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1. Introduction

The purpose of this document is to record the design of the robot software following a certain specification created specifically for the control station aspect of the application.  This document will aid in the implementation of the software, as it will create a definite model for each member of the group on which to base their code.

The scope of this document is limited in terms of the robot control station side of the application, as the program is separated into two distinct parts: the onboard server software and the remote control station.  The onboard sever software includes a debugging system and a communications link.  This document will focus on the remote control station, which features an application for controlling the robot and a communications link.

The intended audience for this document is the implementers of the system who should have a technical background associated with software development.  Specifically, the programmer should have experience using Microsoft Visual C++ and Windows NT, as they are the platforms on which the project will be built.

The reader of this document should refer to several other pertinent documents including a prerequisite, the requirements specification document upon which this design document is based.  Also important to the reader are the Nomad Scout robot documentation, a future test plan document, and an inspection document for this design paper.

2. System Overview

The robot remote control system will act as an interface for communication between the robot operator and the robot itself.  This system will give the user the ability to both send and receive information leading to and stemming from the operation of the robot and camera.  

Our basic design approach here is object-oriented with inheritance from classes, as we plan to reuse existing Microsoft Foundation Classes, such as CWinApp and CDialog.  This will give the system an easier interface for the user, as it will be familiar to someone with experience using Microsoft Windows operating systems.

We plan to use basic inheritance structures involving the movement of the robot and the camera and both the sonar and bump sensors.  This will allow for both an easier implementation step and easier future software maintenance.

3. Design Considerations


3.1 Assumptions and Dependencies


One important dependency here is that the robot remote control system work in full accordance with the other half of the full robot system, the onboard software.  This half of the project is currently being designed by our partner group, and we have worked out a complete communications protocol to assure that there are no discrepancies in data transmission.


Another requirement is that the robot remote control system must be developed in Visual C++ and run on a Windows NT workstation.  This does not affect our design negatively in any way.


Our main assumption is that this system will be easy enough for the end-user, or a geologist interested in using the robot to foray into difficult to navigate terrain.  We are assuming that he/she will be familiar with the operation of a standard, console-based Microsoft Windows application. We believe that this is a safe supposition.


We understand that there will be future changes in robot functionality, however we are now unable to foresee exactly what these changes will be.  We hope this is not a rash assumption.


3.2 General Constraints


Certain global limitations and constraints will have a significant impact on the design of our robot remote control system.  We plan to avoid problems created by these constraints, however, by identifying them early.


One such constraint is the operating system that we are using is not as reliable as we would like.  Already during our project, we have had several instances where Windows NT has crashed and created a problem.  This cannot happen while we are controlling the robot or developing our remote control system, yet we are up against a brick wall.


There is also a restraint on the bandwidth we can use to remotely send messages back and forth to the robot.  This is not a significant problem, as the limit here is quite high.


The availability of resources has already been a problem in our design process.  A crammed lab environment and a limited number of robots will lead to restricted times that we can work to develop our product.


We must work in accordance with a certain communications protocol that was developed in conjunction with our partner group.  This protocol will allow for consistency in messages and commands passed between the onboard system and the robot remote control system.


There are also limitations as to the amount of memory on both the NT workstation and the laptop running on the robot, however, we will probably not reach the limit of memory capacity.


In terms of performance requirements, the system should perform fluidly and smoothly.  Any unforeseen stutters or breaks in program control will render the robot unreliable and this will fail the requirements specification.


There are verification and validation requirements that will be covered in our future test plan document.


3.3 Goals and Guidelines


We must follow three important goals and guidelines in developing our remote robot control system:

1. System must be easy to implement

2. There needs to be an emphasis on real-time commands and exchange of information

3. The process must be embedded.

3.4 Development Methods

In developing the robot remote control system, we are following the object-oriented philosophy.  This means the use of objects and classes and the advantages of inheritance and reuse.  We also strive to make the entire system event-driven.

