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�I. System Specification – Remote Debugger

1.0 Remote Debugger System (RDS) Specifications

1.1 Introduction

1.1.1 Purpose

The purpose of !Debugger! is to enable the !Programmer! to debug the !Server! remotely.

1.1.2 Scope

This document represents the only specification documentation for the !Debugger!.

1.1.3 Overview

The developer is responsible for (1) development of the !Debugger!, and (2) installment the !Debugger! on the !Control_Unit!.

1.2 General Description

1.2.1 Product Perspective

The !Debugger! must successfully send the /Halt_Command/ to the !Server!, $Download$ /Run Information/ from the !Server!, and copy !Run_Information! from the !Control_System!.

1.2.2 User Characteristics

The !Programmer! represents the sole user of the !Debugger!; consequently, the !Debugger! user is very computer literate, and can easily manipulate the !Debugger!.

1.2.3 Timing Constraints

The !Server! will return an /Exception/ when a command from the !Control_System! takes longer than !Comm_Timeout! seconds to execute on the !Server!, thereby invoking the !Debugger! in *Remote_Start* mode.

1.2.4 Accuracy Constraints

The !Debugger! must display the /Run Information/ verbatim.  Moreover, the !Debugger! must correctly !Translate! the !Command_Log!.

1.2.5 Software Functions

The !Control_System! will send commands to the !Server!.  Moreover, the !Control System! will also receive state information from the !Server!.  If either the !Robot! or !Programmer! raises an /Exception/, then the !Debugger! will enter the START mode.  The !Debugger! will provide the !Programmer! with the /Run_Information/ that resulted in the /Exception/.

1.2.6 Response to Undesired Events

If the !Debugger! receives invalid or unreadable /Run Information/, then the !Debugger! should request the !Run_Information! again.  This request should repeat until the !Debugger! receives valid /Run_Information/.

1.2.7 Fundamental Assumptions

The !Server! will produce the /Run_Information/, and the !Server! will correctly format /Run_Information/.

�1.3 Specific Requirements

1.3.1 External Interface Requirements

1.3.1.1 User Interfaces

The !Debugger! has three interfaces (is that a magic number?) that enable the !Programmer! to analyze the /Run Information/.

1.3.1.1.2 Main Interface with Sensor Information



Figure 1.� SEQ Figure \* ARABIC �1�: Main Debugging Interface (w/ State Info)



�EMBED MSPhotoEd.3���

The main interface with sensor information (See Figure) represents *Sensor_View* mode.  Within the Logging Frame, the mainscreen displays the !Command_Log! and the !Function_Log!.  Within the State Info Frame, the main interface displays the !State_Log!.  All three logs’ entries are time stamped.

1.3.1.1.2 Main Interface with Sensor Information



The main interface with data information (See Figure) represents *Data_View* mode.  Within the Logging Frame, the mainscreen again displays the !Command_Log! and the !Function_Log!.  Within the Data Frame, the main interface displays the !Hexadecimal_Memory_Dump! and the !Variable_Listing!.

1.3.1.1.3 Update Dialog Box



The Update Dialog Box allows the !Programmer! to toggle between *Manual_Update* mode and *Continuous_Update* mode.  If the !Programmer! enables the *Continuous_Update* mode, the !Programmer! can set the !Seconds! between refresh of /Run_Information/.

1.3.1.2 Hardware Interfaces

The !Control_Unit! is a Micron Pentium Pro 200 MHz 64 MB machine.

1.3.1.3 Software Interfaces

The !Control_Unit! runs Windows NT 4.0 Workstation.

1.3.1.4 Communication Interfaces

The !Server! and the !Control_Unit! communicate using TCP/IP and BSD Sockets.

1.3.2 Functional Requirements

1.3.2.1 Start Modes

1.3.2.1.1 *Manual_Start*

If the !Programmer! experiences !Robot! behavior that deviates from the expected movement, then the /Programmer/ raises an /Exception/, and opens the !Debugger!.  The !Robot! will continue to process commands from the !Control System! after invocation of the !Debugger!.

1.3.2.1.2 *Remote Start*

If the !Server! code raises an /Exception/, then the !Server! opens the !Debugger!, and the !Debugger! sends the /Halt_Command/.

1.3.2.2 Update Modes

1.3.2.2.1 *Manual_Update*

Initially, the !Debugger! enters into *Manual_Update* mode.  *Manual_Update* first $Download$s the current /Run_Information/.  Thereafter, the !Programmer! can refresh the /Run_Information/ by clicking the /Update_Button/.

1.3.2.2.2 *Continuous_Update*

The !Programmer! can switch from *Manual_Update* mode into *Continuous_Update* mode by setting the /Update_Radio/ to $Continuous$.  In *Continuous_Update* mode, the !Programmer! sets the /Update_Interval/ to automatically refresh the /Run_Information/ every $Second$ seconds.  The !Programmer! can return to *Manual_Update* mode from *Continuous_Update* mode by setting the /Update_Radio/ back to $Manual$.

1.3.2.3 View Modes

1.3.2.3.1 *Sensor_View*

Initially, the !Debugger! enters into *Sensor_View* mode.  *Sensor_View* mode displays the !Command Log!, the !Function_Log!, and !State_Log!.

1.3.2.3.2 *Data_View*

The !Programmer! can switch from *Sensor_View* mode into *Data_View* mode by clicking the /Sensor_Data_Button/.  In *Data_View* mode, the !Debugger! displays the !Command Log!, the !Function_Log!, !Variable_Listing!, and !Hexadecimal Dump!.  The !Programmer! can return to *Sensor_View* mode from *Data_View* mode by clicking the /Sensor_Data_Button/ again.

1.3.3 Performance Requirements

The !Debugger! should update the /Run_Information/ within $Second$ seconds of a request.

1.3.4 Design Constraints

The !Debugger! must be implemented with Microsoft Visual C++.  The !Debugger! must operate remotely with respect to the !Server!.

1.3.5 Attributes

The !Debugger! should be easy to use, accurate, and fun.





2.0 Onboard System Specifications



2.1 Introduction

2.1.1 Purpose



 The !Server! has two main responsibilities: to control the robot, and to provide support for remote debugging capabilities. Robot control involves accepting commands from the !Control_System!, as well as controlling the robot in autonomous modes, without direct commands from the !Control_System!, or in the case of a lost connection, any commands at all. Supporting debugging capabilities involves storing information about the current and previous robot states, system information, and the sending of this information based on commands from the !Debugger!.

2.1.2 Scope



This document is the only specification for the !Server! 

2.1.3 Definitions



remote debugging – in the event of unexpected behavior by the robot system, the software 

engineers require the ability to examine the state of the robot system and view information about the events that produced the undesired behavior. The remote debugging system allows for this examination without physical access to the robot system.



2.1.3 References



References on the robot system hardware and software interface are from Nomad Technologies:

User’s Manual [http://www.cs.virginia.edu/~cs340/doc/nomad-user.pdf]

Language Reference Manual [http://www.cs.virginia.edu/~cs340/doc/language.pdf]

Scout Beta 1.0 [http://www.cs.virginia.edu/~cs340/doc/nomad-scout.pdf]

Sonar Information [http://www.cs.virginia.edu/~cs340/files/sonar.txt]

Additional software interface references:

Camera Control Information [http://www.cs.virginia.edu/~cs340/files/pantilt.txt]

2.1.4 Overview



The developer is responsible for implementing the !Server! as described in this document, and installing it on the !Robot!

2.2 Overall Description

2.2.1 Product Perspective

The !Server! accepts, interprets, and execute !Robot! control commands from the !Control_System!, and debugging commands from the !Debugger!. To further facilitate remote debugging, the !Server! maintains information logs of state information, which are sent to the !Debugger! upon request.

2.2.2 Product Functions

2.2.2.1 Robot & Camera Control 

The !Server! accepts various commands from the !Control_System!, and issues commands to the !Robot! and !Camera! to perform the specified actions. The set of possible commands includes basic !Camera! and !Robot! movement instructions, as well as more complex movement modes, under which the !Server! is responsible for determining the exact commands issued to the !Robot!.

2.2.2.2 Sensor Information Requests

The !Server! accepts requests from the !Control_System! for updated !Sensor_Data!. On receiving these requests, the !Server! responds by transmitting the requested !Sensor_Data!.

2.2.2.3 Debug Information Requests

The !Server! accepts requests from the !Debugger! for information useful in troubleshooting unexpected !Robot! or !Server! behavior. This consists of !Command_Log!, !Function_Log!, !Hexadecimal_Dump! and !State_Log! Information.

2.2.2.4 Logging

At all times, the !Server! is writing to the !Command_Log! and !Function_Log!. All commands transmitted from the !Control_System! are appended to the !Command_Log!. In the !Server! software, every time a function is called, an entry is made in the !Function_Log!. When the function returns control back to the calling function, the return value is also added to the !Function_Log!. Both !Function_Log! and !Command_Log! entries are annotated with a timestamp. The !Server! makes entries in the !State_Log!, consisiting of all the !Sensor_Data! and !Robot! state information. The frequency of these entries are based on !State_Interval!. !State_Log! entries also have timestamps.

2.2.3 User Characteristics



The end users, the !Client! operating the !Control_System! software, and !Programmer! using the !Debugger!  do not directly interact with the !Server!. All interaction with the !Server! is indirect, through a remote link.

2.2.4 General Constraints

The !Server! must operate on the !Robot! 

2.2.5 Assumptions and Dependencies

For the !Server! to perform usefully, the !Control_System! and !Debugger! software must be available. It is assumed that the systems will communicate based upon a common !Comm_Protocol!. It is assumed that the !Robot! operates as specified by the Nomad Technologies documentation.

2.3 Specific Requirements

2.3.1 External Interface Requirements

2.3.1.1 User Interfaces

There is no direct interface to the !Server!. The software is executed, and it continues to function until terminated or the !Robot! is shut down. All information about the state of the system is sent to remote interfaces, either the !Control_System!, or the !Debugger!.

2.3.1.2 Hardware Interfaces

The !Server! resides on an IBM ThinkPad 560, running the Linux operating system, attached to the !Robot! via a serial link. The !Camera! is controlled via the second serial link.

2.3.1.3 Software Interfaces

The !Robot! and !Camera! programming interfaces are defined in the documentation listed in section 2.1.3.

2.3.1.4 Communication Interfaces

The !Server! communicates to the !Debugger! and !Control_System! via a wireless Radio Ethernet interface. BSD Sockets are used over the TCP/IP protocol to facilitate communication across this link. Commands from !Control_Station! and !Debugger! use the !Comm_Protocol!.

2.3.2 Functional Requirements

	

2.3.2.2 Direct Control (DC) Mode

Condition Invoking Mode: This is the standard operating mode for the !Server!

Allowed Input: Any command from !Debugger! or !Control_System!

Output: !Sensor_Data! if requested

Behavior: Interpret and execute commands received

2.3.2.3 Point-to-Point Autonomous (PTPA) Mode

Condition Invoking Mode:  if /PTPA_Command/ is true, this mode should be set.

Allowed Input: Any !Debug_Data! request or /Halt_Signal/ from !Debugger!, /Halt_Signal/ and !Sensor_Data! requests from !Control_System!

Output: !Sensor_Data! if requested, /Destination_Reached/ when movement complete

Behavior: Issue commands to move robot to destination, using sensor information to determine if path is blocked. If path is blocked, determine path around obstacles to reach destination. Send /Destination_Reached/ when movement is complete.

2.3.2.5 Error (E) Mode

Condition Invoking Mode: If /Server_Exception/, or /Link_Lost/ are true, this mode should be set.

Allowed Input: Any !Debug_Data! request from !Debugger!, any command from !Control_Station!

Output: /Execute_Debugger/, /Halt_Command/

Behavior: /Halt_Command/ sent to !Robot!, wait for next command

2.3.3 Performance Requirements

2.3.3.1 Responsiveness

The !Server! must be able to halt !Robot! movement and respond to requests from the !Debugger! at any time, regardless of current !Robot! activity and condition.

2.3.4 Design Constraints

!Server! must be implemented using the GNU Project C++ compiler. 



2.3.5 Attributes

2.3.5.1 Reliable

Since the !Robot! and therefore !Server! will be operating in remote environments, it is crucial that the system is reliable. Unexpected behavior should be a very rare phenomenon, and diagnosis and repair should be feasible using the !Debugger!.

2.3.5.2 Low Latency

The time between a command being generated on the !Control_System! and that command being executed by the !Robot! should be minimized.







3.0 Glossary



3.1 Macros



3.1.1 Text Macros



MACRO�DEFINITION��!Camera!�Video camera mounted on the !Robot!, pan and tilt are controlled by !Server!, camera output is transmitted to monitor located at !Control_Unit!.��!Client!�Geologists that are practically computer illiterate.��!Command_Log!�Log that the !Server! appends all received communication commands to��!Control_System!�Software developed for !Client! to maneuver the !Robot! residing on the !Control Unit!.��!Control_Unit!�Client machine.��!Comm_Protocol!�Set of messages used by the !Control_System!, !Debugger! and !Server! to send information and commands to other systems.��!Comm_Timeout!�Amount of time without communication activity before an exception is raised.��!Data_View!�!Debugger! displaying the !Command Log!, !Function Log!, !Variable Listing!, and !Hexadecimal Dump!.��!Debugger!�Remote debugging system residing on the !Control Unit!.��!Debug_Data!�Any set of data from !Function_Log!, !Command_Log!, !Variable Listing!, !State_Log! and !Hexadecimal Dump!.��!Function_Log!�Log that the !Server! Updates with successful function invocations and return values.��!Hexadecimal_Dump!�A dump of the !Server! Memory.��!Programmer!�The programmer responsible for developing the !Control System!.��!Robot!�Scout Beta 1.0 from Nomadic Technologies.��!Seconds!�Time of /Update_Interval/ in *Continuous_View* mode.��!Sensors!�Instruments on the !Robot! for gathering measurements about its surrounding environment.��!Sensor_Data!�Information from !Sensors!��!Sensor_View!�!Debugger! displaying the !Command Log!, !Function Log!, and !State Information!��!Server!�Software system onboard the !Robot!.��!State_Interval!�Time between entries in !State_Log! on !Server!��!State_Log!�Log that the Server! updates with !Robot! state information.��!Translate!�Convert !Command_Log! into descriptive format for display in !Debugger!.��!Variable_Listing!�Log that the !Control System! updates with variables and their corresponding values from the !Control System!.��

3.1.2 Non-Numeric Values



VALUE�DEFINITION��$Clicked$�Indicates that a command button has been clicked.��$Download$�Download /Run_Information/.��$Held$�!Debugger! has not sent /Halt_Command/.��$Leave$�Do not download /Run_Information/.��$No$�No.��$None$�Time of /Update_Interval/ in *Manual_View* mode.��$Sent$�!Debugger! has sent /Halt_Command/.��$Server_Exception$�Indicates !Server! code as origin of /Exception/.��$User_Exception$�Indicates !Control_System! user as origin of /Exception/.��$Yes$�Yes.��

