

SECURE WIRELESS CONTROLLER FOR HAND HELD REMOTE OPERATION OF TRAFFIC SIGNAL IN PEAK HOURS
ABSTRACT

This paper covers the design and implementation of an intelligent traffic management system for an isolated intersection. The vehicular traffic management system employs Field Programmable Gate Array (FPGA) as the central decision-making unit and combines its speed and high number of I/O with other system components such as the ESP8266 Wi-Fi module, to record real-time traffic information and apportion green time for each phase of traffic signal. The design and implementation incorporate three different operational modes namely, fixed time mode, sensor actuated mode and remote control mode, to alleviate vehicular traffic congestion and also reduce the risk of accidents at intersections. The incorporation of remote control mode, which enables an authorized personnel to remotely control the traffic, using a cloud-based application running on a portable device, makes this system different from previous works. Simulation using a prototype of the model on a model intersection, shows that the system can reduce waiting time and increase throughput at the intersections.
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CHAPTER 1
1.1  INTRODUCTION

The problem of vehicular traffic congestion is one that accompanies development and urbanization in every country. Road traffic congestion is undesirable for reasons such as increased pollution levels, high risk and rate of vehicular accidents due to driver impatience and massive economic losses. Since urbanization is inevitable and hence its accompanying road traffic congestion problem, various ways must be devised to reduce the road traffic congestion as much as possible. One attempt by government to handle the congestion problem is to construct more roads. But construction of more roads (increasing resources) alone does not deal with traffic congestion since busy intersections and connecting roads can become bottle neck to traffic flow. Thus, effective and efficient management systems should be developed to manage increasing traffic, especially at busy intersections, to maximize throughput and minimize crashes. The two main means of vehicular traffic control at busy intersections are through the use of traffic signal light and human traffic conductor. However, the existence of a traffic signal light or human traffic conductor does not necessarily alleviate traffic congestion at busy intersections in most cases. In the case of traffic signal light, majority intersections use the fixed-time sharing and the sharing policy is designed at the time of construction. This means, any drastic change in traffic dynamics such as happens during peak hours can create traffic congestion. Besides, when there is the need to give right of way to priority vehicles, these traffic controllers become handicapped. The human traffic controllers are used mostly as a solution to the congestion caused by drastic change in traffic dynamics; malfunctioning traffic signals or to give right of way to priority/emergency vehicles such as fire trucks, ambulances, police responding to duty call, etc. The human conductors usually stand at the center of the intersection and direct drivers using hand gestures. The human traffic conductors are however not efficient since the humans, though supposed to act as feedback control system, have limitation such as:
· Limited field of view and therefore limited information about traffic dynamics, consequently queue management is not optimized due to limited knowledge of queue growing rates on specific roads; 
· Sometimes, the traffic conductors’ signals conflict with that of the traffic lights when they are on at the material moment, thereby creating confusion and occasionally leading to accidents; 
· Some drivers may not see the police conductors’ signals which are usually hand gestures and this can lead to accidents; and 
· The human traffic conductors can easily get distracted by drivers, phone calls, etc.

In order to address these challenges, this paper employs three different operational modes of traffic signal control namely: 

· The adaptive/sensor actuated mode, 

· The remote control mode, and 

· The fixed-time mode.

The actuated mode is the main operational mode for the system. The remote control mode is used to grant access to emergency vehicles and whenever it becomes necessary for human conductors to step in (example, due to sensor malfunctioning). The fixed time mode is used to control traffic during maintenance or when there is sensor failure. Many researchers/authors have argued the superiority of FPGA over ASIC and Microcontrollers and proceeded to develop Traffic Light Controllers (TLC) using FPGA. However, to the best of the authors’ knowledge, none of them provides a remote control interface for human conductors. This paper presents a system with an option for an authorized personnel to control the traffic light using an application running on a portable device.
Traffic lights consist of three universal colored lights: the green light allows traffic to proceed in the indicated direction, the yellow light warns vehicles to prepare for short stop, and the red signal prohibits any traffic from proceeding. Nowadays, many countries suffer from the traffic congestion problems that affect the transportation system in cities and cause serious dilemma. In spite of replacing traffic officers and flagmen by automatic traffic systems, the optimization of the heavy traffic jam is still a major issue to be faced, especially with multiple junction nodes. The rapid increase of the number of automobiles and the constantly rising number of road users are not accompanied with promoted infrastructures with sufficient resources. Partial solutions were offered by constructing new roads, implementing flyovers and bypass roads, creating rings, and performing roads rehabilitation. However, the traffic problem is very complicated due to the involvement of diverse parameters. First, the traffic flow depends on the time of the day where the traffic peak hours are generally in the morning and in the afternoon; on the days of the week where weekends reveal minimum load while Mondays and Fridays generally show dense traffic oriented from cities to their outskirts and in reverse direction respectively; and time of the year as holidays and summer. Secondly, the current traffic light system is implemented with hard coded delays where the lights transition time slots are fixed regularly and do not depend on real time traffic flow. The third point is concerned with the state of one light at an intersection that influences the flow of traffic at adjacent intersections. Also, the conventional traffic system does not consider the case of accidents, road works, and breakdown cars that worsen traffic congestion. In addition, a crucial issue is related to the smooth motion through intersections of emergency vehicles of higher priorities such as ambulances, rescue vehicles, fire brigade, police, and VIP persons that could get stuck in the crowd. Finally, the pedestrians that cross the lanes also alter the traffic system.
1.2 INTELLIGENT TRAFFIC CONTROL SYSTEM 

The design of intelligent traffic control system is an active research topic. Researchers around the world are inventing newer approaches and innovative systems to solve this stressful problem. Models based on mathematical equations are applied to estimate the car waiting time at a junction, the number of cars in the waiting queue, the extension of the waiting cars along the lane, the optimal timing slots for green, yellow, and red lights that best fit the real and veritable situation and the efficient combination of routing. In fact, the mutual dependencies between nearby intersections lead to a complicated formulation with cumbersome parameters. These parameters are accidental, hazardous, dependent, and the worse point is the variance of these parameters with time. Thus, finding a dynamic, consistent, and convenient solution is quite impossible. Researchers from different disciplines are collaborating to explore feasible solutions that reduce traffic congestion. Therefore, various methodologies are constantly proposed in the literature and many techniques are implemented profiting from the technological advances of microcomputers, recent manufactured devices and sensors, and innovative algorithms modeling, as much as possible, the complication of traffic lights. The IR sensors are employed in numerous traffic systems. The IR transmitter and the IR receiver are mounted on either sides of a road. When an automobile passes on the road between the IR sensors, the system is activated and the car counter is incremented. The collected information about the traffic density of the different roads of a junction is analyzed in order to modify dynamically the delays of green light at the lane having the significant traffic volume. The whole system could be controlled by PIC microcontroller or even by PLC. To inform the traffic system about the arrival of the emergency vehicles toward the junction, they are supported by RF emitters that send warning signals to RF transceivers disposed at every traffic light intersection. The triggering sequences of the traffic lights are modified correspondingly in order to provide a special route to the emergency vehicles. Other researchers use the Global Positioning System (GPS) to communicate with the traffic light controllers and send preemption signals. The ambulance was equipped with both RF to communicate with traffic light controller and the GSM module to report to hospital doctors about the patient status and to receive messages concerning the kind of therapy or first aid recovery that should be done to the injured patient. Many works predict the density of the traffic based on image processing methodology. But these techniques require the acquisition of good images whose quality are weather dependent, especially with the rain and the fog. Other researchers use sophisticated algorithms to model the various states of the traffic such as fuzzy logic and genetic algorithms. Most published works are dedicated to one junction or intersection where the influence of the adjacent intersections is not examined. Thus, the situation becomes more complicated and widely dependent. Further efforts should be made to achieve complete modeling, monitoring, and control for multiple synchronized junctions.
1.3 ITS Applications 

