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								    				    Chapter 1: INTRODUCTION Even when cars were still young, futurists began thinking about vehicles that co uld drive themselves, without human help. During the following decades interest in automated vehicles rose and fell several times. It’s worth taking a fresh look at this concept and asking how automation might change transportation and the qu ality of our lives. Consider some of the implications of cars that could drive themselves. • We might eliminate the more than ninety percent of traffic crashes that are cau sed by human errors such as misjudgments and in-attention. • We might reduce antisocial driving behavior such as road rage, rubbernecking del ays, and unsafe speeds, thereby significantly reducing the stress of driving. • The entire population, including the young, the old, and the infirm, might enjoy a higher level of mobility without requiring advanced driving skills. • The luxury of being chauffeured to your destination might be enjoyed by the gene ral populace, not just the wealthiest individuals, so we might all do whatever w e like, at work or leisure, while traveling in safety. • Fuel consumption and polluting emissions might be reduced by smoothing traffic f low and running vehicles close enough to each other to benefit from aerodynamic drafting. • Traffic-management decisions might be based on firm knowledge of vehicle respons es to instructions, rather than on guesses about the choices that drivers might make. • The capacity of a highway lane might be doubled or tripled, making it possible t o accommodate growing demands for travel without major new construction. Today s level of congestion might be reduced, enabling travelers to save a lot of time.  



The Intelligent Transportation Systems (ITS) program is a worldwide initiative t o add information technology to transport infrastructure and vehicles. It aims t o manage factors that are typically at odds with each other such as vehicles, lo ads and routes to improve safety and reduce vehicle wear, transportation times a nd fuel costs. An automated highway system (AHS) or Smart Roads is an advanced I ntelligent transportation system technology designed to provide for driverless c ars on specific rights-of-way. It is most often touted as a means of traffic con gestion relief, since it drastically reduces following distances and thus allows more cars to occupy a given stretch of road.



Chapter 2: AN AUTOMATED DRIVE A driver electing to use such an automated highway might first pass through a va lidation lane. The system would then determine if the car will function correctl y in an automated mode, establish its destination and deduct any tolls from the driver s credit account. Improperly operating vehicles would be diverted to manu al lanes. The driver would then steer into a merging area and the car would be g uided through a gate onto an automated lane. An automatic control system would c oordinate the movement of newly entering and existing traffic. Once traveling in automated mode, the driver could relax until the turnoff. The reverse process w ould take the vehicle off the highway. At this point, the system would need to c heck whether the driver could retake control, then take appropriate action if th e driver were asleep, sick, or even dead.  



 The alternative to this kind of dedicated lane system is a mixed traffic system, in which automated and non-automated vehicles would share the roadway. This app roach however requires more-extensive modifications to the highway infrastructur e, but would provide the biggest payoff in terms of capacity increase. 2.1 OBSERVING THE ROAD Researchers have developed a road-reference and sensing system that makes it pos sible to determine accurately a vehicle s position and orientation relative to t he lane s center. - Cheap permanent magnets are buried at four-foot intervals along the lane’s centerline and detected by magnetometers mounted under the vehicle s bumpers. Th e magnetic-field measurements are decoded to determine the lateral position and height of each bumper at accuracies of less than a centimeter. In addition, the magnets orientations (either North Pole or South Pole up) represent a binary co de (either 0 or 1), and indicate precise milepost locations along the road, as w ell as road geometry features such as curvature and grade. The software in the v ehicle s control computer uses this information to determine the absolute positi on of the vehicle, as well as to anticipate upcoming changes in the roadway. - Other researchers have used computer vision systems to observe the road. These are vulnerable to weather problems and provide less accurate measurements, but they do not require special roadway installations, other than well-maintained la ne markings. 2.2 OBSERVING PRECEDING VEHICLES The distances and closing rates to preceding vehicles can be measured by millime ter-wave radar or a laser rangefinder. The laser systems are currently less expe nsive, but the radar systems are more effective at detecting dirty vehicles and operating in adverse weather conditions. As production volumes increase and unit costs decrease, the radars are likely to find increasing favor.  



