireless network generated by the ESP should be accessed. 

The ESP communicates with the Arduino only when this webpage is accessed, otherwise the 

ESP waits until it gets any information of accessing the webpage.  

 

 

 

 

 

 

 

 

 



3.4 Assimilation of components to Arduino: 

Figure 3.4.1 - Layout of components to be connected to Arduino Uno 

System performance of Arduino with IR/LASER sensors: 

Even though IR and LASER sensors function on the same principle of beam break, there is a 

huge difference between the functionality of the two sensors. Primary aspect being the 

distance between transmitter and receiver, usually more the distance between transmitter 

and receiver better the implementation.  

Distance parameter: 

IR: 15cms 

LASER: 30cms or even more 

IR can operate until 25cms i.e. 25cms of distance between transmitter and receiver, the 

disadvantage being the speed of the object. If the speed of the object is more then IR sensors 

fail to detect the object. So, until 15cms IR would work without any delay. Distance is a major 

drawback in IR sensors, if we want to detect a fact moving object.  

Whereas, LASER sensors can detect a fast-moving object at better accuracy even when the 

distance between transmitter and receiver is more than 30cms. The system with LASER 

sensors and Arduino is always advisable for better detection of the object.  

There are certain disadvantages with the LASER sensors, the sensitivity of directionality 

between transmitter and receiver is high. So, they should be aligned in high accuracy.  

 



System performance of Arduino with Doppler radar: 

The Doppler radar with Arduino was tested with a pre-existing speed tracking devices in the 

market. The speed calculation was based on the averaging frequencies of the approaching 

object.  In several iterations, the performance of the Doppler radar was measured with speed 

tracking device, the accuracy of the system was near to 100%. But occasionally Doppler Radar 

absorbs frequencies from the surroundings. It absorbs frequencies from laptop powered 

Arduino.  

But when Doppler radar is connected along with LED/LASER sensors, the performance of the 

Doppler Radar drops to 80%, as Radar absorbs frequencies from the sensors affecting the 

entire performance of the system. To filter these frequencies, the signal processing unit 

installed in the radar should be changed in accordance to the filtering parameters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 4 - IMPLEMENTATION 

4.1 Algorithm for IR/LASER sensors: 

Step 1: Initialise the parameters and assign pins to the parameters. 

Step 2: Declare the input/output pins and set the baud rate. 

Step 3: Calculate the threshold value for first pair sensors by going another sub           

             function in the program. 

Step 4: Set i=0  

Step 5: Check whether i<5. 

Step 6: If yes, then read the value in the analog pin and store it in an array.  

             If no, go to step 8. 

Step 7: Increase value of i by 1 and go back to step 5. 

Step 8: Average the values stored in the array to get threshold value. 

Step 9: If threshold value less than 1, then print “HIT” otherwise print “MISS”. 

Step 10: Calculate the threshold value for second pair of sensors by going to same sub-

function in the program. 

Step 11: Set i=0  

Step 12: Check whether i<5. 

Step 13: If yes, then read the value in the analog pin and store it in an array.  

             If no, go to step 8. 

Step 14: Increase value of i by 1 and go back to step 5. 

Step 15: Average the values stored in the array to get threshold value. 

Step 16: If threshold value less than 1, then print “HIT” otherwise print “MISS”. 

Step 17: Go to step 3. 

  



                             Figure 4.1.1 - Flow Chart for IR/LASER implementation 

Benefits: LED/LASER sensors had better performance than the Doppler radar in detecting the 

object and calculating the speed of the object. IR sensors had a limitation of distance but 

accuracy was same for both the sensors. Simple system to setup and easy to easy to use.  



4.2 Algorithm for first Doppler RADAR: 

Step 1: Initialise parameters and assign pins to the parameters. 

Step 2: Declare input/output pins and set the baud rate. 

Step 3: Disable all the interrupts and start the timers. 

Step 4: Take the value from the timers when object is detected and store it in  

             variable ‘freq’. 

Step 5: If freq is not equal to zero, then multiply with 62 to get Doppler shift  

             frequency. 

Step 6: Multiply it again with 0.0325 to the speed in mph. 

Step 7:  Display the frequency and speed. 

