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Abstract The field of Robotics is increasing day by day and useful in different applications such as in military, transport, machine loading, medical field, production and manufacturing industries. Among of these fields particularly in manufacturing industry robots can assist the human to make the task simpler or even can replace the human to perform a task. Basically robot is a mechanical device that interacts with the environment physically and navigates through the environment. This paper presents the development of a visual–based fuzzy navigation system that enables a mobile robot in moving through a corridor or following a wall. In the wall following task, the inputs of the fuzzy controller are measurements of three infrared distance sensors mounted on the robot (quad or hexa). The system employs a sensor to detect the existence of walls on the left, the right, and the front of the robot. This paper is based on different fuzzy methods i.e. Mamdani and Sugeno and compare which will give better results. Keywords: Fuzzy controller; sugeno; mamdani; wall follower robot (quad or hexa).



INTRODUCTION: Mobile robots are mechanical devices capable of moving in an environment with a certain degree of autonomy. Autonomous navigation is associated to the availability of external sensors that capture information of the environment through visual images or distance or proximity measurements. The most common sensors are distance sensors (ultrasonic, laser, etc.) capable of detecting obstacles and of measuring the distance to walls close to the robot path. When advanced autonomous robots navigate within indoor environments (industrial or civil buildings), they have to been downed the ability to move through corridors, to follow walls, to turn corners and to enter open areas of the rooms [1,2]. In attempts to formulate approaches that can handle real world uncertainty, researches are frequently faced with the necessity of considering tradeoffs between developing complex cognitive systems that are difficult to control, and adopting a host of assumptions that lead to simplified models which are not sufficiently representative of the system or the real world. The latter option is a popular one which often enables the formulation of viable control laws. However, these control laws are typically valid only for systems that comply with imposed assumptions, and furthermore, only in neighborhoods of some nominal state. The option that involves complex systems has been less prevalent due to that lack of analytical methods that can adequately handle uncertainty and concisely represent knowledge in practical control systems. Recent research and application employing non-analytical methods of computing such as fuzzy logic, evolutionary computation, and neural networks have demonstrated the utility and potential of these paradigms for intelligent control of complex systems. In particular, fuzzy logic has proven to be a convenient tool for handling real world uncertainty and knowledge representation. Navigation of mobile robots in changing and dynamic unstructured environments like the outdoor environments needs to cope with large amounts of uncertainties that are inherent of natural environments. Thus navigation of mobile robots covers a large spectrum of different technologies and applications. It draws on some very ancient Versha Nargotra , IJRIT-68
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techniques,, as well as some of the most advanced space science and engineering. The goal of autonomous mobile robotics is to build physical systems that can move purposefully and without human intervention in unmodified environments i.e., in real world environments that have not been specifically engineered for the robot. The development of techniques for autonomous robot navigation constitutes one of the major trends in the current research in robotics. This trend is motivated by the current gap between the availabl availablee technology and the new application demands. On the one hand current industrial robots have low flexibility autonomy typically; these robots perform pre-programmed programmed sequences of operation in highly constrained environment and are not able to operate in new environments or to face unexpected questions [2]. Fuzzy logic is a soft computing technique that does not require mathematical model; it requires if if-then rules using linguistic variables to deal with the real time problems. Besides controlling the mobile robot [3, 4], 4 path planning and tracking of robot [5,6], ], fuzzy logic has wide range of applications like el electrical ectrical motors speed control [7], robot manipulator position ition control [8], [8 complex and ill defined plants . Whenever a robot navigates through the environment autonomously there are a lot of uncertainties that a robot needs to cope with. There can be number of obstacles, rough surface, sharp angles and turns, stairs etc. the control technique should be accurate enough to make robot not only to navigate navigate through that unknown environment but also can prevent obstacle collision. Fuzzy based controller is more convenient because it does not require mathematical model of a system, secondly fuzzy logic is very suitable for nonlinear problems and it is very easy easy to define rules in fuzzy system as it does not require complex mathematical terms. Fuzzy inference system is decisions making program in which fuzzy logic operators are applied on the linguistic variables. Mamdani inference method and Sugeno inference method are the most commonly used in fuzzy systems. The paper is organized as follows: section II discussed related work with fuzzy interference system .In section III provides related work with wall following .At last conclusion is specified in section IIV.



FUZZY INFERENCE SYSTEM: Fuzzy control theory is the emerging technology that have targeted the industrial applications and adding new dimension to the existing domain of conventional control system. Fuzzy logic is a mathematical tool for dealing with uncertainty. In fuzzy logic information and data boundary is not completely co or clearly defined. FL uses linguistic variables to represent a range of values. An FL controller works in a progression of three steps. First it receives input data that is processed through a fuzzification step. Fuzzification involves preset membership functions for data interpretation as defined by the user. This data then enter a rule matrix of IF-THEN IF THEN statements to create a fuzzy output. In order for the controller to use the pprocessed rocessed output, one last step, a defuzzification process turns the fuzzy output into a clear and concise output value to be performed by the system. Fig 1 shows the basic fuzzy inference system diagram. The basic difference between mamdani method and suge sugeno method lies in the defuzzification section. In mamdani method defuzzification is done using linguistic variables while on sugeno method this part consists of either constant values or the linear values. Fuzzy set theory is an extension of the classical set theory, and is also a ddifficult mathematical notion [9].



