

Traffic Light Monitoring System based on NodeMCU using Internet of Things
                                                    ABSTRACT

The increasing numbers of the private car cause the road traffic congestion. That is becoming important problems in the big cities. Another solution to reduce the traffic jam is developing intelligent transportation system such as intelligent traffic light system. However, the solution of such problems is one of the mandatory concern. In recent years, a smart city is the hottest topic for the efficiency of traffic light using the Internet of Things. Based on that issue, this research proposed traffic light monitoring system that can monitor and display a real-time traffic congestion through smartphones. The system utilized NodeMCU (ESP 8266 12E) equipped by IR obstacle sensor to indicate the road traffic congestion. To connect the internet, the system uses ESP8266 12E wifi in the chip of NodeMCU. It will send a notification to smartphones user. With this research, it is expected to improve road traffic tremendously such as to predict traffic congestion and the system can give some efficient routes for a user.
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CHAPTER 1
1.1  INTRODUCTION

Nowadays, Indonesia become urban country because every year the number of private vehicles always increases about six million units per year, 10-15 % comes from the cars. But the infrastructure to support that so bad. That is becoming important problems, because according from Tom Tom navigation devices Indonesia has the fourth worst evening rush hour traffic in the world cited by CNN. Some countries in the world have the same problem, such as Japan, USA, and Europe countries. To reduce that problem their reformed the road system and improved the traffic management method using intelligent transportation system. The development of ITS has been a popular research for the traffic monitoring using The Internet of Things. IoT concept constructs some object around us become smarter for connection to each other such as roadside sensor systems for supporting road infrastructure systems, so that can communicate with each other for gather everyday information about the traffic environment with the minimum human intervention. From that issues, this research was design an intelligent transportation system using internet of Things platform. The system can monitor a real-time condition the traffic congestion on road, use some roadside sensor system for dynamic management of traffic signals. And to avoid the traffic jam, the user can able to find out optional routes to go to destination. 
It is evident that road accidents are increasing day by day. Recent studies show that one third of the number of fatal accidents are associated with excessive speeds in places where sharp turnings and junctions exist, as well as changes in the roadway like the presence of road-work or unexpected obstacles. This is due to having to wait hours together in traffic jams, taking tortuous detours due to onroad works, trying to spot speed breakers, navigating blind turns, one-ways and so on. Forked roads, railway crossings, sudden reverse bends and steep ascents and descents are just few of the road oddities that one may encounter on the average drive. Such road oddities are indicated by road-signs. Mandatory road-signs enforce traffic laws; Cautionary road-signs are installed in hazardous areas to avert accidents. Informative road-signs provide directions, locations and other information that is potentially useful to drivers in that locality. However, most vehicle drivers miss road signs more often than not. It is difficult to keep an eye out for road signs when one should be focused on driving. Many Driver Assistance systems for speed control have been developed so as to prevent accidents. 
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Traffic Signal posts equipped with RF Transmitter (left) Automobile equipped with the RF receiver (right)
One of them is Cruise control system (CC) that is capable of maintaining pre-defined speed and its later evolution version Adaptive Cruise Control (ACC) which keeps the automobile at pre-defined safer distance from the preceding vehicle. But these systems fail to detect the curved roads where the speed of the vehicles have to be reduced to avoid the accidents. Later Curve Warning Systems (CWS) came into existence to detect the curved roads by using Global Positioning System (GPS) and the digital maps accessed from the Geographical Information Systems (GIS) to warn driver of approaching the curved road. But these maps need to be updated regularly and are not useful if there are unpredictable road diversions or accidents. Here we propose a dynamic model where the system controls the vehicle according to the data frame that is transmitted by the RF transmitter fixed to the nearby road signs. The data frame is received by the microcontroller in automobile which controls the speed of vehicle. This is a RFID-Based Intelligent vehicle speed controller system where passive RF transceivers are arranged in the road close to the position of real traffic signals. This model can also be better utilized to improve the fuel efficiency by imposing the maximum speed limit on the automobiles at which the mileage will be more.
1.2 INTERNET OF THINGS 

Internet of things (IoT) can be expressed as a world-wide network of interconnected objects uniquely addressable, based on standard communication protocols.By using IoT, any device that is connected to the internet can be controlled and monitored from any place. This device is considered as IoT device. IoT is simply connecting all the surrounding smart devices (things) to internet. So, IoT is a giant network of physical object devices, vehicles, buildings and other items which are embedded with electronics, software, sensors and network connectivity. IoT connect between the physical world and virtual world. IoT is considered as a part of the internet of the future and will comprise billions of intelligent communicating ‘things’. The future of the internet will consist of heterogeneously connected devices that will further extend the borders of the world with physical entities and virtual components. IoT is an emerging research paradigm and apparently the discovery of its body of knowledge is still in an infancy stage. Most scholars agree on the idea of expanding and interpreting the pioneering conceptual definition of Kevin Ashton who defined IoT as “a standardized way for computer to understand the real world”. IoT-based systems have been proposed in several applications such as supporting disabilities, managing diabetes therapy, building smart home, improving safety in mining operations. The following equation describes IoT in a simplified manner,

IoT = Physical Entity+Controller,Sensor,Actuators+ Internet

Internet of things can be compared to the communication among humans, with respect to the equation above. For instance, humans have biological sensors such as ears, eyes, skin, taste buds, etc. to perceive what is happening in their surroundings. This research focuses on the communication between traffic lights, sensors and users. In this case, each sensors which sense and transmit traffic data act as eye.
1.3 IoT in Traffic Management 

Traffic management is one of the biggest infrastructure hurdles faced by developing countries today. Developed countries and smart cities are already using IoT and to their advantage to minimize issues related to traffic. The culture of the car has been cultivated speedily among people in all types of nations. In most cities, it is common for people to prefer riding their own vehicles no matter how good or bad the public transportation is or considering how much time and money is it going to take for them to reach their destination.
1.4 Traffic Light Control