3.1.3 Input Values / Output Values



VALUE�DEFINITION��/Destination_Reached/�Signal from !Server! to !Control_System! that target destination in *PTPA_Server* mode has been reached.��/Exception/�Reason !Debugger! was invoked.��/Execute_Debugger/�Signal sent from !Server! to !Control_Station! to start !Debugger! on !Control_Unit!��/Halt_Command/�Proprietary !Robot! commands necessary to halt all !Robot! movement.��/Halt_Signal/�Message sent from !Debugger! or !Control_System! to !Server! when a /Halt_Command/ is to be issued to the !Robot!��/Kill_Button/�Clicking sends the /Halt_Command/.��/Link_Lost/�!Server! has not received communication from !Control_System! or !Debugger! in !CommTimeout!��/Move_Command/�Command from !Control_System! to !Server! is a direct movement command��/PTP_Command/�Command from !Control_System! to !Server! is an autonomous movement command��/Robot_Halted/�Prior to invocation of the !Debugger!, the !Robot! movement halted.��/Run_Information/�The !Hexadecimal Dump!, and the information logged by the !Server! including the !Command Log!, !Function Log!, !State Log!, and !Variable Listing!.��/Sensor_Data_Button/�Clicking toggles between *Sensor_View* and *Data_View* modes.��/Server_Exception/�!Robot! hardware or !Server! software caused an exception, due to failure or unexpected behavior.��/Update Interval/�How often the !Debugger! refreshes the /Run_Information/ in *continuous* view mode.��/Update_Radio/�Toggles between *Manual_Update* and *Continuous_Update* modes.��/View/�The subset of /Run Information/ contained within the *Sensor_View* and *Data_View* modes.��

�3.2 Tables



3.2.1 Mode Tables



3.2.1.1 !Debugger! Start Mode Table



MODE \ ATTRIBUTE�/Robot_Halted/�/Exception/��*Manual_Start*�$No$�$User_Exception$��*Remote_Start*�$Yes$�$Server_Exception$��

3.2.1.2 Update Mode Table



MODE \ ATTRIBUTE�/Update_Interval/��*Continuous_Update*�!Seconds!��*Manual_Update*�$None$��

3.2.1.3 View Mode Table



MODE \ ATTRIBUTES�/View/��*Sensor_View*�!Command_Log! and !Function_Log! and !State_Log!��*Data_View*�!Command_Log! and !Function_Log! and !Hexadecimal_Dump! and !Variable_Listing!��

�3.2.2 Event Tables

3.2.2.1 When Kill Button Clicked



MODES�EVENTS��*Manual_Start*�@T(/Kill_Button/ = $Clicked$)�@F(/Kill_Button/ = $Clicked$)��ACTION�/Halt_Command/ := $Sent$�/Halt_Command/ := $Held$��3.2.3 Mode Transition Tables



3.2.3.1 Update Mode Transition Table



MODE�CONDITIONS��START�Always�X��*Manual*�X�@T(/Update_Radio/ = $Contiuous$)��*Continuous*�@T(/Update_Radio/ = $Manual$)�X��NEXT MODE�*Manual*�*Continuous*��3.2.3.2 View Mode Transition Table



MODE�CONDITIONS��START�Always�X��*Sensor_View*�X�@T(/Sensor_Data_Button/ = $Clicked$)��*Data_View*�@T(/Sensor_Data_Button/ = $Clicked$)�X��NEXT MODE�*Sensor_View*�*Data_View*��

�3.2.3.3 Server Mode Transition Table

START�X�Always�X��*PTPA*�X�@T(/Destination_Reached/ = $Yes$) AND @F(/Server_Exception/ = $Yes$) AND

@F(/Link_Lost/ = $Yes$)�@T(/Server_Exception/ = $Yes$) OR

 @T(/Link_Lost/ = $Yes$)��*DC*�@T(/PTP_Command/ = $Yes$)

AND @F(/Server_Exception/ = $Yes$)

AND @F(/Link_Lost/ = $Yes$)�X�@T(/Server_Exception/ = $Yes$) OR

@T(/Link_Lost/ = $Yes$)��*E*�@T(/PTP_Command/ = $Yes$)

AND @F(/Server_Exception/ = $Yes$)

AND @F(/Link_Lost/ = $Yes$)�@T(/Move_Command/ = $Yes$)

AND @F(/Server_Exception/ = $Yes$) AND

@F(/Link_Lost/ = $Yes$)�X���*PTPA*�*DC*�*E*��

�4.0 Appendix A - Message Format



All messages are space delimited argument strings with explicit signing;

Signs (i.e., + and -) will not be considered Digits;

Positive Angles/angular speeds correspond to right;

All messages have a 2-bit header:



Header�Definition�Origin��00�Direct Control Command/Sensor Update �!Control_System!/!Debugger!/!Server!��01�Autonomous Control Command�!Control_System!��10�/Run Information/ Request/Command�!Debugger!��

4.1 Message Structure



4.1.1 Type I: Direct Control Command



2-Bit Header (i.e., 00) / 0-Padded 3-Digit Signed Speed / 0-Padded 3-Digit Signed Angular Speed / 1-Bit Signed Pan Angle / 1-Bit Signed Tilt Angle



The !Server! causes the !Robot! to move at the designated translational and angular speeds.  Simultaneously, the camera can tilts (1 degree, and pans (1 degree.



4.1.2 Type II: Sensor Update



2-Bit Header (i.e., 00) / 6-Bit Bumper Information / 16 5-Digit Sonar Information / 1-Bit Debugger Invocation / 1-Bit Destination Reached



Each bit in the 6-bit bumper information substring corresponds to the state of a bumper on the !Robot!.  A 0 indicates the bumper is not pressed, and a 1 indicates the bumper is pressed.  The first bit corresponds to the 0th bumper, the second bit corresponds to the 1st bumper, etc (See Figure).



Each 5-digit sonar substring represents the distance from the !Robot! sonar to an object.  The first two digits come before the decimal, and the last three digits come after the decimal.  The first sonar substring corresponds to the sonar sensor at the front, the second bit corresponds to the next sonar sensor counterclockwise from the first , etc.



The 1-bit !Debugger! invocation has a value of 0 when the !Server! has no pending exceptions, or the !Debugger! is already open.  Conversely, the 1-bit !Debugger! invocation has a value of 1 when the !Server! has a pending exception and the !Debugger! is not open.



The 1-bit destination reached has a value of 0 when the !Robot! is under direct control, or the !Robot! is under autonomous control and has not reached its destination.  Conversely, the 1-bit destination reached has a value of 1 when the !Robot! is under autonomous control and has reached its destination.



4.1.3 Type III: Autonomous Control Command



2-Bit Header (i.e., 01) / 0-Padded 8-Digit Signed Distance / 0-Padded 8-Digit Signed Angle



The execution of the distance/angle translation occurs at the maximum allowable speed.



4.1.4 Type IV: Debug Information Request/Command



2-Bit Header (i.e., 10) / 3-Bit Request



Requests have the following definitions:



Request�Definition��000�Send !Function_Log!��001�Send !Command_Log!��010�Send !Hexadecimal_Dump!��011�Send !State_Log!��II. System Specification – Remote Control Station

1. Introduction

Purpose

The purpose of the !user interface! for the !robot! is to provide a method for controlling and monitoring the status of the !robot!.  The !user interface! is designed to be efficient, easy to use and intuitive.  The !user interface! is efficient in that it operates in real-time and that it contains only the necessary !widgets!.  The !user interface! will be easy enough to use so that the !user! can focus on the !camera monitor! rather than the !user interface!, but that will alert the user when necessary, i.e. when the !robot sensors! detect an event.  The !user interface! will also be intuitive enough so that it requires minimal training for a new !user! by using !graphic controls!.

Scope

The scope of this !software! is the client-side domain.  The !user interface! controls the !robot!’s speed and direction and the !camera! position.  It also controls the display of the !robot sensors!.  The !user interface! is also responsible for sending and monitoring !communications! with the !robot!.



1.3 Definitions



Autonomous Control – This refers to the state where the !robot!’s movement is not directly controlled by the !user!. Upon entering this mode, the !user! is required to do nothing more than specify a destination for the !robot!. The !software! determines the best possible path from the current location to the final one while avoiding obstacles and obeying any other given constraints. 

Bump Sensors – The $number of bump sensors$ !bump sensors! positioned around the perimeter of the !robot!’s bump skirt report whether or not a collision is occurring. The !bump sensors! will report a simple ‘yes’ or ‘no’ value based on the state of the sensor; ‘yes’ if the sensor is in contact with an object, ‘no’ if not in contact with any object.

Debug Screen – This is an additional dialog window which displays detailed information about the various components of the !robot! at the time of a malfunction. It will display the last known readings from all of the !robot sensors! and other state variables.

Load Map – This allows the !user! to load, from an external file, information about a particular !environment!. This is primarily in the form of !sensor data! displayed as a graphical map of the !environment!. 

Normal Robot Operation – This represents the state in which all of the !robot sensors! are operating within !tolerance guidelines! and the !robot! is functioning correctly.

Numeric Sensors vs. Graphical Sensor – In the !graphical sensor mode!, all !sensor data! is displayed in the !user interface! as colored bars representing contact or distance as appropriate. The !numerical sensor mode! displays this same information in the form of numerical data. The !bump sensors! report binary 1’s or 0’s and the !sonar sensors! report a floating point number representing the distance to the closest obstacle from that sensor. 

Save Map – The exact counterpart to Load Map, this allows the !user! to take current collected information about the !environment! and store it in an external file for retrieval later.

Sonar Sensors – These $number of sonar sensors$ !sonar sensors! located around the perimeter of the !robot! report the distance from the !sonar sensor! to the closest obstacle. 

References

CS 340 Appendix A Project Description

Scout Beta 1.0 from Nomadic Technologies 

User's Manual from Nomadic Technologies 

Sonar information from Nomadic Technologies 

Language Reference Manual from Nomadic Technologies (Postscript) 

2. Overall Description

2.1 General Overview

	The !software! must be able to implement the following guidelines:

The !user interface! must use a Graphical User Interface (GUI) environment.

Must be able to move the !robot! forward and backward, and rotate it left and right using the !robot controls! available in the !user interface!.

Must be able to tilt the !camera! up and down, and pan the !camera! right and left using the !camera controls! available in the !user interface!.

Must be able to monitor the !bump sensors! and !sonar sensors! using the !sensor controls! available in the !user interface!.

Must be able to represent the !sensor data! in both !graphical sensor mode! and !numeric sensor mode!.

Must be able to translate !sensor data! into a graphical map of the !environment!.

Must have a !key/legend! That depicts the basic graphics of the !user interface!.

2.2 User Characteristics

	The !user interface! had been designed for a !user! that fits into the following general description:

The !user! will be field personnel involved in exploring an area that is either undesirable to or unable to be accessed by a human being.

The !user! may or may not be fluent in the use of a modern personal computer.  Most likely, this person will be non-technical with little to no experience with the !user interface!. 

It is a requirement that the !user! have basic knowledge of Windows 95/98/NT environment.





2.3 General Constraints

	The !user interface! will follow the following constraints:

The !user! can not move the !robot! and !camera! simultaneously.

Only one function of the !user interface! can be used at a time.

The !sensor data! from the !robot sensors! will be updated in the !user interface! as soon as it is received through !communications!.

Windows in the !user interface! cannot be closed accidentally.

2.4 Assumptions and Dependencies

	The following assumptions were made in the design of the !user interface!:

The !robot hardware! and !robot software! will be available and functioning properly on the !robot!.

A connection is available to the !robot! using a radio Ethernet or similar means for !communications!.

The !robot software! must adhere to the protocol for !communications! described in Section 4.

The !user! will fit the requirements laid out in Section 2.2.

The !software! will be installed and running on a !machine! that runs Windows 95/98/NT.

2.5 Functional Requirements

	The !software! and !user interface! must adhere to the following requirements:

The !software! and the !user interface! must work as expected.

The !software! and !user interface! must be reliable and free of bugs.

The !user interface! must be easy to use and easy to understand.









2.6 Performance Requirements

The !software! and !user interface! must adhere to the following performance requirements:

The !software! and the !user interface! must operate in real time.

The !user interface! must update the !robot!’s !sensor data! in either !graphical sensor mode! or !numeric sensor mode! in real time, and update the graphics in the !user interface! accordingly.

The !software! and !user interface! must be reliable and free of bugs.

2.7 Design Constraints

	In the design of the !user interface!, the following constraints were assumed:

The !user! will not be allowed to execute more than one instruction at a time (i.e. moving the !robot! and moving the !camera!).

The !user! will not be able to close any of the windows in the !user interface! without a conscious effort.

The !user! will want to have his/her concentration on a more accurate representation of the !environment! than the !user interface! (i.e. the !camera monitor!).  The interface was designed with this in mind.

2.8 Specific Requirements

		2.8.1 Robot Control and Speed

The !robot controls! consist of a series of concentric, uniquely colored circles.  The speed and direction of the !robot! is determined by the location in the circles in which the mouse is pressed.  The center of the circles, depicted by a small white circle, represents a speed of zero, and speed increases as the !user! moves the mouse further away from the center, ending at $maximum speed$.  The direction of the !robot! is determined by the location where the mouse is clicked.  For example, straight up from the center of the circle makes the !robot! move straight forward, 90 degrees to the right of the center makes the !robot! rotate to the right without any forward movement, straight down from the center of the circle makes the !robot! move directly backwards, and 90 degrees to the left of the center makes the !robot! rotate to the left without any forward movement.  The !robot! only moves as long as the button is held, and at all other times the mouse is considered to be at center of the circle.  If the mouse location is outside the circles, or the mouse moves outside the circles while the !robot! is in motion, the mouse is considered to be at  the center of the circle.  Due to the restrictive nature of mouse clicking, the !robot! cannot be moved while any other command is being executed (See Figure 1).



�Figure 1

		2.8.2 Camera Control

The !camera! is controlled by a set of four !buttons!.  The tilt, or angle in the up-down direction the camera is facing, of the !camera! is controlled by the Tilt Up and Tilt Down !buttons!.  The pan, or angle in the right-left direction that the camera is facing, of the !camera! is controlled by the Pan buttons indicated left and right by directional arrows.  The pan is represented graphically on the Main Display Screen of the !user interface! by a blue line on the !robot!.  This line indicates the direction (Pan) of the !camera!, but not the Tilt.  Due to the constraints of mouse clicking, the !camera! cannot be moved while any other commands are being executed (See Figure 2).













�

			           Figure 2

		2.8.3 Auto Pilot On/Off



�

The !auto pilot! is enabled and disabled by the !radio buttons! Auto Pilot On and Auto Pilot Off.  The Auto Pilot function enables the user to be able to control the !robot! by clicking on the location it would like the !robot! to move to on the Main Display Screen.  While moving to the new location, the !robot! moves at $auto pilot speed$.  Also, the user is still able to use normal !robot! control and !camera! control methods while !auto pilot! is engaged (See Figure 3).

						Figure 3

		2.8.4 Key/Legend

The !key/legend! displays what the graphic representation of the !robot!, namely a red circle with a white line showing the !robot! direction and a blue line showing the !camera! direction.  The !key/legend! also shows representations of !robot sensor! returns (white to represent viewed area and black to represent unviewed area).  The final component of the !key/legend! is a synopsis of the !sensor data! states for the !bump sensor! and the !sonar sensor! display, with $color green$ representing normal conditions, $color yellow$ representing a need for caution, and $color red$ representing a dangerous situation (See Figure 4).



�

Figure 4

		2.8.5 Bump Sensors



�

The !bump sensor! display is a ring of  $number of bump sensors$ segments corresponding to the $number of bump sensors$  bump sensors on the !robot!.  Each segment will display $color green$ if the !robot! is currently not experiencing a bump on that !bump sensor! and will display $color red$ if the !robot! is currently encountering a bump.  This !sensor data! can also be displayed in !numeric data mode!.  In this mode, the !sensor data! will be expressed as a 0 or 1, 0 being false (no contact) and 1 being true (contact) (See Figure 5).

					     Figure 5

		2.8.6 Sonar Sensors

	The !sonar sensor! display is a set of $number of sonar sensors$ pie-shaped pieces corresponding to the !robot!’s !sonar sensors!.  The pie-shape pieces resize based on how far that !sonar sensor! detects the robot is from an obstacle in that direction. In addition to resizing, the pieces also change color depending on the distance from surrounding objects. The display is $color green$ when the robot is a safe distance away from an object, $color yellow$ when the robot is close enough to something to warrant caution and $color red$ when the robot is dangerously close to an obstacle (See Figure 6).