1.3.1 Emergency Vehicle Signal Preemption (EVSP) 

More than 98% of respondents have encountered ambulances on public roads in Dearborn Heights, but 82.9% of the respondents had at least one experience of failing to respond appropriately when emergency vehicles (EV) approached . The paper pointed out that, in the United States between 2004 and 2008, there were 3708 accidents involving emergency vehicles. After the in-vehicle information system (such as on-board unit, smart phone, radio), the interference to the general driving is more serious, which will cause the driver to have a slower response to the emergency vehicle. Emergency vehicles need to respond quickly to save the lives and property. In some emergency situations, early response is very important to affect life and death in a few seconds. Every one minute of delay in the patient0 s first aid, the chance of survival would be reduced by 7–10%. For a fire accident, half a minute for each delay will double the fire. For traffic accidents, one third of the deaths associated with vehicle accidents can be prevented by ensuring faster rescue of emergency vehicles, so rapid rescue is already a very urgent and important matter . In order to reduce EV rescue delay, use LED equipment to display the signs of emergency vehicles. When an EV approaches the intersection, the OBU in EV will communicate with the signal controller. The traffic signal controller then turns on the emergency vehicle LED flashing, the passersby can react early to the emergency vehicle approach and then prepare for the early arrival. However, EV drivers still have to slow down when driving through the intersection due to the signal controller not supporting emergency vehicle signal preemption. In, an EVSP system was proposed to solve this problem by extending the green period or cutting off the red period to facilitate the EV passing through the intersection. It assigns different weights to different types of EV, such as the ambulance, fire engine, and police vehicles, so that the signal controller can serve different types of EVs by their priorities. However, the issue of maximum and minimum green period in traffic engineering is not discussed in this article. Qin et al. proposed an improved algorithm that reduces response time and minimizes the effects of general traffic by using two control strategies . The system changes the traffic state to EVSP transition 1 to reduce the traffic impact time, after transition 1, the system switches to EVSP transition 2 for traffic flow compensation. 

1.3.2 Road Side Unit (RSU) 

A new traffic control system for communication policy management, communication management, remote management, and developed communication protocols among RSU, OBU, and the cloud. proposed a scalable enhanced roadside unit, the main components of which are the speed adaptive traffic control system, the pollution adaptive traffic control system (PATC), weather information system, and master control center (MCC). It aims to improve traffic flow by opening or closing specific routes through PATC and use MCC to monitor weather, coordinate road maintenance services, and drive and maintain in bad weather. smart traffic cones to communicate with vehicles by using RFID, they combined with image compression analysis algorithms to develop a new traffic cone vehicle accident detection and recognition system. This paper uses wavelet transform image compression with vector quantization. A new mechanism by selecting the vehicles performing V2I communications based on the concept of road sectorization. This mechanism can effectively reduce transmission overhead. In practice, the vehicle sends a message packet in a specific area. The message packet may be lost due to environmental factors, and the traffic signal controller does not receive the information of the vehicle. An e-Notify system architecture system that uses sensors (such as airbag status, throttle status, brake status) and algorithms to determine if an accident has occurred. When the system detects a vehicle has a traffic accident, it broadcasts the message to the RSU. RSU receives traffic accident information and uploads information to the cloud platform via mobile communication. 

1.3.3 Adaptive Traffic Signal Control (ATSC) 

The OAF algorithm controls the traffic with two phases where Phase I platoons the vehicles using the real-time vehicle positions, it first maximizes the size of the platoon, and then minimizes the size difference of platoons. In Phase II, OAF schedules each platoon to pass the intersection by the oldest arrives first principle. The simulation results show that the OAF algorithm has the best performance compared with traditional traffic signal scheduling algorithms, including the pre-timed, vehicle actuated logic, and Webster methods. A novel  de−centralized flexible phasing scheme, where the traffic signal controller uses a Nash bargaining game−theoretic framework. Although the proposed algorithm is innovative, the lack of some traffic protection measures, such as maximum green time and minimum green time, may lead to unsafe cases for pedestrians, including: SCOOT, SCAT, RHODES, COMDYCS III, LHOVRA, and OPAC. The common issue is that the spatiotemporal coverage of traffic information is not enough for optimal control, and the costs for construction and maintenance of the loop detector are high.
1.3.4 V2X-Based Eco-Driving 

The maximum throughput model (MaxTM) and the minimum acceleration and deceleration model (MinADM). This work shows that the performance of carbon emissions is 5–102% better than MinADM and 13–209% better than the compared baseline (OTLCM). In real traffic cases, MaxTM is 8–14% better than MinADM and 15–231% better than OTLCM. Lee and Li extended eco-driving models in from standalone intersection to multiple intersections, an energy-saving driving advisory system (EDAS) was introduced. OBU calculates the speed range for passing through at most four intersections based on signal plans broadcasted by RSU. Two strategies including the maximum throughput model (MTM) and smooth speed model (SSM) are designed and being adopted according to the degree of traffic congestion. Experimental results show that the MTM of the single intersection travel time is 20.5–84.3% less than the OTLCM. The carbon emissions of continuous intersections MTM+SSM are 19.9–31.2% less than predictive cruise control (PCC) model, and MTM+SSM is 24.5–35.9% less than PCC in travel time.

