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EMBEDDED WARNING SYSTEM FOR VEHICLE COLLISION AVOIDANCE

ABSTRACT
In recent years, the number of fatalities in traffic injuries has increased. Even if alcohol abuse or excessive speeds are certainly the major causes of these accidents, many crashes could be avoided if Collision Avoidance Systems (CAS) were used. CAS consists of two aspects (i) Object detection (ii) Control system (including avoidance algorithm). Traditionally, onboard sensors, image processing, and millimeter wave imaging are used to detect objects that could be dangerous to a vehicle in motion. At recent times, navigation systems such as GPS and cellular-based communications networks are able to provide drivers with real-time routing and traffic information. In this paper, an Embedded Warning System is proposed to operate as a control system to manipulate Dedicated Short Range Communication (DSRC) unit, Vehicular unit and GPS unit for collision avoidance. GPS information for each car is exchanged and disseminated each other via DSRC. The vehicular unit receives signal from all sensors via CAN bus.

Keywords: Embedded warning system, vehicle-to-vehicle communication, DSRC, GPS, CAN bus.

Chapter 1 
Introduction to vehicle collision avoidaNCE

Automotive vehicles clearly bring great value to society, providing a cost-effective means of transporting goods and people all over the world. Unfortunately, there are a corresponding number of automotive accidents and fatalities which continue to increase worldwide, prompting the World Health Organization to project automotive related deaths as the number three cause of death by the year 2010, up from number nine in 2002. Together, the auto industry has been working with governments around the world, from both a regulatory and technology standpoint, to reduce the number of automotive-related deaths.
Through increased driver education and awareness of potential hazards, the automotive industry is striving to promote accident avoidance and prevention to increase overall automotive safety. Active safety and advanced driver assistance systems (ADAS) are the primary focus of current efforts to implement. [2] There are developments in vehicle-to-vehicle and vehicle-to-infrastructure communication technology as part of the ADAS initiative. Some of the participants include the U.S. Department of Transportation, the American Association of State Highway Transportation Officials; the transportation departments in Michigan, California and Florida; and BMW, DaimlerChrysler, Ford, General Motors, Honda, Nissan, Toyota and Volkswagen. 

Vehicle-to-vehicle communication uses Dedicated Short Range Communications (DSRC) based on Wireless Local Area Network (WLAN) technology. The Federal Communications Commission has dedicated the 5.9-gigahertz frequency exclusively for transportation-related communications that can transmit data over distances of up to 1,000 meters (3,280 feet) between vehicles. 
The Global Positioning System (GPS) is a global navigation satellite system. It provides reliable positioning, navigation, and timing services to worldwide users on a continuous basis in all weather, day and night, anywhere on or near the Earth. GPS is made up of three parts: between 24 and 32 satellites orbiting the Earth, four control and monitoring stations on Earth, and the GPS receivers owned by users. GPS satellites broadcast signals from space that are used by GPS receivers to provide three-dimensional location (latitude, longitude, and altitude) plus the time. GPS has become a mainstay of transportation systems worldwide, providing navigation for aviation, ground, and maritime operations. Disaster relief and emergency services depend upon GPS for location and timing capabilities in their life-saving missions. 

This report proposes an embedded warning system that includes ARM processor & CAN bus for giving warning signal to the driver by using information from the GPS unit & the DSRC unit. GPS module could provide accurate positioning, speed and heading solution per second with independence of time, all weather and location for long period performance. DSRC module, whose characteristic has short range radio and high data rate, is the bridge among all the vehicles.
1.1 Background

Improvement of traffic safety is one of the major concerns of Intelligent Transportation System (ITS), while collision avoidance is the R&D response toward the goal. Causalities in traffic accident are mostly caused by collision such that how to avoid collision has attract lots of researchers’ interests. Some well known Collision Avoidance Systems (CAS) are Pre-crash Restraint Deployment System and Automatic Highway System. Most of the collision avoidance systems are optical-based system which usually employs RADAR or CCD camera.
Collision Avoidance Radar (CAR) can be considered to represent a type of intervehicle communications as a vehicle uses radar to scan for other vehicles and objects to assist the driver in preventing a collision. Because very high frequencies provide a line-of-sight transmission capability, millimeter wave radar and radar sensors for CAR operate in the 36- to 94-GHz frequency range, carefully avoiding frequencies used by police radar to prevent interference. Radar sensors for maintaining a distance between vehicles are mounted on the back of vehicles, enabling a “middle” vehicle to measure the range to the vehicle in front. The middle vehicle is equipped with a sensor to note the position of the vehicle behind, which may not be equipped with a sensor. Because the sensor is passive, it is more economical than placing millimeter wave radar on the front and back of vehicles.