�

					Figure 6

		2.8.7 Main Display Screen



�

The Main Display Screen consists of a red circle at the center to show the !robot!, with a white line in the red circle showing the !robot!’s direction and a white line in the !robot! to show the camera direction.  The !robot!’s !environment! is shown by black for obstacles and white for space that is open for the robot to move around in.  Due to the fact that the !environment! for the !robot! can exceed the size of the Main Display Screen, the !robot! is constrained to center of the display and the map moves relative to the !robot! (See Figure 7).

Figure 7







�

		2.8.8 Overall View of User Interface

					Figure 8































3.0 Glossary

Text Macros

!auto pilot! – The state the !robot! is in when it is moving based on Autonomous Control. The user only defines the end location, the software determines the best route based on the given knowledge of the environment

!bump sensors! – These are the sensors which indicate, by means of a binary one or zero, whether or not contact is occurring with an external obstacle. In graphical mode, a green bar is used to show that no contact is being made; a red bar indicates contact

!button! – Graphical construct that performs an action when pressed

!camera control! – The subset of !widgets! that allows the !user! to control the !camera!

!camera monitor! – The display of the camera data for use with the !user interface!

!camera! – The piece of hardware the transmits actual images of the environment from the !robot! to the !user interface!

!communications! – The protocol by which messages are passed between the !robot! and the !user interface!

!connected! – This is the state in which a network connection has either been established or not.

!direct control! – The state in which the user has complete control of the robot speed and direction and the camera movement.

!debug screen! – This is an additional !user interface! designed to allow the user to view, and potentially repair, errors on board the !robot!. It serves information about all sensors, and states of the !robot!

!environment! – The area and conditions in which the !robot! will operate

!graphic controls! – The !widgets! used to monitor the status of !robot sensors! and to control the movement of the !robot! and the !camera!

!graphical sensor mode! – The mode of the !user interface! where sensor data is represented by means of !widgets!. The color of the widgets provides information about their state. See also: !sonar sensors!, !bump sensors!

!key/legend! – Component of !user interface! that explains the !user interface!

!machine! – The computer on which the !software! is expected to run

!normal robot operation! – This is the condition, or mode, where all aspects of the !robot! are behaving normally, or within certain acceptable guidelines

!numeric sensor mode! – The mode of the !user interface! where sensor data is represented by means of numerical values

!radio button! – Graphical construct that allows the !user! to choose between options

!robot control mode! – The mode of the !user interface! in which the robot is controlled.

!robot controls! – The subset of !widgets! that all the !user! to control the !robot! and the !camera!

!robot hardware! – The physical onboard controlling hardware that enables the !robot! to perform its functions

!robot sensors! – The sensors used to monitor the status of the robot.  See also:  !bump sensors!, !sonar sensors!

!robot software! – Onboard programs that control the !robot hardware! 

!robot! – The machine provided by Nomadic Technologies…(more here)

!sensor control! – The subset of !widgets! that allows the !user! to see !sensor data!

!sensor data! – The data reported by the !bump sensors! and the !sonar sensors!

!software! – The product delivered to the client that includes the !user interface!

!sonar sensors! – These are the !robot sensors! which indicate, by means of a floating point value, the distance from the sensor to the closest visible object. In graphical mode, color is used to represent this relative distance

!tolerance guidelines! – the guidelines that the !robot! will operate in without sending a warning to the !user!

!user interface! – The program running on the client’s !machine! used to interact and control all aspects of the !robot! and its various components

!user! – The non-technical professional that will be the primary operator of the !user interface!

!widgets! – The graphical areas that rely information about the !robot! to the !user! or allow manipulation of the !robot! by the !user!

3.2 Symbolic Constants

$auto-pilot speed$ - 0.5 * $maximum speed$

$color green$ - The color green

$color red$ - The color red

$color yellow$ - The color yellow

$maximum speed$ - the maximum speed at which the !robot! moves

$number of bump sensors$ - 6

$number of sonar sensors$ - 16

$Yes$ - Yes

$No$ - No 

Tables

3.3.1 Mode Tables

3.3.1.1 Connect Mode Table



Connect Mode�!connected!��*Connected established*�$Yes$��*No connection established*�$No$��

		3.3.1.2 Control Mode Table



Control Mode�!robot control mode!��*Direct Control*�!Direct Control!��*Autonomous Control*�!Auto Pilot!��

4.0 Communications Protocol

4.1 Message Format

The !communications! between the !user interface! and the !robot! and vice versa should follow the following guidelines:

All messages are space delineated strings with specific signing.

Signs are not considered as digits.

Positive Angles and Positive Angular Speeds correspond to the right.

All messages must have an identification header.

4.2 User to Robot Communications

Header�Meaning��00�Direct Control Protocol��01�Autonomous Control Protocol��10�User-Requested Debug Protocol��		4.2.1 Direct Control Protocol

Header|Speed|Angular Speed|Pan Angle|Tilt Angle

Header – 2 bits (00)

Speed – 3 digit signed (+ or -) speed

Angular Speed – 3 digit signed angular speed

Pan Angle – Pan angle of the !camera!

Tilt Angle – Tilt Angle of the !camera!

		4.2.2 Autonomous Control Protocol

Header|Distance|Angle

Header – 2 bits (01)

Distance – Distance from current !robot! position to new position

Angle – Angle to new location with respect to current !robot! position







		4.2.3 User-Requested Debug Protocol

Header|Commands

Header – 2 bits (10)

Commands:

000 – Function Log

001 – Command Log

010 – Memory Dump

011 – State Information

4.3 Robot to User Communications

Header�Meaning��00�Sensor Information Protocol��

4.2.1 Direct Control Protocol

Header|Bump Sensors|Sonar Sensors * 16|Debug|Destination

Header – 2 bits (00)

Bump Sensors – $number of bump sensors$ bits representing the current state of the bump sensors

Sonar Sensors – $number of sonar sensors$ 5 digit numbers detailing information about the !environment!

Debug – 1 bit request for debug (yes or no)

Destination – 1 bit request for reached destination (yes or no)

III. Cost Estimate

1. Introduction

In determining the overall cost estimate for our half of the implementation of the robot software system, we used the COCOMO model, or COnstructive COst MOdel.  The most important factor when using this estimate is size of the project, and it takes into account only the technical aspects of coding the software.  Any ancillary work needed to fulfill the project does not appear in our approximation.  Three steps are needed to reach a viable cost estimate: the initial estimate of effort, the determination of multiplying factors, and the final effort estimate.

2. Initial Effort Estimate

According to the COCOMO model, the equation for determining the initial estimate is

Ei = a * (KDLOC)b

The constants a and b depend on whether the project is organic, embedded, or semi-detached. This project is embedded since it has tight environmental constraints and stringent requirements.  In this case, a and b are 2.8 and 1.20, respectively.  The variable KDLOC denotes thousands of delivered lines of code.  We estimate this value to be 3.5, assuming that there will be 3500 lines of code in this project.  Plugging this value into the equation gives a value Ei of 12.6 person-months.  

3. Determining the Factors

Fifteen cost driver attributes determine the multiplying factors. The following table indicates these values:

�

Cost Drivers�Rating���Very Low�Low�Nom-inal�High�Very High��Product Attributes�������RELY, required reliability���1.00����DATA, database size��.94�����CPLX, product complexity��.85�����Computer Attributes�������TIME, execution time constraint���1.00����STOR, main storage constraint�����1.21��VITR, virtual machine volatility���1.00����TURN, computer turnaround time���1.00����Personnel Attributes�������ACAP, analyst capability���1.00����AEXP, application experience�1.29������PCAP, programmer capability���1.00����VEXP, virtual machine experience�1.21������LEXP, programming language experience��1.07�����Project Attributes�������MODP, modern programming practices����.91���TOOL, use of SW tools����.91���SCHED, development schedule���1.00����

Multiplying these factors together gives a EAF (effort adjustment factor) value of 1.3371.

4. Final Effort Estimate

To determine the final estimate of effort, we use the equation

EFFORT = P Emi * a * (KDLOC) b

This equation gives the value of 16.85 person-months.  We can figure out the total duration by using the COCOMO average duration estimation, or

M = 2.5 E .38

This gives the total duration of the project to be 7.3 months.  We figure this to be quite an over-estimation.

IV. Milestone Schedule

1. Milestones

1.1 Lab 5 – March 1, 1999

Management Artifacts completed and checked – March 1, 1999

Implementation cost estimate completed – February 26, 1999

List of milestones completed – February 26, 1999

Detailed schedule completed – February 26, 1999

Detailed work breakdown structure completed – February 26, 1999

Pert and Gannt charts completed – February 26, 1999

Process Report completed – February 28, 1999

Partner group’s specification critique completed – February 28, 1999

Top-ten risks web page completed – February 26, 1999

Online schedule completed – February 28, 1999

1.2 Lab 6 – March 8, 1999

STL-related sites documented and checked – March 5, 1999 

Non-STL-related libraries documented and checked – March 5, 1999

FORTRAN-related libraries documented and checked – March 5, 1999

STL-library component tested – March 7, 1999

Terrain map facility completed – March 7, 1999

1.3 Lab 7 – March 22, 1999

Comprehensive design document completed and checked – March 22, 1999

Overview of the design – March 18, 1999

Overview of the dataflow diagram – March 18, 1999

Summary of main program – March 18, 1999

Class descriptions – March 18, 1999

Inheritance structure described – March 18, 1999

Overview of design documented – March 20, 1999

Anticipated changes documented – March 20, 1999

Inter-group communication documented – March 20, 1999

Management information documented – March 20, 1999

Design document inspected – March 20, 1999

1.4 Lab 8 – March 29, 1999

End-to-end prototype completed and checked – March 29, 1999

Define goal with sister group – March 25, 1999

Define milestones required for prototype – March 25, 1999

Develop prototype – March 27, 1999

Prototype milestones documented – March 27, 1999

Source code printed and checked – March 27, 1999

Prototype demonstrated to customer – March 27, 1999

1.5 Lab 9 – April 5, 1999

Complete implementation completed and checked – April 5, 1999

Implementation documented – April 3, 1999

1.6 Lab 11 – April 12, 1999

Software inspected and checked – April 12, 1999

Suitable inspection checklist created – April 8, 1999

Internal documentation inspected and checked – April 10, 1999

source-code layout inspected and checked – April 10, 1999

Coding practices inspected and checked – April 10, 1999

Functional correctness inspected and checked – April 10, 1999

Written inspection completed and checked – April 11, 1999

1.7 Lab 12 – April 19, 1999

Finished product demonstrated to customer – April 19, 1999

Presentation developed with sister group – April 17, 1999

Final specification corrected and checked – April 17, 1999

All implementation documents completed and checked – April 18, 1999

V. Process Report

1. Process Report

	1.1 Successes

Implemented and continually maintained the CompuGlobalHyperMegaNet Web page.

Implemented a throwaway prototype to familiarize ourselves with communication over BSD sockets.

Completed the remote debugger interface Visual Basic mock-up.

Resolved the message protocol between the onboard server and the remote control system.

Wrote drafts of the remote debugger and the onboard server specification documents using the A-7 documentation standards.

Proposed the necessary management artifacts (i.e., Milestone by date outline, Gannt chart, and Pert chart).

We have made Microsoft Word our faithful minion, and removed all blank pages that had continually infiltrated our documents.

	1.2 Problems

Meeting with client proved less than informative.

Knowledge base required for control system development is very broad.

Inadequate documentation concerning the Nomadic Technologies Scout 1.0.

Increased effort requirement per member due to loss of group member.

Incompatible schedules between group members.

Occasional inability to access class server.

	1.3 Process Refinement

We have met with a hardware engineer to reexamine the questions left unanswered by the client.

We distributed the responsibility of mastering the necessary development tools to various group members.

We will contact Nomadic Technologies, Inc. concerning any uncertainties related to the Scout 1.0 functionality.

We have and continue sacrifice our social lives for the better of the project.

We nightly pray to the network gods to look kindly upon cs-tl2, cs-tl3, and cs-tl4.

VI. Work Breakdown Structure

1. Work Breakdown Structure

Management Artifacts

Implementation cost estimate document

List of milestones 

Detailed schedule 

Detailed work breakdown structure 

Pert and Gannt charts 

Process Report 

Partner group’s specification critique 

Top-ten risks web page 

Online schedule 

Terrain map facility 

STL-related sites document 

STL-library component 

Non-STL-related libraries document 

FORTRAN-related libraries document

Comprehensive design document

Overview of the design

Overview of the dataflow diagram

Summary of main program

Class descriptions

Inheritance structure description

Overview of design document

Anticipated changes document

Inter-group communication document

Management information document

Design document inspection

End-to-end prototype 

Goal Definition

Milestone definition for prototype

Develop prototype

Prototype milestones document

Source code

Prototype demonstration to customer

Complete implementation 

Implementation documentation

Software inspection

Suitable inspection checklist 

Internal documentation & source-code layout inspection

Coding practices inspection

Functional correctness inspection

Written inspection document

Finished product demonstration

Presentation 

Final specification 

All implementation documents

VII. Reuse Library List

1. C++ STL Libraries:



Library�Description��<algorithm>�For defining numerous templates that implement useful algorithms��<deque>�For defining a template class that implements a deque container��<functional> �For defining several templates that help construct predicates for the templates defined in <algorithm> and <numeric>��<iterator> �For defining several templates that help define and manipulate iterators��<list>�For defining a template class that implements a list container��<map>�For defining template classes that implement associative containers��<memory>�For defining several templates that allocate and free storage for various container classes��<numeric>�For defining several templates that implement useful numeric functions��<queue>�For defining a template class that implements a queue container��<set>�For defining template classes that implement associative containers with unique elements��<stack>�For defining a template class that implements a stack container��<utility>�For defining several templates of general utility��<vector>�For defining a template class that implements a vector container��2. C++ STL URLs:



Silicon Graphics Standard Template Library Programmer's Guide.  http://www.sgi.com/Technology/STL/

Dinkum C/C++ Library Reference.  http://www.dinkumware.com/htm_cpl/index.html#STL

David R. Musser's STL page.  http://www.cs.rpi.edu/~musser/stl.html





3. Non-STL Libraries: 

CGAL (Computational Geometry Algorithms Library) – contains classes for geometric primitives such as points, vectors, and lines, data structures and algorithms for operations like convex hull and triangulation, and interfaces to other packages to support visualization and input/output.  http://www.cs.uu.nl/CGAL

LEDA (A Library of Efficient Data Types and Algorithms) – Has much of the functionality of the STL, but has a few notable classes, like graph classes and algorithms that operate on these classes, such as shortest path, minimum spanning tree, and other generally useful graph algorithms. 

http://www.mpi-sb.mpg.de/LEDA/information/

COOOL  (CWP Object-Oriented Optimization Library) – a collection of C++ classes (encapsulations of abstract ideas),  a variety of optimization algorithms implemented using these classes, and a collection of test functions, which can be used to evaluate new optimization algorithms. http://timna.Mines.edu/cwpcodes/coool 

YACL (Yet Another Class Library) – library that offers high level abstractions for common programming problems http://www.cs.sc.edu/~sridhar/yacl/

4. MFC Links –

MFC Professional 

http://www.visionx.com/mfcpro/

�5. MFC Compatible Windows Libraries & Components

- Some of these libraries are commercial, and only of research/information value. (i.e. They’re fairly *^#$!@% expensive)



PowerTCP (by DART Communications) – Windows socket programming library, abstracts actual socket calls, and includes components for network service protocols such as FTP, HTTP, TELNET, etc.    

http://www.dart.com/powertcp/index.html

Distinct Visual Internet Toolkit – 32 (Distinct Corporation) – ActiveX components for TCP/IP network services. The most notable aspects are the winsock and ICMP components.