Traffic lights are signals that are used to control the movement of vehicles on the road. This traffic signal when effectively monitored can control the traffic on the road and avoid congestion. The traffic light on the road comprises of 3 signals- red, yellow and green. People are made to hold back for the green signal to further proceed. Delay in the red signal cause longer waiting time because of congestion. CCTV cameras are installed at almost all junctions on the urban cities and accident-prone and traffic-prone areas. This would enhance traffic maintenance and help police book violators. With the help of these CCTV cameras, we can calculate the density of vehicles on the road. Image processing is the use of computer algorithms to perform image processing on digital images. This technique controls the traffic light signals on the road in order to avoid unnecessary traffic congestion.
1.5 TRAFFIC LIGHT RECOGNITION METHOD 

In accident detection application, traffic light recognition is important for red light running detection. Color-based approaches are used broadly to detect traffic light. In an actual application, color variations of traffic lights caused by illumination change pose a major challenge to color-based approaches, we can see that recognizing traffic light based only on color information is difficult because of illumination change and overexposure. For example, the yellow light appears to be red, thereby causing a detection error. In this paper, we proposed a traffic light recognition method based on a Y value statistic incorporated with color analysis in the YUV space.
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Color variations of traffic light because of illumination change during daytime.
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Color variations of traffic light at nighttime
A. YUV Model 

The YUV model is a color space that consists of one luminance component (Y channel) and two chrominance components (UV channels)[8]. U is the color difference between the blue signal and luminance (B − Y) and V represents the difference between the red signal and the luminance (R − Y). In general, The human eye is much more sensitive to luminance than chrominance. Hence, more bandwidth is given to luminance in the YUV mode. YUV signals are created from an original RGB (red, green, and blue) source. Conversions between RGB and YUV spaces can be performed through linear transformation.

B. Traffic Light Recognition Method Based on Y Value Statistic Incorporated with the Color Analysis 

In the proposed system, the detection region identified previously according to the real traffic light region and the region parameters mentioned above are saved in a configuration file. The location information of the traffic light can be extracted from the configuration file before the system starts working. Input images are converted to YUV space from RGB space using (1), and the mean of the Y values in the detection region is calculated. The region above the real red light is redrawn in red, which denotes that the system has detected that the status of the red light is on. The relevant regions with real green light and yellow light are redrawn in black.
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C. Constraint Strategy 

In actual application, the following challenges must be considered in term of robustness: x A traffic light group is generally composed of the colors red, green, and yellow. However, at some road intersections, one light group consists of more than three traffic lights, thereby increasing detection complexity. For example, Fig. 5(a) shows a light group that is composed of five traffic lights. The gostraight red light and the go-straight green light are turned on at the same time, thereby causing ambiguity for the red light running detection. x The black status occurs in between conversion interval, i.e., all the lights in one group are turned off because of flicker phenomenon, thereby reducing the detection accuracy. x In the color analysis stage, the color of the traffic light is sometimes incorrect because of overexposure or illumination change. In such case, color information cannot be extracted correctly, thereby resulting in the wrong detection of the light color.
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(a) Light group with 5 traffic lights and (b) the black status
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Traffic light group composed of more than three lights
To cope with the above mentioned problems, we proposed the following constraints based on traffic law: 
Constraint 1: In a traffic light group composed of three lights, the proposed system turns traffic lights on in due order. The black status occurs between the interval of conversion, as shown in Fig. 6. In terms of appearance, the contour of the light is circle. 

Constraint 2: In the light group composed of more than three lights, the contour of the red light is either a circle or an arrow, while the contour of the green light is an arrow. 

Constraint 3: In the same group, the red light with a circle contour and the green light, which denotes going straight, cannot be turned on at the same time. Furthermore, the red light with an arrow contour and the green light, which denotes a different direction, should be turned on at the same time. The go-straight red light and the turn-left green light should be turned on or off simultaneously.
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traffic light detection method

Our system first identifies the detection region parameters by reading the configuration file. The input image is converted into the YUV space from the RGB space. The Y value statistic incorporated with color analysis is employed to detect the traffic light coarsely. Finally, the constraints mentioned earlier are used to obtain the refined detection. Fig. 8 shows the flowchart of the proposed traffic light detection method. We created an array to retain the history frame status information. When all the lights are off in a group, our system copies the status of the previous frame to the current frame.

1.6 Real-time traffic updates

Real-time traffic monitoring systems play a key role in the transition toward smart cities. A considerable amount of literature has been published on intelligent traffic management systems based on the IoT paradigm. Autonomous traffic sensing is at the heart of smart city infrastructures, wherein smart wireless sensors are used to measure traffic flow, predict congestion, and adaptively control traffic routes. Doing so effectively provides an awareness that enables more efficient use of resources and infrastructure. Identifying and measuring congestion is the very first step in the traffic management process. The flow, occupancy, density is the widely used traffic congestion measures, which are mostly obtained from images or videos captured by vision systems initially. Based on these measures, the traffic warning messages are broadcasted through smartphones, radio, televisions, light signals, dynamic variable message signs, or display units. Among them, the mobile-based web applications received much attention among researchers. Most of the recent developments in delivering real-time traffic updates used the congestion estimates to dynamically control the traffic signal. An IoT based real-time traffic monitoring system is proposed for dynamic handling of traffic signals based on traffic density. The proposed system uses a set of ultrasonic sensors and has two modules: one for vehicle monitoring and other for priority management. The ultrasonic sensors are used to detect vehicles, and the density levels of a given road are sent to an LCD, and the data sent to the server for later usage. In similar research, the authors proposed an ultrasonic sensor-based system model specifically for road intersections. In addition to traffic signal lightings, the system alarms on any false vehicle activities such as crossing the red signals. In another research, an IoT based smart traffic management system is proposed to manage real-time traffic through both central and local servers. The data collection layer uses sensors, cameras, and RFIDs. The application layer automatically controls the traffic signal based on traffic density and provides a daily report through a web application. Besides sensors, video monitoring is also used to estimate traffic congestion density and update traffic signals in real-time. The internet of connected vehicles is another research development in this area to collect real-time traffic data. The connected vehicles support individual vehicle monitoring which enables efficient emergency vehicle management. Integrating roadside units (eg: traffic lights) with the vehicular network to ensure the trustworthiness of traffic events. The emergency vehicle (e.g. Police cars, Fire engines, Ambulances) handling is very critical, the delay of every second matter because of the urgency of the services they are providing. Automatic scheduling of emergency vehicles can be performed by controlling the traffic signals to improve the response time. However, these systems are specifically designed for highways. As this research does not anticipate any smart devices with the drivers, the traffic updates through roadside message units are analyzed in detail. A patented device for displaying traffic conditions is designed to install on the roadside. The graphical message unit displays the upcoming traffic conditions and incidents through messages, signs, or colors. The studies on the impact of dynamic message signs through roadside message units show that it has received acceptance among drivers. The dynamic message signs can be delivered in permanent mode through roadside message units (installed on bridges, toll plazas, tunnels, etc.) or portable units. The portable units are mainly used to warn about unusual traffic incidents. The roadside units mostly display the messages about over spilled roads, planned activities, environmental updates, traffic flow conditions, etc. The impact analysis of such message units reported that they mainly assist