However, optical-based system has its own drawback: 

1. Although practical for use in military convoys, Collision Avoidance Radar may not be suitable for commercial use in public vehicles.

2. The vision corner will become a problem in detecting moving objects.
3. Most RADAR, CCD or CMOS camera cannot work under severe weather condition, poor visibility at night, or even snowing.
4. The detection by optical based systems may not be precise.
Now-a-days the adoption of V2V communications using DSRC is not only overcomes the drawbacks of optical based system. A number of applications such as Cooperative driving, Consumer assistance & Smart parking have been developed.
Chapter 2 
CONCEPT OF COLLISION AVOIDANCE SYSTEM

The system technology for collision avoidance warning system is designed with an integration of GPS and data transmitting through DSRC. The information may be displayed on the screen to monitor other neighbor vehicles in real time operation. The vehicular data of vehicle will be routed and broadcast to neighbor vehicles by short message protocol onto the internet via DSRC communication.

2.1 Architecture of CAS

Figure 1 shows the Architecture of Collision Avoidance System. [4] A data fusion of collision avoidance warning system platform is build up of three basic parts, including GPS receiver, DSRC transceiver and CAN transceiver. A 32-bit ARM microcontroller is the mainly adopted controller, where the embedded kernel to access data input and output is programmed. 
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Figure 1: Architecture of Collision Avoidance System
2.2 Global Positioning System

The global positioning system is a satellite based navigation system made up of a network of 24 satellites in six different 12-hour orbital paths spaced so that at least five are in view from every point on the globe. The satellites continuously transmit military and civilian navigation data on two L-band frequencies. Five monitor stations and four ground antennas located around the world passively gather range data on each satellite’s exact position. The system relays this information to the master control station at Schriever Air Force Base in Colorado, which provides overall coordination of the network and transmits correction data to the satellites.

2.2.1 Present Scenario

Each satellite emits radio signals that a receiver – a miniature device installed on a vehicle or carried by hand-users to estimate the satellite’s location as well as the distance between satellite and receiver. The receiver can determine its position by locking on to the signals of at least three satellites, a technique commonly known as triangulation but more precisely called trilateration. With four or more satellites in view, the receiver can determine the user’s latitude, longitude, and altitude. Once it has calculated the user’s 3D position, the receiver can calculate other useful information such as speed, bearing, track, trip distance, distance to destination, and sunrise and sunset time. 

The first applications in navigation were developed by the U.S. department of defense, who took on the assignment of designing and developing the GPS system. The applications in this category had a clear military orientation, like navigating combat airplanes, guiding missiles, positioning troops and locating military ships in a timely (real-time) manner. Now-a-days, the GPS [10] is helping more and more to guide cars and cabs, trucks and trains, sailing boats and ships, airplanes and even other satellites mainly in their navigation. 

2.2.2 Function of GPS Receiver in CAS

The function of GPS receiver in the proposed system is to capture the longitude and latitude position for a particular place. When GPS receiver gets connected with the embedded system through serial port it is easy to capture the satellites default value in the hyper terminal network. These values are processed by embedded system for further communication with nearby vehicles. GPS adopts the NMEA-0183 standards as a format for interfacing electronic devices. The default communication parameters for NMEA output are set as 4800 baud rate, 8 data bits, 1 stop bit, and no parity. One of the NMEA message format, GPRMC, is employed to provide the precise positioning in the proposed system. The GPS fixed data is processed in one second period, including the acquisition of position, ground speed and course.