Figure1 Fuzzy system
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RELATED WORK: Autho proposed a new methodology to optimize the performance of the FLC. The FLC in this paper was simply designed. The gain scheduling controller will be used before the FLC to control the error signal by multiplying it by a certain gain. The value of this gain depends on the value of the error. The proposed method was applied to a wall following mobile robot to ensure its capability to improve the performance of the fuzzy logic controller. Computer simulations are carried out to compare between a Knowledge Based Fuzzy Logic Controller (KBFLC), an optimized KBFLC and our proposed model [10]. Author defines and analyzes a simple robot with local sensors that move in an unknown polygonal environment. The robot can execute wall-following motions and can traverse the interior of the environment only when following parallel to an edge. The robot has no global sensors that would allow precise mapping or localization. Special information spaces are introduced for this particular model. Using these, strategies are presented to solve several tasks: 1) counting vertices, 2) computing the path winding number, 3) learning a combinatorial map, which is called the cut ordering, that encodes partial geometric information, and4) solving pursuit-evasion problems[11]. Author proposed a new ZMP trajectory model with adjustable parameters to modulate the ZMP trajectory both in sagittal and lateral planes and make the ZMP trajectory more flexible. A dynamic balance control (DBC), which includes Kalman filter (KF) and the fuzzy motion controller (FMC), is also designed to keep the body balance and make the biped walking following the desired ZMP reference. In addition, KF is utilized to estimate the system states and reduce the effect caused by noise. Using sensor fusion technique, ZMP error and trunk inclination measured by the force sensor and accelerometer are served as the inputs for FMC, which is presented to correct each joint of the biped robot dynamically [12]. Author proposed a spiking-neural-network-based robot controller inspired by the control structures of biological systems. Information was routed through the network using facilitating dynamic synapses with short-term plasticity. Learning occurs through long-term synaptic plasticity which is implemented using the temporal difference learning rule to enable the robot to learn to associate the correct movement with the appropriate input conditions. The network self-organizes to provide memories of environments that the robot encounters. A Pioneer robot simulator with laser and sonar proximity sensors was used to verify the performance of the network with a wall-following task [13]. Author proposed a multi-objective, rule-coded, advanced, continuous-ant-colony optimization (MO-RACACO) algorithm for fuzzy controller (FC) design and its application to multi-objective, wall-following control for a mobile robot. In the MO-RACACO-based FC design approach, the number of rules and all free parameters in each rule were optimized using the MORACACO algorithm. This is a complex multi-objective optimization problem that considers both the optimization of discrete variables (number of rules) and continuous variables (rule parameters). To address this problem, the MO-RACACO used a rule-coded individual (solution) representation and a rule-based mutation operation to find Pareto-optimal solutions with different numbers of rules. New solutions in the MO-RACACO are generated using a pheromone-level-based adaptive elitetournament path selection strategy followed by a Gaussian sampling operation. The MO-RACACO-based FC design approach was applied to a multi-objective, wall-following problem for a mobile robot [14]. Author proposed the design problem of a delayed output feedback control scheme using two-layer interval fuzzy observers for a class of nonlinear systems with state and output delays. The Takagi–Sugeno-type fuzzy linear model with an online update law is used to approximate the nonlinear system. Based on the fuzzy model, a twolayer interval fuzzy observer is used to reconstruct the system states according to equal interval output time delay slices. Subsequently, a delayed output feedback adaptive fuzzy controller is developed to overcome the nonlinearities, time delays, and external disturbances such that H∞ tracking performance is achieved. The linguistic information is developed by setting the membership functions of the fuzzy logic system and the adaptation parameters to estimate the model uncertainties directly using linear analytical results instead of estimating nonlinear system functions [15]. Author proposed the use of evolutionary fuzzy control for a wall-following hexapod robot. The data driven fuzzy controller (FC) was learned through an adaptive group-based differential evolution (AGDE) algorithm, which avoids the explicit usage of the robot mathematical model and time-consuming manual design effort. In the wall following task, the inputs of the FC were measurements of three infrared distance sensors mounted on the hexapod robot. The FC controls the swing angle changes of the left- and right-middle legs of the hexapod robot for proper turning performance while simultaneously moving forward. To automate the design of the FC Versha Nargotra , IJRIT-70
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and to improve the performance of control, an AGDE algorithm was proposed. In the AGDE-designed FC, a cost function is defined to quantitatively evaluate the learning performance of an FC based on data generated online [16].



FORMULATION OF PROBLEM: It has been studied that most of the algorithm are complex to implement and time consuming. Also the desired result is often not achieved. The problem which commonly occur are Computational time i.e. too time consuming to get the desired results, Awkward curve which may divert the robot from their path and fails to follow the wall, & may suffer from the largest distance along the corner. In this paper a comparison between sugeno & mamdani method is explained and finds which one gives better results and can be implemented to solve out all of these problems explained earlier. It has been seen that sugeno gives better result than mamdani and problem of computational time, awkward curves and distance related problems can be resolved.



PROPOSED METHOD: Load random scene for robot



Select starting position of robot



Use Fuzzy logic (Mamdani & Sugeno)



Find trajectory of robot



Calculate velocities and distance from wall



Compare Mamdani and Sugeno modelling



Observe for different scenes



Save the results
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CONCLUSION AND FUTURE SCOPE: Design and implementation of the robot is a complex task but implying the fuzzy rules makes it less complex. In present work a robot is designed and implemented in MATLAB using fuzzy logic. Sugeno inference method is applied which is computationally efficient but Mamdani method is also implemented which has more expressive power. If we compare both the figures shown above the Sugeno method shows better results. Robots are becoming increasingly important in industry as a means of transport, inspection, and operation because of their efficiency and flexibility. It can also be used for military & security purposes.
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