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[bookmark: _Toc27778506]Introduction 
This assignment will investigate smart road safety solutions. In order to investigate a solution a clear issue must be addressed. This first section will analyse what is the problem on the roads and what is coursing it.  
[bookmark: _Toc27778507]Problem formulation 

The official global Status report documenting road safety in 2018, states that the number of annual road traffic deaths have reached 1.35 million. This is now the biggest killer of people aged between 5-29 years old. The ones most of risk are pedestrians, cyclists and motorcyclists that live in developing countries. These facts make it clear that the road system needs to change. The report has written ‘Drastic action is needed to put these measures in place to meet any future global target that might be set and save lives.’ [1] 
Road congestion is a frustrating part of the daily commute. Whether a person is a thirty minuet drive away from their works or an hour’s drive, if they are driving through a city, it is almost a certainty that they will hit traffic. Traffic congestion isn’t just annoying, it has much worst repercussions than to the amidite drivers. An article called the effects of traffic conditions by USA Today stated that congested traffic results in, ‘increases in journey times, fuel consumption, other operating costs and environmental pollution, as compared with an uninterrupted traffic flow.’ [2]
 A book called ‘Traffic congestion: the problem and how to deal with it.’ Stated that traffic congestion, ‘contributes to the amount of emissions released by the vehicles. These emissions create air pollution and are related to global warming.’ This book later goes on to talk about the dangers of chronic traffic congestion in relation to emergency vehicles. Life or death for some could be dependent on whether the roads are congested or not. Free flowing traffic allows lifesaving emergency vehicles through with no issues. [3]
[image: Image result for Traffic][4]

[bookmark: _Toc27778508]London Streets Performance Report 2016/2017 (the latest report that is available for the public)
The London Streets Performance Report 2016/2017. Details the statistics and charts of London’s congestive issues and the accident rates. In the table below it can be seen that the traffic speeds in central London on the major roads over 12-hour average (between 7am-7pm) weekday over the course of four years has been between 7-9 mph most resent recordings show the traffic moving on average at 6/7mph. [5]
Table 1 Average Traffic Speeds in Central London [5]
[image: ]
The table below visualises the injury’s and casualty’s that happened on the Transport for London Road Network. Provisional data for Q4 (September till November) 2016/17 indicates that there were 216 KSI casualties on London’s roads. That’s 216 cases in 3 months, bering in mind this is is the least amount of injury’s and casualty’s in the past two years. The previous year about 500 incidents where reported for that quarter. [5]
Table 2 London Road Injury's and Fatality’s [5]
[image: ]
These statistics shows that the roads in London are conjected, and unsafe due to the high numbers of reported injury’s and casualties. London is one of many large city’s through out the world with issues surrounding their road networks. 

[bookmark: _Toc27778509]Smart Road Safety Solutions
Now that the problems have been identified, smart road solutions can be investigated. A smart road is an expression for a network of road technology’s which work together to create a live detailed data base of what is happening on the roads. 
[bookmark: _Toc27778510]What makes a smart city a safer city?
A well-known saying in the medical profession is, ‘prevention is better than cure’. If the goal is to create a safer city with less road accident, then in someway something that prevents these accident needs to be implemented. In order to prevent you need to be able to predict. In order to product you need data from the past and present. This I where the smart city comes in. As previously mentioned, a smart city is a network of data acquisition systems (DAQ). Using the live data along with data previously acquired a computer can predict traffic behaviour. In an ideal future, smart roads would work alongside autonomous/semiautonomous vehicles. 
[bookmark: _Toc27778511]Weather conditions 
Weather conditions can affect what a safe diving speed is. A driver should drive slower on a rainy day compared to a dry day and a driver should drive slower on a snowy day compared to a rainy day. Programmers have been investigating an algorithm to calculate a safe speed for vehicles to drive at depending on the weather conditions. The technology would communicate with the smart cars informing them what speed they should be driving at. For example, if there was a storm the algorithm might calculate that is not safe to drive faster than 30mph and will let all the vehicles with in that area know. ‘it can reduce the traffic accidents under any weather conditions.’ This software would be in real time. 
[bookmark: _Toc27778512]Smart Lane Markings
Vehicle accidents frequently happen through drivers failing to react to the complexity of lane markings. The issue facing the design team that was presented with this problem was that all traditional method that encouraged drivers to stay focused had been exhausted. They came up with the idea of smart road studs. These where studs that would light up different colours and illuminate the road markings for the lane that a driver was driving in. The studs where coordinated with traffic lights so that only the appropriate studs lite up at the appropriate times.  [6]
These studs were installed on a road in 2016 as a test to see if the decreased the accident rate on the roundabouts. Highway planners say these roads are the future, aided with fibreoptic lanes, cameras and Connected devices these roads will go hand in hand with the development of the autonomous car. The roads will be faster and safer. [7] 
[bookmark: _Toc27778513]Internet of Things
Both of the above smart road systems would be incorporated into a large IoT architecture. It would contain all the live information of the road and would give live feed back to all smart and digitalised road network devices. A system like this would need to be robust and secure. It would control everything to do with the roads. A major issue with this is that if someone were to hack it they could directly control, traffic lights, speed limits and people’s autonomous cars. [8] 



