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Overview of Wireless Robot Systems
Samuel Oliver Wane, Hongnian Yu, Staffordshire University
Abstract—Tele-operated robotics are gaining popularity and with the increasing availability of wireless and faster networks, they are expected to become more commonplace. One problem with wireless networks is that the propagation delay of the signal  from client to server can vary a great deal. This research looks at a method of controlling the robot and how to compensate for this variation in delay, the type of information that is to be sent and the necessary feedback that is to be made available to the operator for effective robot control.
Index Terms—telerobotics, delay effects, wireless LAN 
I. INTRODUCTION
A
ROBOT controller can be a complex system that includes path planning algorithms, image and speech  recognition and, in the case of multiple robot collaboration, the ability to supervise multiple agents. In order to reduce the costs of multiple robots working in an environment it would be beneficial to have the main controller separate from the robot, communicating using a wireless internet link. This controller would also be able to enable collaboration between them in order for them to accomplish a task.  Increasing the delay time in either or both the forward gain and feedback gain can result in instability. This can be resolved by using a local small, cheap, low powered controller on each robot with the ability to process simple commands and ensure the reliability of the robot in situations where the wireless delay has increased to an unacceptable level (figure 1). 
This study implements a wireless controller on a mobile robot allowing high level commands to be transmitted from a remote location. Methods of modeling using the Euler-Lagrange equation are introduced and a control strategy using ad hoc networks is considered.
II. method of assessing stability
A mathematical model of a coupled tank system has been developed and its controllability tested as part of the wireless networks control group [1]. This has demonstrated the effectiveness of simply holding the previous control signal during a varying delay, a sample and hold situation. What is needed to improve this is to model a mobile robot and attached manipulator in such a way that the inputs would be the desired manipulator end position, and the outputs would be the forces to be exerted on the motors to achieve that position.

This involves solving the Euler-Lagrange equations for the system and testing the stability with varying levels of delay. Once an unstable state can be simulated, a control strategy that would be local to the robot can be implemented to force the system to a stable state. 
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Figure 1 Local and remote control strategy
  The Euler-Lagrange equations describe the forces required to ensure the robot reaches a specific target. 
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where F is the summation of external forces for linear motion, and x are the system variables.

This means modeling the system, calculating the kinematic solution including the position, velocity and acceleration profiles. The Lagrange breaks down the component forces required to reach the desired position, and the result updated every sample period.  A simple experiment has involved modeling a cart with mass and damping, a cubic polynomial was applied to calculate the desired trajectory with smooth acceleration, and the force calculated (figure 2).
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Figure 2 Force calculation required in moving a vehicle
III. Robot control
The robot consists of a rear-wheeled differential drive chassis with a single leading castor for stability. The wheels are connected to optical encoders providing vehicle odometry data at 813 counts per metre and also speed regulation. The vehicle has a top speed of 0.738 m.s-1 (2.7 km.h-1). There are two controlling computers onboard, a microcontroller for low-level control, and a laptop PC for path planning, trajectory generation and position reckoning. The vehicle maintains constant motor speed using a closed loop system controlled by a PIC microcontroller sampling at 4Hz. Basic commands controlling the speed of motion such as FORWARD 30 mm.s-1, RIGHT 90 degrees.s-1 are sent to the PIC using a serial link. The PIC is connected to motor drivers, ultrasonic range sensors, an LCD display and servo motor drivers for the pan/tilt turret via the I2C bus. The PC ensures straight line motion and recalculates the new heading based on any deviations [2]. Acceleration profiles and path planning are implemented using a linked list approach. The PC can use the ultrasonic sensor data to accomplish tasks such as wall following and obstacle detection. This PC also has a wireless internet link and works as a server using the Apache server software. It runs a Java program that is configured to receive data via the sockets and, after processing, sends the required commands to the serial port to control the robot. 
IV. computer Control methods

Early attempts at tele-operation used the CGI [2] scripts embedded within HTML. This allows a remote client to control the server machine (and an attached robot) in a limited fashion. The problems include a limited set of commands can be sent, and the communication is one way, i.e. if the server requires to send the client new information, the client must first request it (client pull).

A more flexible solution would be to have proprietary software running on the client that creates a socket connection with the server. The client and server can then communicate using a two way process and the server can present new information to the client when necessary (server push). The disadvantage of this is the software has to be installed on the client computer and this would have to be tailored to run on several different platforms. This was the implemented solution tested thus far, a dedicated program running on the client allowed the user basic control (e.g. move to position 2) and this data was sent using sockets to a program running on the server. The server responded to the client with an estimate of the position.  
The most flexible solution would be to have the controlling software written in Java, allowing it to run on a variety of platforms that have the Java virtual machine installed, Java is quickly becoming a standard platform for robot development [1].

The client will be able to send high level commands to the server (e.g. move to the kitchen, pick up the object located 100cm in front). The front end will consist of a layout plan of the environment of the robot (in a known environment), details of the objects located by the proximity sensors, and a view from the robot (using a webcam mounted on a pan/tilt turret). Feedback to the client will be in the form of a video feed controlled by Microsoft Netmeeting, and a graphical output of the sensor data gathered from the ultrasonic sensors.

Path planning will also take into the need to keep constant communication with the controller, this could involve the investigation of mobile antenna repeaters following a repositioning algorithm to ensure communication is not lost[4].

V. conclusion

The robot has been tested with simple commands sent via the internet and observing the robot solving a route and keeping an estimate of its position using dead reckoning. The user interface for the client side needs to be improved for visualizing the state of the robot. 

A simple path planning approach has been implemented on the server PC and improvements can be made using more complex approaches and obstacle avoidance strategies.

Dynamic modeling of the vehicle has shown how force controls the vehicle movement with time and further models will use measured mass and damping values and include a multi-link manipulator attached to the vehicle.
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