1.4 Smart Traffic Control System 

1.4.1 STSC System Architecture 

The architecture of the proposed STSC system, and it is composed by three subsystems including an RSU, an OBU, and a cloud center. The RSU controller, connected to traffic signal control system, is the key component in STSC. It is implemented by an industrial computer designed by modularization concept where multiple external modules can be flexibly added onto the RSU by the general−purpose input/output (GPIO) interface. The supporting peripheral modules includes 802.11p V2X interface, GPS, changeable message sign (CMS), mobile communication (4G), and Wi-Fi/BT modules. In addition, the RSU has more GPIO for real-time traffic information extension, such as loop detector or video traffic analyzer (smart AVI).
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System architecture of the STSC system
On the OBU side, it is implemented by an on-board computer which connects to several modules including 802.11p V2X interface, GPS, mobile communication (4G), and OBD-II interface. The OBD-II interface can read the vehicle0 s information such as oil temperature, engine speed, speed, turn signal, etc. The cloud center is designed by a cloud platform and a central database which provides management functions to all the RSUs and OBUs. RSU periodically broadcasts the signal plan (cycle time, green split, current phase, current countdown) and events (incident, road work warning) using an 802.11p interface, vehicles equipped with OBU can receive and react to the real-time information, such as eco-driving suggestions, path re-routing. On the other hand, emergency vehicles (ambulance, police vehicle) equipped with OBU will periodically broadcast the current status using a V2X interface, and an RSU within the signal coverage range can collect the EV messages and do instant responses. In order to fast and cost−effectively deploy the STSC system, our idea is that the RSU controller has to be compatible with the existed infrastructure so that there is no need to replace the traditional traffic controllers. The proposed RSU controller should easily connect to and control the legacy signal controller, regarding it as one of the peripheral devices. An application layer, which is the pool of the application programs, supports six smart city applications including emergency vehicle signal preemption (EVSP), transit signal priority (TSP), eco-driving by signal plan broadcasting, roadwork and accident warning, pre-time signal control, and adaptive traffic signal control (ATSC). Middle layer is the kernel of the RSU, where seven important agents are designed. Traffic data agent and traffic information generation agent are responsible for the data processing and data fusion collected from external data sources (loop detector and smart AVI) to generate real-time traffic information for ATSC. Five message TX/RX agents are designed for dealing with message transmitting and receiving on five device channels, where buffers, queues, and priority mechanisms are designed to handle the different kind of events and messages from other agents. The operating system layer is based on Linux OS and the hardware layer is the driver layer for multiple hardware access interfaces. The external modules handle the input/output interfaces for accessing different external modules, such as CMS module, Smart AVI module, 802.11p modules.
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Software architecture of the RSU controller
1.4.2. STSC State Transition
In order to integrate multi-modal transportation applications in an RSU controller, a five-status state transition diagram for the RSU controller is designed, where the state transition condition and control flow of the five states (S0, S1, S2, S3, S4) are described.
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Smart traffic signal controller’s state transition diagram
The RSU controller switches from shutdown state (S0) to traffic signal pre-timed control state (S1) when the system is started up, the traffic signal control follows the predefined time−based signal plan optimized by historical data which is assigned from the cloud center. It switches to ATSC mode (S2) when the RSU has enough real-time traffic information collected from external data sources (such as loop detector, smart AVI), a special designed adaptive traffic signal control algorithm will be responsible for the traffic flow control optimization in this mode. EVSP (S3) state has the absolute priority since emergency vehicles has the non-stop authority over the traffic signal control when the EVs are on duty. When RSU detects the OBU packets from EV, it switches to EVSP state (S3) as soon as possible, despite which mode it is currently on. Comparing to absolute priority strategy applied in EV, the public transportation has the relative priority, so that an independent TSP mode (S4) is designed for public transit signal priority because the signal control algorithm of TSP is very different from the one in EVSP mode. Usually the RSU operation is mainly on S1 or S2 mode depending on whether the real-time traffic information is enough or not. When the RSU controller receives the messages from an emergency vehicle or a transit signal priority vehicle (such as BRT, bus), the state transition control algorithm will first determine whether it is the host RSU (i.e., the responsible intersection) by comparing the location, direction, speed message collected from the vehicle and the location of itself. It then switches to S3 and begins the EVSP process or S4 for the TSP process if it is the host RSU. In these two modes (S3 or S4), the RSU controller will monitor the status of the vehicle from the vehicle-to-RSU (V2R) packets until it already passes through the intersection; it then begins the signal compensation process and switches to the original operation mode (S1 or S2). 

1.4.3 Emergency Vehicle Signal Preemption Scenario 

To illustrate the STSC system process, we take the EVSP scenario as an example to discuss in detail the state transition, control algorithms, and information flow among STSC system components. The EVSP scenarios have seven stages and two state transitions from RSU detecting approaching EV to EV leaving. RSU switches from pre-time mode to EVSP mode if it is the host RSU. The RSU then begins the whole EVSP processes and switches back to pre-time mode after traffic signal compensation, which is designed for compensating the crossing traffic flows stopped by signal preemption. In Figure 4, assuming an EV is on duty and approaches to the intersection from the south, the RSU receives the EV message broadcasted from the OBU. Once the EV entering the 802.11p signal coverage range, seven stages will be done to complete the emergency vehicle signal preemption process including detected EV, determined host RSU, traffic signal guarding mode, EV preemption control, EV leaving, signal switch, and traffic flow compensation, then the system state switches back to the original state. 
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Emergency vehicle signal preemption (EVSP) scenario
1.5 EVSP Process 

Four components are interacted in the EVSP sequence diagram, which are OBU, RSU controller, traffic signal controller, and CMS. The interaction messages sequence can be divided into two phases, before and after the EV passed through the intersection, which are mapping to the seven stages. The RSU controller collects the EV message, decides if it should be responsible for the EV (host RSU), controls the signal control, and displays messages on the CMS. After EV passes through the intersection, the RSU controller switches back the signal, CMS, and starts traffic compensation as discussed.
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Sequence diagram of the EVSP mode
The major component where the EVSP control algorithm executed is the RSU controller, where the system flowchart is shown in Figure 6. The EVSP algorithm processes the OBU message, identifies the vehicle type and status (A), determines if it is the host RSU by the HostRSU algorithm (B), entering the EVSP state, and running the traffic signal control algorithm (C), determining if OBU leaves the intersection (D), and switches to the compensation mode (E).
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EVSP algorithm
EV broadcasts an on-duty preemption message, RSUs which received the message will determine if it should be responsible for this EVSP message by the host RSU algorithm.
RSU switches to S3 (EVSP mode) if it is the host RSU, and activates the preemption process and signal guarding mode (yellow + all red). It displays EV information on the CMS to inform all the drivers and passengers. The RSU controller continuously monitors the location and status of the EV, and determines if it has passed through the intersection. When the EV has left the intersection, it switches the state from S3 to the original state, turns off the CMS message, and begins the traffic compensation process. 

1.5.1 Vehicular Network Communication Protocol 

The STSC system communication protocol defines the message, format, frequency between the OBU, and the RSU. OBU periodically broadcasts the vehicle-to-RSU (V2R) message every second, the message fields are OBU_ID, TIME_STAMP, POSITION, SPEED, DIR, ACC, VEHICLE_TYPE, DUTY_FLAG, where time, position, and speed information collects from GPS module, id, type, and duty are the vehicle internal status. The DIR field determines the direction range (from 0–7), converted from the GPS data, is applied for matching the vehicle direction and RSU location, which is applied for the host RSU determination algorithm. DUTY_FLAG indicates whether the emergency vehicles is on duty or not. RSU periodically broadcasts an RSU-to-vehicle (R2V) message every second, where message fields including RSU_ID, TIME_STAMP, RSU_POSITION, SPEED_LIMIT, and EVENT, represents unique RSU ID, timestamp, the location of the RSU, speed limit, and warning events (ex. accident, EV, road work), respectively.