http://www.distinct.com/vit32/vit32.htm

Ultimate GoldRush (Dundas Software) – Suite of several MFC classes, ranging from TCP/IP to bitmap editing. Specifically, GoldRush contains HyperEdit, a lightweight source code editor that could be useful imbedded in the debugging interface, especially with the TCP/IP component’s FTP support for sending new code over to the onboard system. CoolTools is also included in GoldRush, a suite of several GUI components that could be used to provide a consistent and professional interface for Robot Control and/or Debugging interfaces. An added benefit of CoolTools is the fact that it is distributed in source code form.

http://www.dundas.com/goldrush/features/index.htm 

Brattberg Development ActiveX Components – EsCRC – implements 32-bit cyclic redundancy check, possibly useful in communication between onboard system and remote stations.

http://www.brattberg.se/activex/escrc.htm

EsFtp – FTP protocol handling. 

http://www.brattberg.se/activex/esftp.htm



6. FORTRAN 90 Libraries:



Library�Desciption��Lin_sol_gen�For solving a general system of linear equations Ax = b��Lin_sol_self�For solving a system of linear equations Ax = b, where A is a self-adjoint matrix��Lin_sol_lsq�For solving a rectangular system of linear equations Ax @ b, in a least-squares sense��Lin_sol_svd�For solving a rectangular least-squares system of linear equations Ax @ b using singular value decomposition A = USVT��Lin_svd�For computing the singular value decomposition (SVD) of a rectangular matrix, A��Lin_eig_self�For computing the eigenvalues of a self-adjoint matrix, A��Lin_eig_gen�For computing the eigenvalues of an n ´ n matrix, A��Lin_geig_gen�For computing the generalized eigenvalues of an n ´ n matrix pencil, Av = lBv��Fast_dft�For computing the Discrete Fourier Transform (DFT) of a rank-1 complex array, x��Fast_2dft�For computing the Discrete Fourier Transform (2DFT) of a rank-2 complex array, x��Fast_3dft�For computing the Discrete Fourier Transform (2DFT) of a rank-3 complex array, x��Spline_constraints�For deriving type array result, ?_spline_constraints, given optional input��Spline_values�For returning a rank-1 array result, given an array of input��Spline_fitting�For performing weighted least-squares fitting by B-splines to discrete One-Dimensional data��Surface_constraints�For deriving type array result, ?_surface_constraints, given optional input��Surface_values�For returning a tensor product array result, given two rank-2 arrays of independent variable values��Surface_fitting�For performing weighted least-squares fitting by tensor product B-splines to discrete two-dimensional data��Error_post�For printing error messages that are generated by IMSL Fortran 90 routines��Rand_gen�For generating a rank-1 array of random numbers. The output array entries are positive and less than 1 in value��Sort_real�For sorting a rank-1 array of real numbers x so the y results are algebraically nondecreasing, y1 £ y2 £ ¼ yn��Show�For printing rank-1 or rank-2 arrays of numbers in a readable format��VIII. STL Testing Document

Overview

When reusing components designed and developed by third parties, it is important to fully test and evaluate the components before relying on them to work properly and effectively. With the STL (now the Standard C++ Library), it is reasonably safe to assume the classes are going to work as they say they will under normal circumstances. They are widely used, and if the implementation is also well known and used, then it will most likely work as it is supposed to. Whether the classes are efficient is a different matter, and makes an important difference in whether to use the STL classes or write original classes specifically optimized for the application being developed.



Testing

Since we are using the STL map class heavily in our Terrain Map Facility, and will be using it in implementing the robot systems, we decided to test its performance. A data file was created from the /usr/dict/english file distributed with the Debian 2.0 Linux distribution, which consists of 45404 entries, each of which is an english word. To increase the number of data items to insert into the map, and to generate a value to go with the word, the dictionary file was run through a simple perl script (see Source Listings). A map of strings to integers was chosen, and a random integer value was generated by the script. Each word in the dictionary was duplicated twice, by appending a 2 and then a 3 to the end of the word, resulting in a total of (45404 * 3) = 136212 entries. These strings and integers were stored in a text file : 

(cat /usr/dict/english | ./generate_entries.pl > map_input.txt)



and the text file was read in by the STL test program. Each entry was inserted into the map (map <string, int> stl_map1;), and then the program terminated. Using the Linux time command, we timed the execution of the program on several different platforms. 

All platforms were running Linux, cs-tl2 and cs-tl3 with Red Hat 5.2 and the 2.0.36 kernel, xtort with Debian 2.0 and the 2.0.34 kernel. xtort is a Cyrix 6x86MMX 233Mhz machine with 32MB of RAM. While not an extremely reliable indication of processor speed, the Linux BogoMips rating calculated at boot “gives some indication of the processor speed” (Lars Wirzenius, BogoMips MINI-howto) and allowsfor rough comparisons in processing ability. xtort  has a BogoMips rating  of 187.19. cs-tl2 is a 200Mhz Intel Pentium II (to the best of the TAs’ knowledge), with 64MB of RAM and a BogoMips rating of 231.83. cs-tl3 is an Intel Pentium II 450Mhz Dual Processor box with 512MB of RAM. It has a (single processor) BogoMips rating of 400.59. The home directories on cs-tl2 are mounted as nfs shares from cs-tl3. To properly evaluate performance, the STL test program was run both from the net mounted share and the local /tmp directory of cs-tl2. 

The test program was run 5 times for each type of test. The types of tests were: 

Read input from file and insert into map.

Read input from reverse order input file and insert into map.

Read input from file (original), insert into map, and use the map size() member function to determine the number of elements.

Read input from file and terminate.

The read from file without insertion test was used to determine more accurately how long the actual insertion took. The size() function, according to the Budd data types textbook, is O(n), and insert() is O(n log n). From our results, size() is more likely constant time, in this STL implementation (GNU ANSI C++ Standard Library). 

�Results 

�[Table 1: averaged results from multiple trials of stl_test on several platforms]

(all times in seconds)



�[ Figure 1: graph of data item size vs. execution time in seconds]

��[ Figure 2: graph with linear trend line]�Source Listing

generate_entries.pl			run_tests.pl	

#!/usr/bin/perl



srand;

$count = 0;

print "\n";

while (<>) {

      $count = $count + 3;

      $num = int(rand 50000);

      $num2 = int(rand 50000);

      $num3 = int(rand 50000);

      chop;

      print "$_  $num \n";

      print "${_}2 $num2 \n";

      print "${_}3 $num3 \n";

      

  }

�#!/usr/bin/perl

# run_tests.pl - run stl_test program on various sizes of input

#  data and time results



 $j = 1;

 for($i=4540; $i < 45404; $i = $i + 2270) {

  system "cat /usr/dict/english | head -n $i | ./test.pl > input.txt";

  system "wc ./input.txt";

  system "time ./stl_test_no_output";

  ++$j;

}



print "\n";



exit 0;



��

// stl_test.cpp - test the performance of the STL map class.

#include <iostream>

#include <fstream>

#include <string>

#include <map>



#undef SIZE_TEST



int main() {



  map <string, int> stl_map1;

  ifstream fin("input.txt");



  string instring;

  int    invalue;



  while (fin >> instring >> invalue) {

    stl_map1[instring] = invalue;

  }



#ifdef SIZE_TEST

 cout << stl_map1.size() << endl;

#endif



  fin.close();

  return 0;

}

��Testing Procedure

The run_tests.pl script was used to generate the results seen in Figure 1. The output from the script is as follows:

13623   27252  231252 ./input.txt

1.04user 0.03system 0:01.06elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+219minor)pagefaults 0swaps

  20433   40872  341836 ./input.txt

1.58user 0.03system 0:01.61elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+312minor)pagefaults 0swaps

  27243   54492  456702 ./input.txt

2.14user 0.05system 0:02.19elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+405minor)pagefaults 0swaps

  34053   68112  576787 ./input.txt

2.70user 0.07system 0:02.77elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+499minor)pagefaults 0swaps

  40863   81732  695007 ./input.txt

3.30user 0.06system 0:03.36elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+593minor)pagefaults 0swaps

  47673   95352  810383 ./input.txt

3.85user 0.12system 0:03.97elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+685minor)pagefaults 0swaps

  54483  108972  920443 ./input.txt

4.61user 0.08system 0:04.68elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+779minor)pagefaults 0swaps

  61293  122592 1029878 ./input.txt

5.05user 0.09system 0:05.14elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+871minor)pagefaults 0swaps

  68103  136212 1153651 ./input.txt

5.69user 0.10system 0:05.79elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+965minor)pagefaults 0swaps

  74913  149832 1260005 ./input.txt

6.31user 0.09system 0:06.41elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1059minor)pagefaults 0swaps  

  81723  163452 1375213 ./input.txt

7.12user 0.17system 0:07.39elapsed 98%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1153minor)pagefaults 0swaps

 88533  177072 1488803 ./input.txt

7.64user 0.24system 0:08.39elapsed 93%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1247minor)pagefaults 0swaps

  95343  190692 1604841 ./input.txt

8.13user 0.16system 0:08.61elapsed 96%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1340minor)pagefaults 0swaps

 102153  204312 1723071 ./input.txt

8.98user 0.20system 0:09.23elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1434minor)pagefaults 0swaps

 108963  217932 1835826 ./input.txt

9.58user 0.19system 0:09.79elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1529minor)pagefaults 0swaps

 115773  231552 1946488 ./input.txt

10.29user 0.15system 0:10.43elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1622minor)pagefaults 0swaps

122583  245172 2061429 ./input.txt

10.88user 0.20system 0:11.24elapsed 98%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1717minor)pagefaults 0swaps

 129393  258792 2176568 ./input.txt

11.50user 0.31system 0:11.83elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1811minor)pagefaults 0swaps

 136203  272412 2286891 ./input.txt

12.13user 0.22system 0:12.41elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1905minor)pagefaults 0swaps





��

The output from the Linux wc (wordcount) function is included to show the actual number of items inserted into the map without calling the size() member function. 



Conclusions

The insert() function appears to be linear, at least based on our tests. This could possibly be due to the fact that our data set sizes are still too small to properly gauge the true nature of the insert. The size() function on the other hand, definitely appears to be constant time, and if the implementation stores a size attribute, which would add little overhead to the class, it would be constant, and this makes sense. Interestingly enough, cs-tl2 performed about as well off the network share as it did off the local drive. xtort’s slower IDE hard drive also demonstrated its inferiority to the higher end SCSI hard drives of cs-tl2 and cs-tl3. Another lesson learned, testing of this type is much easier under Linux, where tools such as perl, cat, wc and head can be strung together to automate tasks very easily. 

IX. Design Document

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:

System must be easy to implement

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

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.

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.

X. Source Code Implementation

1. ControlStation Class

1.1. Header

// test1.h : main header file for the TEST1 application

//



#if !defined(AFX_TEST1_H__8A421B75_E18A_11D2_8030_00104B8CFB2F__INCLUDED_)

#define AFX_TEST1_H__8A421B75_E18A_11D2_8030_00104B8CFB2F__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#ifndef __AFXWIN_H__

	#error include 'stdafx.h' before including this file for PCH

#endif



#include "resource.h"		// main symbols



/////////////////////////////////////////////////////////////////////////////

// CTest1App:

// See test1.cpp for the implementation of this class

//



class CTest1App : public CWinApp

{

public:

	CTest1App();



// Overrides

	// ClassWizard generated virtual function overrides

	//{{AFX_VIRTUAL(CTest1App)

	public:

	virtual BOOL InitInstance();

	//}}AFX_VIRTUAL



// Implementation



	



	//{{AFX_MSG(CTest1App)

		// NOTE - the ClassWizard will add and remove member functions here.

		//    DO NOT EDIT what you see in these blocks of generated code !

	//}}AFX_MSG

	DECLARE_MESSAGE_MAP()

};





/////////////////////////////////////////////////////////////////////////////



//{{AFX_INSERT_LOCATION}}

// Microsoft Visual C++ will insert additional declarations immediately before the previous line.



#endif // !defined(AFX_TEST1_H__8A421B75_E18A_11D2_8030_00104B8CFB2F__INCLUDED_)

1.2. Definition

// test1.cpp : Defines the class behaviors for the application.

//



#include "stdafx.h"

#include "test1.h"

#include "test1Dlg.h"

#include "CommLink.h"



#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;

#endif



/////////////////////////////////////////////////////////////////////////////

// CTest1App



BEGIN_MESSAGE_MAP(CTest1App, CWinApp)

	//{{AFX_MSG_MAP(CTest1App)

		// NOTE - the ClassWizard will add and remove mapping macros here.

		//    DO NOT EDIT what you see in these blocks of generated code!

	//}}AFX_MSG

	ON_COMMAND(ID_HELP, CWinApp::OnHelp)

END_MESSAGE_MAP()



/////////////////////////////////////////////////////////////////////////////

// CTest1App construction



CTest1App::CTest1App()

{

	// TODO: add construction code here,

	// Place all significant initialization in InitInstance

}



/////////////////////////////////////////////////////////////////////////////

// The one and only CTest1App object



CTest1App theApp;



/////////////////////////////////////////////////////////////////////////////

// CTest1App initialization



BOOL CTest1App::InitInstance()

{

	if (!AfxSocketInit())

	{

		AfxMessageBox(IDP_SOCKETS_INIT_FAILED);

		return FALSE;

	}



	AfxEnableControlContainer();



	// Standard initialization

	// If you are not using these features and wish to reduce the size

	//  of your final executable, you should remove from the following

	//  the specific initialization routines you do not need.



#ifdef _AFXDLL

	Enable3dControls();		// Call this when using MFC in a shared DLL

#else

	Enable3dControlsStatic();	// Call this when linking to MFC statically

#endif



	CTest1Dlg dlg;

	m_pMainWnd = &dlg;

	

	// My data member initialization code

	

	// dlg.UpdateData(FALSE);



	int nResponse = dlg.DoModal();

	if (nResponse == IDOK)

	{

		// TODO: Place code here to handle when the dialog is

		//  dismissed with OK

		dlg.CloseLink();

	}



	// Since the dialog has been closed, return FALSE so that we exit the

	//  application, rather than start the application's message pump.

	return FALSE;

}

2. ControlStationDlg Class

2.1. Header

// test1Dlg.h : header file

//



#if !defined(AFX_TEST1DLG_H__8A421B77_E18A_11D2_8030_00104B8CFB2F__INCLUDED_)

#define AFX_TEST1DLG_H__8A421B77_E18A_11D2_8030_00104B8CFB2F__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include "stdafx.h"

#include "process.h"

#include "test1.h"

#include "Button2.h"

#include "CommLink.h"

#include "SensorSystem.h"

#include "ControlSystem.h"

#include "VirtualJoystick.h"

#include "BumpDisplay.h"

#include "SonarDisplay.h"

#include "SysConst.h"





/////////////////////////////////////////////////////////////////////////////

// CTest1Dlg dialog



class CTest1Dlg : public CDialog {



public:

	CTest1Dlg(CWnd* pParent = NULL);	// standard constructor

	~CTest1Dlg();

	void CloseLink();

	void UpdateDisplay();



	

// Dialog Data

	//{{AFX_DATA(CTest1Dlg)

	enum { IDD = IDD_TEST1_DIALOG };

	BOOL	m_Bump2;

	BOOL	m_Bump3;

	BOOL	m_Bump4;

	BOOL	m_Bump5;

	CString	m_message;

	CString	m_incoming;

	int		m_numrecv;

	int		m_numsent;

	BOOL	m_connected;

	BOOL	m_Bump1;

	BOOL	m_Bump0;

	int		m_Sonar0;

	int		m_Sonar1;

	int		m_Sonar10;

	int		m_Sonar11;

	int		m_Sonar12;

	int		m_Sonar13;

	int		m_Sonar14;

	int		m_Sonar15;

	int		m_Sonar2;

	int		m_Sonar3;

	int		m_Sonar4;

	int		m_Sonar5;

	int		m_Sonar6;

	int		m_Sonar7;

	int		m_Sonar8;

	int		m_Sonar9;

	CString	m_hostbox;

	CString	m_portbox;

	CString	m_battery;

	//}}AFX_DATA



	// ClassWizard generated virtual function overrides

	//{{AFX_VIRTUAL(CTest1Dlg)

	protected:

	virtual void DoDataExchange(CDataExchange* pDX);	// DDX/DDV support

	//}}AFX_VIRTUAL



// Implementation



	



protected:

	HICON m_hIcon;

	CommLink *m_CommLink;

	SensorSystem *m_SensorSystem;

	ControlSystem *m_ControlSystem;

	UINT m_comm_timer;

	void CameraButtons();

	void CameraControlUpdate();

	void MovementControlUpdate();

	virtual BOOL PreTranslateMessage(MSG* pMsg);

	

	bool m_sonar_visible;

	bool m_key_down;

	

	Button2 *test_butt;

	Button2 *test_butt2;

	Button2 *test_butt3;

	Button2 *test_butt4;

	VirtualJoystick *m_joystick;

	BumpDisplay *m_bump_display;

	SonarDisplay *m_sonar_display;



	//{{AFX_MSG(CTest1Dlg)

	virtual BOOL OnInitDialog();

	afx_msg void OnSysCommand(UINT nID, LPARAM lParam);

	afx_msg void OnPaint();

	afx_msg HCURSOR OnQueryDragIcon();

	afx_msg void OnStartdebugger();

	afx_msg void OnConnect();	

	afx_msg void OnDisconnect();

	afx_msg void OnTimer(UINT nIDEvent);

	afx_msg void OnSonarLong();

	afx_msg void OnSonarShort();

	afx_msg void OnSonarToggle();

	afx_msg void OnTogControls();

	//}}AFX_MSG

	DECLARE_MESSAGE_MAP()

};



//{{AFX_INSERT_LOCATION}}

// Microsoft Visual C++ will insert additional declarations immediately before the previous line.