2.3 Vehicle to Vehicle (V2V) Communication

The inter-vehicular communication which broadly depends on coverage area is classified into two categories: Vehicle to Vehicle (V2V) [4] and Vehicle to Infrastructure (V2I). Figure 2 provides typical examples of Inter-Vehicle communication network. With the development of information technologies, wireless technologies like Cellular systems, Bluetooth and DSRC are used for data exchange between users’ devices and vehicles, among vehicles, and between vehicles and infrastructure. The details of application scenarios of data exchange with each technology are listed in Table 1.

In the recent technological trends, DSRC providing low latency within desired range is used to provide real time traffic information for effective inter-vehicular communication. Thus, in the following subsection, we focus on introducing the new technologies of DSRC for CAS.
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Figure 2: Inter-Vehicle Communication Network

2.3.1 Dedicated Short Range Communication (DSRC)

DSRC [8] is a short to medium range wireless protocol specifically designed for automotive use. It supports both public safety and private operations for V2V and V2I communication environments. It is a complement to cellular communications by providing very high data transfer rates in circumstances where minimizing latency in the communication link and isolating relatively small communication zones are important. This technology for ITS applications is working in the 5.9 GHz band (the U.S.) or 5.8 GHz band (Japan & Europe). DSRC standards and communication stack are shown in figure 3. [8] 

[image: image3.png]Table 2. Wireless Technologies for V2V & V2I communications

EES Wi Wi DSRC
(WiFi Aliance Version of
S0211n)

Standard/ | Thid goneraion callzr A short tomedium range

Technology | tachnclogy n 2001 commaicstion:
Coversze 000
Bit Kate 027
pplcaton Rosdside o veicle s

vehicl to veliclecom- | (Voiceover ) velicl t veicle com-





Table 1: Wireless Technologies for V2V and V2I Communications
IEEE 802.11p is a draft amendment to the IEEE 802.11 standard to add wireless access in the vehicular environment. It defines enhancements to 802.11 required to support ITS applications. This includes data exchange between high-speed vehicles and between the vehicles and the roadside infrastructure in the licensed ITS band of 5.9 GHz (5.850-5.925 GHz). IEEE 802.11p supports physical layer management entity (PLME), lower MAC (Medium Access Control) layer management entity (L_MLME), Wireless Access in Vehicular Environments physical layer (WAVE PHY) as well as WAVE lower MAC in DSRC technology.

IEEE 1609—Family of Standards for Wireless Access in Vehicular Environments (WAVE). The WAVE standards define architecture and a complementary, standardized set of services and interfaces that collectively enable secure V2V and V2I wireless communications. Together these standards provide the foundation for a broad range of applications in the transportation environment, including vehicle safety, automated tolling, enhanced navigation, traffic management and many others. The IEEE 1609 Family of Standards for Wireless Access in Vehicular Environments (WAVE) consists of IEEE P1609.1 – Standard for WAVE – Resource Manager,

IEEE P1609.2 – Standard for WAVE – Security Services for Applications and Management Messages,

IEEE P1609.3 – Standard for WAVE – Networking Services, and

IEEE P1609.4 – Standard for WAVE – Multi-Channel Operations
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Figure 3: DSRC Standards and Communication Stack

2.3.2 Function of DSRC Transceiver in CAS

The DSRC Transceiver operating at 5.8GHz ISM Band is connected to the Electronic Control Unit through the mini-PCI slot of peripheral subsystem. The DSRC transceiver is used to transmit the vehicular data processed by the ECU such as accurate positioning, speed and heading solution per second with independence of time. Such information’s are processed by the control algorithm in ECU of nearby vehicle to provide necessary warning signal relating to vehicles to driver.

Vehicular Unit

The vehicular unit is used to receive the break, throttle, and other signals via controller area network (CAN) interface connected to each mechanism of the car. Figure 4 shows the layered structure of CAN bus in Vehicular unit. The CAN transceiver [5] is the interface between the CAN protocol controller and the physical transmission line and it is one of the key factors influencing the capability of network system. It specifies the manner by which pulses are formed as well as connectors and the cable used for the bus. 
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Figure 4: Structured Layer of Vehicular Unit
2.3.3 The Controller Area Network (CAN) Bus
The Controller Area Network (CAN) is a widely communication fieldbus used in automotive and other real time applications. It is a serial communications protocol which efficiently supports distributed real-time control with a middle level of security.