1.5.2. Host RSU Algorithm 

The HostRSU algorithm determines whether the RSU itself should be responsible for the approaching emergency vehicle. As shown in Figure 8, when the RSU receives a message, it first checks the EV approaching angle (θOBU(GPS, t) ) and determines if it falls within the RSU service angle. The message will be ignored if the moving angle of the approaching EV does not fit into the RSU service range, which means that this EV may not move on sections of this intersection. The algorithm then double confirms the EVSP request by checking if the received OBU packets is more than a threshold (Cthreshold). The third check is the service range: the distance from the vehicle to the signal controller (δ) should fall into the service range predefined in the RSU; otherwise, it ignores the message. The RSU confirms it is the host RSU only if all these checks are passed, it then returns true and starts the EVSP process.
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HostRSU algorithm
1.5.3 Traffic Signal Control Algorithm 

After the host RSU check, the RSU starts the EV signal preemption control process, where the control algorithm of this process is presented. RSU reads the current signal plan from the traffic signal controller, determining whether to extend the green period or cut off the red period to facilitate the EV passing through the intersection. The green mode (Gmode) indicates that the EV direction is currently in the green period and that it should remain green until the EV passes the intersection. If the EV direction is currently in red mode (Rmode), the signal controller should turn to green as soon as possible but still has to follow the minimum green constraints to ensure the safety of pedestrians. A traffic signal guarding mode (Ymode) is designed after the Rmode control is completed. It then enters the traffic signal guarding mode (Ymode), where the RSU will convert the non-EV traffic light from yellow to red. The RSU controls the signal into green mode (Gmode) after Ymode, and stays in Gmode until the EV leaves.
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Traffic signal control algorithm
A new traffic signal mechanism is specially designed for smoothing the EVSP system operation. It is constituted by two traffic signal blinking modes: Rmode and Gmode, where Rmode is responsible for the handling the process of signal control when the signal of EV direction is red, and Gmode is responsible for the condition that signal is green. Different from the traditional single green/yellow/red light, a hybrid signal scheme is designed to notify all the nearby vehicles and pedestrians that an EV event is now happening and provides information on which direction the EV is coming from. For example, the signal will display red with blinking yellow at the same time in the EV direction to inform all vehicles where the EV is coming, and the signal will change to green as soon as possible, and switches to green with blinking yellow to facilitate EV going through the intersection. A changeable message sign (CMS) attached on the signal displays a message to inform from which way the EV is coming, and which way the vehicles should move to facilitate EV through and ensure safety.
· Traffic Signal Mode: Rmode 
In Rmode, where the current signal in the EV direction is red, RSU will begin the process of switching the signal to green as soon as possible to facilitate EV moving through the intersection, while the process still has to follow a minimum green constraint to ensure safety. Assume that the EV is on emergency duty and approach the intersection from the south direction. If the signal is in a red period, the RSU will activate the Rmode procedure after it determines it is the host RSU. The red period will be cut off and smoothly switched to green due to the EV owning the priority. The traffic signal control algorithm controls the signal and displays red and blinking yellow (instead of the red) in EV moving directions, and green and blinking yellow (instead of green) in cross directions. This signal scheme as well as the message shown in CMS are specially designed to inform all the vehicles and passengers from which direction the EV is coming and how to move for giving way. Another important issue is that the minimum green constraint (Gmin) should be followed for the pedestrian protection; this period is the traffic signal guarding mode. After traffic signal guarding, the control algorithm switches to the Ymode, which includes a short blinking yellow followed by an all red interval, which is the interaction clearance interval for clearing the intersection to ensure safety. In EV preemption control and blinking stage, the algorithm controls the signal in EV directions with green and blinking yellow to signal to other vehicles, and red for crossing directions to stop vehicular conflict. 

· Traffic Signal Mode: Gmode

In Gmode, the traffic signal in EV directions is originally green, the task of the control algorithm is to maintain or extend the green period, clearing the vehicles in front of the EV to facilitate it moving through the intersection. The signal control process of Gmode, it extends the current green phase and controls the signal in green and blinking yellow in EV directions (S to N, N to S), and stays red in crossing directions (E to W, W to E). 

1.5.4 OBU Leaves the Intersection Process 
When the RSU is in EVSP state, it continuously monitors the state and position of the EV and determines if the EV leaves the intersection. The RSU starts a timer (RSUtimer), and continuously monitors if it is timeout or violates the maximum green constraint. The purpose of the timer is to prevent the RSU from staying in an EVSP state if information broadcasted by OBU without being received after EV leaves the intersection.
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The algorithm of determining if OBU leaves the intersection
1.5.5 Traffic Signal Switching and Compensation Mode 

After the EV has passed through the intersection, the RSU switches back to original signal phase and starts the traffic flow compensation. The purpose of the compensation mechanism is to improve the vehicle’s continuation rate and reduce the unnecessary stagnation. Two compensation modes including positive compensation and negative compensation are designed, which enables the proposed STSC system to reduce the time of the signal coordination and is backward compatible with legacy traffic signal controllers. The RSU will switch to negative compensation mode if the current signal phase is more than half; otherwise, it switches to the positive compensation mode.
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Traffic signal switching and compensation mode
1.5.6 Multiple Emergency Requests 

A conflict requests handling mechanism is designed to deal with the case when multiple prioritized vehicle requests are received at the same time. If EV and TSP requests are received in RSU at the same time, EV requests should be handled as prioritized rather than TSP requests because EV has the authority of signal preemption. In the case of multiple EV requests from different approaches, we give emergency vehicles (ambulances, fire engines, police cars) different weights. For example, if the weight of ambulance is higher than the police vehicle, RSU will give priority to the ambulance service when both requests are received at the same time. The first-come first-served (FIFO) operation strategy is adopted if two EV requests from different approaches received the same weight.
1.6 SMART TRAFFIC CONTROL TECHNIQUES USED BASED ON THEIR SYSTEM ARCHITECTURE 

Smart traffic light controls are dynamic. This means that they use real time data to make priority based decisions. They use advanced communication systems based on sensors and/or RFID tags to collect data and provide the system with information on the current situation on the roads (such as number of vehicles on individual roads or how long vehicles have been waiting for green light). The smart system then processes this information and makes decisions; that is, it automatically determines the duration of each traffic light signal based on prevailing traffic situation on the roads. Commonly used systems include fuzzy expert systems (FES), artificial neural networks (ANN) and wireless sensor networks (WSN). 

1.6.1 Fuzzy expert systems (FES) 

FES is a suitable approach to dynamic traffic signal control because of the nature of uncertainties on road traffic where the traffic distributions fluctuate non-uniformly. It is a superset of Boolean logic that has been extended to handle partial truths between completely false (0) and completely true (1). This is in an attempt to mimic or reflect how humans think, to model our sense of words when describing certain phenomena as well as our common sense in decision making. The sensors collect data from the environment which in turn is fed into the fuzzy logic controller (FLC) for processing. The inference process in a FLC is similar to the way traffic officers handle the traffic flow at a typical roundabout. The FLC’s objective is to control operations in systems by making decisions that utilize rules expressed with the uncertainty of human terms such as cool (slightly cold) or warm (slightly hot). Therefore FLCs are a suitable approach to traffic signal control because it assigns green or red light signal based on urgency or as traffic fluctuates; and selects the best decision that will minimize congestion at a particular interval. For instance, a lane could also have low or medium traffic as opposed to just no traffic (0) or high traffic (1). A fuzzy logic traffic light controller. Their system uses two input variables; quantity of traffic on the arrival side (arrival) and quantity of traffic on the queuing side (queue) collected from the sensors on the lanes. Their system controls traffic on multiple lanes simultaneously i.e. North and south lanes move together while east and west lanes move together. When North and South have green light, East and West stop (queue). The fuzzy controller observes the density of north and south as one side and east and west as another side. Their system then determines green light allocation and extension based on the side that has the highest traffic quantity. From their experiments, they are able to demonstrate that their fuzzy logic traffic light controller performs better than the fixed-time (static) controller. From a comparison made between the performance of the fuzzy logic controller and that of a fixed-time (static) controller; observed from the results that the fuzzy logic controller had a lower average waiting time – a difference of 6 minutes. However, unlike Khiang et al system, his system employs another input variable, waiting time, to determine green light allocation and extension. FLATSC therefore uses traffic quantity and waiting time to determine the priority degree (output variable) for each lane on the roundabout. The output value is the green light time/extension for each lane. The lane with the highest output value gets allocated the green light. When cars in one lane move the other lanes stop. The green light extension was not a fixed value; it was dependent on real time data collected from the sensors. The value changed as the traffic variables fluctuated from cycle to cycle and/or lane to lane. This ensured that traffic was controlled based on prevailing traffic conditions on the roads. From a comparison with the fixed controller and vehicle actuated systems, FLATSC proved to be more effective in managing the changing traffic patterns. In addition FLATSC attempted to resolve starvation. Starvation describes a situation whereby some lanes end up always getting last priority because they usually get the least traffic consequently ending up always queuing for the longest time during a cycle. FLATSC addressed this issue by incorporating waiting time as a factor in determining green light allocation. For instance a lane that has low traffic but very high waiting time still has a chance of getting a high priority degree just as a lane with high traffic but low waiting time; depending on the fuzzy inference. 