Step 8: Make the value of variable ‘freq’ equal to zero and go to step 3. 

Figure 4.2.1 - Flow Chart for implementation of Doppler RADAR first algorithm 

4.3 Algorithm for second Doppler RADAR: 

Step 1: Include header files, initialise parameters and assign pins to them. 



Step 2: Declare the input/output pins and set the baud rate. 

Step 3: Check whether frequency readings are available. If yes, go to step 4. If  

             no, go to step 20. 

Step 4: Add the frequency reading to the variable ‘sum’. 

Step 5: Increment value of count by 1. 

Step 6: Check whether the value of count is greater than 30. If yes, go to step  

              7. If no, go to step 3. 

Step 7: Average the all the readings by dividing ‘sum’ with ‘count’. 

Step 8: Multiply with 0.051 to obtain speed in Kmh. 

Step 9: Check whether the value of variable ‘c’ is not 11. If  yes, go to step 10. If  

             No, go to step 12. 

Step 10 : Store the value in an array and increment ‘c’ by 1. 

Step 11: Check whether c is 11. If yes, increase the value of variable ‘x’ by 1 and  

               go to step 12. If no, go to step 12. 

Step 12: Check whether the value of ‘c’ is 11. If yes, go to step 13. If no, go to  

               Step 20. 

Step 13:  Check whether the value of ‘x’ is 1. If yes, make the value of ‘i’ zero  

                and go to step 14. 

Step 14: Check whether i<10, if yes go to step 15. If no, go to step 20. 

Step 15: Check whether i is not equal to 9. If yes, go to step 16. If no, make ‘c’  

                and ‘x’ zero and go to 20. 

Step 16: Check the value stored in the array at that value of ‘i’ is less than 2. If  

                yes, go to step 17. If no, go to step 14. 

Step 17: Check whether ‘c’ is not equal to zero. If yes, go to step 18. If no, go to Step 14; 



 

                        Figure 4.3.1 - Flow Chart for Doppler RADAR second algorithm 



Step 18: Add all the four consecutive values in the array from that value of ‘i’.  

Step 19: Make ‘c’=0, i=i+1 and go to step 14. 

Step 20: Make ‘count’=0, ‘sum’=0 and go to step 3. 

Benefits of Doppler system: 

Unlike LASER sensors there is no transmitter receiver combination in Doppler. The 

frequencies of the approaching object are directly fed into the Radar. Alignment is not an 

issue in Doppler, as the object can be approaching or leaving in the case of Doppler. Doppler 

is sensitive to frequencies and is the unwanted frequencies can be filtered out then Doppler 

can be a good option for calculating the speed of fast moving object. Setting up Doppler radar 

is a bit complex but if done properly this can be accurate up to 100%. 

4.4 Algorithm for Complete System: 

Step 1: Include header files, initialise parameters and assign pins to the parameters. 

Step 2: Declare input/output pins, set the baud rate, reset the ESP and turn on  

              the WIFI mode. 

Step 3: Check whether frequency readings are available. If yes, go to step 4. If  

             no, go to step 20. 

Step 4: Add the frequency reading to the variable ‘sum’. 

Step 5: Increment value of count by 1. 

Step 6: Check whether the value of count is greater than 30. If yes, go to step  

              7. If no, go to step 3. 

Step 7: Average the all the readings by dividing ‘sum’ with ‘count’. 

Step 8: Multiply with 0.051 to obtain speed in kmh. 

Step 9: Check whether the value of variable ‘c’ is not 11. If  yes, go to step 10. If  

             No, go to step 12. 

Step 10 : Store the value in an array and increment ‘c’ by 1. 

Step 11: Check whether c is 11. If yes, increase the value of variable ‘x’ by 1 and  

               go to step 12. If no, go to step 12. 

Step 12: Check whether the value of ‘c’ is 11. If yes, go to step 13. If no, go to  

               Step 20. 

Step 13:  Check whether the value of ‘x’ is 1. If yes, make the value of ‘i’ zero  

                and go to step 14. 

Step 14: Check whether i<10, if yes go to step 15. If no, go to step 20. 



Step 15: Check whether i is not equal to 9. If yes, go to step 16. If no, make ‘c’  

                and ‘x’ zero and go to 20. 