In automotive electronics, engine control units, sensors, anti-skid-systems, etc. are connected using CAN [7] with bit rates up to 1 MBits/s. However, in today’s car, CAN is used as an SAE (Society of Automotive Engineers) class C (classification defined in (“J2056/2 Survey”, 1994)) network for real time control in the power train and chassis domains (at 250 or 500 kb/s). It is also implemented as an SAE class B network for the electronics in the body domain (at 125 kb/s).

In CAN, data is transmitted in frames containing between 0 and 8 bytes of data and a number of control bits. A CAN frame is labeled by an identifier whose numerical value determines the frame priority. Depending on the CAN format (standard CAN 2.0A or extended CAN 2.0B) the size of the identifier is 11 bits (CAN 2.0A) or 29- bits (CAN 2.0B). Between CAN frames sent on the bus, there is also a 3 bit inter-frame space. The standard CAN frame format (and the inter-frame space) is depicted in Figure 5. CAN is a collision-avoidance broadcast bus (CSMA/CA for carrier sense multiple access with collision avoidance), which uses deterministic collision resolution to control access to the bus. It implements a fixed-priority based arbitration mechanism that can provide real time guarantees and that is amenable to timing analysis.
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Figure 5: The Standard CAN Frame Format

As distributed real time systems become more and more complex, the computing power is steadily growing, and the number of ECUs attached to CAN buses is growing. Thus CAN’s maximum speed of 1 Mbps can lead to performance bottlenecks. Hence, methods for increasing the achievable utilisation are needed, e.g., novel analysis methods that allow increased utilization while guaranteeing timing requirements to be fulfilled, and novel approaches to schedule CAN.

2.3.4 Function of CAN Transceiver in CAS

The vehicular unit is used to receive the break, throttle, and other signals via controller area network (CAN) interface connected to each mechanism. Such information’s are processed by the ECU for InV, V2V communication, thus displaying warning signal on the on-board screen to the driver.

Chapter 3 
PROPOSED EMBEDDED WARNING SYSTEM

The use of in-car networked Electronic Control Units (ECUs) for monitoring and control of various vehicle subsystems has become a common practice among the automotive manufacturers. Currently, these networks are deployed for in-car applications such as engine diagnostics, chassis control, power train, infotainment systems and also to remotely monitor and control the vehicles through serial bus communication protocols, in order to realize safety and driver assistance related applications. The Electronic Controller Units uses microcontrollers embedded, Internal Memory, I/O interface, Subsystem interface, Interface controllers, ADCs and PWM. 
The Embedded Warning System focuses the use of the ARM (Advanced RISC Machines) architecture due to its smallest CPU die size, best MIPS to Watts ratio; all the necessary computing capability coupled with low power consumption, low cost. Figure 6 shows the block diagram of Embedded Warning System. [6] To fulfill the proposed anti-collision application, GPS data as well as vehicular data are processed in specific logic, digital formats and sent through DSRC module in controlled intervals. The data packet is formed up in ARM microcontroller from the peripheral sensors as well as GPS. Each data packet is collected and sent to DSRC module within each cycle of data surveillance. Meanwhile, the processor is activated by embedded Linux system. The USB of embedded system interface is simulated as a serial port that is used as COM1 port for GPS module to capture positioning data, and two mini-PCI slots for DSRC modules to transmit data or receive data from other vehicles.
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Figure 6: Block diagram of Embedded Warning System

3.1 ARM Processor

During the eighties, the typical usage of a microcontroller in the car was for power train, (a popular example would be the 8051 CPU running at 12 MHz). Following this, faster and faster microcontrollers started to find their way into many areas of vehicle design. The increasing requirements led to CPUs as well as peripherals becoming more and more powerful. Other areas of microcontrollers are body control, safety, car entertainment and navigation.