1.6.2 Artificial neural networks (ANN) 

The major difference between ANN (learning systems) and FES is that; while an FES uses present knowledge to make decisions, in a learning system, the decisions are computed using the accumulated experience or knowledge from successfully solved examples. Since ANNs try to mimic the human brain they possess an adaptive feature that allows each node within the network to modify its state in response to past and present knowledge. An ANN system used to control traffic. The input given to the ANN models are the list of data collected by the sensors which are placed around the traffic lights. The sensors give the traffic light ANN model all the data which are related to the past and present traffic parameters. The model then processes this input and selects the most suitable output that suits current traffic situation. These results are then used by the traffic lights to set the timing for the red and green lights. In their ANN approach they evaluate that for the ANN to produce accurate decisions it required 83 neural nodes, their system produced 73% accuracy level for the derived solutions. A neural networks based traffic light controller called Environment Observation Method based on Artificial Neural Networks Controller (EOM-ANN) to control urban traffic. Their approach is different from because they also incorporate mathematical strategies (EOM) to make signal allocation decisions. EOM is a mathematical methodology for obtaining timing plans for isolated intersections. It achieves this by calculating the minimal green time for each phase then to prevent congestion an additional green time is allocated to each lane that still has cars even after getting green light. However the downside of EOM is that it sets traffic light timing based on averages of the basic parameters. Due to the fact that these figures are constants, the EOM doesn’t incorporate the real time nature of traffic which means that the traffic parameter values (data) keep changing every time, this is further backed by that traditional mathematical methods have limitations when they are applied in traffic control. The EOM-ANN is an attempt to resolve this issue of real time data, propose use of ANN to obtain this traffic data patterns. That way, the green light timing and allocation is based on actual/prevailing traffic conditions rather than analytical calculations. EOM-ANN uses the feed-forward method with 8 neural nodes in total for input, hidden and output layers. It is further divided into two modules; reviser and the neural. The former defines correct traffic light timing and the latter provides the most appropriate value for the current traffic behaviour. The inputs of the ANN are the number of light, medium and heavy vehicles. From a comparison between static time controller and EOM, EOM-ANN reported better traffic flow and congestion management. The average traffic flow of the individual controllers was as follows: static controller - 82.55, EOM - 68.70 and EOM-ANN registered an average of 53.75. 

1.6.3 Wireless Sensor Networks (WSN) 

In the event WSN is used to not only collect traffic data but also actively control road traffic, additional functionalities are incorporated into the network’s controller. An algorithm is embedded to control the traffic lights – it generates routing decisions based on sensor data aggregated. Unlike some A.I systems, WSN does not require vehicles to have additional systems such as RFID tags to control and manage traffic. As a result WSN are cost inexpensive and make it a more practical than ANN and FES approaches especially in emerging economies. Their system uses the WSN to route traffic based on traffic density and waiting times. It is composed of: sensors that detect the presence of vehicles and have a memory that stores their waiting times on each road. It also has an intelligent traffic controller that processes the sensor data then employs two algorithms traffic system communication algorithm (TSCA), traffic signal time manipulation algorithm (TSTMA) to route traffic based on the traffic variations of all lanes of the intersections at a particular time and traffic control algorithm on multiple intersections (TCAMI). TSCA main objective is to enable exchange of information between the sensors’ base station (BS) and the controller using a direct routing scheme approach. This means all sensors are within range of the BS and directly communicate with it. On the other hand, TSTMA main responsibility is to set the traffic signal duration in an efficient and dynamic manner such that traffic flow is maximized while at the same time ensuring minimal average queue length (AQL) and average waiting time (AWT). TSTMA makes use of the traffic information gathered at the traffic BS from the sensors to calculate in intelligent manner, the expected queue length, for the next traffic cycle, and then schedule efficient time setting for the various traffic signals. TSTMA achieves this objective through three main techniques: (a) Dynamic selection and ordering of the traffic phases based on the number of lanes allowed in the intersection; (b) Dynamic adaptation to the changes in the arrival and departure rates and thus dynamic decisions about queues’ lengths and their importance; (c) Dynamic control of the traffic cycle timing of the green and red periods. TCAMI main objective is coordination and setting of traffic parameters and conditions on the multiple intersections in general and on the successive intersections in specific, with the objective of minimizing delays, caused by stopping, waiting and then speeding up during road trips (also known as green wave – where drivers need not stop on multiple intersections thus achieving, if implemented correctly, an open route for the vehicles). When TCAMI is executed on each intersection it will generate traffic information, which in turn represents an input to the subsequent intersection, and so on. As such, the traffic flow will be controlled in a flexible manner. To show efficiency of proposed scheme, compared the system to the traditional traffic light control approach which uses static plans i.e. fixed time control. The results indicate that the proposed system had a better performance rate in managing traffic; its AWT was much lower at 2.98 minutes compared to 7.87 minutes of the fixed time controller. A low AWT means that the flow of traffic is increased hence lower AQT of 9 cars as opposed to 36 cars per queue in the fixed time controller. The dynamic approach was able to handle queues quickly with less cars accumulating on a lane during the observed time. that the time slots allocated for each route is not only based on traffic density, but also on emergency conditions and speed patterns of incoming traffic. Their system collects real time data using IR sensors and the microcontroller’s scheduled algorithm processes this data and determines which direction gets green light priority. The duration of the green light is dynamically calculated based on the weighted speeds of all the vehicles in the waiting queue factoring in any emergencies. When compared to the conventional fixed time approach, ATSWSN registers a higher traffic flow rate and as a result lower average waiting time. This is because the clearance time is inversely proportional to delay factor, slow moving vehicles are allotted more clearance time than fast moving vehicles. Further, by scaling the delay factor by the emergency factor, the clear route parameter is kept high when an emergency vehicle enters the lane. Thus, both the direction and time to be cleared are chosen optimally. They observed that in the fixed time approach, the waiting time increased as the number of vehicles increased irrespective of their speeds and speed factors.