elderly drivers in their decision making. The transportation project for the Beijing Olympics (F. is a great example of providing traffic updates through public message units. The project used changeable message boards, radios, television, internet, and in-vehicle displays to monitor and dispatch traffic updates. However, system development was quite expensive due to advanced programs and devices. After that, several research efforts have been made in this area to provide real-time traffic updates. A system is proposed to display traffic intensity through three different light colors on installed electronic boards at decision points. In this system, the real-time traffic density is calculated from the average vehicle speed determined by vehicle detection systems. The authors apply image processing algorithms to process real-time traffic videos, and the traffic congestion estimation is based on optical flow. Similarly, electronic signboards are used to avoid congestions by setting up different speed limits. The studies discussed above are tested for highways, and real-time updates are delivered through traffic signals or mobile  applications. Instead, this research proposes a system model for real-time traffic updates through roadside message units using an IoT platform Nowadays, digital electronic boards are widely used in smart campuses, that can be also reused (if any) to deliver traffic updates during peak hours. Next, discuss the wireless sensors which are mainly used forvehicle detection, classification, speed estimation, etc.

1.6.1 Wireless sensors for vehicle data collection

This section presents the review of sensors that are used for vehicle detection and classification. The sensors used in intelligent traffic monitoring systems can be on-road sensors or in-vehicle sensors. The on-road traffic sensors can be again classified into two types: intrusive and non-intrusive. The intrusive sensors are paved on the road and are costly compared to non-intrusive sensors. The intrusive sensors provide accurate information; however, they are questioned for the expenses in terms of installation. maintenance, repair costs. The maintenance of such sensors requires road lane closures and traffic disruptions. The non-intrusive sensors can be fixed on different parts of roads/road-

sides. This includes magnetic sensors, ultrasonic sensors, infrared sensors, acoustic sensors, video cameras. Each sensor has its advantages and disadvantages. The ultrasonic sensors are prone to environmental factors. The video monitoring systems are comparatively costly than other sensors when considering the purchase, installation, and maintenance costs. However, the sensors are relatively less expensive in purchase costs. A comparison of different intrusive and non-intrusive sensors have been already reported in a few kinds of research. The infrared sensors are sensitive to bad weather; acoustic sensors do not give accurate results during cold temperatures. The magnetic sensors are unable to detect the vehicles which are not moving; however, there is no climatic influence. The magnetic sensors are widely used for vehicle detection and classification because of its easy installation, portability, and low cost. The vehicle speed and length can be estimated by one or more magnetic sensors, which will help to approximate the road space occupancy measure. Besides different types of sensors, a few research efforts have attempted to develop printed circuit boards (PCBs), which can be directly adapted for vehicle detection/speed estimation/classification such as PRS, LCTS, iVCCS, and CPIUS. the PCBs of PRS, LCTS, and iVCCS sensor nodes. The main objective of all these researches is to design and develop inexpensive and portable sensor nodes. On average, a single sensor node costs an average of $30 and operational for many years. PRS is a portable roadside sensor for vehicle detection, counting, classification, and speed estimation. PRS uses a magnetic sensor for vehicle detection. The single PCB board of PRS contains two magnetic sensors (HMC2003). This sensor uses the XBee module for wireless communication. PRS shows an accuracy of 99% in vehicle detection, and the maximum error rate of speed estimation is 2.5% (in a range of 5e27 m/s). Besides, the system also detects the right intersection. The vehicle length and height are estimated from the magnetic length. LCTS is another low-speed congested traffic sensor node with a magnetic sensor specifically for a single lane road. The sensor node is designed using magnetic sensor HMC5883L. In addition to the magnetic sensor, the node also contains a sound sensor and four infrared sensors. However, the magnetic sensor alone performs vehicle detection and classification. The validation results show a detection accuracy of 99.05% and a classification accuracy of 93.66%. The iVCCS is an intelligent vehicle counting and classification sensor; the node has different sensors and components such as

temperature sensor, accelerometer, magnetic sensor, GPS module, real-time clock unit, memory unit, etc. The iVCCS is a small battery-powered node with a 6-axis magnetic sensor and accelerometer FXOS8700. It uses a Zigbee wireless communication. The iVCCS nodes are validated in different field trials and exhibit a 99.98% accuracy in vehicle detection, 97% accuracy in vehicle classification, and 97.11% in speed estimation. The consistency of the sensor’s output under different conditions is tested and showed high similarity. Besides, the sensor node is portable and can be installed on the road as well as on roadsides. 
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(a) LCTS Sensor Node, (b) PRS Physical Board, and (c) iVCCS Physical Board 
CPIUS is the combined passive infrared and ultrasonic sensors (CPIUS) for vehicle classification and speed estimation. The measurements from passive infrared sensors and ultrasonic sensors are used for vehicle classification. They produce a high accuracy in vehicle detection (99%), the mean absolute error in speed estimation is approximately 5.87 km/h, and a mean absolute error of 0.73 m in vehicle length estimation. The proposed sensing platform contains one ultrasonic rangefinder and two arrays of six passive infrared sensors (Melexis MLX90614) connected to a microcontroller unit with different components such as an SD card reader, energy monitoring circuit, and flash memory. The review reveals that magnetic sensors are appropriate for length-based vehicle classification. This is very relevant in the context of this research as the collector roads are mostly occupied with smaller vehicles and a volume to capacity ratio doesn’t fit well.
1.6.2 Vehicle counting using image processing 
After obtaining the video footage from the camera system, the processing was done on raspberry pi using Open CV software. The flow of work done on image to acquire the number of vehicles passing through a region of interest area. The description of steps adopted is provided as follows: 