The ARM processor core is a key component of many successful 32-bit embedded systems. ARM cores are widely used in mobile phones, handheld organizers, and a multitude of other everyday portable consumer devices. In fact, the ARM core is not a single core, but a whole family of designs sharing similar design principles and a common instruction set. The ARM core uses a RISC architecture which places greater demands on the compiler. In contrast, the traditional complex instruction set computer (CISC) relies more on the hardware for instruction functionality, and consequently the CISC instructions are more complicated. 

The ARM architecture offers the great opportunity to use a standard, yet modern architecture. With vehicle networking offerings based on ARM9 cores, the existing 8-bit and 16-bit applications can easily be upgraded. The great benefit of using the ARM architecture is the existing roadmap of software compatible cores. Through this upgrade option, software algorithms do not become obsolete any more and the associated development tools can be reused across future designs based on ARM7, ARM9 and the upcoming ARM Cortex implementations. A comprehensive networking device with 16 specific automotive interfaces like the SJA2510, NXP has a lot to offer for In-Vehicle Networking applications. [1] 
3.1.1 Features of SJA2510
· Powerful 32-bit ARM microcontrollers

· Up to 2 Mbytes Flash with source code protection and 2 Mbits/s programming

· Integrated EEPROM and scalable SRAM sizes

· Up to 6 CAN 2.0B channels with global acceptance filter for high performance gateway functionality

· LIN 2.0 master controller realized in hardware for low CPU load

· UARTs with local message buffers to increase efficiency

· Universal 32-bit timers with capture and compare registers linked to I/Os

· 3.3 V and 5 V analog inputs, ADCs with 10-bit accuracy

· Modulation and sampling control system for light dimming and electrical motor control

· Real-time clock with 32 kHz crystal and dedicated (battery) supply

· Full-duplex SPI with receive and transmit buffers and message queues

· External 8-, 16-, or 32-bit bus with four memory banks

· Operating temperature range -40 to +125 °C ambient

· Variety of packages, from low-pin-count (LPC) to 208 pins and more
3.1.2 Architecture of SJA2510
Figure 7 shows the Architecture of SJA2510. It offers highest level of flexibility to the designer for implementing and customizing on-chip peripheral blocks.

This is due to a comprehensive re-use design approach, which influences all software and hardware functionality. An extensive library of peripherals includes high performance CAN gateway blocks, LIN 2.0 master controllers, FlexRay v2.1 communication controllers, PWM modules for light dimming and electrical motor control, real-time clocks and ultra low power modes. In addition, these dedicated automotive microcontrollers are qualified to, and beyond, AEC-Q100. Dedicated automotive test, qualification and production flows are used to ensure superior quality and smallest PPM levels. The SJA20xx and SJA25xx families feature a wide variety of SRAM sizes, along with a 16 Kbytes EEPROM module and up to 2 Mbytes of on-chip, robust 2-transistor Flash program memory. Supporting both fast in-system programming via a 4 Mbits/s JTAG interface and in-application programming capability (for example, via CAN or UART connections), the Flash memory can also be protected to disable read access to the program source code. The SJA25xx controllers also feature tightly coupled memory (TCM) as well as multi-level AHB-buses to significantly boost system performance. NXP fully supports the Autosar compliant communication driver throughout our automotive 32-bit product portfolio. A range of OSEK compliant real-time operating systems, CAN, LIN and FlexRay drivers, and embedded software components are also available for automotive applications. Additionally, several software vendors can provide a variety of software development tools.

[image: image8.png]SJA2510

Top level |**=er

688 28
Flash | Egamat SRAM
Momary
Intertace  Intertace | Intartace
Controller Contraller, Controller | Bus Inlseface
[

CANILIN Subsystem

Bus Interface

[





Figure 7: Architecture of SJA2510
3.1.3 Benefits of SJA2510

· Automotive quality – AEC-Q100 and beyond

· maximized test coverage to virtually 100%

· intrinsic robust processes and technologies

· product verification to limits of process settings

· Extensive power management with ultra-low-power modes

· Convenience and flexibility of scalable embedded SRAM and Flash memory in pin-compatible packages

· Frees up CPU with dedicated hardware support for low latency FlexRay, CAN, LIN and SPI message handling