1.6.4 Hybrids 

To overcome the limitations of the individual implementations of ANN and FES approaches, such as; lack of learning ability of fuzzy systems and lack of inference process of ANNs,a hybrid intelligent decision making system (IDUTC) for urban traffic control applications. The sensors (closed loop detectors) placed on the roads collect traffic data; volume (traffic quantity) and occupancy (wait time) of each lane. However IDUTC only computes its decisions based on one parameter, the traffic quantity. Using the volume data, five traffic parameters are computed that describe in more detail the traffic flow of the intersection lanes. They are: 1) highest saturation, 2) the cross saturation, 3) the saturation difference of the traffic, 4) the volume difference and 5) the required green time extension. The four parameters from the previous time frame which were stored in a memory device (the saturation difference was not included) and the five parameters for the current time frame become inputs to the ANN. This is fed into the IDUTC as crisp values. The ANN then processes all the system data, past (collected and stored from previous cycles) and present. The ANN output provides the input for the FES. The FES performs inference and assigns a fuzzy label/values to the input received. Then FES fires the rules based on these fuzzy values. The defuzzification unit converts the computed decisions into crisp values that are used to determine green light allocation and extension for each traffic light. The cycle goes on repeating and tries to change the traffic light timings condition so as to ensure that IDUTC self-adjusts according to the situation. IDUTC integrates the learning abilities of an ANN and the knowledge-based decision-making ability of the FES. The back propagation-based ANN allowed the system to learn and adapt to the dynamically changing environment and the FES was employed for decision making using the IFTHEN rules.
1.7 Wireless Sensor Networks and their Nodes 

A wireless sensor network consists of spatially distributed sensor nodes. In a wireless sensor network (WSN), each sensor node is able to independently perform some processing and sensing tasks. Furthermore, sensor nodes communicate with each other in order to forward their sensed information to a central processing unit or conduct some local coordination such as data fusion. One widely used sensor node platform is the Mica2 Mote developed by Crossbow Technology. The usual hardware components of a sensor node include a radio transceiver, an embedded processor, internal and external memories, a power source and one or more sensors. A wireless sensor network consists of spatially distributed autonomous sensors to monitor physical or environmental conditions, such as temperature, sound, pressure, etc. and to cooperatively pass this data through the network to a main location. The development of wireless sensor networks was motivated by military applications such as battlefield surveillance: but today WSN technology is being used in industrial process monitoring and control, machine health monitoring, environment and habitat monitoring, healthcare applications, home automation and traffic monitoring and control. In a typical application a WSN is scattered in a region where it is meant to collect data through its sensor nodes. The WSN is built of several nodes, where by each node is connected to one (or sometimes many) sensors. Each such sensor network node has typically a number of parts: a radio transceiver with an internal antenna or connection to an external antenna, a microcontroller, an electronic circuit for interfacing with the sensors and an energy source, regularly a battery or an embedded form of energy harvesting. A sensor node size might vary from one design to another one. Wireless Sensor Networks technology can help in infrastructure development: in this project we use it to develop our novel system for vehicle traffic monitoring.
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1.8 Road Monitoring Using Wireless Sensor Networks 

There have been many research and development efforts in the field of traffic monitoring using wireless sensor networks in the past decade. Vehicles traffic monitoring and tracking has been a central application for sensor networks since 2000. Much of this work has focused on military surveillance applications, where individual vehicles move in unconstrained environments. However, there has been relatively little work exploring sensor networks applied to the much more common case of urban vehicle traffic, where vehicles are constrained to roadways, but vehicle density is much greater. Arbabi and Weigle explored vehicle monitoring and data collection for transient, urban situations. Specific users of this system include traffic management around construction zones or during emergencies, and transportation planning and modeling. Urban roadways carry thousands of vehicles each day, and elaborate vehicle traffic monitoring systems have been developed to manage traffic flows. Currently deployed vehicle traffic monitoring systems consist of either emplaced or relatively accurate sensors such as in-ground induction loops or elevated video cameras, or of deployable but less accurate sensors, such as pneumatic tubes. Both have strengths and limitations: sophisticated, emplaced traffic control systems can be accurate and are essential to managing traffic flow, but such systems cover only major roadways and cannot be quickly deployed to new areas; substantial amounts of investment and planning are required to extend them. Deployable systems, on the other hand, are more flexible. They can be used for short-term data collection, but current systems provide less accurate estimates of vehicle class and speed, particularly in dense or low-speed traffic. Sensor networks provide a potential solution to this need for observing vehicles in urban environments. Ideally, small, battery-powered sensor nodes, attached to deployable sensors such as tape-down inductive ioops, can detect and classify vehicles. More importantly, collections of individual sensor nodes can band together, both to improve overall classification accuracy, and eventually hopefully to do short-term tracking of vehicles in constrained areas, such as port facilities or distribution centers. Although there has been a great deal of research in new sensor technologies to improve classification accuracy, finding a good combination of accuracy, deployability, and cost has remained problematic. There are many publications under FleetNet project and ACM International Workshop on Vehicular Ad Hoc Networks, but these works deal with sensors on vehicles, not on roads, and are therefore not capable of recording the traffic flow of a road. Reference propose the use of magnetic signal sensors deployed on the road to detect vehicles with high accuracy, but they use WSN to detect traffic flow at a cross section of a road, and do not synthesize the whole road. Similarly. utilizes WSN to collect transportation information. Reference, propose using WSN to deliver safety-warning messages to relative vehicles. However, their solution focuses on event storage protocol in WSN, not on road monitoring with WSN. The above works collect raw sensor data without any compression and is not energyefficient. The most similar work to ours is that of Yicle et al , which proposes using temporal and spatial correlations to compress traffic flow time-series, however, their method handles 24- hour long time series, which is unacceptable in real time traffic-monitoring scenarios. Furthermore, their method cannot be changed directly to deal with short timeseries because the temporal correlations between short timeseries are not obvious. There have been a lot of models used to forecast traffic flow including ARIMA, neural networks, non-regression model, and so on. Katiyar presented a nonparametric regression based on pattern recognition and used it for short-term traffic flow forecasts. Tiwan at al introduced an improved short-term traffic flow forecasting algorithm based on the ARIMA model. Neural networks have been used in forecasting traffic flow. Laisheng et al used a mathematical and statistical correlation coefficient and clustering approach to forecasting traffic flow. Because traffic flow is a typical gray system, it is more suitable for gray forecasting system method to forecast. Thus, we have used Adaptive GM (1, 1) Model to forecast, which has a realtime rolling forecast for traffic flow and has better forecast results. On the other hand, traffic congestion is a major issue faced by modern city development. With the continuous development of the economy, traffic congestion has become more and more obvious. Toumpis and Tassiulas studied the problem of traffic congestion by the fuzzy mathematics theory and set up a multi-level fuzzy evaluation for it. Yick used economic theory and methods to analyze traffic congestion mechanism. Pompili presented a solution to the problem of traffic congestion through the implementation of road pricing. However, those methods studied congestion only from the point of view of economy or management, few of them can give a fundamental solution to the problem of traffic congestion from technique. Because there have been few studies about traffic congestion control from technique in the current academia, this dissertation studies the issues of traffic congestion control in details. Having learned from mature congestion control algorithms of computer networks, we have designed an algorithm of flow congestion control and scheduling for traffic network, which is called TRED. We have used it for real-time traffic scheduling and have opened up new ways to solve traffic congestion control issues.