#endif // !defined(AFX_TEST1DLG_H__8A421B77_E18A_11D2_8030_00104B8CFB2F__INCLUDED_)

2.2. Definition

// test1Dlg.cpp : implementation file

//





#include "test1Dlg.h"



#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;

#endif



/////////////////////////////////////////////////////////////////////////////

// CAboutDlg dialog used for App About



class CAboutDlg : public CDialog {

public:

	CAboutDlg();



// Dialog Data

	//{{AFX_DATA(CAboutDlg)

	enum { IDD = IDD_ABOUTBOX };

	//}}AFX_DATA



	// ClassWizard generated virtual function overrides

	//{{AFX_VIRTUAL(CAboutDlg)

	protected:

	virtual void DoDataExchange(CDataExchange* pDX);    // DDX/DDV support

	//}}AFX_VIRTUAL



// Implementation

protected:

	//{{AFX_MSG(CAboutDlg)

	//}}AFX_MSG

	DECLARE_MESSAGE_MAP()

};



CAboutDlg::CAboutDlg() : CDialog(CAboutDlg::IDD)

{

	//{{AFX_DATA_INIT(CAboutDlg)

	//}}AFX_DATA_INIT

}



void CAboutDlg::DoDataExchange(CDataExchange* pDX)

{

	CDialog::DoDataExchange(pDX);

	//{{AFX_DATA_MAP(CAboutDlg)

	//}}AFX_DATA_MAP

}



BEGIN_MESSAGE_MAP(CAboutDlg, CDialog)

	//{{AFX_MSG_MAP(CAboutDlg)

		// No message handlers

	//}}AFX_MSG_MAP

END_MESSAGE_MAP()



/////////////////////////////////////////////////////////////////////////////

// CTest1Dlg dialog



CTest1Dlg::CTest1Dlg(CWnd* pParent /*=NULL*/)

	: CDialog(CTest1Dlg::IDD, pParent)

{

	//{{AFX_DATA_INIT(CTest1Dlg)

	m_message = _T(DEFAULT_CAPTION);

	m_incoming = _T(DEFAULT_CAPTION);

	m_numrecv = SONAR_BOX_DEFAULT;

	m_numsent = SONAR_BOX_DEFAULT;

	m_connected = FALSE;

	m_Sonar0 = SONAR_BOX_DEFAULT;

	m_Sonar1 = SONAR_BOX_DEFAULT;

	m_Sonar10 = SONAR_BOX_DEFAULT;

	m_Sonar11 = SONAR_BOX_DEFAULT;

	m_Sonar12 = SONAR_BOX_DEFAULT;

	m_Sonar13 = SONAR_BOX_DEFAULT;

	m_Sonar14 = SONAR_BOX_DEFAULT;

	m_Sonar15 = SONAR_BOX_DEFAULT;

	m_Sonar2 = SONAR_BOX_DEFAULT;

	m_Sonar3 = SONAR_BOX_DEFAULT;

	m_Sonar4 = SONAR_BOX_DEFAULT;

	m_Sonar5 = SONAR_BOX_DEFAULT;

	m_Sonar6 = SONAR_BOX_DEFAULT;

	m_Sonar7 = SONAR_BOX_DEFAULT;

	m_Sonar8 = SONAR_BOX_DEFAULT;

	m_Sonar9 = SONAR_BOX_DEFAULT;

	m_hostbox = _T(DEFAULT_CAPTION);

	m_portbox = _T(DEFAULT_CAPTION);

	m_battery = _T(DEFAULT_CAPTION);

	//}}AFX_DATA_INIT

	// Note that LoadIcon does not require a subsequent DestroyIcon in Win32

	m_hIcon = AfxGetApp()->LoadIcon(IDR_MAINFRAME);



	m_key_down = INITIAL_KEYBOARD_MODE;

	m_sonar_visible = DEFAULT_SONAR_VISIBLE;





	// for multiple robots, add these objects to a list.

	// add status bar to indicate which robot is active, etc.

	m_CommLink = new CommLink();

	m_SensorSystem = new SensorSystem();

	m_ControlSystem = new ControlSystem();





}



CTest1Dlg::~CTest1Dlg() {

	delete m_CommLink;

	delete m_SensorSystem;

	delete m_ControlSystem;

	delete test_butt;

	delete test_butt2;

	delete test_butt3;

	delete test_butt4;

	delete m_joystick;

	delete m_bump_display;

	delete m_sonar_display;

}





void CTest1Dlg::DoDataExchange(CDataExchange* pDX)

{

	CDialog::DoDataExchange(pDX);

	//{{AFX_DATA_MAP(CTest1Dlg)

	DDX_Text(pDX, IDC_EDIT1, m_message);

	DDX_Text(pDX, IDC_INCOMING, m_incoming);

	DDX_Text(pDX, IDC_NUM_RECV, m_numrecv);

	DDX_Text(pDX, IDC_NUM_SENT, m_numsent);

	DDX_Check(pDX, IDC_CONNECTED, m_connected);

	DDX_Text(pDX, IDC_SONAR0, m_Sonar0);

	DDX_Text(pDX, IDC_SONAR1, m_Sonar1);

	DDX_Text(pDX, IDC_SONAR10, m_Sonar10);

	DDX_Text(pDX, IDC_SONAR11, m_Sonar11);

	DDX_Text(pDX, IDC_SONAR12, m_Sonar12);

	DDX_Text(pDX, IDC_SONAR13, m_Sonar13);

	DDX_Text(pDX, IDC_SONAR14, m_Sonar14);

	DDX_Text(pDX, IDC_SONAR15, m_Sonar15);

	DDX_Text(pDX, IDC_SONAR2, m_Sonar2);

	DDX_Text(pDX, IDC_SONAR3, m_Sonar3);

	DDX_Text(pDX, IDC_SONAR4, m_Sonar4);

	DDX_Text(pDX, IDC_SONAR5, m_Sonar5);

	DDX_Text(pDX, IDC_SONAR6, m_Sonar6);

	DDX_Text(pDX, IDC_SONAR7, m_Sonar7);

	DDX_Text(pDX, IDC_SONAR8, m_Sonar8);

	DDX_Text(pDX, IDC_SONAR9, m_Sonar9);

	DDX_CBString(pDX, IDC_COMBO1, m_hostbox);

	DDX_CBString(pDX, IDC_PORT, m_portbox);

	DDX_Text(pDX, IDC_BATTERY, m_battery);

	//}}AFX_DATA_MAP

}



void CTest1Dlg::CloseLink() {

	if (m_CommLink->IsLinkUp()) {

		m_CommLink->CloseLink();

	}

}





BEGIN_MESSAGE_MAP(CTest1Dlg, CDialog)

	//{{AFX_MSG_MAP(CTest1Dlg)

	ON_WM_SYSCOMMAND()

	ON_WM_PAINT()

	ON_WM_QUERYDRAGICON()

	ON_COMMAND(ID_STARTDEBUGGER, OnStartdebugger)

	ON_BN_CLICKED(IDC_CONNECT, OnConnect)

	ON_BN_CLICKED(IDC_DISCONNECT, OnDisconnect)

	ON_WM_TIMER()

	ON_COMMAND(ID_SONAR_LONG, OnSonarLong)

	ON_COMMAND(ID_SONAR_SHORT, OnSonarShort)

	ON_COMMAND(ID_SONAR_TOGGLE, OnSonarToggle)

	ON_COMMAND(TOG_CONTROLS, OnTogControls)

	//}}AFX_MSG_MAP

END_MESSAGE_MAP()



/////////////////////////////////////////////////////////////////////////////

// CTest1Dlg message handlers



BOOL CTest1Dlg::OnInitDialog()

{

	CDialog::OnInitDialog();



	// Add "About..." menu item to system menu.



	// IDM_ABOUTBOX must be in the system command range.

	ASSERT((IDM_ABOUTBOX & 0xFFF0) == IDM_ABOUTBOX);

	ASSERT(IDM_ABOUTBOX < 0xF000);



	CMenu* pSysMenu = GetSystemMenu(FALSE);

	if (pSysMenu != NULL)

	{

		CString strAboutMenu;

		strAboutMenu.LoadString(IDS_ABOUTBOX);

		if (!strAboutMenu.IsEmpty())

		{

			pSysMenu->AppendMenu(MF_SEPARATOR);

			pSysMenu->AppendMenu(MF_STRING, IDM_ABOUTBOX, strAboutMenu);

		}

	}



	SetIcon(m_hIcon, TRUE);			// Set big icon

	SetIcon(m_hIcon, FALSE);		// Set small icon

	

	

	CameraButtons();

	



	return TRUE;  // return TRUE  unless you set the focus to a control

}



void CTest1Dlg::OnSysCommand(UINT nID, LPARAM lParam)

{

	if ((nID & 0xFFF0) == IDM_ABOUTBOX)

	{

		CAboutDlg dlgAbout;

		dlgAbout.DoModal();

	}

	else

	{

		CDialog::OnSysCommand(nID, lParam);

	}

}



// If you add a minimize button to your dialog, you will need the code below

//  to draw the icon.  For MFC applications using the document/view model,

//  this is automatically done for you by the framework.



void CTest1Dlg::OnPaint() 

{

	if (IsIconic())

	{

		CPaintDC dc(this); // device context for painting



		SendMessage(WM_ICONERASEBKGND, (WPARAM) dc.GetSafeHdc(), 0);



		// Center icon in client rectangle

		int cxIcon = GetSystemMetrics(SM_CXICON);

		int cyIcon = GetSystemMetrics(SM_CYICON);

		CRect rect;

		GetClientRect(&rect);

		int x = (rect.Width() - cxIcon + 1) / 2;

		int y = (rect.Height() - cyIcon + 1) / 2;



		// Draw the icon

		dc.DrawIcon(x, y, m_hIcon);

	}

	else

	{

		CDialog::OnPaint();

	}

}



// The system calls this to obtain the cursor to display while the user drags

//  the minimized window.

HCURSOR CTest1Dlg::OnQueryDragIcon()

{

	return (HCURSOR) m_hIcon;

}





void CTest1Dlg::OnStartdebugger() 

{

	_spawnl(_P_NOWAIT, DEBUGGER_NAME, DEBUGGER_NAME, NO_ARGUMENTS, NO_ARGUMENTS, NULL);

}





void CTest1Dlg::OnConnect() 

{

	UpdateData(true);

	int portnum = atoi((LPCSTR) m_portbox);



	int res;

	if ((res = m_CommLink->OpenLink((LPCSTR) m_hostbox, portnum)) > 0) {

		CString err_msg = LINK_OPEN_ERROR;



		MessageBox(err_msg);

	}

	

	if (m_CommLink->IsLinkUp()) {

		m_comm_timer = SetTimer(TE_UPDATE, COMM_INTERVAL, NULL);

	}



	UpdateDisplay();

}







void CTest1Dlg::OnDisconnect() {

	m_CommLink->CloseLink();

	KillTimer(TE_UPDATE);

	UpdateDisplay();

	

}



void CTest1Dlg::CameraButtons() {

	

	int width = CAM_BUTTONWIDTH;

	int height = CAM_BUTTONHEIGHT;

	int x_start = CAM_X_START;

	int y_start = CAM_Y_START;

	

	test_butt = new Button2(this, LEFT_ARROW, CRect(x_start, y_start, x_start + width, y_start + height), 101);

	test_butt2 = new Button2(this, UP_ARROW, CRect(x_start + (width / 2), y_start - height, x_start + (3 * width / 2), y_start), 102);

	test_butt3 = new Button2(this, RIGHT_ARROW, CRect(x_start + width, y_start, x_start + (2 * width), y_start + height), 103);

	test_butt4 = new Button2(this, DOWN_ARROW, CRect(x_start + (width / 2), y_start + height, x_start + (3 * width / 2),y_start + (2*height)), 104);



	m_joystick = new VirtualJoystick(this, CRect(150, 23, 370, 283), IDC_VIRTJOY);

	m_bump_display = new BumpDisplay(this, CRect(30, 175, 140, 285), IDC_BUTTON2_2);

	m_sonar_display = new SonarDisplay(this, CRect(450, 110, 670, 330), IDC_SONAR_DISP);



}







void CTest1Dlg::UpdateDisplay() {

	intvectorvector sensor_data;

	sensor_data = m_SensorSystem->GetSensorData();



	int bump_sensors[6] = {sensor_data[0][0], sensor_data[0][1],

		sensor_data[0][2], sensor_data[0][3], sensor_data[0][4], 

		sensor_data[0][5]}; 



	m_bump_display->SetBumpers(bump_sensors);



	m_Sonar0 = sensor_data[1][0];

	m_Sonar1 = sensor_data[1][1];

	m_Sonar2 = sensor_data[1][2];

	m_Sonar3 = sensor_data[1][3];

	m_Sonar4 = sensor_data[1][4];

	m_Sonar5 = sensor_data[1][5];

	m_Sonar6 = sensor_data[1][6];

	m_Sonar7 = sensor_data[1][7];

	m_Sonar8 = sensor_data[1][8];

	m_Sonar9 = sensor_data[1][9];

	m_Sonar10 = sensor_data[1][10];

	m_Sonar11 = sensor_data[1][11];

	m_Sonar12 = sensor_data[1][12];

	m_Sonar13 = sensor_data[1][13];

	m_Sonar14 = sensor_data[1][14];

	m_Sonar15 = sensor_data[1][15];

	

	int sonar_sensors[16] = {sensor_data[1][0], sensor_data[1][1], sensor_data[1][2],

		sensor_data[1][3], sensor_data[1][4], sensor_data[1][5], sensor_data[1][6],

		sensor_data[1][7], sensor_data[1][8], sensor_data[1][9], sensor_data[1][10],

		sensor_data[1][11], sensor_data[1][12], sensor_data[1][13], sensor_data[1][14],

		sensor_data[1][15]};



	m_sonar_display->SetSensors(sonar_sensors);



	char temp[3];

	temp[0] = sensor_data[2][0];

	temp[1] = sensor_data[2][1];

	temp[2] = '\0';



	int value_b = atoi(temp);





	if (value_b == 0) {

		m_battery = BATT_MSG_LOW;

