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Abstract - This paper describes a vehicle position control strategy in relation to other vehicles and nearby obstacles with the aim of collusion avoidance and improving safe driving in personal transport systems. A simplified probabilistic model together with fuzzy logic control strategy has been proposed, which considers the probability of detection of sensors to be processed by probability coverage matrix. Simulation results in Matlab (Fuzzy logic toolbox) show that the proposed method for the system can yield to more sophisticated and elaborate control strategies. Detailed probabilistic models a long with a global optimisation of parameters has been found to enhance the applicability of the Fuzzy Logic scheme. The sensors are based on the radar systems. The sensor fusion to enhance the driver, vehicle, and environment are also discussed. Key words: fuzzy logic, control system, detectors, sensors, transport, sensor fusion



I. INTRODUCTION It has been reported that as a result of land transportation, around 40,000 fatalities have been reported every year in the USA [1]. In 2006, 3,490 drivers under the age of 20 years old had lost their lives in the USA alone [2]. Statistics also indicate that, in 2008, over 31,000 people are killed in car accidents in reported developing countries. [3] [4]. One of the main reasons for the accidents and fatalities is known to be due to the human mistakes and driver judgment errors. Other reasons lay on the vehicle and road conditions as well as behavior or other vehicles in the vicinity. The result of high number of fatalities is pressuring authorities and researchers to come up with some solutions to minimize driver mistakes and reduce the number of accidents on the roads. In last decade, a number of new technologies have been successfully introduced to aid drivers for safety purposes, some of these are:Advanced Driver Assistance Systems (ADAS) can reduce the number of accidents caused by the drivers. It is based on the attention of the driver being kept alert. It also assists the drivers to take correct action when necessary and to eliminate wrong decision making. ADAS can be implemented in four categories, these being: the warning systems that observes car position on the track between the lanes, the pedestrian protector, the adaptive cruise control (ACC), which maintains a safe distance from other vehicles by making use of the information on the speeds and positions of the vehicles, and
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the traffic sign perception that recognizes the information from the traffic lights [5] so that information can be used for safe stopping and starting at the traffic lights. In this study, the Mercedes model has been considered to sense vehicles and nearby objects while vehicle is in motion. However the model has been extended to for sensors using two types of radars: 1) short-range 24 gigahertz radar 80-degree with 30 meters of range, and 2) long-range 77 gigahertz radar 9-degree with 145 meters of distance measuring capability [6]. On the other hand, detection of the vehicles on the rear and sides of a vehicle is very significant to improve the safety. In an ordinary vehicle, a driver uses a mirror to observe the right, left hand sides. In this project, the distance among the vehicle will be sensed in four sides by using radar sensor arrays. They will be used for the right and the left hand sides and the rear. These radars will be short range, 24 gigahertz, and 110-degrees with 6 meter. The detection range will overlap by 0.5 meter with the front and rear radars. Short- range 24 gigahertz 180degree with 4 meters of range will be used to cover the rear of the vehicle. On the other hand, car Active Safety System (CASS) is an invehicle system that provides warnings or other forms of assistance to drivers based on in-vehicle sensors such as the radar, LIDAR, and other sensors. On board the vehicle sensors provide information about the position and the motion of other vehicles within a defined the range. It has been suggested in that the application of this class can reduce car accidents by almost 75% [4, 7, 8]. In driving situation, the most significant information comes from the front of the vehicle. Assuming that a vehicle with a rectangular shape is equipped with appropriate sensors, the information can be used to remain within lanes, to adjust the speed, and to detect any other objects and obstacles in front of the vehicle. Equally, detecting the objects and obstacles at the rear of the vehicle is also important for safety reasons particularly if there is another vehicle approaching dangerously, as well as during turning, overtaking and parking. Objects at the right and left side of the vehicle should also be detected to avoid side collusions and safe parking. In this study, the application of fuzzy logic set to control individual vehicle have been investigated. This approach is based on the suitable and timely detection of obstacles in the vicinity and to assist decisions making for drivers.



II. MODEL DESCRIPTION A number of sensors can be used suitably located at the front, the rear, the right hand side and the left hand side of a vehicle to determine its position relative to other vehicles and other objects in the vicinity. The information from the sensors can be used for modeling as well as other reasons such as: the PathSearching (PS), Obstacle-Avoidance (OA), and Goal-Seeking (GS) purposes [9, 10]. In the case of modeling, Cartesian Coordinates can be used for position determination. Since the position is determined relative to others vehicles and objects in the vicinity, the location of the sensors on the vehicle itself, the types of sensors selected, the probability of detection, and the sensor response time carry particular importance for the safety reasons and the overall system response. Let us consider that the vehicle is the reference of distance from other vehicle as in Figure 1. Radars can be used to detect the objects surrounding the vehicle on variety ranges and using different wave lengths. The target of detection, which is other vehicle, needs to be considered as a sizable object with clearly predicted path. In this study it is assumed that targets on the right and left hand sides have the same speed and are running in parallel to the vehicle. There two other vehicles on in the front and one at the rear also moving with the same speed between the parallel road lanes on a straight line as shown in Figure 1.



experience, and behaviour into control algorithms, and c) it can allow the system imitate the human driving behaviour [7, 13]. As shown in Figure 2 and 3, the proposed fuzzy model is based on six inputs and three outputs. The inputs are: 1) the road conditions that is safe or not. Not safe means the road hazardous, slippery, not straight, contains high slopes, etc. 2) the distance between the vehicle and adjacent object on the left hand side, 3) the distance between object on the right hand side, 4) the distance between the vehicle in the front or another obstacle, 5) the distance between the vehicle and the object at the rear, and 6) the speed of the vehicle at time, t . The outputs are: the intensity of the fuel throttle to determine the speed of vehicle in a short time range between t and ( t + Δt ), the direction of wheel steering, and the application of the brakes. The fuzzy model has been modified to competition function model as illustrated in Figure 2(a). This model is based on the safety by using adapting following distance theory [14]. In this model, competition function is the main criteria in the system.



z = max{ A, B,....etc}



Figure 2 (a): input of primarily project



Figure 1: Radar System on the Vehicle



III.