4. Architectural Strategies

In creating the robot remote control system, we plan to employ several architectural strategies that will affect the overall organization of the system and its higher-level structures.

First, we plan to develop using the software tool Microsoft Visual C++, which provides an excellent development environment.  The object-oriented language C++ will give an easily coded and maintainable project, and the Microsoft Foundation Classes will serve as our main inherited classes.  The reuse of these classes will make the entire implementation simple.

We have no plans of enhancing or extending the software because of our time limitations with CompuGlobalHyperMegaNet.  However, by using an object-oriented philosophy, future employees of the company will be able to maintain or even embellish our application.

The main software interface paradigm that we are focusing on is a graphical user interface that will allow the future user to have a very easy learning curve.  Our product can only be successful if someone with limited exposure to Windows-related applications can navigate the robot with ease.

5. System Architecture

From the most abstract level, the robot remote control system provides the user an interface with the robot.  This interface provides: (1) a set of display devices for viewing the robot’s current state; (2) a set of input devices for altering the robot’s current state; and, (3) a link with the server to receive and send, respectively, the aforementioned devices’ information.

The set of display devices includes robot sensor displays (bump and sonar), a camera display, and robot translation and rotation displays.  The set of input devices includes camera motion control buttons (and keys), a direct robot motion control virtual joystick (and keys), and an automatic pilot motion control.

6. Policies and Tactics

· Development of the robot remote control system will utilize the Microsoft Visual C++ integrated development environment.

· Code of the robot remote control system will utilize a combination of the Rice and the MFC source code standards.

· Maintenance of the robot remote control system after product delivery will be facilitated by the intuitive modularity developed in the control system design.

· The Concurrent Versions System (CVS) provided in the Linux operating system will provide the necessary project file maintenance layout.

7. Detailed System Design

This section will develop the abstract description of the robot remote control system – outlined in the System Design section – into a concrete and directly realizable form.  The description of several classes essential to the control system design follows.

7.1. CWinApp and CDialog Classes

Description: The CWinApp and CDialog classes come from the Microsoft Foundation Classes (MFC).  The CWinApp instance will play the role traditionally held by the main function.  The CDialog class will provide the super class for the ControlStationDlg class.

7.2. ControlStationDlg Class

Description: The ControlStationDlg class provides the primary interface between the user and the server.  This class inherits from the CDialog class.

Data Members:

SensorSystem m_SensorSystem: The sensor handling system that provides access to bump and sonar sensors.

ControlSystem m_ControlSystem: The control handling system that provides access to camera and movement controls.

CommLink m_CommLink: The communication link between the robot remote control system and server.

Member Functions:

ControlStationDlg(): Constructs a control station dialog that initializes the sensor and control systems (represented by m_SensorSystem and m_ControlSystem, respectively), and establishes a link to the server.

void UpdateDisplay(): Updates the sensor displays (represented by the data member m_SensorSystem) with the next pending message received over the communication link (represented by the data member m_CommLink).

bool SendMsg(): Sends a message that contains camera and/or movement commands over the communication link (represented by the data member m_CommLink) to the server.  The command is generated by the data member m_ControlSystem.

int RecvMsg(): Receives the next pending message from the server over the communication link data member m_CommLink.

void Shutdown(): Sends a command to shut down the robot and closes the communication link data member m_CommLink.

void OnStartDebugger(): If the user selects the debugger from the debugger menu, then this function executes the debugger.

7.3. SensorSystem Class

Description: This class stores data concerning the two sensor types (bump and sonar), unparses messages containing such information, and finally provides access to the sensor values.

Data Members:

RobotBumpSensor m_bump_sensors: The bump sensor readings container.

RobotSonarSensor m_sonar_sensors: The sonar sensor readings container.

Member Functions:

SensorSystem(): Constructs the sensor system by initializing the sensor data members m_bump_sensors and m_sonar_sensors.

intvectorvector GetSensorData() const: Returns a vector of the different sensor types readings vectors, namely the readings stored in data members m_bump_sensors and m_sonar_sensors.

void SetSensorData(CString msg): Unparses the message msg, and updates the sensor data members m_bump_sensors and m_sonar_sensors.