Step 16: Check the value stored in the array at that value of ‘i’ is less than 2. If  

                yes, go to step 17. If no, go to step 14. 

Step 17: Check whether ‘c’ is not equal to zero. If yes, go to step 18. If no, go to  

                Step 14. 

Step 18: Add all the four consecutive values in the array from that value of ‘i’.  

Step 19: Make ‘c’=0 , i=i+1 and go to step 14. 

Step 20: Make ‘count’=0, ‘sum’=0 and go to step 21 

Step 21: Calculate the threshold value for first pair sensors by going another  

                sub-function in the program. 

Step 22: Set i=0  

Step 23: Check whether i<5. 

Step 24: If yes, then read the value in the analog pin and store it in an array.  

             If no, go to step 8. 

Step 25: Increase value of i by 1 and go back to step 5. 

Step 26: Average the values stored in the array to get threshold value. 

Step 27: Check whether i!=200. If yes, store threshold value in array and  

                increase value of ‘i’ by 1. If no, go to 34.  

Step 28: Calculate the threshold value for second pair of sensors by going to  

                same sub-function in the program. 

Step 29: Set i=0  

Step 30: Check whether i<5. 

Step 31: If yes, then read the value in the analog pin and store it in an array.  

                If no, go to step 8. 

Step 32: Increase value of i by 1 and go back to step 5. 

Step 33: Average the values stored in the array to get threshold value. 

Step 34: Check whether j!=200. If yes, store threshold value in second array  

                and increase value of ‘j’ by 1. If no, go to 35. 

Step 35: Check whether both ‘i’ and ‘j’ are equal to 200. If yes, go to step 36. If  

                no, go to step 21. 

Step 36: Make the variables ‘steep’ and ‘k’ equal to zero. 



Step 37: Check whether ‘k’ is less than 200. If yes, go to step 38. If no, go to 

                step 40. 

Step 38: Check the any of the values stored in both of the arrays is less than 1.  

               If yes, increase ‘steep’ by 1 and go to step 39. If no, go to step  39. 

Step 39: Increase ‘k’  by 1 and go to step 37. 

Step 40:  Check whether ESP request is available. If yes, go to step 41. If no,  

                 wait till request available and go to step 40. 

Step 41: Check whether “+IPD” is found. If yes, go to step 42. If no, go to step  

               40. 

Step 42: Make ‘ii’ equal to zero and introduce a delay of 100 microseconds. 

Step 43: Read the connection id and subtract 48 from it. 

Step 44: Check whether ‘steep’ is not equal to 0. If yes, go to step 45. If no, go  

                to step 56. 

Step 45: Insert “HIT” into string cipSend, add the connection id, its length and  

              pass it to the function in the program along with the timeout. 

Step 46: Send the read character to the ESP and assign ‘time’=millis(). 

Step 47: Check whether ‘time+timeout’ is greater than millis(). If yes, go to step  

               48. If no, go to 49. 

Step 48: Check whether ESP is available. If yes, read next character and go to       

               step 49. If no, go to step 49. 

Step 49: Check whether debug is true. If yes, display the response on serial  

                Monitor and go to step 50. If no, go to step 50. 

Step 50: Pass the command to close the connection to the string     

               ‘closeCommand’ to the function along with timeout. 

Step 51: Send the read character to the ESP and assign ‘time’=millis(). 

Step 52: Check whether ‘time+timeout’ is greater than millis(). If yes, go to step  

               53. If no, go to 54. 

Step 53: Check whether ESP is available. If yes, read next character and go to       

               step 54. If no, go to step 54. 

Step 54: Check whether debug is true. If yes, display the response on serial  

                monitor and go to step 55. If no, go to step 55. 

Step 55: Make the values ‘i’, ‘j’, ‘steep’ equal to zero and increase value of ‘ii’  



                by 1. 

Step 56: Insert “HIT” into string cipSend, add the connection id, its length and  

              pass it to the function in the program along with the timeout. 

Step 57: Send the read character to the ESP and assign ‘time’=millis(). 

Step 58: Check whether ‘time+timeout’ is greater than millis(). If yes, go to step  

               59. If no, go to 60. 

Step 59: Check whether ESP is available. If yes, read next character and go to       

               step 60. If no, go to step 60. 