 



 



 



 



Fig.2. Both automated highway lanes and intelligent vehicles will require specia l sensors, controllers, and communications devices to coordinate traffic flow. Adaptive cruise controls (ACCs) are probably the furthest along of these types o f technology. ACCs are automatic speed regulators that also maintain a safe dist ance from the vehicle ahead. The device "senses a preceding car, monitors its di stance and speed, and, if it decides there s danger, emits a warning or may even cut the throttle or engage the brake.  



2.3 STEERING, ACCELERATING AND BRAKING The equivalents of these driver muscle functions are electromechanical actuators installed in the automated vehicle. They receive electronic commands from the onboard control computer and then apply the appropriate steering angle, throttle angle and brake pressure by means of small electric motors. Early versions of these actuators are already being introduced into production vehicles, where they receive their commands directly from the driver s inputs to the steering wheel and pedals. These decisions are being made for reasons largely unrelated to automation. Rather they are associated with reduced energy consumption, simplification of vehicle design, enhanced ease of vehicle assembly, improved ability to adjust performance to match driver preferences, and cost savings compared to traditional direct mechanical control devices.  



Fig.3. The trunk of Toyota s AHS vehicle contains early breadboard versions of c omputerized vehicle and steering controllers plus Global Positioning System base d navigation.  



2.4 DECIDING WHEN AND WHERE TO CHANGE COURSE



 Computers in the vehicles and those at the roadside have different functions. Roadside computers are better suited for traffic management, setting the target Speed for each segment and lane of roadway, and allocating vehicles to different Lanes of a multilane automated facility. The aim is to maintain balanced flow among the lanes and to avoid obstacles or incidents that might block a lane. The Vehicle’s onboard computers are better suited to handling decisions about exactly when and where to change lanes to avoid interference with other vehicles.



Chapter 3: THE TECHNOLOGY Fig.4. Automated highway systems combine magnetic sensors, computers, digital radio, fo rward-looking sensors, video cameras, and display technologies. Various combinat ions of these technologies are being applied in different pilot tests: Magnetic sensors: Magnetic sensors could be imbedded along the highway lanes. Ma gnetometers under the car s bumpers would sense the magnets and automatically ke ep the cars in the center of the lane. Networked Computers: The system would not rely on a central computer to direct t he movement of all vehicles. Rather, networks of small computers would be instal led in vehicles and along the sides of roadways to coordinate the flow of traffi c. Digital radio: Digital radio equipment in each car would allow the computer on b oard to communicate with other vehicles in the vicinity and with supervisory com puters monitoring the roadway. Forward looking sensors: Using radar or an infrared laser, these sensors would d etect dangerous obstacles and other vehicles ahead. Video cameras: Linked to computers that process images rapidly, video cameras co uld detect dangerous obstacles and other vehicles ahead. They could also be used along with or instead of magnets to track lane boundaries. Visual Displays: Mounted on the dashboard or projected onto the windshield, it w ould give the driver information about the operation of the vehicle. Some additional functions have no direct counterpart in today s driving. Most im portant, wireless communication technology makes it possible for each automated vehicle s computer to talk continuously to its counterparts in adjoining vehicle s. This capability enables vehicles to follow each other with high accuracy and safety, even at very close spacing, and to negotiate cooperative maneuvers such as lane changes to increase system efficiency and safety. Any failure on a vehic le can be instantly known to its neighbors, so that they can respond appropriate ly to avoid possible collisions. In addition, there should be electronic "checkin" and "check-out" stations at the entry and exit points of the automated lane, somewhat analogous to the toll booths on closed toll roads, where you get a tic ket at the entrance and then pay a toll at the exit, based on how far you travel ed on the road. At check-in stations, wireless communication between vehicles an d roadside would verify that the vehicle is in proper operating condition prior to its entry to the automated lane. Similarly, the check-out system would seek a ssurance of the driver s readiness to resume control at the exit. The traffic ma  



 



 



 



 nagement system for an automated highway would also have broader scope than toda y s traffic management systems, because it would select an optimal route for eve ry vehicle in the system, continuously balancing travel demand with system capac ity, and directing vehicles to follow those routes precisely.  



