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Abstract
The ever-increasing need for technology has shown no sight of slowing down as it expands into everyday objects within everyday life. The Internet of Things (IoT) “is the concept of connecting any device (so long as it has an on/off switch) to the Internet and to other connected devices” [1]. The Internet of Things has gradually improved over the years since its introduction when it was first coined in 1999 by Kevin Ashton. Businesses that use the IoT technologies has increased from 13 percent in 2014 to 25 percent within today’s world. The worldwide number of IoT connected devices is predicted to expand to over 43 billion by 2023 [2]. The subsequent report will investigate a key topic in consideration to the Internet of Things. The report will also document the design and implementation stage in which a solution will be produced in reflection to the investigation that was previously conducted within the initial task. 
Introduction
The purpose of this report is to investigate and produce documentation into one significant aspect of the Internet of Things. Furthermore, the report will also highlight a practical development of a demonstrator based on the research conducted in the initial task. The tasks provide an insight into the intelligence of the IoT, along with providing a detailed understanding of the topic area with appropriate evidence to support. 
Task 1: “How can cities leverage the benefits of digitalization to relieve stress on overstretched services and resources?”
This section of the report requires an investigation into “how can cities leverage the benefits of digitalization to relieve stress on overstretched services and resources”. This question will be investigated through the topic of smart road safety solutions. Three different types of sensors will be discussed in relation to road safety with a brief explanation into why they would be useful for the monitoring task. 
Over the years cities all around the world have struggled to cope with the rise in population. The growth in population contributes to an increase in demand on services and resources. More and more city councils and governments are looking to surpass the way they operate their cities and are striving to find innovative ways of dealing with the issues they face. These issues consist of such things as noise pollution, climate change and the ever-increasing traffic on the roads. This report will highlight and concentrate on road safety and how digitalization can help combat safety on the roads within cities around the world. 
What is Digitalization?
Digitalization is the process of converting information into a digital format. In practice, it is a process that allows for the creation of a digital twin of the physical working environment. The digital twin is made for the purpose of improving design, engineering and automation processes and is also capable of end-to-end reporting and analytics. 
Digitalization refers to “enabling, improving and transforming operations, functions, models, processes and activities by leveraging digital technologies and a broader use of context of digitized data, turned into actionable, knowledge, with a specific benefit in mind” [3]. The industry involving vehicles is a perfect example of how digitalization operates. Developers would manufacture new prototype vehicles then begin the testing stage. The testing stage would more than likely end in a crash, it is only then are the developers able to analyze what had worked well and what had gone wrong (in the case of a real-life incident). The succeeding prototype will go through a similar process and this would be repeated until the errors have been corrected. Digitalization reduces the time, resources, risks and is ultimately more efficient as it simulates with accuracy.  
When applying digitalization to cities, it can not only improve efficiency by reducing waste of time and the resources required, but it will also improve a city’s productivity, its growth and economic activities. A perfect example of digitalization put into practice can be seen within Finland’s capital city of Helsinki. Helsinki adopted smart city technology and modelling early on when it initially launched in 2014 [4]. Helsinki launched its 3D+ project to create a three-dimensional representation of the city. The projects aim was to focus on improving the city’s services as well as provide data for further smart city development. The city will be able to deliver its green agenda through the focus on sustainable consumption of natural resources and healthy environment thanks to the data and analytics being available through the 3D model. Due to the success of Helsinki’s smart city development, many other cities around the world are considering implementing digitalization in order to reap the rewards and leverage the benefits of digitalization. 
Smart Road Safety Solutions 
Road safety is of paramount importance regarding cities and the way they choose to operate. City councils and governors are constantly being pushed and are struggling to maintain their stance on road safety within their cities. The increase in population means more and more people are driving vehicles on the road. Cities are also a hub for many major outlets such as stores and offices meaning more people are traveling to city centers to shop and work, not to mention the amount of people already living in these cities with an estimate of “72% of the European Union” residing within them in their respected countries [5]. 