Step 60: Check whether debug is true. If yes, display the response on serial  

                Monitor and go to step 61. If no, go to step 61. 

Step 61: Pass the command to close the connection to the string     

               ‘closeCommand’ to the function along with timeout. 

Step 62: Send the read character to the ESP and assign ‘time’=millis(). 

Step 63: Check whether ‘time+timeout’ is greater than millis(). If yes, go to step  

               64. If no, go to 65. 

Step 64: Check whether ESP is available. If yes, read next character and go to       

               step 65. If no, go to step 65. 

Step 65: Check whether debug is true. If yes, display the response on serial  

                Monitor and go to step 66. If no, go to step 66. 

Step 66: Make the values ‘i’, ‘j’, ‘steep’ equal to zero and increase value of ‘ii’  

                by 1. 

Step 67: Go to step 21. 

Benefits and Disadvantages: 

The major difference between Doppler setup and LASER setup is: 

In LASER sensors, the object must pass through the beams to calculate the speed, but in 

Doppler the object should be approaching or leaving the Doppler. Absorbing the surrounding 

frequencies is a big disadvantage in the case Doppler radar and accuracy of alignment 

between transmitter and receiver is a disadvantage in the case of LASER sensors. Each system 

has its own advantages and disadvantages so it entirely depends on the purpose of 

implementation.   

 

 



CHAPTER 5 - RESULTS AND CONCLUSION 

5.1 Performance comparison between IR/Laser sensor: 

 

Figure 5.1.1 - Graph for Performance of LED Implementation 

 

Figure 5.1.2 - Graph for Performance of LASER Implementation 

From figure 5.1.1, it is observed that the threshold value decreases as the distance between 

the IR LED emitter and receiver is increased. The decrease is high initially but becomes less 

when the distance is increased. The threshold value falls to 5 at distance of 18cm. 

Also, from figure 5.1.2, it is observed that the threshold does not decrease as the distance 

between the LASER and IR LED receiver is increased. The threshold value remains almost 

constant up to 26cm.  



5.2 Performance comparison between Doppler algorithms: 

 

Figure 5.2.1 - Graph showing Performance of Doppler’s first algorithm  

 

Figure 5.2.2 - Graph showing Performance of Doppler’s second algorithm 

From the figure 5.2.1, it is observed that the when there is no object approaching the Doppler, 

there are lot of noise around 100 Hz. This is due to the noise from the surroundings as the 

Doppler’s range is very wide. The result shown in figure 5.2.1 is from the Doppler’s first 

algorithm. 



From the figure 5.2.2, it is observed that noise is present but less compared to the figure 5.2.1. 

The result shown in figure 5.2.2 is from the Doppler’s second algorithm which assumes that 

the speed is sum of the frequencies of the approaching object. 

5.3 Performance of the prototype: 

Figure 5.3.1 - Bar graph showing the Performance of the Prototype  

When all the components i.e. LASER, Doppler and ESP are combined and tested, it is observed 

that 80% of the time the ESP responds and the rest of the code is executed giving us our 

desired results. 

5.4 Drawbacks: 

One of the main drawbacks is the functioning of the ESP module. If the prototype is used for 

long time, the ESP module heats up and stops responding. Second drawback is that when 

Doppler radar is used, it tends to take all surrounding noise’s frequency apart from the object 

approaching it. Third drawback is the alignment of the sensors. If the sensors are not aligned, 

then the prototype cannot detect the object passing and always indicates that object has 

passed even though it did not. 

 

 

 

 

 

 



CHAPTER 6 - FUTURE WORK 

The prototype made can be used in various sports applications. A Bluetooth module can be 

used instead of ESP module, thus removing the problem responding of ESP. To remove the 

drawback of Doppler, we can design a separate band pass filter to allow only certain 

frequencies. The LASER sensors can be put in straight line with the help of rigid mechanical 

structures and use shock absorbent materials to avoid the disturbance to the LASER sensors 

when the prototype is hit by the fast-moving object.  
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  Appendix: 

                            Figure 4.4.1 - Flow Chart for System Algorithm 