Chapter 4: CONFIGURATION OF AN AHS TEST VEHICLE Fig.5 CONFIGUR ATION OF A TEST VEHICLE. The configuration of an AHS test vehicle is shown in Fig. Sensors: A three-beam laser radar unit is used as the headway distance sensor. T his laser radar can measure distances up to 100 m at a resolution of 0.1 m and w ith a lateral measurement range of +/- 3°. Communication equipment: The following devices are used for communication with t he outside world. An LCX (leakage coaxial cable) communication device facilitate s communication with the LCX cable installed alongside the road. Communication f rom the road to the vehicle includes the indicated vehicle speed, road grade, an d road curvature and accident information. An inter-vehicle communication device facilitates exchanges of information between vehicles in a platoon concerning a cceleration/deceleration, vehicle speed, position and other pertinent details. A spread spectrum communication technique is used to make this communication syst em highly resistant to noise. Actuators: A controlled vacuum booster is used as the brake actuator and a DC mo tor is used as the throttle actuator. Vehicle control via throttle and brakes: Vehicle longitudinal motion comprises a highly complex system because it is influenced by the engine, automatic transmi ssion and brakes, among other factors. Longitudinal motion characteristics also differ depending on the vehicle speed range. A very complex model is needed to c onduct simulations and, furthermore, the results often do not correspond to expe rimental data on account of the complexity involved. Thus a single simple simulation model is achieved irrespective of the vehicle sp eed range and other operating parameters by designing the model with the indicat ed acceleration or deceleration as the input and the vehicle velocity as the out put. This makes it possible to obtain excellent agreement between the simulation results and experimental data. Simulation model The vehicle model used in the simulations consisted of an integrator, a transfer function with a first-order delay and dead time. As indicated in equation, the model outputs the actual vehicle velocity in relation to the indicated accelerat ion or deceleration as the input. The torque transmission delay of the power tra in and braking systems, the response delay of the actuators and other delays wer e all lumped together and expressed by this first-order delay and dead time. v = Gc.a* = (1/s)(1/ ts +1) e ^ (Td^8).a* a* : indicated acceleration/ deceleration v : velocity Gc : vehicle model Td : dead time t : time constant for the first order delay s : Laplace operator. Fig.6.Communication sys.



Chapter 5. ADAPTIVE CRUISE CONTROL TECHNIQUE Fig.7. ACC stands for ‘adaptive cruise control’ and refers to extension of conventional cr uise control to a higher level of sensors and control, including detection of ve



 hicles in front of the equipped car and the distance regulation with the relevan t targets. The driver can select a cruising speed by means of buttons on the steering wheel . Then, if the driver releases his foot from the accelerator pedal, the car will automatically travel at the desired speed. If a vehicle is detected by the rang e sensor in the same lane as the ACC vehicle, the car will slow down to the same speed and at a convenient distance from the vehicle in front. If the driver dec ides to overtake, the car will accelerate to the cruising speed as soon as the s ensor no longer detects the preceding vehicle. When the driver wants to go faste r than the cruising speed for a shirt time, he can override the system by pushin g the accelerator pedal. This override phase will end when the driver releases h is foot from the pedal. The driver can also at any time take over the system by pushing the brake pedal. This system is then deactivated. The sensor is mounted in front of the car and monitors the situation, calculating the distance and spe ed of the preceding moving vehicles. A curve sensor helps to predict the course of the vehicle and to select the relevant preceding car. This information is the n used to calculate the needed acceleration or deceleration of the car. Based on ACC we have two systems: 1. STOP AND GO The ‘Stop And Go’ function helps the driver to keep a safe distance with the precedi ng vehicle at a low speed. The application will assist the driver in traffic jam s on highways and in urban areas which will particularly benefit people in conge sted regions, reducing the need to accelerate and brake repeatedly. The Stop and Go is designed for low speed and dense traffic conditions where it assists the driver down to full stop behind a car and assists him for the go. This function is only active at a speed less than around 40 km/hr. 2. ANTI-COLLISION SYSTEM It is a driver assistance between comfort features and security features, like c ollision warning: based on distance sensor and time-to-time collision analysis, this feature alerts the driver through a visual or audio device. Warning systems can also use hepatic feedback, via pedals, seat or steering wheel. In most case s, a collision is avoided by maneuver of the driver implying lateral motion of t he car.



