Human – Robot Coordination For Multi – Sized Quadrupled Robot Using Wireless Communication
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A quadrupled robot which can swim smoothly, walk and climb over obstacles has plenty of applications in research and industry. It has extensive monitoring and maneuvering capability attainable at a low driving voltage and has a good response to external stimuli with soft characteristics. This paper presents the methods for making the robot’s motion to be in congruence with that of the human being who operates it obviating the need for sensors. Operation of robot by pressing of buttons which serves a conventional mode of operation is still in practice. Two major alternatives are available which can overcome the need to use normal mode of operation of robots. They are namely voice and physical motion arising at human joints. The usage of body movement to activate humanoid robots is in vogue. This paper deals with control of quadrupled robot with movements arising at the human joints. The movement arising at the human joints is similar to that of the dog as shown in Fig.1. 

Motion of the rear legs of the dog and that of the lady are in coordination with each other. Similarly the movement of the hands of the lady and the front legs of the dog are in synchronization with each other. Techniques in practice to operate any robot are expensive due to the use of motion and position sensors. As a result the use of robots is not feasible for practical applications like construction of buildings, mining operations and other hazardous tasks. This paper proposes the construction of a cost effective robot which has a wide spectrum of applications. Non -specification of start reference point at any instant of time even after resumption of operation after a power failure is the most impressive feature of this robot.  Controllability of this robot of arbitrary sizes using the same teaching gripper with provisions for calibrating the gripper according to the dimension of the robot in use is also dealt with in this paper. The concept of activating robots of different sizes with the same teaching gripper is a unique and innovative idea which is also the focus of this paper.

The salient feature of this paper is that it deals with a robot that can swim, walk and climb stairs unlike conventional robots which can perform only one of the either tasks mentioned above. The most impressive feature of the robot talked about in this paper is the safety associated with its controllability. The use of a low voltage teacher gripper greatly minimizes the probability of electric shocks to the user operating it. This is a novel feature in operation of any robot discussed at length in this paper. The origin of physical movement in our body stems from the rotational motion arising at the various joints in our body. Hence the measure of rotational motion at the joints in the body of the demonstrator is essential for replication in the robot. A simple closed-loop control system is designed to serve this purpose. The Architecture of the fish-like robot and the demonstrator gripper plays an important role in the control of the robot. The rotational motion at the joints of the demonstrator gripper is measured with the help of a rotary potentiometer which also serves as an indicator of angular displacement. The exact positioning of the potentiometer is made on the robot, such that the potential variation in both the demonstrator gripper potentiometer and the robot potentiometer are the same. In the existing approaches there are problems of steady state error, oscillation before settling in a position and approximate positioning while using camera for coordination. This approach rectifies all the problems stated above and contributes to achieving a higher efficiency compared to the existing practices.

The position of the robot can be determined from the potential indicated by the potentiometer. This method takes into consideration all joints because only joints of the body trigger motion in the robot. A camera attached to the top of the task robot captures the images of the objects and transfers it to the destination which guides the robot to perform the desired task. The motion of the body is enabled by a propellant at the rear with the rotational motion provided by a highly geared motor. Two propellants are placed at rear of the robot body for forward motion with a heavily geared motor.  The position of the demonstrator gripper and the robot is correlated by forming a simple closed loop control system. The control signal is wireless, transmitted by using frequency modulation technique which enhances the range of operation between the transmitter and receiver.  

An efficient design of cost effective robots of various sizes which can be interfaced with a single teaching gripper designed specifically to respond to the movements of the various joints within the body for their operation has been proposed. The robot is given fast, medium and slow responses as inputs such that a variation of 30 degrees is applied in different time intervals of 1, 2 and 3 sec. The delay in the output can be viewed from the output graphs plotted subsequently and the efficiency variation with respect to input is also obtained. The combination of all three responses with respect to the position and angular displacement requirement is the best approach to human robot coordination. The robot and the demonstrator setup are tested for various distances, and is found that the robot is able to operate in accordance with the demonstrator for a range in order of 75Km with a transmitter power rating of 2W. By varying the value of α, multi-sized human-robot coordination is made possible and successful working with very minute error is obtained. Because of the declaration of  α as integer in one of the algorithms, the percentage error ranges from 0.00392% to 0.388%. For the value of α to be in the range 0 to 2, the resolution is found to be 0.0156 and for the range of 0 to 10, the resolution is found to be 0.0833. To have higher resolution and accuracy, lesser range of values of α should be used.
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Fig.1 Similar pattern of movements exhibited by lady and dog

Presenting author

Shyam Ravi Shanker K ,undergraduate student of National Institute of Technology-Tiruchirapalli has specialized in the field of robotics and control engineering. He has completed seven major projects spanning 'Human Robot Coordination for multi sized fish-like robot using wired communication' and 'Deploying of Robots in hazardous situation using wired and wireless communication'.He has published papers in reputed journals vis a vis 'The IURS journal of unmanned robotic vehicles and intelligent systems', 'The International journal of Design Principles and Practices 2007' and 'Acharya Nagarjuna International journal of Mathematics and Information Technology'. He has presented his papers in the International Conferences-World Congress on Engineering and Computer Science 2007, Design Principles and Practices 2007. He has published 6 papers in reputed journals and conference proceedings and patent has been filed for one of his works. His areas of interest include embedded systems, robotics,psycho motor analysis and intelligent systems. He is currently working on 'Design of autonomous wheel chair for physically challenged people with automatic power generation'.