CHAPTER 2
LITERATURE SURVEY

1. “MODELING, DESIGN AND ANALYSIS OF INTELLIGENT TRAFFIC CONTROL SYSTEM BASED ON INTEGRATED STATISTICAL IMAGE PROCESSING TECHNIQUES” REHMAN Y.A., KHAN A, AND TARIQ M

In this paper, a system is developed to control and monitor the congestion of traffic. The main motivation is to detect the presence and absence of vehicles on the road using statistical approach integrated with conventional image processing techniques. For this purpose, we have develop a "Probability Based Vehicle Detection (PBVD)" algorithm based Vehicle Detection System (VDS) integrated with post - processing subsystems to form a complete traffic control system. The system has the capability to obtain vehicle statistics during controlling traffic. Simulations are performed by developing complete prototype traffic architecture. Beside, increasing road widths or making by - pass lines, the available technological assets can be optimized to manage the intercity traffic. They allocate enough resources to effectively control the urban traffic. Additionally, their operation and maintenance cost are low. Traditionally, lamps are used to control the traffic at intersection. Every lane is allocated a fix timer in which the vehicles are queued and when the timer expires vehicles are allowed to pass by. There is limited intelligence involved in such systems. Magnetic loops were another method to detect the presence of vehicles on the road. Beside fix timers and magnetic loops there are other methods developed in the recent years for monitoring and efficient control of traffic. These involve the use of image sensors and incorporating the techniques of digital image processing in the available hardware platforms. Image sensors can be used for diverse purposes such as: Monitoring vehicle flow on a given lane, calculating speed, crash detection, Automatic Number Plate Recognition (ANPR) etc. When controlling the intercity traffic using camera controlled systems there are some constraints that must be taken into considerations: Detecting vehicles in the scene require description and discrimination from the background. This is normally called in literature as, defining Object of Interest (001). To efficiently control the process, requires background modeling techniques. Other constraints are environmental variations such as illumination, fog, temperature, wind blows etc. Previous approaches process the whole two or three dimensional plane for object detection and isolation from the background. Background subtraction for object detection was therefore the main constitute. However background subtraction performs poorly in case of outdoor environment where environmental variations demand a robust background update algorithm To tackle the aforementioned constraints, in this paper we propose an intelligent system for the control of traffic. The system incorporates the integration of statistical and digital image processing techniques. It is capable of controlling the traffic and at the same time gives us the road statistics. Moreover the system has the provision of collecting data about the vehicles.
DRAWBACKS
· Management of large traffic in metropolitan areas is not a trivial problem and requires a careful thought out planning and control.

· This is not a trivial problem as it involves the information about the lane region and background.
· To tackle the first problem an adaptive background modeling technique is exploited assuming that the road conditions vary linearly with time.
2. “A NEW METHOD FOR DESIGN AND IMPLEMENTATION OF INTELLIGENT TRAFFIC CONTROL SYSTEM BASED ON FUZZY LOGIC USING FPGA” RAMZANZAD M. AND RASHIDY KANAN H.

In order to manage the traffic at the intersection, the traffic lights are often used. These lights are turned on and off at the predetermined time. Intelligent traffic control systems are designed to dynamically treat the problem of traffic and reduce traffic, pollution and transit time of vehicles at the intersection. In this paper we present a design of intelligent traffic control based on fuzzy logic. The input parameters for intelligent controller are selected with the various modes of intersections to be a true simulation of the intersection environment. In order to facilitate the hardware implementation and increasing the computational speed ،decision algorithm state machine in this system is written in Verilog language and has capability to implement in the Field Programmable Gate Array (FPGA). Today many researches in the field of artificial intelligence techniques have been performed to improve traffic flow and safety for transportation Such as expert systems and fuzzy logic system and different algorithms for traffic management have been studied in several papers. In this research, fuzzy logic is used to design the traffic control system. Fuzzy inference enables the system to decide similar to expert human . So traffic control system can make the best decision for the smooth flow of traffic at intersections so that vehicles can cross the intersection with the least possible time. In the process of designing traffic controller systems, different parameters are used as inputs to the system. For example, the input parameters can be traffic density, traffic flow, vehicle speed, entering a special car (police car, ambulance and fire), passerby crossing from the intersection and etc. In this paper, several parameters were used as inputs in the designed intelligent system including the number of vehicles in the intersection of roads that these values can be obtained from sensors at intersections or images processing of traffic, entering special machines to intersection that their presence can be achieved with image processing, GPS or the alarm sound, passer bys attempting to cross the intersection in different directions that these directions are determined by a special key. Density of vehicles in each direction as fuzzy parameters is given to input of the system and system based on rules base defined by the knowledge of expert man determines the best required time for the passage of vehicles in order to reduce waiting times and traffic volume. The output of the designed fuzzy system along with output of sensors that indicate the special car and output of sensors that indicate passerby crossing from intersection is given to input of decision making algorithm in the field Programmable Gate Array (FPGA). This algorithm is written in the Verilog language and consists of a state machine that any time determines State of traffic light (red, yellow, green) for each direction in current time and the next according to the input parameters. This algorithm also determines the required time for traffic light in each state by fuzzy logic.
DRAWBACKS

· Intelligent traffic control systems are designed to dynamically treat the problem of traffic and reduce traffic, pollution and transit time of vehicles at the intersection.
· Traffic is a major problem in the city that affects many people. Traffic phenomenon causes many social problems such as stress, Air pollution, excessive fuel consumption, waste of time and etc.
3.“INTELLIGENT AND ADAPTIVE TRAFFIC LIGHT CONTROLLER (IA-TLC) USING FPGA” LAHADE S.V AND HIREKHAN S.R.(2015)

The number of vehicles on road is increasing day by day which are controlled by the traditional Traffic Light Controller in the countries like India and other developing countries. In traditional Traffic Light Controller, fixed time is allotted for traffic on each road to pass irrespective of the traffic intensity. This is an inefficient controlling method which consumes time, effort and fuel of users unnecessarily; also it doesn't have any provision of sensing and giving priority for the emergency vehicles to pass first. This problem is addressed by using Intelligent and Adaptive Traffic Light Controller (IA-TLC) implemented on FPGA using verilog as an example ofFSM with 35 states. FPGA, microcontroller and ASIC designs have been used for traffic light controller. Reason for selecting FPGA is that it has numerous merits over microcontroller in TLC design. Some of these merits are high speed of operation, more number of inputloutput ports and better performance. In IA-TLC density of traffic is sensed by using IR sensors throughout day and night, and accordingly time is allotted for users to pass. Other advantages of this system are: i) System senses emergency vehicles on the individual road moreover it gives priority to the traffic of that particular road where the emergency vehicles is sensed. ii) Finds out defaulter who crosses the red signal by capturing images using camera. On account of tremendous growth in the industrial sector, people need to travel from one place to another by road for employment and social activities. The economy of a country is greatly affected due to traffic congestion as number of vehicles on road is greatly enhanced, which equally becomes a social problem which is addressed by many researchers using different approaches for different traffic conditions. The amount of total power consumed is shown by power estimation report of the model. It includes a summary which shows the power supply information, power consumed by different blocks and the thermal information including the junction temperature. IA-TLC is implemented successfully on Spartan 3E FPGA board and the desired result for the proposed problem statement is obtained. Design is successfully simulated on Spartan 3E-100E, Spartan 6-LXI00T, and Virtex 5-LXllOT. It is observed that Spartan 3E requires more LUT as compared to Virtex 5, and Spartan 6 requires least number of LUT's. Traffic intensity is sensed and accordingly time is allotted for traffic to pass. The main feature of this study is the dynamic traffic pass time allocation and provision to detect the emergency vehicles like ambulance, fire brigade etc, giving them priority to pass first and then traffic resumes normally. Camera module is used to find the defaulter for crossing the red signal by means of sensors.
DRAWBACKS
· IA-TLC is implemented successfully on Spartan 3E FPGA board and the desired result for the proposed problem statement is obtained.