On a daily basis, city resources and services are being maximized and overstretched to accommodate the proceedings of day-to-day life. Emergency services are on constant alert with their resources also being stretched. In May of 2017, it was reported in England that an average of 27.3 thousand emergency telephone calls were presented to the switchboard per day [6]. That totals to an average of 846,000 calls in the month of May of that year alone. Despite this being a country wide statistic and not just a city statistic it still demonstrates the amount of stress that is being demanded. Cities all over the world are seeing this affect where they are stretched and unable to cater accordingly because of the demand. Digitalization has been proven to reduce this stress that is overly being demanded. Using digitalization for road safety will prove to be a success, as it will improve efficiency and reduce the stress on services and resources throughout the city. 




There are many concerns when it comes to road safety within a city:
· Traffic Congestion – this is a major concern within cities, not only for the stress aimed towards people who are stuck in them but for the environment as they let off excessive CO2 gas emissions.
· Head-on collisions – this consists of the front ends of two vehicles hitting one another. Unfortunetly it is a common sight and thus emergency services are being rushed out. 
· Run-off road crashes – this is when a vehicle collides with a stationery object such as a sign or a lamppost. Emergency services will be called, and resources spent on rebuilding the area damaged. 
· Intersection crashes – this consists of when a vehicle hits another when on an intersection. Again, another common sight where emergency services are required.
· Vulnerable road users – Cyclists and pedestrians are among the most vulnerable of all road-users and are “involved in as many as 50% of collisions on Britain’s most dangerous roads” [7].
These are just a few main issues regarding road safety within a city. Cities all over the world face these issues daily and are required to combat them with minimal services and resources due to them being overstretched. It is reported that cities around the world are likely to “spend up to $41 trillion in smart city tech” by 2020 [8]. In order to implement a smart city, the Internet of Things (IoT) must be integrated. Every piece of technology introduced to a smart city must have the ability to communicate with one another, this will benefit as city leaders will be able to use the data to improve the city. 
The Smart City Council was quoted in saying “Smart City uses information and communications technology (ICT) to enhance its livability, workability and sustainability. It collects information about itself using sensors, devices or other systems, and sends the data to an analytics system to understand what’s happening now and what’s likely to happen next” [9]. This is a form of how cities can use IoT into solving challenges that cities face. There are some cities that are already combating their issues by using IoT. Vehicle-to-vehicle (V2V) technology is when one vehicle can communicate to another nearby vehicle. It is the core of autonomous driving technology, it is when sensors can detect what is going on all around the vehicle and in addition it can share the data with other vehicles on the road. Vehicle-to-infrastructure (V2I) technology is very similar to the previous feature, however the vehicle can send and receive information. In V2I, the infrastructure can include physical things such as traffic signals and weather alerts.
Digitalization can be used on the identified road safety concerns above in order to reduce the already overstretched services and resources as well as improve efficiency throughout the city. The identified safety concerns are significant to city leaders and thus why digitalization can be used to help reduce the risk to the people within the city and also the services and resources at hand. 



Adaptive Traffic Signals  
Traffic lights are getting smarter through the previous discussed V2I technology. Cities are gathering data from vehicles in order to improve the timing of traffic signals. The data will transmit a better idea of traffic flow with precise timing of how long a vehicle idles at a red light, the city can then modify the signal timing with the changes in traffic throughout the day meaning less congestion. 
V2I Smart Corridors
Smart corridors can address traffic congestion as well as hazardous areas throughout the city. By using the V2I technology, safety-related weather and accident alerts are conveyed to drivers. This project is being currently tested in one of Americas busiest cities, to do this they have introduced 75 short-range communications units along the highway that will communicate with the other units and the vehicles that have devices installed [10]. Experts predict that it will have a significant effect on the city with resources and services being reduced due to less accidents and less stress on the closure of roads. 
Autonomous Vehicle Technology and Car Sensors
Self-driving vehicles would benefit in a smart city as it would reduce the amount of accidents and driver-caused traffic, they are also likely to reduce congestion. If road users converted to autonomous technology, vehicles would be able to speed up, slow down and merge onto dual-carriageways and motorways without human direction. Platooning is an example of autonomous vehicle technology, it is when vehicles on roads communicate with each other about the speed and conditions, allowing vehicles to travel consistently. It would in theory eliminate human error and reduce the amount of accidents on the road. Connected cars will incorporate a large number of sensors that establish communication with the cloud, other vehicles and devices. These sensors provide data and information that improves road safety. The sensors on the cars can also display such information as fluid levels, state of the car battery and real time information on pressure and temperature of the tires. These sensors can therefore prevent accidents. 