	} else if (value_b == 1) {

		m_battery = BATT_MSG_MED;

	} else {

		m_battery = BATT_MSG_HIGH;

	}



	m_numsent = m_CommLink->GetNumSent();

	m_numrecv = m_CommLink->GetNumRecv();

	m_connected = m_CommLink->IsLinkUp();





	UpdateData(false);



}





 // Convert control type to #defines or const





void CTest1Dlg::CameraControlUpdate() {

	if (test_butt->GetState() == 1)

		m_ControlSystem->SetControlStates(1, -1, 0);

	else if (test_butt2->GetState() == 1)

		m_ControlSystem->SetControlStates(1, 0, 1);

	else if (test_butt3->GetState() == 1)

		m_ControlSystem->SetControlStates(1, 1, 0);

	else if (test_butt4->GetState() == 1)

		m_ControlSystem->SetControlStates(1, 0, -1);

	else

		m_ControlSystem->SetControlStates(1, 0, 0);

}



void CTest1Dlg::MovementControlUpdate() {



	m_joystick->SetTraveling(m_SensorSystem->GetRobotAutonomous());



	int x, y;



		if (m_joystick->GetState(x, y)) {

			m_ControlSystem->SetControlStates(2, x, y);

		} else {

			if (!m_ControlSystem->GetKeyboardActive()) {

				m_ControlSystem->SetControlStates(0, x, y);

			} else if ((x != 0) && (y != 0)) {

				m_ControlSystem->SetKeyboardActive(false);

				m_ControlSystem->SetControlStates(0, x, y);

			}

		}



}





void CTest1Dlg::OnTimer(UINT nIDEvent)

{



	int res;

	CString sensor_data;

	CString next_command;



	switch (nIDEvent) {

		case TE_UPDATE:

		  UpdateData(true);

		  if (m_CommLink->IsLinkUp()) {

			CameraControlUpdate();

			MovementControlUpdate();

			next_command = m_ControlSystem->GetNextCommand();

			m_message = next_command;

			m_CommLink->Send((LPCSTR) next_command);

			res = m_CommLink->Recv(m_incoming);

			char res_s[RESULT_BUFFER_SIZE];

			memset(res_s, MEMSET_DEFAULT, sizeof(res_s));

			_itoa(res, res_s, DECIMAL);



			sensor_data = m_CommLink->GetNextMessage();

			m_SensorSystem->SetSensorData(sensor_data);



			UpdateDisplay();

		  } else {

				KillTimer(m_comm_timer);

				MessageBox(TIMEOUT_MSG);

		  }

		  break;



		default:

			break;

	};



	CDialog::OnTimer(nIDEvent);

}



BOOL CTest1Dlg::PreTranslateMessage(MSG* pMsg) {



	bool handle_now = false;



	switch (pMsg->message) {

		case WM_KEYDOWN:

			switch (pMsg->wParam) {

				case VK_UP:

					if (GetKeyState(VK_SHIFT)) {

						m_ControlSystem->SetControlStates(0, 0,

 							FORWARD_FAST);

						m_ControlSystem->SetKeyboardActive(true);

					} else {

						m_ControlSystem->SetControlStates(0, 0,

 							FORWARD_SLOW);

						m_ControlSystem->SetKeyboardActive(true);

					}

					handle_now = true;

					break;

				case VK_DOWN:

					if (GetKeyState(VK_SHIFT)) {

						m_ControlSystem->SetControlStates(0, 0, BACK_FAST);

						m_ControlSystem->SetKeyboardActive(true);

					} else {

						m_ControlSystem->SetControlStates(0, 0, BACK_SLOW);

						m_ControlSystem->SetKeyboardActive(true);

					}

					handle_now = true;

					break;

				case VK_LEFT:

					if (GetKeyState(VK_SHIFT)) {

						m_ControlSystem->SetControlStates(0, LEFT_FAST, 0);

						m_ControlSystem->SetKeyboardActive(true);

					} else {

						m_ControlSystem->SetControlStates(0, LEFT_SLOW, 0);

						m_ControlSystem->SetKeyboardActive(true);

					}

					handle_now = true;

					break;

				case VK_RIGHT:

					if (GetKeyState(VK_SHIFT)) {

						m_ControlSystem->SetControlStates(0, RIGHT_FAST, 0);

						m_ControlSystem->SetKeyboardActive(true);

					} else {

						m_ControlSystem->SetControlStates(0, RIGHT_SLOW, 0);

						m_ControlSystem->SetKeyboardActive(true);

					}

					handle_now = true;

					break;

				default:

					m_ControlSystem->SetControlStates(0, 0, 0);

					m_ControlSystem->SetKeyboardActive(false);

					break;

			};

			break;

		case WM_KEYUP:

				m_ControlSystem->SetControlStates(0, 0, 0);

				m_ControlSystem->SetKeyboardActive(false);

			break;

	};



	return handle_now;



}





void CTest1Dlg::OnSonarLong() {

	m_sonar_display->SetScale(LONG_RANGE);

}



void CTest1Dlg::OnSonarShort() {

	m_sonar_display->SetScale(SHORT_RANGE);

}







void CTest1Dlg::OnSonarToggle() {



	CEdit *sonar_box;

	if (m_sonar_visible) {

		m_sonar_visible = false;

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR0);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR1);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR2);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR3);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR4);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR5);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR6);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR7);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR8);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR9);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR10);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR11);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR12);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR13);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR14);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR15);

		sonar_box->ModifyStyle(WS_VISIBLE, NO_STYLE);

		sonar_box->Invalidate(true);

	} else {

		m_sonar_visible = true;

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR0);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR1);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR2);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR3);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR4);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR5);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR6);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR7);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR8);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR9);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR10);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR11);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR12);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR13);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR14);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

		sonar_box = (CEdit *)GetDlgItem(IDC_SONAR15);

		sonar_box->ModifyStyle(NO_STYLE, WS_VISIBLE);

		sonar_box->Invalidate(true);

	}



	CWnd::InvalidateRgn(NULL, TRUE);



}



void CTest1Dlg::OnTogControls() {

	m_ControlSystem->ToggleControlReverse();

}

3. SensorSystem Class

3.1. Header

// file: SensorSystem.h

// date: 28 mar 1999



#ifndef SENSOR_SYSTEM_H

#define SENSOR_SYSTEM_H



#include <afx.h>

#include <vector>

#include <stdlib.h>

#include "SysConst.h"

#include "CommLink.h"

#include "RobotBumpSensor.h"

#include "RobotSonarSensor.h"

#include "RobotBatterySensor.h"



using namespace std;







typedef vector<vector<int> > intvectorvector;



class SensorSystem {

	public:

		SensorSystem();    			// default constructor

		void SetSensorData(CString);		// unparses sensor information

      							// message, msg, and assign bump

                                             	// and sonar readings to

                                             	// corresponding sensor containers

		intvectorvector GetSensorData() const;// returns bump and sonar sensor

							// readings currently held in

                                             	// corresponding containers

		bool GetRobotAutonomous() const;

	private:

		RobotBumpSensor m_bump_sensors;	// bump sensor readings container

		RobotSonarSensor m_sonar_sensors;	// sonar sensor readings container

		RobotBatterySensor m_battery_sensors;	// battery levels

		int m_autonomous;			// is robot in autonomous mode?

};



#endif 

3.2. Definition

// file: SensorSystem.cpp

// date: 28 mar 1999



#ifndef SENSOR_SYSTEM_H

#define SENSOR_SYSTEM_H



#include <afx.h>

#include <vector>

#include <stdlib.h>

#include "SysConst.h"

#include "CommLink.h"

#include "RobotBumpSensor.h"

#include "RobotSonarSensor.h"

#include "RobotBatterySensor.h"



using namespace std;



typedef vector<vector<int> > intvectorvector;



class SensorSystem {

	public:

		SensorSystem();    			// default constructor

		void SetSensorData(CString);		// unparses sensor information

      							// message, msg, and assign bump

                                             	// and sonar readings to

                                             	// corresponding sensor containers

		intvectorvector GetSensorData() const;// returns bump and sonar sensor

							// readings currently held in

 							// corresponding containers

		bool GetRobotAutonomous() const;

	private:

		RobotBumpSensor m_bump_sensors;	// bump sensor readings container

		RobotSonarSensor m_sonar_sensors;	// sonar sensor readings container

		RobotBatterySensor m_battery_sensors;	// battery levels

		int m_autonomous;			// is robot in autonomous mode?

};



#endif

4. ControlSystem Class

4.1. Header

// File: ControlSystem.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: ControlSystem class provides user interface to retrieve and parse robot and camera 

// movement commands



// ControlSytem.h: interface for the ControlSystem class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_CONTROLSYSTEM_H__5C5AC372_E53C_11D2_802F_0060080326D0__INCLUDED_)

#define AFX_CONTROLSYSTEM_H__5C5AC372_E53C_11D2_802F_0060080326D0__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include <afx.h>

#include <vector>

#include "RobotMoveControl.h"

#include "RobotCameraControl.h"

#include "SysConst.h"

using namespace std;



typedef vector<int> intvector;



class ControlSystem {

	public:

		ControlSystem();		// default constructor

		virtual ~ControlSystem();	// destructor

		CString GetNextCommand();	// get command string to be sent to

   						// robot

		void SetControlStates(int control_type,	// temporary method for getting

   					int control1,		// values from GUI to control

               			int control2);		// classes

		bool GetKeyboardActive();			// determine control mode

		void SetKeyboardActive(bool keyboardmode);	// setting control mode

		void ToggleControlReverse();



 	private:

		RobotMoveControl	m_move_control;	// robot movement control object

		RobotCameraControl	m_camera_control;     // camera movement control object

		bool m_keyboardmode;

};



#endif // !defined(AFX_CONTROLSYSTEM_H__5C5AC372_E53C_11D2_802F_0060080326D0__INCLUDED_)

4.2. Definition

// File: ControlSystem.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: ControlSystem class provides user interface to retrieve and parse robot and camera 

// movement commands



// ControlSytem.cpp: implementation of the ControlSystem class.

//

//////////////////////////////////////////////////////////////////////



#include "ControlSystem.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////



// ControlSystem() - default constructor

ControlSystem::ControlSystem() {

	m_move_control.SetControlState(0, 0);

	m_camera_control.SetControlState(0, 0);



}



// ~ControlSystem() - destructor

ControlSystem::~ControlSystem() {

}



// GetNextCommand() - get command string to be sent to robot

CString ControlSystem::GetNextCommand() {

 	CString next_command;

	char buffer[MAX_BUFFER];



	// header types should be constants somewhere

	next_command = MSG_BEGIN_CHAR;



	CString header;

	if (m_move_control.GetAutonomous()) {

		header = "01";

	}

 	else {

		header = "00";

	}



	next_command += header;



	// parse movement control state

	int left_wheel, right_wheel;



	m_move_control.GetControlCommands(left_wheel, right_wheel);



	_itoa(left_wheel, buffer, 10);

	next_command = next_command + " " + buffer;



	_itoa(right_wheel, buffer, 10);

	next_command = next_command + " " + buffer;



	if (!m_move_control.GetAutonomous()) {

		// parse camera control state

		int pan, tilt;



		m_camera_control.GetControlCommands(pan, tilt);



		_itoa(pan, buffer, 10);

		next_command = next_command + " " + buffer;



		_itoa(tilt, buffer, 10);

		next_command = next_command + " " + buffer;

	}



	next_command += MSG_END_CHAR;



	return next_command;

}



// SetControlStates() - temporary method for getting values from GUI to control classes

void ControlSystem::SetControlStates(int control_type, int control1, int control2) {

 	int curr_control = FIRST_CONTROL;



	if (control_type == curr_control++) {

		m_move_control.SetAutonomous(false);

		m_move_control.SetControlState(control1, control2);

	}

 	else if (control_type == curr_control++) {

		m_camera_control.SetControlState(control1, control2);

	}

 	else if (control_type == curr_control++) {

		m_move_control.SetAutonomous(AUTONOMOUS);

		m_move_control.SetControlState(control1, control2);

	}

}



bool ControlSystem::GetKeyboardActive() {

	return m_keyboardmode;

}



void ControlSystem::SetKeyboardActive(bool keyboardmode){

	m_keyboardmode = keyboardmode;

}



void ControlSystem::ToggleControlReverse() {

	m_move_control.ToggleReverse();

}

5. CommLink Class

5.1. Header

// File: CommLink.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: CommLink class encapsulates a TCP/IP socket



#ifndef COMMLINK_H

#define COMMLINK_H





#include <afx.h>			// for CString

#include <afxwin.h>			

#include <afxsock.h>

#include <memory.h>

#include <time.h>

#include <afxcoll.h>

#include "MessageQueue.h"

#include "SysConst.h"



class CommLink : public CCmdTarget {

	public:

		CommLink();					// standard constructor

		CommLink(const char* host, int port);		// constructor

		int OpenLink();				// open link

		int OpenLink(const char* host, int port);	// open link to specified

      								// host/port

		bool CloseLink();				// close link

		int GetNumSent();				// get number of messages sent

      								// over link

		int GetNumRecv();				// get number of messages

      								// recieved

		bool IsLinkUp();				// returns status of link

		bool Send(const char* message);		// send message over link

		int Recv();					// recieve message

		int Recv(CString &message);			// receive message, and return

      								// it

		CString GetNextMessage();			// get next queued message

		int NumPending();                		// return number of queued

      								// message



	private:

		CString		m_host;				// host to connect to

		Int		m_port;				// port of host

		SOCKET		m_Socket;			// actual windows socket object

		int		m_NumMsgSent;			// number of messages sent over

      								// link

		int		m_NumMsgRecv;			// number of messages recieved

		bool		m_LinkUp;			// Status of link

		time_t		m_LastTransmissionTimeStamp;	// time stamp of last

      								// successfully received message

		MessageQueue	m_MsgQueue;			// unprocessed message queue

};



#endif

5.2. Definition

// File: CommLink.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: CommLink class encapsulates a TCP/IP socket



#include "StdAfx.h"

#include "CommLink.h"



// CommLink() - standard constructor

CommLink::CommLink() {	

	m_LastTransmissionTimeStamp = time(NULL);	// set instantiation CommLink time stamp

	m_LinkUp = DOWN;

	m_NumMsgSent = INITIAL_NUM_MSG_SENT;

	m_NumMsgRecv = INITIAL_NUM_MSG_RECV;

	m_host = DEFAULT_HOST_NAME;

	m_port = DEFAULT_PORT_NUM;

	m_MsgQueue.SetSeparators(MSG_BEGIN_CHAR, MSG_END_CHAR);

}



// CommLink() - explicit host/port constructor

CommLink::CommLink(const char* host, int port) {

	m_LastTransmissionTimeStamp = time(NULL);	// set instantiation CommLink time stamp

	m_host = host;

	m_port = port;

	m_LinkUp = false;

	m_NumMsgSent = INITIAL_NUM_MSG_SENT;

	m_NumMsgRecv = INITIAL_NUM_MSG_RECV;

	m_MsgQueue.SetSeparators(MSG_BEGIN_CHAR, MSG_END_CHAR);

}



// OpenLink() - open socket between computer and host

int  CommLink::OpenLink() {

	if (m_host == DEFAULT_HOST_NAME) {

			return DOWN;

	}



	const char* hostname = (LPCTSTR)m_host;

	struct hostent *hp;								

	struct sockaddr_in sa;									



	int flag;											



	hp = gethostbyname( hostname );						

	if ( hp == NULL ) {

			return HOST_ERROR;									

