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Introduction
The internet of things (IoT) is an ever expanding industry and more and more real-world objects are getting connecting to the IoT with an aim of collecting data. With different objects such as lightbulbs, switches, motion sensors and many more the internet of things is still only very early stages. 
Within this report an investigation on “how can cities leverage the benefits of digitalization to relieve stress on overstretched services and resources?” will be undertaken with a focus on how this can be achieved through road safety solutions.
The second part of the report is the design and implementation using Arduino equipment, the simulation should also reflect some aspect of what was discussed. 
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Within this section of the report an investigation on “how can cities leverage the benefits of digitalization to relieve stress on overstretched services and resources?” will be undertaken with a focus on how this can be achieved through road safety solutions. For this three different types of sensors with an explanation on why the sensor would be useful for the monitoring task will be looked at.
With the population constantly increasing and the roads getting busier by the day it is important to optimize the road to relieve stress on the already overstretched services and resources. With the correct implementation of IoT technology risks, crashes, accidents will all be reduced
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When thinking how to make the roads safer the first main point which needs to be looked at is mobility. With almost every person interacting with some sort of road daily, whether its crossing the road, catching a bus or driving to work, its important that the roads are managed effectively.
IoT is already being used to try and help keep the roads safer, some of these ways includes 
· Vehicle Maintenance [1]
· Improved Circulation [1]
· Navigation [1]
· State of the Roads [1]
The way IoT is used with vehicle maintenance is that all connected cars are notified if there is something wrong with the car “vehicles that are wirelessly connected to the platform will automatically be notified if there is a problem and directed to the nearest service station” [2]. This will reduce the number of cars which break down on the road, this in turn then reduces the risks of any accidents, improves the flow of traffic and means that no cars on the road are a dangerous.
Another way which road safety could be used are smart traffic management systems and smart traffic lights. A smart traffic management “is a system where centrally-controlled traffic signals and sensors regulate the flow of traffic through the city in response to demand” [3]. This will help reduce congestion and help keep traffic moving smoothly, it will also reduce pollution as cars will not need to stop and start constantly in traffic which is very inefficient. Lastly, this makes the roads safer as all roads will be running more smoothly reducing the risk of any crashes.
Furthermore, another way that IoT can be used are road sensors these can be used to “provide real-time data from roads to help divert the flow of traffic away from areas of hazard” [4]. This can help reduce accidents and help keep the roads safer as road users will be directed to the safest roads.
A company called Fusion Processing [5] creates various devices to help smart cities. They have various products such as “TrafficTrak” this device is used to detect motorcyclists and cyclists and warns other road users, this helps reduce any accidents as other road users will be able to judge their environment a lot more easily. They also have devices such as “CycleEye” this is used on buses and trucks to alert drivers when there is a cyclist along side the vehicle, this is extremely useful in cities and congested roads. These technologies all run off the idea of IoT and all use various sensors to work. These devices are all very useful in reducing any accidents from occurring, this then reduces services and resources and helps keep the roads clearer.
The next technology which is going to be talked about is solar roadways, these are solar panels which can be walked and driven upon. These panels “have microprocessors, which makes them intelligent” [6]. The solar panels road has many advantages including clean energy generation, LED lights for lines and signage, remain snow/ ice free, modular for faster maintenance and many more. These will help keep the roads safer in many different ways the LED lighting will help road users see the markings during night time or low visibility. With the roads also remaining ice free this will make it safer during icy weather. All these help reduce the risk of any accidents which might occur.
The next technology which is going to be looked at are collision avoidance sensors, these are used to reduce the occurrence of accidents. These sensor are integrated within the vehicle and allows the driver to gain access to blind spot detection, forward collision warning system, lane departure warning system, parking assistance are a few ways which it can be used [7]. There is a massive focus on this technology with “global collision avoidance sensors market is expected to grow from USD 3.8 billion in 2018 to USD ~15 billion by 2025” [7]. This shows that this technology is really important and can help reduce all kinds of accidents weather is parking a car to switching lanes on a motorway.
The next technology which is going to be talked about is smart street lights, smart lighting is being used to “add more control and efficiency to our lighting network while harnessing the power of real time data to improve both lighting and safety throughout the city” [8]. This means that a lighting network could be used for a whole number of things some of these including movement detection which allows monitoring of “footfall and traffic flow” [8]. This information can then be used to help direct traffic to less congested roads and help navigation on their route. Along with this the lighting is also fitted with air pollution sensors and will also be more energy efficient reducing the carbon footprint of the street lights.
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With self-driving car being one of the biggest industry for IoT with the to be expected to grow to “US $65.3 billion by the end of forecast period (2016-2027)” [9].  Firstly, a self-driving as the name suggests is a car which can drive automatically without the need of any human interaction. This is done through the use of various sensors some of these include “radar, lidar, sonar, GPS, odometry and inertial measurement units” [10]. Using the information from these sensors a control system can then decide navigation paths as well as deal with any obstacles which may arise. 
With “Driver fatigue being a serious problem resulting in many thousands of road accidents each year” [11], self-driving cars completely eradicates the risk of driver fatigue as robots do not feel driver fatigue. 