THE FUZZY MODEL



The mathematical models describing the driving a vehicle can be highly complex and nonlinear. In one study, a combination of six inputs and 3 outputs had been considered, which has been adapted in this study [7]. To simplify the model, fuzzy logic theory has been proposed for a number of reasons such as: - a) Fuzzy logic has been tested to deal with this kind of systems and to provide meaningful and easy to understand results [11, 12], b) it can incorporate human knowledge,



Figure 2 (b): input of primarily project (highlight max input)



Competition function selects the maximum degree of relationship individually that is highlighted in Figure 2(b). In each relation between the inputs there are an espials output. That relation is logical relation like AND, OR, NOR…etc. the logical relation helps to identify the links between inputs and outputs based on driver perception and behavior.



then continue and if not safe then increase the speed, b) if the speed is fast and rear distance is safe then decrease the speed and if not safe then continue, and c) if the speed matches road limit and rear distance is safe then continue and if not safe then increase the speed.)



The Flow Chart in Figure 3 indicates the basic principles of the control of the vehicle.



IV. RESULTS AND DISCUSSION In this section, fuzzy logic simulation results are presented. For simulation, Matlab tool box is used to determine the relations between the inputs and the outputs. As an example, Figure 4 shows that the safe distance if a vehicle is driven by 20 m/s (32km/s). Increasing the vehicle speed leads to amplify of braking distance.



Figure 4: Speed and inter-distance [15]



Figure 3: Vehicle control flow chart



By using fuzzy logic toolbox of Matlab a program was created to examine vehicle control model. It is assumed that the vehicle requires controlling due to presence of other vehicles, objects or obstacles at time t within the incremental time, Δt , the controlling system performs its functions in by having five fuzzy rules: 1) Is the road condition safe? If safe continue, if not slowdown. 2) Is the front distance safe? If yes continue, if not slowdown or stop. 3) Are the left and right distances safe? If both are safe then continue; if both are not safe then slowdown or stop; if left side safe and right side not slowdown and go left; otherwise go to right. 4) Is the speed safe? There are three situations: a) if the speed is slower than flow of the traffic then increase the speed, b) if the speed is faster than the flow traffic then decrease the speed, and c) if the speed matches road limit then continues with the same speed. 5) Rear distance is also affected by the speed. There are three satiations: a) if the speed is slow and rear distance is safe



Logical relation between the inputs and outputs outlined previously are used as in the flow chart discussed in Figures 5 to 7. Figure 5 shows that the brake system is affected by change in the road condition from unsafe to safe and the change in the front distance from 0 to 110 meter. The curve can be divided into 2 parts: 1) when the front distance is less than 30m then the brakes are applied at its highest level, but the when the road condition is safe the intensity of brakes decreases by 5%. That is because if the front distance less than 30m the possible collusion must be avoided, and 2) when the front distance is more than 30m, the brake is acting to change from unsafe to safe because more than 30m is safe and the brake system is affected by the road condition.



Figure 5: Effect of Front distance and the road condition on the brake system.



Figure 6 illustrates that the fuel injection is minimum when the front distance is 20m or less. In the same range of distance, changing of road condition does not have any effect of the fuel injection rate. On the other hand, during the front distance is more than 20m the fuel increases gradually due to change of the condition from unsafe to safe.



V. CONCLUSION In this paper, a vehicle position control strategy has been presented by applying fuzzy logic techniques. The strategy of the control systems has been developed in a flow chart form and the fuzzy set control system has been simulated using Matlab fuzzy logic toolbox. The simulation has six input and three output variables. Input variables are the road conditions, the left hand side distances, the right hand side distances, the front and rear distances, and the speed. Output variables are fuel throttle intensity, the brake system intensity, and the steering wheel control. It has been shown that the throttle fuel and brake system are proportionally affected by road conditions. Suitable sensor system has been proposed based on radar technology. FMCW radar has been utilized for four sides of the vehicle. 24 GHz is used for short range and 77 GHz for long range with different beam angles.



VI. Figure 6: Effect of front distance and road condition on the fuel System



From Figure 7, that the brake system is affected by changing of the road condition from unsafe to safe and by changing the right and left distance between 0 and 1.5 meter. When the path is unsafe and beside distance, left and right distance, are unsafe, the braking intensity will be the maximum. The change of beside distance will not affect when the Road Condition is unsafe. Curve start changing when the Road Condition start moves to safe. The effect of beside distance is when the Road Condition is safe. It can be observed that the brake intensity is 50% when distance is less than 0.4m.



(a)



(b) Figure 7: (a) Effect of right distance and the road condition on the brake system. (b) Effect of Left distance and the road condition on the brake system
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