Chapter 6: GLOBAL POSITIONING TECHNOLOGY IN ITS Fig.8. The design of the GPS (Global Positioning System) makes it an all weather system whereby users are not limited by cloud cover or incremental weather. Broadcasti ng on two frequencies, the GPS provides sufficient information for the users to determine their position, velocity and time with a high degree of reliability an d accuracy. The fundamental technique for determining position with the GPS is based on a ba sic range measurement made between the user and each GPS satellite observed. The se ranges are actually measured as the GPS signal time of travel from the satell ite to the observer position. These time measurements maybe converted to ranges simply by multiplying each measurement by the speed of light. GPS receivers are composed of three primary components: the antenna, which recei ves the radio frequency broadcasts from the satellite; the down converter, which converts the radio frequency signal into an intermediate frequency signal; and the base band processor or correlator, which uses the intermediate frequency to acquire, track and receive the navigation message broadcast from satellite. The output is processed by a microprocessor, which makes it easier for user to under stand. Chapter7: THE JOURNEY Fig.9.Components



 The Intelligent Vehicle works on a system which is entirely based on Automation. The moment it comes close to the Automated Highway, it is first detected by the Vehicle Detection System where in the car’s number plate is scanned and inspected for its registration (only registered vehicles are allowed on this highway). The Environment Monitoring System ensures that the atmosphere is suitable for the p roper operation incase there is a natural calamity like tornado which would hamp er the functioning of the sensors or the GPS technique. The Traffic Video Monito ring views the rush of the traffic and thereby positions the vehicle accordingly . Cameras are provided all around for scrutinize the entire situation all round the clock. Before approaching the highway, there is an Electronic Toll Collectio n (ETC) center, which would collect the tax, needed to use these highways based on the car size and the speed it would attain. The Vehicle is now ready to enter the highway, and again at exit there is an Electronic Monitor, which would ensu re that the vehicle is out of automated mode and is back to the manual system. Chapter 8: IMPLICATIONS OF THE TECHNOLOGY The most important demonstrations undertaken as a part of this project, which ha ppens to be a successful approach. 8.1 Platoon Demo Fig.10.Platoon Demo The Platoon demo used two interesting technical approaches: lateral control by m agnetic nail following and longitudinal control in tightly spaced groups of vehi cles, or platoons. Magnetic nails are permanent magnets. The markers were instal led every 1.4 m by surveying the location, drilling a hole, placing the magnets, then sealing them with epoxy. Each vehicle had three magnetometers mounted bene ath the front and rear bumpers. As they drove over each magnet, they sensed its location, and servoed the steering to follow the markers. The magnets can be ins talled either North Pole up or South Pole up. This creates a simple binary code which can be used to signal upcoming curves or intersections. The motivation for platoons is that packing vehicles very closely can add to safety. In the unlike ly event that a computer-controlled vehicle has an abrupt failure in its velocit y regulation, there may be a collision with a leading or trailing vehicle. But s ince the space is so small, any collision will happen quickly, before a large re lative velocity can build up. Generally, platoons run at inter-vehicle spacing o f a few meters down to one meter. In order to provide the tight control needed t o maintain these spacing, platoons need good vehicle range sensing, an accurate dynamic model, high performance actuators, and good inter-vehicle communications to provide control preview information from leading vehicles. Fig.11 8.2 Free Agent Demo The Free Agent demo included five vehicles: two fully-automated Pontiac Bonnevil le sedans, a partially automated Oldsmobile Silhouette minivan, and two fully au tomated New Flyer city busses. The vehicles are named Navlab 6 and 7 (the Bonnev illes), 8 (minivan), and 9 and 10 (busses). Each of the vehicles in the scenario demonstrated slightly different functions. To as great an extent as possible, a ll systems on the three passenger cars and the two busses are identical. Fig.11.Free Agent Demo Components include the following: RALPH: It is the vision system. This system uses a forward-looking video camera, mounted behind the rear view mirror of the cars and on the inside of the bus wi ndshield, to image the road. The image is re-sampled to produce an overhead view of the road. The overhead view is processed to find the road curvature, by look ing for the swept arc that maximizes the sharpness of edges along the swept line segment. This effectively finds the curve that most closely follows all visible road features. Radar: Headway maintenance (keeping a consistent gap from the lead vehicle) reli