	}



	memset( &sa, SOCKET_ADDRESS_FILLER, sizeof( sa ) );

	memcpy( (char *) &sa.sin_addr, hp->h_addr, hp->h_length ); 



	sa.sin_family = hp->h_addrtype;							

	sa.sin_port = htons( (u_short) m_port );			



	m_Socket = socket( hp->h_addrtype, SOCK_STREAM, SOCKET_PROTOCOL);

	if (m_Socket < MIN_VALID_SOCKET_RET) {

		return SOCK_ERROR;

	}



	flag = connect( m_Socket, (sockaddr*) &sa, sizeof( sa ) );

	if (flag < MIN_VALID_CONNECT_RET) {

		return CONN_ERROR;

	}



	unsigned long param = SOCKET_CMD_PTR;

	ioctlsocket(m_Socket, FIONBIO, &param);



	m_LastTransmissionTimeStamp = time(NULL);		// initialize transmission time stamp



	m_LinkUp = UP;

	return LINK_OPEN;

}



// OpenLink() - open socket between computer and host

int CommLink::OpenLink(const char* host, int port) {

	const char* hostname = host;

	struct hostent *hp;								

	struct sockaddr_in sa;									



	int flag;												

	hp = gethostbyname( hostname );						

	if ( hp == NULL ) {

			return HOST_ERROR;								

	}



	memset( &sa, SOCKET_ADDRESS_FILLER, sizeof( sa ) );

	memcpy( (char *) &sa.sin_addr, hp->h_addr, hp->h_length ); 



	sa.sin_family = hp->h_addrtype;							

	sa.sin_port = htons( (u_short) port );			



	m_Socket = socket( hp->h_addrtype, SOCK_STREAM, SOCKET_PROTOCOL);

	if (m_Socket < MIN_VALID_SOCKET_RET) {

		return SOCK_ERROR;

	}



	flag = connect( m_Socket, (sockaddr*) &sa, sizeof( sa ) );

	if (flag < MIN_VALID_CONNECT_RET) {

		return CONN_ERROR;

	}



	unsigned long param = SOCKET_CMD_PTR;

	ioctlsocket(m_Socket, FIONBIO, &param);



	m_LastTransmissionTimeStamp = time(NULL);		// initialize transmission time stamp



	m_LinkUp = UP;

	return LINK_OPEN;

}



// CloseLink() - close socket 

bool CommLink::CloseLink() {



	closesocket(m_Socket);

	m_LinkUp = DOWN;

	m_NumMsgSent = INITIAL_NUM_MSG_SENT;

	m_NumMsgRecv = INITIAL_NUM_MSG_RECV;



	return LINK_CLOSE;

}



// GetNumRecv() - return number of messages recieved on link

int CommLink::GetNumRecv() {

	return m_NumMsgRecv;

}



// GetNumSent() - return number of messages sent on link

int CommLink::GetNumSent() {

	return m_NumMsgSent;

}



// IsLinkUp() - return condition of link

bool CommLink::IsLinkUp() {

	return m_LinkUp;

}



// Send() - send data over link

bool CommLink::Send(const char* message) {

	if (!IsLinkUp()) {

			return DOWN;

	}



	int send_result;

	send_result = send(m_Socket, message, strlen(message), SEND_FLAGS);



	if (send_result < MIN_VALID_SEND_RET) {

		if (difftime(time(NULL), m_LastTransmissionTimeStamp) > MAX_TIMEOUT) {

			CloseLink();	// if more than MAX_TIMEOUT seconds have elapsed since,

					// the last successful transmission, then close the link

		}

		return DOWN;

	}



	++m_NumMsgSent;



	return UP;

}



// Recv() - recieve data from link, 0 on success, error otherwise

int CommLink::Recv() {



	CString recieved;

	if (!IsLinkUp()) {

		return LINK_DOWN;

	}



	char buf[MAX_BUFFER];

	memset(buf, BUFFER_FILLER, MAX_BUFFER);

	int bytes_read;

	bytes_read = recv(m_Socket, buf, MAX_BUFFER, RECV_FLAGS);



	if (bytes_read > MIN_BYTES) {

		time(&m_LastTransmissionTimeStamp);	// update time stamp to reflect this receive

							// transmission

		recieved = buf;

		recieved.TrimRight();

		++m_NumMsgRecv;

		m_MsgQueue.AddMessage(recieved);

	} else if (bytes_read == MIN_BYTES) {

		CloseLink();

		return ZERO_BYTES;

	} else {

		if (difftime(time(NULL), m_LastTransmissionTimeStamp) > MAX_TIMEOUT) {

			CloseLink();	// if more than MAX_TIMEOUT seconds have elapsed since,

					// the last successful transmission, then close the link

		}

		return RECV_ERROR;

	}

	

	return LINK_RECV;

}



// Recv() - recieve data from link, 0 on success, error otherwise

int CommLink::Recv(CString &message) {	

	CString recieved;

	if (!IsLinkUp()) {

		return LINK_DOWN;

	}



	char buf[MAX_BUFFER];

	memset(buf, BUFFER_FILLER, MAX_BUFFER);

	int bytes_read;

	bytes_read = recv(m_Socket, buf, MAX_BUFFER, RECV_FLAGS);

	

	if (bytes_read > MIN_BYTES) {

		time(&m_LastTransmissionTimeStamp);	// update time stamp to reflect this receive

							// transmission

		recieved = buf;

		recieved.TrimRight();

		++m_NumMsgRecv;

		m_MsgQueue.AddMessage(recieved);

	}

	else if (bytes_read == MIN_BYTES) {

		CloseLink();

		return ZERO_BYTES;

	}

	else {

		if (difftime(time(NULL), m_LastTransmissionTimeStamp) > MAX_TIMEOUT) {

			CloseLink();	// if more than MAX_TIMEOUT seconds have elapsed since,

					// the last successful transmission, then close the link

		}

		return RECV_ERROR;

	}

	

	message = recieved;			  

	return LINK_RECV;

}



// GetNextMessage() - return the next pending message 

CString CommLink::GetNextMessage() {

	return m_MsgQueue.NextMessage();

}



// NumPendind() - return number of pending messages

int CommLink::NumPending() {

	return m_MsgQueue.GetCount();

}

6. RobotSensors Class

6.1. Header

// File: RobotSensors.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotSensors class provides a base class for a multivalued integer sensor type



// RobotSensors.h: interface for the RobotSensors class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_ROBOTSENSORS_H__ADD9ABAD_E473_11D2_802D_006097DAF491__INCLUDED_)

#define AFX_ROBOTSENSORS_H__ADD9ABAD_E473_11D2_802D_006097DAF491__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include <vector>

using namespace std;



typedef vector<int> intvector;



class RobotSensors {

 	public:

		RobotSensors();					// default constructor

		RobotSensors(int);					// initializing constructor

		virtual ~RobotSensors();				// destructor

		virtual void SetSensors(intvector new_values);	// update sensor values

	virtual intvector GetSensors() const;				// returns stored sensor

 									// values

 	private:

		intvector	m_sensor_data;				// sensor readings

		int		m_num_sensors;                       // number of sensor readings

};



#endif // !defined(AFX_ROBOTSENSORS_H__ADD9ABAD_E473_11D2_802D_006097DAF491__INCLUDED_)

6.2. Definition

// File: RobotSensors.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotSensors class provides a base class for a multivalued integer sensor type



// RobotSensors.cpp: implementation of the RobotSensors class.

//

//////////////////////////////////////////////////////////////////////



//#include "stdafx.h"

#include "RobotSensors.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////





// RobotSensors() - standard constructor

RobotSensors::RobotSensors() {

	m_num_sensors = DEFAULT_NUM_SENSORS;

	for(int i = SENSOR_ARRAY_START; i < MAX_NUM_SENSORS; i++) {

			m_sensor_data.push_back(DEFAULT_SENSOR_VALUE);

	}

}



// RobotSensors() - another constructor

RobotSensors::RobotSensors(int num) {

	m_num_sensors = num;

	m_sensor_data.resize(m_num_sensors);

	for(int i = SENSOR_ARRAY_START; i < m_num_sensors; i++) {

		m_sensor_data.push_back(DEFAULT_SENSOR_VALUE);

	}

}





// ~RobotSensors() - destructor

RobotSensors::~RobotSensors() {

}



// SetSensors() - update sensor values

void RobotSensors::SetSensors(intvector new_values) {

	for(int i = SENSOR_ARRAY_START; i < m_num_sensors; i++) {

		m_sensor_data[i] = new_values[i];

	}

}



// GetSensors() - return stored sensor values

intvector RobotSensors::GetSensors() const {

	return m_sensor_data;

}

7. RobotControls Class

7.1. Header

// File: RobotControls.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotControls class provides a base for all user input controls with two axes



// RobotControls.h: interface for the RobotControls class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_ROBOTCONTROLS_H__ADD9ABAC_E473_11D2_802D_006097DAF491__INCLUDED_)

#define AFX_ROBOTCONTROLS_H__ADD9ABAC_E473_11D2_802D_006097DAF491__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include "SysConst.h"



class RobotControls {



 	public:

		RobotControls();			// default constructor

		virtual ~RobotControls();           	// destructor

		virtual void GetControlCommands(int &param1, int &param2) = 0;

   						// initializes values of horizontal and

                                       	// vertical axes to x and y, respectively

		void SetControlState(int x, int y);

 						// initializes values of horizontal and

                                       	// vertical axes to x and y, respectively

 	protected:

		int m_x; 			// horizontal axis value

		int m_y;			// vertical axis value

};



#endif // !defined(AFX_ROBOTCONTROLS_H__ADD9ABAC_E473_11D2_802D_006097DAF491__INCLUDED_)

7.2. Definition

// File: RobotControls.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotControls class provides a base for all user input controls with two axes



// RobotControls.cpp: implementation of the RobotControls class.

//

//////////////////////////////////////////////////////////////////////



//#include "stdafx.h"

#include "RobotControls.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////



RobotControls::RobotControls() {

	m_x = X_AXIS_DEFAULT;

	m_y = Y_AXIS_DEFAULT;



}



RobotControls::~RobotControls() {

}



void RobotControls::SetControlState(int x, int y) {

	m_x = x;

	m_y = y;

}

8. RobotBumpSensors Class

8.1. Header

// File: RobotBumpSensors.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotBumpSensors class provides a base class for storing the current state of the

// bump sensor



// RobotBumpSensor.h: interface for the RobotBumpSensor class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_ROBOTBUMPSENSOR_H__ADD9ABAE_E473_11D2_802D_006097DAF491__INCLUDED_)

#define AFX_ROBOTBUMPSENSOR_H__ADD9ABAE_E473_11D2_802D_006097DAF491__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include "RobotSensors.h"

#include "SysConst.h"



class RobotBumpSensor : public RobotSensors {

	public:

	RobotBumpSensor(); 		// default constructor

	virtual ~RobotBumpSensor();   // destructor

};



#endif // !defined(AFX_ROBOTBUMPSENSOR_H__ADD9ABAE_E473_11D2_802D_006097DAF491__INCLUDED_)

8.2. Definition

// File: RobotBumpSensors.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotBumpSensors class provides a base class for storing the current state of the

// bump sensor



// RobotBumpSensor.cpp: implementation of the RobotBumpSensor class.

//

//////////////////////////////////////////////////////////////////////



#include "RobotBumpSensor.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////



// RobotBumpSensor() - default constructor

RobotBumpSensor::RobotBumpSensor() : RobotSensors(NUM_BUMP_SENSORS) {

}



// ~RobotBumpSensor() - destructor

RobotBumpSensor::~RobotBumpSensor() {

}

9. RobotSonarSensors Class

9.1. Header

// File: RobotSonarSensors.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotSonarSensors class provides a base class for storing the current state of the

// sonar sensor



// RobotSonarSensor.h: interface for the RobotSonarSensor class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_ROBOTSONARSENSOR_H__ADD9ABAF_E473_11D2_802D_006097DAF491__INCLUDED_)

#define AFX_ROBOTSONARSENSOR_H__ADD9ABAF_E473_11D2_802D_006097DAF491__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include "RobotSensors.h"

#include "SysConst.h"



class RobotSonarSensor : public RobotSensors {

 	public:

		RobotSonarSensor();           // default constructor

		virtual ~RobotSonarSensor();	// destructor

};



#endif // !defined(AFX_ROBOTSONARSENSOR_H__ADD9ABAF_E473_11D2_802D_006097DAF491__INCLUDED_)

9.2. Definition

// File: RobotSonarSensors.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotSonarSensors class provides a base class for storing the current state of the

// sonar sensor



// RobotSonarSensor.cpp: implementation of the RobotSonarSensor class.

//

//////////////////////////////////////////////////////////////////////



//#include "stdafx.h"





#include "RobotSonarSensor.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////



// RobotSonarSensor() - default constructor

RobotSonarSensor::RobotSonarSensor() : RobotSensors(NUM_SONAR_SENSORS) {

}



// ~RobotSonarSensor() - destructor

RobotSonarSensor::~RobotSonarSensor() {

}

10. RobotCameraControl Class

10.1. Header

// File: RobotCameraControl.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotCameraControl class provides a base class for storing the current state of the

// camera control



// RobotCameraControl.h: interface for the RobotCameraControl class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_ROBOTCAMERACONTROL_H__5C5AC36F_E53C_11D2_802F_0060080326D0__INCLUDED_)

#define AFX_ROBOTCAMERACONTROL_H__5C5AC36F_E53C_11D2_802F_0060080326D0__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include "RobotControls.h"

#include "Button2.h"

#include "SysConst.h"



class RobotCameraControl : public RobotControls  {



public:

	RobotCameraControl();					// default constructor

	virtual ~RobotCameraControl();			// destructor

	virtual void GetControlCommands(int &pan, int &tilt);

								// return the parameters to be

								// passed to the robot

};



#endif // !defined(AFX_ROBOTCAMERACONTROL_H__5C5AC36F_E53C_11D2_802F_0060080326D0__INCLUDED_)

10.2. Definition

// File: RobotCameraControl.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotCameraControl class provides a base class for storing the current state of the

// camera control



// RobotCameraControl.cpp: implementation of the RobotCameraControl class.

//

//////////////////////////////////////////////////////////////////////



#include "stdafx.h"

#include "RobotCameraControl.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////



// RobotCameraControl() - default constructor

RobotCameraControl::RobotCameraControl() : RobotControls() {

}



// RobotCameraControl() - destructor

RobotCameraControl::~RobotCameraControl() {

}



// GetControlCommands() - return the parameters to be passed to the robot

//	based on the current control states. Parameters are pan and tilt

//	as angles, 0,0 is straight ahead, poitive angles are to the right for

//  pan and up for tilt.

void RobotCameraControl::GetControlCommands(int &pan, int &tilt) {

	pan = m_x * CAMERA_SPEED;

	tilt = m_y * CAMERA_SPEED;

}

11. RobotMoveControl Class

11.1. Header

// File: RobotMoveControl.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotMoveControl class provides a base class for storing the current state of the

// move control



// RobotMoveControl.h: interface for the RobotMoveControl class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_ROBOTMOVECONTROL_H__5C5AC36E_E53C_11D2_802F_0060080326D0__INCLUDED_)

#define AFX_ROBOTMOVECONTROL_H__5C5AC36E_E53C_11D2_802F_0060080326D0__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include "RobotControls.h"

#include "math.h"

#include "SysConst.h"



class RobotMoveControl : public RobotControls {

 	public:

		RobotMoveControl();               	// default constructor

		virtual ~RobotMoveControl();		// destructor

		virtual void GetControlCommands(int &left_wheel, int &right_wheel);

  							// return the parameters to be passed

                                          		// to the robot based on the current

                                          		// control states

		void SetAutonomous(bool autonomous);	// set move control to autonomous mode

		bool GetAutonomous();			// get current control mode

		void ToggleReverse();

 	private:

		bool m_autonomous;			// current mode

		bool m_reversed;

};



#endif // !defined(AFX_ROBOTMOVECONTROL_H__5C5AC36E_E53C_11D2_802F_0060080326D0__INCLUDED_)

11.2. Definition

// File: RobotMoveControl.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: RobotMoveControl class provides a base class for storing the current state of the

// move control



// RobotMoveControl.cpp: implementation of the RobotMoveControl class.