Tracking Pedestrian Traffic
Las Vegas, a city in Nevada of America has introduced V2I technology not only to track the vehicles traveling through an intersection but also the number of pedestrians crossing on their streets. The city will be able to acknowledge the high or low number of pedestrians and thus reroute the traffic. The city is also able to delay traffic lights in case of a pedestrian crossing the road after the light had changed. 
Digital Twin
By creating a digital twin of the city, the city leaders can provide timely maintenance for the networks of bridges, roads and motorways that will not disrupt the city. Whereas before city leaders would rush out to fix infrastructures and cause more issues than solve them. By using digitalization and creating a twin city, the city leaders can see and plan to resolve the bridges, potholes and unwanted congestion. Smart cement is also a remedy used (cement equipped with sensors) as it can monitor the structural status of roads and alert if any problems arise. 
The Proposed Three Sensors
After conducting a great deal of research on smart road safety solutions, it is important to use sensors and implement them in the correct manner. The sensors that have been identified as integral to the progression of smart road safety are:
· Ultrasonic Sensor – This sensor uses sonar to determine the distance that it is from an object. 
· Light Sensor – This sensor is used to detect light. 
· Rain Detection Sensor – This sensor is a rain sensor, it is used for the detection of water as well as multiple different other weather monitoring. 
Ultrasonic Sensor
The ultrasonic sensor would be used to determine if there is an object in the way of the proceeding vehicle. If and when an object does present itself in front of the traveling vehicle, then the vehicle will stop and proceed to move in a different direction to avoid the object. This could also class as automatic braking system as the car will automatically travel in a direction before stopping if there is an object in the way. This sensor would reduce accidents on the road if functioned accordingly as it could sense the presence of another vehicle in front or pedestrians.
Light Sensor
The light sensor would be useful as it would display external lights on a vehicle when the sensor detects if it is light or dark when in transit. Numerous drivers on the road forget to turn on or off their headlights when traveling. This could cause traveling on the roads to be unsafe and can lead to accidents as other drivers can be affected. The light sensor function is to determine if it is light or dark when in transit. If light out, then the vehicle would turn off the lights and if dark then the sensor would turn on the lights. This issue’s the vehicles traveling to be noticeable to other and in theory reduce incidents on the road. 
Rain Detection Sensor
This sensor would be used to detect water on the vehicle. When the board is wet then the resistance increases, and the output voltage decreases. When the board is dry then the resistance is lower, and the output voltage is higher. The vehicle would be able to detect if it has begun to rain outside and automatically turn on the windscreen wipers and match the volume of precipitation accordingly. The heavier the rain the faster the wipers would work, this is vital when on a fast road such as a motorway as the conditions tend to worsen. The driver of the vehicle would not lose concentration and will be focused on the drive ahead, allowing the roads to be safer in the process.  





Task 2: Implementation and Demonstration of an Aspect of the Topic Researched
This section of the report is dedicated to the design, implementation and/or simulation to the smart solution issue discussed in Task 1. 
Design and Implementation 
After carefully researching the issue presented in task 1, development on an Arduino built Automatic RC Car had begun to demonstrate the aspects discussed in task 1. ‘Approach 2’ was used in the progression of this task meaning the car was built using the Arduino equipment, sensors and actuators available. The car performed wirelessly, with Bluetooth being an additional function available. The car was a perfect example to use in order to demonstrate the issues on road safety with the car also including the sensors that were discussed in task 1. The requirements of the project were:
· The car must move in a given direction.
· The car must stop if an object is in the way.
· The car must change directions simultaneously and choose the best path to take (e.g if there is an object closer on the left go right and vice versa). 
· The car must include Bluetooth functionality, with the user able to change directions and stop the car.  