· Use same controllers for different applications

· diverse features and packages offering various pin counts

3.1.4 Application using SJA2510

· Gateway and combined body control / gateway systems

· FlexRay and safety-related applications

· Driver assistance

· Any other applications where high performing and cost efficient automotive microcontrollers are required

3.2 Intra-Vehicle Communication Network
Intra-vehicle communications [8] reference communications that occur within a vehicle. Such communications enable vehicle diagnostics where a technician can plug a tester into a port in the vehicle network and may be able to examine the operational state of various components of the vehicle as well as fluid levels and engine performance. The foundation upon which intra-vehicle communications occurs is through the use of a communications protocol. That protocol represents a set of rules that govern the orderly transmission of data among various components in the vehicle. The three most common vehicle networks are, LIN, CAN and Flexray. These embedded networks have both increased the functionality and decreased the amount of wires. However, the usage of different wires for the different networks still has the disadvantage of heavy, complex and expensive. Figure 8 shows the networks deployed for intra-vehicle communication, while comparison data of various networks is shown in table 2. Since the CAN bus is explained already in the previous chapter, this chapter explains the remaining common vehicle networks.
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Table 2: Embedded Automotive Networks
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Figure 8: Intra-Vehicular Communication Network

3.2.1 The Local Interconnect Network: LIN

Conceived in 1998, the LIN consortium comprises many car manufacturers like Audi, Volvo, BMW (“LIN Consortium”, 2003). LIN is an inexpensive slow and serial bus used for distributed body control electronic systems in vehicle. It enables effective communication for sensors and actuators where bandwidth, speed and versatility are not required (i.e. inside mechatronic based subsystems generally made of an ECU and its set of sensors and actuators). LIN is commonly used as a sub bus for CAN and FlexRay.

A LIN network is based on one master node and a couple of LIN slaves (up to 16 over 40 meters line length). The communication in an active LIN network is always initiated by a master task: the master sends out a message header that comprises the synchronisation break and message identifier (frame header). Exactly one slave is activated upon reception and filtering of the identifier (up to 64), which starts the transmission of the response, up to eight data bytes. The frame response may be sent by one LIN slave or LIN master. Each LIN frame is composed of a frame header and a frame response.
The master node decides when and which frame shall be transmitted according to the schedule table containing the transmission order. At the moment a frame is scheduled for transmission, the master sends the header inviting a slave node to send its data in response. Any node interested can read a data frame transmitted on the bus.
The reliability of LIN is high but it does not have to meet the same levels as CAN. The LIN can be implemented using just a single wire, while CAN needs two. The physical layer (PHY) supports a data rate equal to 20 kb/s (due to electromagnetic limitations) but other transmission supports enabling higher data rates are possible. LIN is widely used in middle range cars but it can not support high data rate as required by devices like portable DVD players or multimedia applications.
3.2.2 The FlexRay 
FlexRay is a communication system developed by a consortium founded in 2000, including both car and semiconductors manufacturers. The consortium members realized that despite the numerous automotive communications protocols out on the market, none would fulfill future automotive control requirements. FlexRay is a fault-tolerant protocol designed for high-data-rate, advanced-control applications, such as X-by-wire systems. The protocol specification promises time-triggered communications, a synchronized global time base, and real time data transmission with bounded message latency.
FlexRay frame consists of three segments. These are the header segment, the payload segment containing up to 254 bytes of data, and the trailer or CRC segment. A node shall transmit the frame on the network such that the header segment appears first, followed by the payload segment, and then followed by the trailer segment, which is transmitted last. The header of 5 fields includes the identifier, the cycle count and the length of the data payload.
Communication is done in a communication cycle consisting of a static part and a dynamic part, where each of the parts may be empty. The sending slots are represented through the identifier (ID) numbers that are the same on both channels. The sending slots are used deterministically (TDMA strategy) in the static part. In the dynamic part there can be differences in the phase on the two channels. Nodes that are connected to both channels send their frames in the static part simultaneously on both channels. It is possible to send different data in the same sending slot on different channels.