· The first step involves extraction of the individual frames from the video sequence This is performed using the ‘cap.read( )’ command in Open-CV.
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Systematic flow diagram to illustrate the image processing operations for obtaining the count the present vehicles 
After this, single image frame was worked upon to find the total number of vehicle objects present in the frame. 
· The default background subtracting operation of OpenCV: ‘create Back ground Subtractor MOG2( )’ was incorporated to generate a mask that has the ability to deduct the background from the image frame. Now, after application of above steps, only foreground objects were left in the image frame. 

· To reduce the noise, foreground image was passed through a Gaussian filter. Further, a morphological operation of closing was applied to properly embrace the objects present in the image.

· In the next step, the processed image was converted to binary form, in which, the pixel value was converted either to ‘1’ or ‘0’ depending upon a threshold value. The OTSU bimodal threshold method was used to generate this threshold value. The binary threshold image is generated, because it is easier to detect the contours of objects in such kind of image. 

· After this, the contours are detected using the ‘findContours( )’ operation of Open-CV. Once, all the contours were detected in the image, their different properties could be used to find the desired class of objects. For our use, the size of the detected contours was taken as a property for classifying it as a vehicle or not. The region of interest was selected in the image by plotting two lines on the image frame: one at the upper bound of the region, and other at the lower bound of the region. The vehicle counter only updated if the detected vehicle was present in this specified interest area.

Once, we found the total no. of vehicles present in single frame of the image, next step was to realise the average attendance of vehicles in the region of interest area. This information is particularly helpful in determining the load of traffic in a certain time interval. For this, per second interval was chosen to compute the average value of vehicle present during this time interval. The value of count to be communicated via internet was averaged in each time instant. Next part discusses the procedure of transferring the data from raspberry- pi processor to the central server system via internet.
1.7 Transmission of information for traffic management system using internet 

This process of communication between the camera guided processing system and the final user server system via internet can be explained in four stages. The complete block representation is presented and each step is discussed in detail as follows: 

· Fetching per second Vehicle Count Data from Open CV: The average value of vehicle present during respective time interval was fetched and stored inside a variable that updated after every fixed time interval. 

· Interfacing of Firebase Google server with Raspberry Pi using Python: Next, to send processed information remotely to control room we must have a server and portable Raspberry system must have internet connection. For the server we have used Google Real Time Database server, i.e. Firebase. To use Firebase Real Time Database we must have compatibility with the Processor or Controller. To do so we have used Python language. 

· Establishing Connection with Firebase (Real Time Database): After interfacing, next step was to establishing connection with our database. For that, we had created new database on firebase server. Then, connected this to database using Credentials (API keys (Application Programming Interface), End Point URL (Universal Resource Locator)) using Python. 

· Sending Vehicle count data to Real Time Cloud: After connecting to database, our task was to send vehicle count data to server remotely. For that, we sent our vehicle count data obtained from Open CV to Firebase cloud using JSON (JavaScript Object Notation) through Python with the Time Stamp. 
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Systematic flow diagram to illustrate the image processing operations for obtaining the count the present vehicles
Once, the data had been send using the above steps, the process repeats itself after every one second to continuously provide the monitoring details of the capturing system. The results of the work done and the output of the complete process is briefed in the following section of the paper.
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Glimpse of video sequences taken for experimental purpose; (a), (b) are the Chandigarh traffic footage and, (c) is the Delhi Traffic footage
1.7.1 Mobile Backend as a Service 

The Smart Traffic Light system uses the Backend as a Service (mBaaS) Firebase mobile service in the form of Realtime Database, Authentication, Android SDK and REST Suport services. The firebase usage allows the use of data stored in the cloud. Communications that occur between Smart Traffic Controller System and Cloud utilize API (Application Program Interface). Smart Traffic Application communicates with Firebase using Android SDK. 

1.7.2  Smart Traffic Controller 
Smart Traffic Controller is a hardware device that plays as Things in the Internet of Things system. Smart Traffic Controller uses nodeMCU main device with base ESP-8266. To support energy independence, this system uses a battery with a solar cell that is used to recharge the battery. Traffic Light on this system is APPIL traffic light system that has been installed as a traffic control tool.
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Smart Traffic Controller System
Smart Traffic Controller Fig 3 is a hardware device used to control Traffic Light. This system consists of Controller Chip based on ESP8266 which has the function to read Realtime Database Firebase data using internet. The system is equipped with speakers used to play sound when there is a vehicle with a High Priority Vehicle crossing the traffic light. Voice mail files are stored in memory cards. The output is in the form of 12 output lines that functioned as input Traffic Light at the time of simulation.
1.7.4 High Priority Vehicle 

Smart Traffic Light can be according to the rules of law requiring the system to apply High Priority Vehicles on App Engine. High Priority Vehicles are the implementation of regulation no 22 of 2009 which give priority of certain vehicles when passing on the road including at the intersection. The algorithm used to determine the most prioritized vehicles passes in the same location was the Analitycal Hyrarchy Process base. The determination of the value of High Priority Vahicles refers to the Journal written by [10] by introducing High Priority Vehicles (HPV) using 4 parameters while in this study three pieces were used, namely:
· The type of vehicle is a sequence of priority passing vehicle users grouped in three types (Fire extinguisher, ambulance and vehicles with special interests) 

· The minimum distance is the calculation between the vehicle and the traffic light 