 es on a radar. Delco electronics supplied a 77GHz mechanically scanned radar wit h software for detecting and tracking targets within a 12 degree field of view, out to a range of 150 meters. It is important to measure both target range and b earing, the radar output is integrated with RALPH to register detected targets w ith detected road position. Side-looking sensors: Each vehicle is equipped with four side-looking short-rang e radars for detecting objects adjacent to the vehicles. Rear-looking sensors: The rear-looking sensors are scanning radars from Riegel. They have a field of view of approximately 20 degrees. Lane changing: The logic requesting a lane change is based on desired speed, spe ed of preceding vehicles, and locations of vehicles in adjacent lanes Actuators: The car brake and steering actuators were custom provided. The bus ai r brake and steering actuators were custom built by K2T, Inc. For all vehicles, the throttle actuation is through the existing cruise control. The Free Agent philosophy is to have large enough separations between vehicles t hat high-bandwidth throttle and brake servos are not needed. Using the existing cruise controls shows that low bandwidth speed control is sufficient. As an adde d benefit, it reduces cost, provides commonality of interface between buses and cars, and increases safety by using tested commercial components. Safety circuit: There are several safety checks in the system, to maximize safet y on the demo vehicles. First, at the lowest level, any actuator can be overridd en by the human safety driver. The steering motors and amplifiers are deliberate ly torque-limited to be easily overpowered by a person. The driver can similarly drive the throttle or brakes, and the computer controls have no way to backdriv e the pedals. As a last hardware check, an independent safety board can at any t ime cut power to all actuators. The safety board continually monitors computer h eartbeat, lateral acceleration, and state of emergency kill switches. In additio n, the vehicle driving behaviors in the Free Agent philosophy are designed to ke ep safe space around vehicles, and to provide opportunity for defensive driving.



Chapter 9: CHALLENGES 9.1 Technical Challenges The key technical challenges that remain to be mastered involve software safety, fault detection, and malfunction management. The state of the art of software de sign is not yet sufficiently advanced to support the development of software tha t can be guaranteed to perform correctly in safety-critical applications as comp lex as road-vehicle automation. Excellent performance of automated vehicle contr ol systems (high accuracy with superb ride comfort) has been proven under normal operating conditions, in the absence of failures. Elementary fault detection an d malfunction management systems have already been implemented to address the mo st frequently encountered fault conditions, for use by well-trained test drivers . However, commercially viable implementations will need to address all realisti c failure scenarios and provide safe responses even when the driver is a complet ely untrained member of the general public. Significant efforts are still needed to develop system hardware and software designs that can satisfy these requirements. 9.2 Non-technical Challenges The non-technical challenges involve issues of liability, costs, and perceptions . Automated control of vehicles shifts liability for most crashes from the individ ual driver (and his or her insurance company) to the designer, developer and ven dor of the vehicle and roadway control systems. Provided the system is indeed sa fer than today s driver-vehicle-highway system, overall liability exposure shoul d be reduced. But its costs will be shifted from automobile insurance premiums t o the purchase or lease price of the automated vehicle and toll for use of the a  



 utomated highway facility. All new technologies tend to be costly when they firs t become available in small quantities, then their costs decline as production v olumes increase and the technologies mature. We should expect vehicle automation technologies to follow the same pattern. They may initially be economically via ble only for heavy vehicles (transit buses, commercial trucks) and high-end pass enger cars. However, it should not take long for the costs to become affordable to a wide range of vehicle owners and operators, especially with many of the ena bling technologies already being commercialized for volume production today. The perception could thus become a self-fulfilling prophecy.