Also, self-driving cars takes the risk of human error as the robot will be driving the car automatically. This will reduce the amount of accidents which will occur as human error makes up 94% of all accidents on the road [12].
This can then be expanded to other industries such as taxi service, bus service and lorry driving are just a few example of where self-driving vehicles can be used. Back in 2015 the “world's first self-driving truck has taken itself for a test drive” [13]. This then means that long distance truck drives can be done automatically without the need of a driver this means that the trucks will be able to get to their location faster (this is because robots do not need breaks like humans and can continue to run all night long). Also, with the car doing all the driving there will be no need for any driver to be present this will then save money to the companies as they do not need to pay wages for robots.	Comment by John Rees: Perhaps more accurate to say that the use of robots transfers ongoing costs into capital costs.  No-one is going to get robotic technology for free.













[bookmark: _Toc27167372]Sensors
The three sensors which have be chosen are: ultrasonic, light and vehicle speed sensor.
Ultrasonic sensor – The first sensor which is going to be used is an ultrasonic sensor, this will be put within cars and will alert the driver if the driver is getting to close to objects.  This can include another car, truck, cyclist or any other road users. This would reduce the risk of crashes as the driver would know when they are getting to close to another road users. Another way this sensor could be used is that when another object gets to close then the vehicle will automatically brake with the driver having to press the break. This reduces the risk of human error as human error causes 94 percent of car accidents [12]. 
The second sensor which is going to be used is a light sensor, this will be used to check the light levels of the environment. After the light levels drop below a certain level then the car lights will automatically turn on. They will also automatically turn back off when light level come back up. This can be over run just in case of low visibility during the day or even in bright street during night-time where the car light should be kept on for example. This will reduce electricity usage as the lights will turn off when there not needed automatically as people often forget to turn their lights off. Also, if a person forgets to turn their lights on at night time then they have a much grater chance of crashing. This reduces that risk as the light will automatically turn on at night time.
The last sensor which is going to be looked at is the vehicle speed sensor, this is used to sense how fast a car is traveling. The reason why this has been chosen is because people often speed unintentionally and if they are warned that they are traveling to fast then I makes them aware that they are speeding. Also, if drivers are driving through a residential area or near a school for example and they are speed it warns the driver that there is a school nearby and they are speeding. This information can also be taken out of the car after an accident to see if they were speeding and if it was their fault. For example if a car is going round a roundabout at 30 MPH and it crashes then the driver is in the wrong (this is because 30MPH is to fast to round a roundabout) and the driver can be given the correct consequences or could even show that they were no in the wrong.
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Within this section of the report an implementation will be done corresponding to some of the points discussed within the first section of the report. These include the sensors which were chosen which were ultrasonic, light and humidity. Using the available Arduino equipment, sensors and actuators, a design for a typical IoT monitoring system will be created along with the actual creation of the system.
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In this section of the report, an simulation of one of the issues discussed earlier in the report will be designed. The simulation which is going to be created involves automatic breaking using a ultrasonic sensor. This will be done through the use of Elegoo Smart Robot, which is a car kit where a car can be created. A few requirements which the simulation should include are:
· The robot will be able to connect to Bluetooth
· The robot will be controlled through an app (move forward, move back etc)
· When the robot gets within a certain range of a wall or object it will stop and move directions automatically.
· When the robot stops it should be able to observe its surroundings to find the best path to take.

Implementation
For the implementation as said in the section above an Elegoo Smart Robot kit was used, this contained car parts which had to be put together to create the car, after this had been put together the next problem was how to get the robot to move. This was done through Arduino.
At the start the robot would just move forward and would stop when it hit the wall and would then change its direction after deciding which the best route is. However it did have any Bluetooth capabilities, this is where the Elegoo tool app was used. This allowed the robot to connect to a phone and was able to control the movements of the robot. This then allowed the robot to move forward, turn right, turn left, move backwards and stop in its current location.
Through various testing everything was working correctly, the car successfully stopped when there was an obstacle in front of it and would correctly look both ways to see which was the best direction to head in. It would also, successfully connect through Bluetooth and could be controlled through Bluetooth while still keep the functionality of automatic stopping.
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The simulation which was designed and implemented simulated automatic breaking within vehicles. The simulation was a success all requirements which had been set were achieved, and everything was working correctly. This included:
· The robot was able to connect to Bluetooth.
· The robot was controllable through the use of the phone app.
· The robot stopped when it came to close to any obstacles.
· The robot would observe its surroundings to find the best path to take after it had stopped due to an obstacle.
Even though everything was working there were however some obstacles which had to be overcome. The first being that the Bluetooth was working and the robot stopping was working but the problem was implementing them together instead of two separate programs. It took a very long time to implement them together but after they were implemented together it all worked correctly.
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Even though the simulation was a success there are still some future improvements which can be made to improve the simulation, some of these improvements include:
· The ultrasonic sensor which was used is not a very high quality sensor, a higher quality sensor would mean that the braking would be more accurate and system can be tested to a higher standard.
· The simulation can be set up in a real world car, The logical next step for the simulation is to set the system up within a real car. This will be to further the simulation so it can then be used in real world cars. 
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