· Traffic Density Level
1.8 Smart Traffic Application 

Smart Traffic Application is developed using android studio software and Java programming language. This application has authentication login facility to maintain system security as well as identification of the vehicle type. In addition to using the application authentication feature, smart traffic also has Cloud Database facility that allows storage of cloud-based data (Cloud Database). The use of GPS facility from smart phone is used to know the position of the vehicle in real time. To support the map and navigation path, Smart Traffic Application uses API services from Google Maps that provide digital map data, navigation routing and traffic density. 
The Smart Traffic application has the following features: 

· Cloud Database (Firebase) 

· SignUp and Login 

· Location Determination by using GPS 

· Loading Referral Hospital List for Locations 

· Selecting a Destination Location using the map 

· Displaying the Route of vehicle travel 

· Displaying the level of Road density 

· Location determination of Smart Traffic Light System
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Smart Traffic Application Authentication
Smart Traffic Application has a service for user account registrar. It aims at facilitating the addition of application users. Smart Traffic Application users should always be connected to the internet because user location updates will always be sent to the Firebase. When the Smart Traffic application is first opened, the user is prompted to enter a login username and password. All Smart Traffic Application users can use the same application simultaneously on the same or different Smart Traffic Light location. Using the GP in the Smartphone Application will send the vehicle location update data to the Firebase using an internet connection such as a journal written by that mentions that Science Cloud for IOT that we can use servers accommodating calculations on the Internet of Things system. Smart Traffic Application utilizes Google Map API V2 to access digital maps, route searches, distance calculations, Smart Traffic System Location search and Traffic Level Traffic. This application is able to be used jointly by other users with unlimited amount. 
1.9 mBaaS 
Realtime Database Firebase Services are as Cloud data storage base for the communication bridging Smart Traffic Controller with Smart Traffic Application. Realtime databases on firebase have data structures in the JSON format (Java Script Object Notation) shown in bottom. The data which are saved include: user profile, traffic light location, Hospital location and Trip Log Request. Each location of traffic light that is added in the database is added with the detailed data about the traffic light. The stored data include name, location, coordinates, number of lights, detailed condition of each lamp direction, lamp flame condition, status request, emergency state, voice control and also activation threshold reference distance. 
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Smart Traffic Application Route
1.10 Traffic Light on Route Vehicle 
Smart Traffic Light System has stored all coordinates of the traffic light location. The system will identify the path as well as the amount of traffic light that the vehicle will pass. The best route search takes the Google Maps V2 digital map. Once the route is obtained, it will be followed by searching the location of traffic light that has been inputted in the database. Smart Traffic Application continues to update user position and distance with the nearest traffic light.
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Smart Traffic Application Route
High Priority Vehicles algorithm on this system is used to determine the path priority which will cross first. The distance between the vehicle and the nearest traffic light will be shown on the following icon of the nearest Traffic Light when the application is used in emergency conditions as shown in Fig-6. Several meters before the vehicle crossing, the green light signals will be generated on the same line with the vehicle in an emergency so that the path accumulation on the path no longer exists.

1.11 Data Delivery Speed 

Smart Traffic Application and Smart Traffic Controller communicate using internet network. The level of signal stability and internet speed depends on location and internet service provider. Table-1 is the test results of speed data transmission from the application and is received by the hardware Smart Traffic Light. The test of data transmission is done 10 times. Testing is done by utilizing manual configuration form that has been integrated in the application Fig-8. The calculation of time from the change in application happens until the data are received by Smart Traffic Controller. Data were obtained for each direction for north light traffic data with an average of 3,702 seconds, for the average speed of the eastern acceptance of 2.968 seconds, for the average speed of traffic data of the southern light is 1.857 and the last average speed of traffic reception Light west is 5.07 seconds. The fastest time of data transmission is 1.2 seconds and the longest time is 8.15 seconds. The average data transmission speed is 3.39 seconds.
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The Data Delivery Speed Test
CHAPTER 2
LITERATURE SURVEY

1. “RESEARCH OF INTELLIGENT TRANSPORTATION SYSTEM BASED ON INTERNET OF THINGS FRAME” WANG Y AND QI H 2012

With the development of our country's national economy, the course of urbanization being accelerated, the prompt increase of vehicle, communications construction are insufficient in the city, urban traffic imbalance between supply and demand is gradually strained. City traffic problem has already become a nowadays first problem facing. In order to resolve this problem, the government should firstly improve business efficiency and the Intelligent transportation system quality. Intelligent traffic study is one way to solve the problem of city traffic. Advanced city mass transit system can help urban resident to gain dynamic data and static state traffic information effectively. Mass transit has much merit such as large carrying capacity, high delivery efficiency, low energy consumption and low transportation costs. Therefore it is a very important function to make the city informatization. Information technology develops fastly on the nowadays, a new concept comes out and develops—the Internet of things. In the past decade, there were various techniques and algorithms developed the Intelligent Traffic System by using AVL and APC data. Intelligent Traffic System now, because the accuracy of this algorithm is better than others. However, many researchers can not realize the algorithms on the Intelligent Traffic System based on the Internet of things. This system can transfer current public transit vehicle location information to the server by computer internet. Vehicle location information can be demonstrated on Web by a kind of algorithm, at the same time the server calculates the arriving information and send it to station terminal through internet. Residents can know public transit vehicle information in two ways: people can inquire about public transit vehicle information on the internet, people also can see arriving information in station during peak periods. Once people know more information about the vehicle location, they can choose more ways to achieve the destination. It is the most important to resolve problem about vehicle location information in the Intelligent Tansportation System. On one aspect, the resident can inquire about the public transit vehicle’s information in the internet and find out which circuit they want to choose. The system not only economizes waiting time and rise travel efficiency but also provides the technology guarantee for punctually arriving at the destination. On another aspect, public transit controller stand strengthens public transit vehicle controller ability according to public transit vehicle information. The public transit controller stand can depend on public transit vehicle information to dis- patch bus during the peak time.
DRAWBACKS
· According to city public transit problem characteristic, the main body of a paper has been submitted and has worked out one kind of based on the Internet of things frame Intelligent transportation system.
· City traffic problem has already become a nowadays first problem facing.