Chapter 10: FOREIGN PROJECTS Is this a realistic prospect? Or is it some fantasy? As one of the ultimate goals of the original definition of Intelligent Transport ation Systems, the idea of Automated Highway Systems (AHS) was all the rage du ring the 1990s, as US DOT sponsored an ambitious program carried out by the Nati onal Automated Highway System Consortium (NAHSC). This work culminated in the ce lebrated Demo 97, in which more than 20 fully automated vehicles operated on 115 in San Diego, California, without a hitch, giving thousands of ITS profession als and public officials a taste of the future. Those audacious enough to try to bring these visions to reality have had their share of tribulation, and AHS is no exception – US DOT cancelled the NAHSC program in 1998, citing budget pressures and the greater importance of near-term safety systems. But still, California, the original locus of AHS research, continues undaunted by US DOT s current lack of investment. R&D is continuing via the California PATH program at the Univers ity of California - Berkeley. In this arena is Japan s Advanced Cruise-Assist Highway System Research Associat ion (AHSRA), which brings together the key automotive, infrastructure, and elect ronics companies in a partnership with the Ministry of Land, Infrastructure and Transportation within the Japanese government. Shortly after their founding in 1 996, AHSRA defined three levels of focus - AHS-i (information to the driver), AH S-c (control assist for the driver) and AHS-a (fully automated operations). Work since then has focused on cooperative intelligent vehicle-highway systems for c rash counter-measures, culminating in the impressive Demo 2000 last December in  



 



 



 



 



 Tsukuba City. Here, 38 cars, buses and trucks illustrated the ideal system for reducing road traffic accidents using driver information and control assist sys tems. Big-picture approaches to vehicle-highway automation can be found in several Eur opean programs, which collectively add up to a significant level of activity. The French government initiated a program called La Route Automatisee , which p erformed preliminary studies towards the application of vehicle-highway automati on to improve travel in rural areas, commercial trucking, city-to-city corridors , and commuting. In 1999, the Laboratory for the Interaction Between the Vehicle , Infrastructure and Driver (LIVIC) was co-founded by the National Research Inst itute for Transport and Safety (INRETS) and the Central Laboratory for Roads and Bridges (LCPC). The British have looked at AHS as part of a VISION 2030 process, which include d full-scale AHS systems in the long term to handle massive traffic flows. Last year, the Highways Agency (HA), within the Department of Transport, Local Govern ment and the Regions (DTLR) initiated a study to examine user attitudes to AHS, in which a majority of respondents indicated an openness to the concept. Overall , the UK is currently exploring the merits of developing a longer term research program to increase the scope of use of intelligent vehicle-highway systems. A group called the International Task Force on Vehicle-Highway Automation has me ets annually to enable leaders of these programs to compare notes, share researc h results, and discuss global approaches to this new tool for society. Represent atives from Australia, Canada, the European Commission, France, Germany, Italy, Japan, South Korea, the Netherlands, the United States (in particular California and Minnesota) and the UK are regular participants.  



 



 



 



 



 



Chapter 11: CONCLUSION Looking back on a century inundated by technology, the motor vehicle stands out as a singularly dynamic invention. In the next century, this dynamism will be dr iven by advances in information and computer technology. Our challenge is to ens ure that new information, safety, and automation technologies are integrated to create human-centered intelligent vehicles that can advance safety, surface tran sportation efficiency, and economic competitiveness. Technological change, however, is constant. Even as we envision one set of techn ologies, the envelope of possibilities expands. The latest innovations in inform ation and computer technology, for example, are focusing on the development of n eural links that will allow commands to be given with muscle impulses, eye movem ents, and brain waves, creating an almost symbiotic relationship between humans and machines.The vision of a human-centered intelligent vehicle, therefore, is n ot fixed but will continuously evolve in the wake of continuing technological br eakthroughs.
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