[bookmark: _Toc27778514]What would a smart and connected Road system look like? 

In a bustling city there are surprises around every corner, cars shooting out from side streets, pedestrians running across roads, vehicles breaking down and blocking the road off. A smart and connected road system would rarely be surprised. There would be cameras mentoring the roads documenting the activity. Traffic lights would be smart and would let traffic flow in the optimal way. Speed signs would be smart and would change depending on the weather and traffic conditions. The vehicles would be smart and could communicate with everything it passes that was also smart. If a car had to emergency break it would tell the car behind so that car could break at the same time preventing a potential crash.  If a car broke down the smart city would automatically inform or vehicles and their drivers and make a diversion so the roads didn’t clog up. In the figure below, it shows how the city would be connected and how everything would communicate. 

[image: Image result for smart and connected roads][9]

In order to create an IoT system with such a grate abundance of live information many sensors would need to be used. Some of those sensors are listed below. 






[bookmark: _Toc27778515]Ultrasonic sensors 
[bookmark: _GoBack]An Ultrasonic Sensor is a module that measures distances using ultrasonic freelances. The ponticular module that is being used in the simulation is the HC-SR04. It measure distances from 2cm up to 400cm and has a tolerance 20-30 degrees either way. [11]
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Figure 3 Ultrasonic Transmitter Range Diagram
The module contains an ultrasonic transmitter and an ultrasonic receiver. The module produces a pules wave that corresponds with the time it takes for the module to send and receive the ultrasonic wave. This works by the ultrasonic wave bouncing of surrounding objects and being reflected back to the ultrasonic module. Between each reading there must be a delay of 10μs in order to the left the echo of the previous reading to fade. 
Ultrasonic sensors are commonly used on car bumpers to assist drivers with parking. They can detect object within a short distance. For the Practical demonstration the ultrasonic sensor will be acting as a smart car with a LADAR model on it. 
[bookmark: _Toc27778516]Light sensor 
Light sensors detect how light or dark a place is. For the practical the SN-LIGHT-MOD light sensor is used in conjunction with an Arduino. The sensor has a light dependant resistor which varies the current flow through the resistor depending on how light its surrounding area is.  This sensor could be used in a smart city to monitor weather, cloud cover and automatically turn on the lights when the light levels drop below a certain level.  [10]

[image: Image result for SN-LIGHT-MOD][12]
[bookmark: _Toc27778517]Camera
Cameras would play a major role in developing smart roads. There are already cameras that monitor traffic congestion and give live feedback to mainly news stations. In a smart city these cameras would be feeding live feedback straight into the IoT system for the road network. Updating it constantly so that every vehicle could plan their root around traffic congestion saving time and reducing pollution. These Cameras would allow emergency services to pinpoint accidents even before a person phone about the accident.  