· The Intelligent transportation system platform personalization problem is embodied in: when the consumer opens up Web page again, the system can pick up corrected longitude and latitude data from the database.

2. “A NOVEL ALGORITHM FOR URBAN TRAFFIC CONGESTION DETECTION BASED ON GPS DATA COMPRESSION” XU X, GAO X, ZHAO X, XU Z AND CHANG H

Traffic congestion exists in every big city of China. This paper designs a novel traffic congestion detection algorithm from two aspects. One is the offline traffic data processing and the other is congestion mode judgment by online monitoring. The offline data processing includes two pars: spatial information and temporal information in the trajectories. A trajectory is represented by a spatial path and a temporal sequence. This representation supports different compression approaches for spatial information and temporal information respectively, so that both spatial compression and temporal compression can achieve high compression effectiveness. The online monitoring is as following. Traffic congestion model is based on three parameters of traffic jams (average speed, density, traffic flow), then configured parameter values were calculated based on traffic data. Base on the rule of congestion threshold by city traffic management evaluation system, urban road design requirements and highways service level analysis of indicators and grading standards, we use standard function method to calculate the parameters of standardized integrated transport threshold, and then quantify the impact of each characteristic parameter congestion to achieve the goal. With the help of high technology, such as computer technology and electronic information technology, ITS makes transportation system has the abilities of independent judgement, spontaneous processing and real-time monitoring. Intelligent system management closely mirrors a four-dimensional traffic management integrated ‘driver - vehicle - road - traffic environment’. It can significantly improve traffic efficiency, environmental quality and energy efficiency in a certain degree. Along with the process of the urbanization, the traffic congestion and road blockages become the very important issue in many countries. According to the report ‘2014 Q4 China’s major urban traffic analysis report’ published by Amap, the evening peaking time is the most serious period of congestion around the world. For the same distance, the time for the cars passing through the congested section is twice the length of that for these cars passing through the non-congested section. Thus, since the 1980s, some countries reformed the existing road system and improved their traffic management method, such as Japan, USA, and Europe countries. By this way, they improved the capacity of the road network line and the quality of the service and improve the environment quality. Meanwhile, the computer technology began to flourish at this time. And ITS developed rapidly since then. In this paper, we design and implement the urban road congestion algorithm by using the intelligent traffic handling method of the wisdom city. We separate the GPS data into spatial data and temporal data. For spatial data, we begin first step compression through the shortest path method. According to the AC automata to generate frequent subtrajectories, we use Huffman coding to represent them. For temporal data, we carry on the limited error data compression through TSRND and RNSTD error range to compress the data. The selection of online monitoring. we obtain the vehicle position information according to compressed data, identify the road section with traffic flow.
DRAWBACKS

· Along with the process of the urbanization, the traffic congestion and road blockages become the very important issue in many countries.
· Traffic congestion in road impact represents a tendency of weakening from an upstream section to stretching over a long distance.

3.“A NOVEL TRAFFIC LIGHT RECOGNITION METHOD FOR TRAFFIC MONITORING SYSTEMS” WU N AND FANG H 

This paper proposes a traffic light recognition method for traffic monitoring system at road intersections. In the traffic light detection algorithm, the Y value statistic incorporated with the color analysis in the YUV space is employed to detect the traffic light coarsely in the recognition region. The constraint strategy is used to refine the detection result. In the experiment, the test videos were recorded in advance by the recorders of actual E-police systems at several different city intersections. Intelligent transportation systems (ITS) play an important role in human life, and traffic monitoring has been a popular research focus for the development of ITS. Traffic light recognition is one of the key components of vision traffic law enforcement system, such as red light runner detection. To reduce the number of accidents at intersections, researchers have devised an algorithm that predicts when an oncoming car is likely to run a red light . Color provides powerful information for object recognition. Hence, researchers have proposed many color-based approaches to detect traffic lights. Color analysis in the HSV space is presented to segment image and extract circle features, and traffic light recognition is performed by classifying the circle features in reference. In reference, an HSI-based segmentation approach is proposed to perform the traffic light detection and recognition. However, the color-based approach is sensitive to color variations and illumination change. Geometric properties are used to detect traffic light. k-means cluster is employed in Ref. to obtain the candidate regions, and a simple circle detection method is used to recognize the traffic light. In Ref., color and edge information is used to extract the candidate region, and Hough transform is used to detect the traffic lights. The above mentioned methods based on geometric properties are confined to the circle-contour traffic light. However, in actual application, arrow-contour traffic lights are also used widely at some intersections. The purpose of this research is to design and implement a traffic light detection system. The system architecture based on embedded platform is developed. Traffic light recognition system is a good way to remind the driver pay attention to the traffic lights change, which in turn could reduce the incidence of accidents. Moreover, results of the traffic light detection provide evidence of red light running accidents. The algorithm proposed is performed in the embedded traffic monitor component based on the DM6446 chip.

DRAWBACKS
· The applications of red light running detection of vehicles at an intersection were demonstrated. However, the current method proposed in this article does have some drawbacks. 

· First, the method performs well in the whole day but not as well at the sunset time. The false alarm rate increases at this time due to the sunset light interference. 

· Second, the method can detect both circular traffic lights and those with arrows, but only the classical or the most common traffic lights were detected.
4. “A SURVEY ON IOT APPLICATIONS FOR INTELLIGENT TRANSPORT SYSTEMS” CHEPURU A AND PRADESH A 