The car was built from ground up with the components being screwed in with the correct screws and nuts to keep the car stable when in motion. The car uses a cell box (lithium battery) to operate. The L298N, line tracking and Bluetooth modules were used within the car with the UNO R3 board and IO expansion board also being implemented. Cables were used to connect the modules to the boards. The ultrasonic sensor module was one of the sensors discussed in task 1. It was implemented into the car to enable it to automatically drive and avoid object it senses. It functioned as an automatic car in the way it proceeded to travel in a given direction. The car would automatically brake and change its direction in order to avoid objects. The Bluetooth module also enabled for a simulation to be conducted via wireless connection. The car was enabled to move in a given direction based on the user of the device controlling it. 
When the car was complete the testing stage begun. The car performed as expected, with the car being able to automatically move until an object presented itself in the way and the car proceeded to stop with its brakes and change directions from the object and revert its path. Placing objects in the path of the car gave the outcome of a successful test. The car also chose the best alternative route from the object and changed directions simultaneously with ease and precision. The user of the Bluetooth device also had the capability to change and stop the cars direction. In turn, this meant for a successful outcome to the RC Car with all the appropriate testing being a success. The car correctly drove automatically with no issues being presented. 



Conclusion 
The report proved to be a success with substantial amount of research being conducted into digitalization, internet of things (IoT), smart cities, sensors and smart road safety. The report highlights and documents the use of IoT and its involvement into smart road safety, however can more be done to combat road safety with the use of digitalization? The future of all major cities is to advance into becoming a smart city with the benefits outweighing the negatives. More needs to be done into ensuring a safe transition into becoming a smart city, otherwise services and resources will continue to be overstretched and potentially fatal accidents continue unless this transition is understood and made within the near future. 
Appendix
//    The direction of the car's movement
//  ENA   ENB   IN1   IN2   IN3   IN4   Description  
//  HIGH  HIGH  HIGH  LOW   LOW   HIGH  Car is runing forward
//  HIGH  HIGH  LOW   HIGH  HIGH  LOW   Car is runing back
//  HIGH  HIGH  LOW   HIGH  LOW   HIGH  Car is turning left
//  HIGH  HIGH  HIGH  LOW   HIGH  LOW   Car is turning right
//  HIGH  HIGH  LOW   LOW   LOW   LOW   Car is stoped
//  HIGH  HIGH  HIGH  HIGH  HIGH  HIGH  Car is stoped
//  LOW   LOW   N/A   N/A   N/A   N/A   Car is stoped
 //ENA – Enable A, connected to Arduino pin 5.
//ENB – Enable B, connected to Arduino pin 6.
//IN1 – Input 1, connected to Arduino pin 7.
//IN2 – Input 2, connected to Arduino pin 8.
//IN3 – Input 3, connected to Arduino pin 9.
//IN4 – Input 1, connected to Arduino pin 11.

#include <Servo.h>  //servo library
Servo myservo;      // create servo object to control servo
int pos = 0;    // variable to store the servo position
int Echo = A4;  
int Trig = A5; 
int normDelay = 300;
//define L298n module IO Pin
#define ENA 5
#define ENB 6
#define IN1 7
#define IN2 8
#define IN3 9
#define IN4 11
#define carSpeed 250

int rightDistance = 0, leftDistance = 0, middleDistance = 0;
char getstr;
int quit = 0; //quit

void GoForward(){ 
  analogWrite(ENA, carSpeed); //speed
  analogWrite(ENB, carSpeed); //speed
  digitalWrite(IN1, HIGH); //set IN1 high level
  digitalWrite(IN2, LOW); //set IN2 low level
  digitalWrite(IN3, LOW); //set IN3 low level
  digitalWrite(IN4, HIGH); //set IN4 high level
  Serial.println("Forward"); //send message to serial monitor
}
void GoBack() {
  analogWrite(ENA, carSpeed); //speed
  analogWrite(ENB, carSpeed); //speed
  digitalWrite(IN1, LOW); //Back left