7.4. ControlSystem Class

Description: This class contains the control objects, provides access to their current state, and provides for their initialization.

Data Members:

RobotMoveControl m_move_control: The movement control state object.

RobotCameraControl m_camera_control: The camera control state object.

Member Functions:

ControlSystem(): Constructs the control system by initializing the control objects m_move_control and m_camera_control to their home states.

CString GetNextCommand(): Parses the next command that will be sent to the server by polling the current values of the control objects.

void SetControlStates(int control_type, int control1, int control2): Initializes a given control (determined by control_type) to position (control1, control2).

7.5. CommLink Class

Description:  This class creates a link for sending and receiving messages to and from a server.

Data Members:

CString m_host: The link will connect with this hostname.

int m_port: The link will connect with this port number.

SOCKET m_Socket: The link will use this windows socket to link with the server.

int m_NumMsgSent: The number of messages sent over the link since opening.

int m_NumMsgRecv: The number of messages received over the link since opening.

bool m_LinkUp: The state of the link.  If open, then true.  Otherwise, false.

MessageQueue m_MsgQueue: The queue of messages received, but unprocessed.

Member Functions:

CommLink(): Constructs a closed link (state represented by data member m_LinkUp) with unspecified hostname and port number (represented by data members m_host and m_port), and initializes the number of messages sent and received (represented by data members m_NumMsgSent and m_NumMsgRecv) to zero.

CommLink(const char* host, int port): Constructs a closed link (state represented by data member m_LinkUp) with specified hostname host and port number port (represented by data members m_host and m_port), and initializes the number of messages sent and received (represented by data members m_NumMsgSent and m_NumMsgRecv) to zero.

int OpenLink(): Given a valid hostname and port number (supplied by data members m_host and m_port, respectively), this function opens the appropriate link using the socket data member m_socket as the underlying technology.  If a hostname error, socket error, or connection error occurs, then the function returns a predefined error number.

int OpenLink(const char* host, int port): Given a valid hostname and port number (supplied by host and port, respectively), this function opens the appropriate link using the socket data member m_socket as the underlying technology.  If a hostname error, socket error, or connection error occurs, then the function returns a predefined error number.

bool CloseLink(): Closes the link by closing the socket data member m_socket, and reinitializing the number of messages sent and received (represented by data members m_NumMsgSent and m_NumMsgRecv) to zero.  If the link closes successfully, then this function returns true.  Otherwise, this function returns false.

int GetNumSent() const: If the link is currently open, then this function returns the number of messages sent over the link since last opening (represented by data member m_NumMsgSent).  Otherwise, it returns zero.

int GetNumRecv() const: If the link is currently open, then this function returns the number of messages received over the link since last opening (represented by data member m_NumMsgRecv).  Otherwise, it returns zero.

bool IsLinkUp() const: If the link is currently open (state represented by data member m_LinkUp), then this function returns true.  Otherwise, this function returns false.

bool Send(const char* message): If the link is currently open (state represented by data member m_LinkUp), then this function sends the character pointer message over the socket data member m_socket.  If the link is currently closed or the message fails to send, then this function returns false.  Otherwise this function returns true.

int Recv(): If the link is currently open (state represented by data member m_LinkUp), then this function receives the next pending message into the message queue data member m_MsgQueue.  If the link is closed or the message has zero length or the link fails to receive the message, then this function returns the appropriate error number.

int Recv(CString &message): If the link is currently open (state represented by data member m_LinkUp), then this function receives the next pending message into the message queue data member m_MsgQueue and message.  If the link is closed or the message has zero length or the link fails to receive the message, then this function returns the appropriate error number.