Information technology (IT) has transformed many industries, from education to health care to government, and is now in the early stages of transforming transportation systems. While many think improving a country’s transportation system solely means building new roads or repairing aging infrastructures, the future of transportation lies not only in concrete and steel, but also increasingly in using IT. IT enables elements within the transportation system vehicles, roads, traffic lights, message signs, etc. to become intelligent by embedding them with microchips and sensors and empowering them to communicate with each other through wireless technologies. In the leading nations in the world, intelligent transport system (ITS) bring significant improvement in transportation system performance, including reduced congestion and increased safety and traveler convenience. The Internet of Things (IoT) makes smart objects the ultimate building blocks in the development of cyber-physical smart pervasive frameworks. The IoT has a variety of application domains, including health care. This paper surveys advances in IoT based ITS technologies and reviews the state-of-the-art network architectures, applications, and industrial trends in IoT based ITS. In addition, this paper analyzes distinct IoT security and privacy features, including security requirements, threat models, and attack taxonomies from the transportation perspective. Many think improving a country’s transportation system solely means building new roads or repairing aging infrastructure. But the future of transportation lies not only in concrete and steel, but also in the implementation of technology, specifically a network of sensors, microchips, and communication devices that collect and disseminate information about the functioning of the transportation system. Transportation systems are really about networks, and much of the value of a network is contained in its information: For example, whether a traffic signal “knows” there is traffic waiting to pass through an intersection; whether a vehicle is drifting out of its lane; whether two vehicles are likely to collide at an intersection; whether a roadway is congested with traffic; what the true cost of operating a roadway is, etc. In the IoT environment, all objects in our daily life become part of the Internet because of their communication and computing capabilities that allow them to communicate with other objects. IoT extends the concept of the Internet and makes it more pervasive. In the IoT environment, the seamless interactions among different types of devices, such as vehicles, medical sensors, monitoring cameras, home appliances, etc., have led to the emergence of many applications such as smart city, home automation, smart grid, traffic management, etc.
DRAWBACKS
· To better understand IoT ITS security, the considers various security requirements and challenges and unveils different research problems in this area to propose a model that can mitigate associated security risks. 

· Problems like high traffic congestion, low transportation efficiency, low safety and endangered environment can be solved through innovative and sophisticated ways of handling latest techniques that have emerged in recent years in integrating information technology, electronics and telecommunication with roads and traffic management.
2.1 EXISTING SYSTEM
· In the existing system ,the main problem is maintaining and controlling the traffic was doing manually .

· In our country no where is using IOT technology to control the traffic and also to track the person who is not following the traffic rules .

· Our government spending lot of money to control the traffic by providing money to the traffic polices.
· Two different classes of TOF depth sensors exist, depending on the method they adopt to measure distances and the properties of the transmitted signal. 
· The first class is represented by Pulse Modulation (PM) sensors. Distance is computed directly from the time of flight using a high resolution timer that measures the delay between signal emission and reception.
2.1.1 Disadvantages of existing system
· The main concern of the modern automotive industry is passenger safety and accidents due to drivers' negligence are one of the problems for the roadside people. 

· This problem is being partly solved with the use of this vehicle speed control system. Hence a system that does ensure safety is in huge demand. 
· To overcome the mentioned problem, we are designing a system that controls vehicle speed in particular zone. And detects alcohol consumption and also detect the accident and sends the accident location to the family person.

· Globally road accident is considered to be an important issue, which can be reduced by proper vehicle speed monitoring system.
2.2 PROPOSED SYSTEM
· In our proposed work, the count of vehicles passing through a passage that is at a few distance before the active traffic jam points can be conveyed to control station for managing the traffic flow.
· The proposed system manages the traffic on local and centralized servers by exploiting the concepts of IoT and Intelligent Image Processing.

· It is divided into frames, and then after binary conversion and noise removal, blob detection is performed and finally the count is estimated using the proposed vehicle counting method.

· An automatic traffic light control system was proposed in using IoT, IR sensor and cameras.

· A system to control traffic was proposed in, which used wireless transmitter to transmit the images directly to main server.

· An adaptive system designed for managing the traffic system in reference to the automatic passing of emergency vehicles was proposed in using IoT technology.

· However, the proposed method focuses at providing the vehicle count data in Indian Urban cities to control station for a user specific time interval at user specified place that can help to manage traffic, which is going to affect the next busy junction.

2.2.1 Advantages of proposed system
· Automatically control the traffic. 

· Tracking the person. 

· We can reduce excessive traffic jams. 

· Daily feedback.

· The system automatically override the signals in emergency conditions. 

· Operated remotely over the internet
2.3 FEASIBILITY STUDY
The feasibility of the project is analyzed in this phase and business proposal is put forth with a very general plan for the project and some cost estimates. During system analysis the feasibility study of the proposed system is to be carried out. This is to ensure that the proposed system is not a burden to the company.  For feasibility analysis, some understanding of the major requirements for the system is essential.

Three key considerations involved in the feasibility analysis are:

· Economical feasibility

· Technical feasibility

· Operational feasibility

2.3.1 Economical Feasibility
This study is carried out to check the economic impact that the system will have on the organization.  The  amount  of  fund  that  the  company  can  pour  into  the  research  and development of the system is limited. The expenditures must be justified. Thus the developed system as well within the budget and this was achieved because most of the technologies used are freely available. Only the customized products had to be purchased.

The economic feasibility based on the terms of:

· Time

· Cost

· Man power

2.3.2 Technical Feasibility
This study is carried out to check the technical feasibility, that is, the technical requirements of the system. Any system developed must not have a high demand on the available technical resources. This will lead to high demands on the available technical resources. This will lead to high demands being placed on the client. The developed system must have a modest requirement, as only minimal or null changes are required for implementing this system.

2.3.3 Operational Feasibility
The aspect of study is to check the level of acceptance of the system by the user. This includes the process of training the user to use the system efficiently. The user must not feel threatened by the system, instead must accept it as a necessity. The level of acceptance by the users solely depends on the methods that are employed to educate the user about the system and to make him familiar with it. His level of confidence must be raised so that he is also able to make some constructive criticism, which is welcomed, as he is the final user of the system.

CHAPTER 3
SYSTEM SPCIFICATION
3.1 HARDWARE REQUIREMENTS:
· Node MCU(ESP8266 12E)
· Phone/Device

· IR obstacle Sensors

· Resistors

· LED
3.1.1 HARDWARE WORKING
· NodeMCU (ESP8266 12E)
ESP8266 is a microcontroller designed for Expressive Systems. ESP8266 is a solution for Wi-Fi networks from existing Micro Controllers to Wi-Fi and is also capable of running standalone applications. Connection with PC using the micro USB cable and there are 17 GPOI, with a consumed current of 10uA ~ 170mA and RAM of 32K + 80K. It is designed for wireless location-aware devices, wireless positioning system signals, industrial wireless control, etc. ESP8266 is used to process and transfer information to the web server so that the smartphone can access the information. 
· IR obstacle sensors

It detected object range of 10-30 cm. This sensor can be used for most indoor applications where no important ambient light is present. The IR sensor will used to sense the road traffic congestion. 