[image: Image result for road monitoring Camera]
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[bookmark: _Toc27778518]Simulation Process
For the practical demonstration an Arduino node MCU has been used to create a webserver using a mobile phones data. An ultrasonic sensor has been used to simulate a smart cars LIDAR system. When something gets within 50cm of the Ultrasonic sensor the LED will change from green to red. This indicated that there is something close in front of the ‘car’ and that the breaks need to be applied. You can see a demonstration of the in the figures below. 
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Here is a sample of the code that was used to achieve this. 
distance= duration*0.034/2;
Serial.print("Distance cm: ");
Serial.println(distance);
Serial.println("\n");
delay(250);
if (distance < 50) {digitalWrite(LEDPin2, HIGH); digitalWrite(LEDPin1, LOW); x=0;} if (distance > 51){ digitalWrite(LEDPin2, LOW); digitalWrite(LEDPin1, HIGH); x=1;}




This information about state of the ultrasonic sensor was uploaded to the webserver. If the Web page said ‘reload’ then their car was not breaking, if the webpage said ‘brake’ then it meant that the car was breaking. The meant that other devices on the same network would be able to see the status of the car in front. In real life this would be a way on communication with local cars. If a car needed to emergency break then the cars behind could be instantly told this and would all break at the same time.
[image: ]
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result= Brake(); if ( Brake()== 1)

if ( result== 0) { client.println("<p><a href=\"/2/on\"><button class=\"button\">BRAKE</button></a></p>"); }
else { client.println("<p><a href=\"/2/off\"><button class=\"button button2\">RELOAD</button></a></p>"); }
Above is a sample of the code. This section is where the webpage is updated to display to correct corresponding button. 
To make the simulation more realistic there is a stepper motor connected to the circuit. When the LED is Green the motor runs as normal but when the LED turns red (the car in front is too close) the motor stops running. 
[image: ]
result= Brake(); if ( Brake()== 1) { motor(); }
while(m!=5000){ switch(_step)
{ case 0: digitalWrite(Pin1, LOW); digitalWrite(Pin2, LOW); digitalWrite(Pin3, LOW); digitalWrite(Pin4, HIGH); break; 
case 1: digitalWrite(Pin1, LOW); digitalWrite(Pin2, LOW); digitalWrite(Pin3, HIGH); digitalWrite(Pin4, HIGH); break;
Above is a sample code of what was used to run the motor. If the break is quale to one then the breaks are off. This means the motor can keep running. 












[bookmark: _Toc27778519]Results and Evaluation 
The build of the Arduino circlet worked as expected to. The ultrasonic sensor works fine and was relatively accurate. An issue with the Webserver is that in order to read the status of the ‘cars brakes’ a user has to press reload on the webserver. This would not be feasible in the real world how even in the real world this type of IOT system would not be made using an Arduino. 
The mode demonstrated the basic principle of how information would be shared within a smart road system. 


[bookmark: _Toc27778520]Conclusion 

In conclusion a smart and connected road system is without doubt the future. There are issues within the system that need to be resolved such as the security problem. A smart road would make a safer road and a less polluted planet. 
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London Streets Performance Report Quarter 2 2017/2018

In Q2 2017/18 average traffic speeds for the |2 hours between 07:00 and 19:00 across
central London were 8.0 mph, a 0.2mph (2.2%) increase compared with Q2 2016/17. Overall,
Central London traffic speeds have also seen a decrease compared with previous years.

Traffic Speeds (mph) in Central London (Major Roads) 12 Hour
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data set, Q4 is defined as the three month period from September 2016 to November 2016.

Percentage Reduction in Killed and Seriously Injured on the TLRN
from 2005-2009 baseline by Quarter
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Provisional data for Q4 2016/17 indicates that there were 216 KSI casualties on London’s
roads, a 20.6% reduction from the 2005-2009 Q2 baselines.

Due to the new road safety reporting system by the Metropolitan Police, the figures for the
number of serious injuries reported by the police during 2016 are not directly comparable
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1 x HC-SR04 Ultrasonic Range Measurement Module

HC-SR04 is a non-contact distance measurement module, it provides high accuracy
and high resolution ultrasonic proximity detection and ranging in air. This ultrasonic
sensor detects objects from 2 cm to 4.5meters.

Feature:

« Power supply: 5V DC
Effectual angle: < 15 degrees
Ranging distance: 2cm to 450 cm
Resolution: 1 cm
Ultrasonic Frequency: 40k Hz
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