FlexRay is considered by manufacturers as the backbone network for the other networks like CAN or LIN. It is supposed to be foremost used in safety-critical x-by-wire applications. Currently, FlexRay can handle communications at 10 Mbps. In the automotive context, where critical and non-critical functions will increasingly coexist and interoperate, this flexibility can prove to be efficient in terms of cost and reuse of existing components. However, this network still uses specific wires, which do not achieve compatibility with other networks. So, gateways are necessary to transfer information from ECUs connected on a domain network to ECUs connected on other networks. Those gateways could introduce latency, errors, bottlenecks, and so on.
3.2.3 Other Networks

Two other major networks have been developed for emerging multimedia applications, namely “Media Oriented Systems Transport” (MOST) and Intelligent Transportation System Data Bus “IDB” (IDB 1394).
MOST, initiated in 1998, is expected to be available with speeds of 150 Mbps. It is using plastic optical fibers as communication medium (and coax cables) and supports up to 64 devices (nodes). It is sharply more expensive than other networks.
On the other hand, Intelligent Transportation System Data Bus “IDB” Customer Convenience Port 1394 (IDB-1394), an automotive version of IEEE 1394, supports data rate of 100 Mbps and supports up to 63 nodes over a specific six-wire cable. The IEEE 1394 interface is a serial bus interface standard, for high-speed communications and isochronous real time data transfer, frequently used in digital audio and digital video. The interface is also known by the brand names of FireWire. In the automotives, IDB-1394 is a digital network that runs at speeds of up to 400 Mbps carrying high quality video, multi-channel sound and high speed data for vehicle applications. Designed for entertainment and communication applications, IDB-1394 enables devices to operate digitally carrying multiple programs of up to high definition video along with multi-channel audio between devices on a vehicle. These two systems answer to the actual automotive trends namely multi-media networks, data storages, multiple users, navigation and entertainment applications. However, these two high speed solutions need specific wires and allow only peer to peer communications. They answer specifically to multi-media applications requirements. 
Chapter 4 
CONCLUSION

Though research in similar field is underway using microcontrollers, the usage of powerful 32 bit ARM processor combined with high bandwidth networks in SJA2510 has   paved way for location-based distributed modules with increased reliability, performance and with low cost.
The integration of GPS, to find the position, speed and trajectory of nearby vehicles and oncoming traffic using Dedicated Short Range Communication, with powerful microcontrollers to calculate the relative position of other cars and extrapolate within second time to predict a collision and to warn the driver. This has emerged into a new concept called “connected car”.
So far, the developments in “connected car” system predicts about 1 to 3 seconds ahead of a collision under simulated environment… but anything from 2 seconds up gives drivers time to react. This report though focuses on the reliability and performance of embedded warning system for collision avoidance, the system can do even better with high-performance GPS systems that can locate a car within a metre or so and with fast reacting DSRC transceiver, thereby providing the driver more time to react especially when the vehicle is speeding.
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Abbreviations

	ARM
	Advanced RISC Machines

	ADAS
	Advanced Driver Assistance System

	CAN
	Controller Area Network

	CAR
	Collision Avoidance Radar

	CAS
	Collision Avoidance System

	CCD
	Charge-Coupled Device

	CISC
	Complex Instruction Set Computer

	DSRC
	Dedicated Short Range Communications

	ECU
	Electronic Control Unit

	GPRMC
	General Purpose Remote Machining Center

	GPS
	Global Positioning System

	IDB
	Intelligent Transportation System Data Bus

	InV
	Intra-Vehicle Communication

	ITS
	Intelligent Transport System

	LIN
	Local Interconnect Network

	MAC
	Memory Access Control

	MOST
	Media Oriented Systems Transport

	NMEA
	National Marine Electronics Association

	OSEK
	Offene Systeme und deren Schnittstellen für die Elektronik in Kraftfahrzeugen; English: "Open Systems and their Interfaces for the Electronics in Motor Vehicles")

	RISC
	Reduced Instruction Set Computer

	TCM
	Tightly Coupled Memory

	TTCAN
	Time Triggered CAN

	V2I
	Vehicle to Infrastructure

	V2V
	Vehicle to Vehicle

	WAVE
	Wireless Access in Vehicular Environment

	WLAN
	Wireless Local Area Network
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