· Step down module (MB-V2-102)

It is a voltage-reducing module and current stabilizer, the input voltage for the module is 6.5V-9.0V DC from datasheet. While the output voltage of 3.3V Dc and 5 V Dc with current 700mA. The module can use a USB or jack from the adapter. 
· LED
A light-emitting diode (LED) is a semiconductor device that emits visible light when an electric current passes through it. In this system, LED is a miniature of traffic light system in the real life. 

· Resistors
It is a passive two-terminal electrical component. It implements electrical resistance as a circuit element and acts to reduce current flow. Also, act to lower voltage levels within circuits, at the same time.
3.1.2 MODULES

Microcontroller Module: 

LPC 2148 microcontroller is based on CPU with real-time emulation and embedded trace support. It combines microcontroller with embedded high speed flash memory and wide memory interface. Due to their low power consumption and tiny size, LPC 2148 are ideal for applications where miniaturization is a requirement, such as point-of-sale and access control. In this application the ARM 7 controller is the heart of operations of Electronic Controller and Display Unit. It consists of 2 ports for interfacing with various devices and has 40kb of RAM and 512kb of Flash memory and high speed performance at a speed of 60MHz. 

Wireless Module: 

· RFID Reader: 

RFID reader connected to a wire antenna which demodulates the Manchester RF 32/64 bit signal and decodes it automatically. The data retrieved from the transponder is ready to be processed inside the device or to be sent over I2C/ UART / SPI or custom protocols. The user can control chip/module with an external device such as microcontroller, PC or handheld device with UART/I2C. 

· RF Tag: 

RF identification is the wireless non-contact use of radiofrequency electromagnetic fields to transfer data, for identifying and tracking tags attached to objects. A Passive Clamp shell type tag is used for transmitting the road-sign which consists of memory chip and antenna. 

Speed Control Module

· DC Motor 

DC motor is a mechanically commutated electric motor powered from direct current (DC). DC motors can operate directly from batteries which are rechargeable, providing the motive power for the first electric vehicles. 

· Relay Module: 
Electromechanical relays are devices that join or break a circuit by physically moving electrical contacts into contact with each other. 

Warning Module:  

· LCD Module
· Buzzer
3.2  SOFTWARE REQUIREMENTS:
· Arduino IDE

· MIT App Inventor and 

· Firebase
SOFTWARE:
· Arduino IDE
Arduino is programmed with a C/C++. Then Arduino IDE software is written in Java based on the processing project from writing and uploading the code to the Atmega chip in Arduino. It is compatible software to program with some module such as ESP. 
· Firebase 

It is middleware between the hardware module and the end user. Firebase is platform for internet of things for web server with open big data from sensors. Which is MQTT platform (Message Queuing Telemetry Transport), it is a protocol that runs on top of the TCP / IP stack and has a small data packet size with a low overhead (minimum 2 bytes) so that it affects the consumption of the power supply is also quite small. 
· MIT app inventor
The first one the application will receive all the sensor values and transmit/ upload that sensor values to the server another app will use to monitor the traffic condition. The software is interfacing from android smartphone user with a web server, so user able to see the condition of the road from a smartphone.
CHAPTER 4
SYSTEM DESIGN AND DEVELOPEMENT

ARCHITECTURE SYSTEM
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CHAPTER 5
TESTING AND IMPLEMENTATION

5.1 TESTING

 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 5.1.1Unit Testing


Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

5.1.2 Block Box Testing

Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.

5.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

CHAPTER 6

RESULT AND DISCUSSION 
In this section discussion about the design overall of the system. This screenshots of the Android application are as follows:
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Android application
The system was adapted from the Android application as shown in figure 3 was developed using App inventor software to connect with Wifi module, web server and display given sensor values which are collected from the hardware module and finally upload this values on the web server. This developed android app will active on any android device and it will always connect to the hardware module. Figure 4 showed the program from Arduino IDE to write in the microcontroller NodeMCU, it is important to program for this research because of all program from the system in here. In the Android application showed some button for user requirement, the application provided some option for monitoring traffic light in the first crossroads or second crossroads or T junction in some condition, also user can select another button for monitoring traffic density. The application can show the condition of the route, the user chooses the location and destination in this system then application show how condition in the route. If the route is jam the system will give some optional routes.
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Arduino IDE program
The hardware system for monitoring traffic light. This prototype has several that is the mismatch between the goals with the results achieved. These constraints include:  
· In the planning of the prototype using NodeMCU ESP8266 but I/O from the microcontroller is less than other microcontroller but NodeMCU stabil on connectivity.  
· The output voltage from NodeMCU is 3V then the sensors need 5 volts to work and has a large current consumption, which that requires a separate adapter. Then NodeMCU did not have a voltage stabilizer so ESP always does the reset, to reduce it needed a voltage stabilizer using a step down the module.  
· NodeMCU support with another web server, so that can be modified the web server or MQTT broker. And NodeMCU can programme with LUA. And for the Android application can use AndroidApp, its support for NodeMCU.  
· The sensor can not implement in the real life because of many disadvantages, readability of the sensor so small from 0-30 cm. The sensor can not detect glass objects.
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Hardware system
CHAPTER-7

CONCLUSION
CONCLUSION
The design of monitoring traffic light system on this research is not too much developing as a whole. Need future research about ITS. The monitoring traffic congestion system was presented traffic connection routes with IoT to develop a real-time software for managing traffic conditions. This system used a web server and an Android client application for reporting and displaying traffic condition. The system for administrators includes a web application, and for the interface of the client application, it is easy and safe to use while driving. The focus on this research about efficiency and traffic density using ITS and IoT technologies.
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