CString GetNextMessage(): Returns the next message in the message queue (represented by data member m_MsgQueue).

int NumPending() const: Returns the number of messages in the message queue (represented by data member m_MsgQueue) waiting to be processed.

7.6. RobotSensors Class

Description:

This class maintains the values of a group of sensor on the robot.

Data Members:

intvector m_sensor_data: The values read from each sensor in this group.

int m_num_sensors: The number of sensors that belong to this group.

bool m_debug: The run state of the debugger (true or false).
Member Functions:

RobotSensors():  Initializes the number of sensors and the value of each sensor (represented by data members m_num_sensors and m_sensor_data, respectively) to -1.

RobotSensors(int num): Initializes the number of sensors (represented by the data member m_num_sensors) to num, and initializes the value of each sensor (represented by the data member m_sensor_data) to -1.

void SetSensors(intvector new_values): Updates all sensor values (represented by the new sensor m_sensor_data) with corresponding new values in new_values.

intvector GetSensors() const: Returns the value of each sensor (represented by the new sensor m_sensor_data).

bool StartDebugger(): Given a command from the server to start the debugger, this function invokes the debugger.  If the debugger has successfully turned on, then this function returns true.  Otherwise, it returns false.
7.7. RobotControls Class

Description: This class maintains the state of an input control with two axes.

Data Members:

int m_x: The value of the horizontal axis.

int m_y: The value of the vertical axis.

Member Functions:

RobotControls(): Initializes the horizontal and vertical axes’ values (represented by data members m_x and m_y, respectively) to zero.

virtual void GetControlCommands(int &param1, int &param2) = 0: In inheriting classes, this function should return the values of the control object axes.

void SetControlState(int x, int y): Updates the horizontal and vertical axes’ values (represented by data members m_x and m_y, respectively) to param1 and param2, respectively.

7.8. RobotBumpSensors Class

Description: This class stores the robot bump readings.  This class inherits from the RobotSensor class.

Member Functions:

RobotBumpSensor(): Constructs storage for the bump system.

7.9. RobotSonarSensors Class

Description: This class stores the robot sonar readings.  This class inherits from the RobotSensor class.

Member Functions:

RobotSonarSensor(): Constructs storage for the sonar system.

7.10. RobotCameraControl Class

Description: This class stores the current state of the camera control object, and provides access thereto.

Member Functions:

RobotCameraControl(): Creates the camera control object, and initializes it to the home state.

virtual void GetControlCommands(int &pan, int &tilt): Returns the pan and tilt indicated by the camera control object (through the reference parameters pan and tilt).

7.11. RobotMoveControl Class

Description: This class stores the current state of the movement control object, and provides access thereto.

Member Functions:

RobotMoveControl(): Creates the movement control object, and initializes it to the home state.

virtual void GetControlCommands(int &left_wheel, int &right_wheel): Returns the left and right wheel speeds indicated by the movement control object (through the reference parameters left_wheel and right_wheel).

7.12. MessageQueue Class

Description: This class derives from the CStringList class, and stores a queue of messages.

Data Members:

CString m_in_buffer: The message buffer that contains all messages just received.

char m_begin_msg_char: The character that signals the beginning of a message.

char m_end_msg_char: The character that signals the end of a message.

Member Functions:

MessageQueue(): Constructs a minimal message queue by initializing only the inherited CString object.

MessageQueue(char begin_char, char end_char): Constructs a message queue by initializing only the inherited CString object, and initializing the begin and end message characters (represented by the data members m_begin_msg_char and m_end_msg_char) to begin_char and end_char, respectively.

void SetSeparators(char begin_char, char end_char): Assigns the begin and end message characters (represented by data members m_begin_msg_char and m_end_msg_char, respectively) the values begin_char and end_char, respectively.

CString NextMessage(): Removes the next pending message off the message queue (represented by the inherited CString class), and returns this message.

void AddMessage(CString new_message): Copies all messages contained in new_message into buffer data member m_in_buffer.  For each message, if it is complete, then it is appended to the CStringList structure.
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