· This problem is addressed by using Intelligent and Adaptive Traffic Light Controller (IA-TLC) implemented on FPGA using verilog as an example ofFSM with 35 states.

· The economy of a country is greatly affected due to traffic congestion as number of vehicles on road is greatly enhanced, which equally becomes a social problem which is addressed by many researchers using different approaches for different traffic conditions.
4. “FPGA-BASED ADVANCED REAL TRAFFIC LIGHT CONTROLLER SYSTEM DESIGN” EL-MEDANY W.M. AND HUSSAIN M.R.

Traffic light controller establishes a set of rules and instructions that drivers, pilots, train engineers, and ship captains rely on to avoid collisions and other hazards. Traffic control systems include signs, lights and other devices that communicate specific directions, warnings, or requirements. Traffic light controller (TLC) has been implemented using microcontroller, FPGA, and ASIC design. FPGA has many advantages over microcontroller, some of these advantages are; the speed, number of input/output ports and performance which are all very important in TLC design, at the same time ASIC design is more expensive than FPGA. Most of the TLCs implemented on FPGA are simple ones that have been implemented as examples of FSM. This paper concerned with an FPGA design implementation of a low cost 24-hour advanced traffic light controller system that was built as a term project of a VLSI design subject using VHDL. The implemented traffic light is one of the real and complex traffic lights in Kingdom of Bahrain, for four roads and motorway with sensors and camera. Field programmable gate arrays (FPGAs) are extensively used in rapid prototyping and verification of a conceptual design and also used in electronic systems when the mask-production of a custom IC becomes prohibitively expensive due to the small quantity. Many system designs that used to be built in custom silicon VLSI are now implemented in Field Programmable Gate Arrays. This is because of the high cost of building a mask production of a custom VLSI especially for small quantity. In this paper the main objective was to design a 24- houre traffic light controller to manage the traffic movement of four roads at the same time, and achieve maximum utilization for the four roads. Optimal traffic light control is a multi-agent decision problem, our design learns the expected waiting times of cars for red and green lights at each intersection. In the rush hours, when people going to work or coming back to home the traffic lights of all roads are controlled with fixed time. However, in the normal time, the main roads are controlled with a fixed time while the narrow roads are controlled autonomously by sensors.
DRAWBACKS
· Optimal traffic light control is a multi-agent decision problem, our design learns the expected waiting times of cars for red and green lights at each intersection.
· In the rush hours, when people going to work or coming back to home the traffic lights of all roads are controlled with fixed time.
2.1 EXISTING SYSTEM
· It is compatible with existed traffic signal controller so that it can be fast and cost−effectively deployed.
· In order to fast and cost−effectively deploy the STSC system, our idea is that the RSU controller has to be compatible with the existed infrastructure so that there is no need to replace the traditional traffic controllers.

· However, some limitations exist for the use of intelligent traffic control, for example avoiding traffic jams is considered beneficial for both the environment and the economy, but improvement in traffic flow can lead to an increase in demand.

· The major problem of the existing traffic light systems is that the transition timing slots are fixed within the code. 

· There are many models for traffic simulation in our research, we use the IR sensor to optimize the traffic light controller in the city and pay attention to the visual monitoring developed using the PIC microcontroller.

2.1.1 Disadvantages of existing system
· The problem of vehicular traffic congestion is one that accompanies development and urbanization in every country.
· Urbanization is inevitable and hence its accompanying road traffic congestion problem, various ways must be devised to reduce the road traffic congestion as much as possible.

· One attempt by government to handle the congestion problem is to construct more roads.

· The work seeks to address two main problems, heavy traffic jams during peak hours and allocation of green-time to roads when there is no traffic on them using image processing based traffic light controller. 
· The ultimate research issues that researchers seek to address in the area of intelligent traffic control include, but not limited to, how to reduce traffic congestion; avoid crashes; automatically give right of way to emergency vehicles; provide road traffic information to users; allow remote control of traffic at intersections; and coordinate the traffic flow through adjacent intersections.

2.2 PROPOSED SYSTEM
· The proposed STSC system is designed by a unified system architecture with an RSU middleware which organized by modular functional design.
· The proposed algorithm is innovative, the lack of some traffic protection measures, such as maximum green time and minimum green time, may lead to unsafe cases for pedestrians.

· In order to quickly and cost-efficiently deploy the proposed STSC system, one key successful factor is that it should be compatible with legacy traffic signal controllers.

· In this paper, a multi-modal smart traffic control system (STSC) for the infrastructure in the smart city is proposed, which can be widely applied for the intelligent transportation system in smart city applications. 

· The major components in the proposed STSC include RSU controller, OBU, signal controller, and cloud center. 
2.2.1 Advantages of proposed system

· Thus, effective and efficient management systems should be developed to manage increasing traffic, especially at busy intersections, to maximize throughput and minimize crashes.
· The human traffic conductors are however not efficient since the humans, though supposed to act as feedback control system.

· The existing controller is not very efficient and has led to car waiting times as high as 6 minutes and long queue length on the West – East and East – West roads during rush hour.

· The human traffic controllers are used mostly as a solution to the congestion caused by drastic change in traffic dynamics; malfunctioning traffic signals or to give right of way to priority/emergency vehicles such as fire trucks, ambulances, police responding to duty call, etc.

· The remote control mode is used to grant access to emergency vehicles and whenever it becomes necessary for human conductors to step in (example, due to sensor malfunctioning).

· The fixedtime mode is used to control traffic during maintenance or when there is sensor failure.

· This mode is used when there is the need to override the control sequence for emergency vehicles, a convoy, etc.

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:
· Keyboard
· Mouse
· Hard disk 500GB
· Ram 4 Gb 
3.2  SOFTWARE REQUIREMENTS:
· Operating System : Windows 10
· Language              : Arduino UNO C++
CHAPTER 4
SYSTEM DESIGN AND DEVELOPEMENT
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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

CONCLUSION
CONCLUSION
An intelligent traffic system has been designed and implemented. A prototype of the system has been built and tested. Currently, the prototype is showcased in the College of Engineering Innovation Center, Kwame Nkrumah University of Science and technology, Kumasi - Ghana. Next improvement will incorporate surveillance cameras to enable remote viewing for remote control and secondly will use the cloud database for coordination of traffic flow through adjacent intersections.
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