  digitalWrite(IN2, HIGH); //Front left
  digitalWrite(IN3, HIGH); //Front right
  digitalWrite(IN4, LOW); //Back right
  Serial.println("Back"); //send message to serial monitor
}
void GoLeft() {
  analogWrite(ENA, carSpeed); //speed
  analogWrite(ENB, carSpeed); //speed
  digitalWrite(IN1, LOW);
  digitalWrite(IN2, HIGH);
  digitalWrite(IN3, LOW); //Left wheels back
  digitalWrite(IN4, HIGH); //Right wheels forward
  Serial.println("Left"); //send message to serial monitor
}
void GoRight() {
  analogWrite(ENA, carSpeed); //speed
  analogWrite(ENB, carSpeed); //speed
  digitalWrite(IN1, HIGH);
  digitalWrite(IN2, LOW);
  digitalWrite(IN3, HIGH);
  digitalWrite(IN4, LOW);
  Serial.println("Right"); //send message to serial monitor
}
void stopCar() {
  digitalWrite(ENA,LOW);
  digitalWrite(ENB,LOW);
  digitalWrite(IN1,LOW);
  digitalWrite(IN2,LOW);
  digitalWrite(IN3,LOW);
  digitalWrite(IN4,LOW);
  Serial.println("Stop"); //send message to serial monitor
}
//Ultrasonic distance measurement Sub function
int Distance_test() {
  digitalWrite(Trig, LOW);   
  delayMicroseconds(2);
  digitalWrite(Trig, HIGH);  
  delayMicroseconds(20);
  digitalWrite(Trig, LOW);   
  float Fdistance = pulseIn(Echo, HIGH);  
  Fdistance= Fdistance / 58;       
  return (int)Fdistance;
}  
void setup() { 
  myservo.attach(3,700,2400);  // attach servo on pin 3 to servo object
  Serial.begin(9600);     
  pinMode(Echo, INPUT);    
  pinMode(Trig, OUTPUT);  
  pinMode(IN1, OUTPUT);
  pinMode(IN2, OUTPUT);
  pinMode(IN3, OUTPUT);
  pinMode(IN4, OUTPUT);
  pinMode(ENA, OUTPUT);
  pinMode(ENB, OUTPUT);
  analogWrite(ENA, 255);
  analogWrite(ENB, 255);
  stopCar();


} 
int LookRight()
{
    myservo.write(10);              // tell servo to go to position in variable 'pos'
    delay(100);                       // waits 15ms for the servo to reach the position
}
int LookCenter()
{
    myservo.write(90);              // tell servo to go to position in variable 'pos'
    delay(100);                       // waits 15ms for the servo to reach the position
}
int LookLeft()
{
    myservo.write(180);              // tell servo to go to position in variable 'pos'
    delay(100);                       // waits 15ms for the servo to reach the position
}
void loop() { 
    getstr = Serial.read();
    Serial.print(getstr);
    if(getstr == 'f') 
    {
      while (quit == 0)
      {
        myservo.write(90);  //set servo position according to scaled value
        delay(normDelay); 
        middleDistance = Distance_test();
        if(middleDistance <= 40) 
        {              
          stopCar();
          delay(normDelay);                         
          myservo.write(10);          
          delay(normDelay);      
          rightDistance = Distance_test();
          delay(normDelay);
          LookCenter();              
          delay(normDelay);                                                  
          LookLeft();           
          delay(normDelay); 
          leftDistance = Distance_test();
          delay(100);
          myservo.write(90);              
          delay(100);
          if(rightDistance > leftDistance) 
          {
            GoRight();
            delay(normDelay); 
          }
          else if(rightDistance < leftDistance) 
          {
            GoLeft();
            delay(normDelay);
          }
          else if((rightDistance <= 40) || (leftDistance <= 40)) 
          {
            GoBack();
            delay(normDelay);
          }
          else 
          {
            GoForward();
          }
        }  
        else 
        {
          GoForward();
        } 
         getstr = Serial.read();
         Serial.print(getstr);    
         if(getstr == 's') 
         {
            quit = 1;                  
         }
      }
  } 
  if(getstr == 's') 
  {
    stopCar();  
    quit = 0;                
  }
  if(getstr == 'b') 
  {
    GoBack();
    quit = 0;  
  } 
  if(getstr == 'l') 
  {
    GoLeft();
    quit = 0;  
  } 
  if(getstr == 'r') 
  {
    GoRight();
    quit = 0;  
  }
}
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