//

//////////////////////////////////////////////////////////////////////



#include "RobotMoveControl.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////



// RobotMoveControl() - default constructor

RobotMoveControl::RobotMoveControl() : RobotControls() {

	m_autonomous = MANUAL;

	m_reversed = NORMAL;

}



// ~RobotMoveControl() - destructor

RobotMoveControl::~RobotMoveControl() {

}



// GetControlCommands() - return the parameters to be passed to the robot

//	based on the current control states. Parameters are wheel speeds as

//	percentages of the max speed. param1 is left wheel, param2 right wheel.

void RobotMoveControl::GetControlCommands(int &left_wheel, int &right_wheel) {

	// rename parameteres



	int t_left_wheel, t_right_wheel;



	if (!m_autonomous) {



		float base_speed = (float)m_y * (float)ROBOT_MAX_SPEED / RESCALE;

		float rotate_speed = (float)m_x * (float)ROBOT_MAX_ROTATE / RESCALE;

		float offset = (float)m_x / RESCALE;



		if (abs(m_x) <= PIXEL_TOLERANCE) {

			t_left_wheel = (int)base_speed;

			t_right_wheel = (int)base_speed;

		} else if (abs(m_y) <= PIXEL_TOLERANCE) {

			t_left_wheel = (int)rotate_speed;

			t_right_wheel = -((int)rotate_speed);

		} else if ((m_y > Y_AXIS_DEFAULT) && (m_x > X_AXIS_DEFAULT)) {

			t_left_wheel = (int)base_speed;

			t_right_wheel = (int)(base_speed - (base_speed * offset));

		} else if ((m_y > Y_AXIS_DEFAULT) && (m_x < X_AXIS_DEFAULT)) {

			t_left_wheel = (int)(base_speed + (base_speed * offset));

			t_right_wheel = (int)base_speed;

		} else if ((m_y < Y_AXIS_DEFAULT) && (m_x < X_AXIS_DEFAULT)) {

			t_left_wheel = (int)(base_speed + (base_speed * offset));

			t_right_wheel = (int)base_speed;

		} else if ((m_y < Y_AXIS_DEFAULT) && (m_x > X_AXIS_DEFAULT)) {

			t_left_wheel = (int)base_speed;			

			t_right_wheel = (int)(base_speed - (base_speed * offset));

		}



		if (!(m_reversed)) {

			left_wheel = t_left_wheel;

			right_wheel = t_right_wheel;

		} else {

			left_wheel = t_right_wheel;

			right_wheel = t_left_wheel;

		}

	}

}



// SetAutonomous(bool autonomous) -

void RobotMoveControl::SetAutonomous(bool autonomous) {

	m_autonomous = autonomous;

}



bool RobotMoveControl::GetAutonomous() {

	return m_autonomous;

}



void RobotMoveControl::ToggleReverse() {

	if (m_reversed) {

		m_reversed = NORMAL;

	} else {

		m_reversed = REVERSED;

	}

}

12. MessageQueue Class

12.1. Header

// File: MessageQueue.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: MessageQueue class provides temporary container for commands received over the

// communication link, but still unprocessed



// MessageQueue.h: interface for the MessageQueue class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_MESSAGEQUEUE_H__ADD9AB93_E473_11D2_802D_006097DAF491__INCLUDED_)

#define AFX_MESSAGEQUEUE_H__ADD9AB93_E473_11D2_802D_006097DAF491__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include <afxcoll.h>

#include <string.h>

#include "SysConst.h"



class MessageQueue : public CStringList  

{

public:

	MessageQueue();

	MessageQueue(char begin_char, char end_char);

	virtual ~MessageQueue();

	void SetSeparators(char begin_char, char end_char);

	CString NextMessage();

	void AddMessage(CString new_message);



private:

	CString m_in_buffer;

	char m_begin_msg_char;

	char m_end_msg_char;

};



#endif // !defined(AFX_MESSAGEQUEUE_H__ADD9AB93_E473_11D2_802D_006097DAF491__INCLUDED_)

12.2. Definition

// File: MessageQueue.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: MessageQueue class provides temporary container for commands received over the

// communication link, but still unprocessed



// MessageQueue.cpp: implementation of the MessageQueue class.

//

//////////////////////////////////////////////////////////////////////



#include "stdafx.h"

#include "MessageQueue.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////



MessageQueue::MessageQueue() {

	CStringList::CStringList();

}



MessageQueue::MessageQueue(char begin_char, char end_char) {

	CStringList::CStringList();

	m_begin_msg_char = begin_char;

	m_end_msg_char = end_char;

}



MessageQueue::~MessageQueue() {



}



void MessageQueue::SetSeparators(char begin_char, char end_char) {

	m_begin_msg_char = begin_char;

	m_end_msg_char = end_char;

}



// NextMessage() - take next message from queue

CString MessageQueue::NextMessage() {

	CString next;

	if (!CStringList::IsEmpty()) {

		next = CStringList::RemoveHead();

	} else {

		next.Empty();

	}

		return next;

}



// AddMessage() - add message to queue. 3 cases for new_message;

//		1. new_message is an entire message

//	    2. new_message is a fragment of a message

//		3. new_message is composed of several individual messages

void MessageQueue::AddMessage(CString new_message) {



	if (!m_in_buffer.IsEmpty()) {

		m_in_buffer = m_in_buffer + new_message;

	} else {

		m_in_buffer = new_message;

	}



	int first_occurance_beg, last_occurance_beg;

	int first_occurance_end;

	int span;

	CString message;



	// loop until buffer contains no more entire messages

	while ((first_occurance_end = m_in_buffer.Find(m_end_msg_char)) > NO_OCCURRENCES) {

		first_occurance_beg = m_in_buffer.Find(m_begin_msg_char);



		if ((first_occurance_end > first_occurance_beg)

			&& (first_occurance_beg >= NO_OCCURRENCES)) {

				span = first_occurance_end - first_occurance_beg + DELIM_OFFSET;

				message = m_in_buffer.Mid(first_occurance_beg, span);



				// check if substring is the start of one improperly terminated

				//   message followed by another message

				if ((last_occurance_beg = message.ReverseFind(m_begin_msg_char)) 

					!= message.Find(m_begin_msg_char)) {

						message = message.Mid(last_occurance_beg);

				} 

					

				CStringList::AddTail(message);

		}

		

		if (first_occurance_end < m_in_buffer.GetLength()) {

			m_in_buffer = m_in_buffer.Mid(first_occurance_end + DELIM_OFFSET);

		} else {

			m_in_buffer.Empty();

		}

							

	}



	return;

}

13. Button2 Class

13.1. Header

// File: Button2.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: Button2 class provides new button for camera control



#if !defined(AFX_BUTTON2_H__D708D850_E955_11D2_802D_006097E25895__INCLUDED_)

#define AFX_BUTTON2_H__D708D850_E955_11D2_802D_006097E25895__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include <afxwin.h>

#include "SysConst.h"



// Button2.h : header file

//



/////////////////////////////////////////////////////////////////////////////

// Button2 window



class Button2 : public Cbutton {

// Construction

 	public:

		Button2(CWnd *pWnd);

		Button2(CWnd *pWnd, CString caption, CRect pos, UINT id);

 	// Attributes

 	public:



 	// Operations

 	public:



 	// Overrides

	// ClassWizard generated virtual function overrides

	//{{AFX_VIRTUAL(Button2)

	//}}AFX_VIRTUAL



 	// Implementation

 	public:

		virtual ~Button2();

		int GetState();



 	protected:

		CString m_caption;

		int m_state;



		//{{AFX_MSG(Button2)

		afx_msg void OnLButtonDown(UINT nFlags, CPoint point);

		afx_msg void OnLButtonUp(UINT nFlags, CPoint point);

		//}}AFX_MSG



		DECLARE_MESSAGE_MAP()

};



/////////////////////////////////////////////////////////////////////////////



//{{AFX_INSERT_LOCATION}}

// Microsoft Visual C++ will insert additional declarations immediately before the previous line.



#endif // !defined(AFX_BUTTON2_H__D708D850_E955_11D2_802D_006097E25895__INCLUDED_)

13.2. Definition

// File: Button2.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: Button2 class provides new button for camera control



// Button2.cpp : implementation file

//



#include "stdafx.h"

#include "Button2.h"



#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;

#endif



// Button2



Button2::Button2(CWnd *pWnd) {

	m_caption = CAMERA_BUTTON_CAPTION;

	Create(m_caption, WS_CHILD | WS_VISIBLE, CRect(CAMERA_BUTTON_LEFT ,

   	       CAMERA_BUTTON_TOP, CAMERA_BUTTON_RIGHT, CAMERA_BUTTON_BOTTOM), pWnd,

	       CAMERA_BUTTON_DEFAULT_ID);

m_state = CAMERA_BUTTON_UP;

}



Button2::Button2(CWnd *pWnd, CString caption, CRect pos, UINT id) {

	m_caption= caption;

	Create(m_caption, WS_CHILD | WS_VISIBLE, pos, pWnd, id);

	m_state = CAMERA_BUTTON_UP;

}



Button2::~Button2(){

}



BEGIN_MESSAGE_MAP(Button2, CButton)

	//{{AFX_MSG_MAP(Button2)

	ON_WM_LBUTTONDOWN()

	ON_WM_LBUTTONUP()

	//}}AFX_MSG_MAP

END_MESSAGE_MAP()



// Button2 message handlers



void Button2::OnLButtonDown(UINT nFlags, CPoint point) {

	m_state = CAMERA_BUTTON_DOWN;

	CButton::OnLButtonDown(nFlags, point);

}



void Button2::OnLButtonUp(UINT nFlags, CPoint point) {

	m_state = CAMERA_BUTTON_UP;

	CButton::OnLButtonUp(nFlags, point);

}



int Button2::GetState() {

	return m_state;

}

14. VirtualJoystick Class

14.1. Header

#if !defined(AFX_VIRTUALJOYSTICK_H__8D55DE86_EC7F_11D2_8035_00104B8CFDE3__INCLUDED_)

#define AFX_VIRTUALJOYSTICK_H__8D55DE86_EC7F_11D2_8035_00104B8CFDE3__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000

// VirtualJoystick.h : header file

//





#include <afxwin.h>

#include "MemDC.h"

#include "SysConst.h"



/////////////////////////////////////////////////////////////////////////////

// VirtualJoystick window



class VirtualJoystick : public CButton {



public:

	VirtualJoystick(CWnd *pWnd, CRect pos, UINT id);

	virtual ~VirtualJoystick();

	void SetTraveling(bool is_traveling);

	bool GetState(int &x, int &y);



// Overrides

	// ClassWizard generated virtual function overrides

	//{{AFX_VIRTUAL(VirtualJoystick)

	//}}AFX_VIRTUAL



private:

	int m_y;

	int m_x;

	int m_raw_y;

	int m_raw_x;

	bool m_down;

	CRect m_rect;

	bool m_update;

	bool m_autonomous;





	virtual void DrawItem(LPDRAWITEMSTRUCT lpDrawItemStruct);



	// Generated message map functions

protected:

	//{{AFX_MSG(VirtualJoystick)

	afx_msg void OnMouseMove(UINT nFlags, CPoint point);

	afx_msg void OnLButtonDown(UINT nFlags, CPoint point);

	afx_msg void OnLButtonUp(UINT nFlags, CPoint point);

	afx_msg void OnRButtonDown(UINT nFlags, CPoint point);

	afx_msg void OnRButtonUp(UINT nFlags, CPoint point);

	//}}AFX_MSG



	DECLARE_MESSAGE_MAP()

};



/////////////////////////////////////////////////////////////////////////////



//{{AFX_INSERT_LOCATION}}

// Microsoft Visual C++ will insert additional declarations immediately before the previous line.



#endif // !defined(AFX_VIRTUALJOYSTICK_H__8D55DE86_EC7F_11D2_8035_00104B8CFDE3__INCLUDED_)

14.2. Defintion

// VirtualJoystick.cpp : implementation file

//



#include "stdafx.h"

#include "VirtualJoystick.h"



#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;

#endif



/////////////////////////////////////////////////////////////////////////////

// VirtualJoystick



VirtualJoystick::VirtualJoystick(CWnd *pWnd, CRect pos, UINT id) {

	CString m_caption = DEFAULT_CAPTION;

	Create(m_caption, WS_CHILD | WS_VISIBLE, pos, pWnd, id);

	SetButtonStyle(BS_OWNERDRAW);

	m_x = ORIGIN;

	m_y = ORIGIN;

	CWnd::GetClientRect(m_rect);

	m_down = false;

	m_update = true;

	m_autonomous = false;



}



VirtualJoystick::~VirtualJoystick() {



}





BEGIN_MESSAGE_MAP(VirtualJoystick, CButton)

	//{{AFX_MSG_MAP(VirtualJoystick)

	ON_WM_MOUSEMOVE()

	ON_WM_LBUTTONDOWN()

	ON_WM_LBUTTONUP()

	ON_WM_RBUTTONDOWN()

	ON_WM_RBUTTONUP()

	//}}AFX_MSG_MAP

END_MESSAGE_MAP()





bool VirtualJoystick::GetState(int &x, int &y) {



		x = (m_x * 100) / (m_rect.Width() / 2);

		y = (m_y * 100) / (m_rect.Height() / 2);





	if (!m_autonomous) {

		return false;

	} else {

		return true;

	}

}





void VirtualJoystick::DrawItem( LPDRAWITEMSTRUCT lpDrawItemStruct ) {





		CRect rect = lpDrawItemStruct->rcItem;

		CDC *o_pDC = CDC::FromHandle(lpDrawItemStruct->hDC);

		CRgn rgn, rgn2;



		CMemDC *pDC = new CMemDC(o_pDC, rect);



		CBrush hbr;

		hbr.CreateSolidBrush(GetSysColor(COLOR_BTNFACE));



		pDC->FillRect( &rect, &hbr);

		hbr.DeleteObject();





		pDC->MoveTo((m_rect.Width() / 2), m_rect.Height());

		pDC->LineTo((m_rect.Width() / 2), 0);



		pDC->MoveTo(0, (m_rect.Height() / 2));

		pDC->LineTo(m_rect.Width(), (m_rect.Height() / 2));



		pDC->MoveTo(0, m_rect.Height());

		pDC->LineTo(m_rect.Width(), 0);



		pDC->MoveTo(m_rect.Width(), m_rect.Height());

		pDC->LineTo(0, 0);





		if (!m_autonomous) {

			CBrush newBrush(RGB(255,0,0));



			if (m_down) {

	  			rgn2.CreateEllipticRgn((m_raw_x - DOT_RADIUS),

 					(m_raw_y - DOT_RADIUS), (m_raw_x + DOT_RADIUS),

 					(m_raw_y + DOT_RADIUS));

				pDC->FillRgn(&rgn2, &newBrush);

				m_update = true;

			}

 			else {

				rgn2.CreateEllipticRgn(((m_rect.Width() / 2) - DOT_RADIUS),

 					((m_rect.Height() / 2) - DOT_RADIUS),

					((m_rect.Width() / 2) + DOT_RADIUS),

 					((m_rect.Height() / 2) + DOT_RADIUS));

				pDC->FillRgn(&rgn2, &newBrush);

				m_update = false;

			}

		}

 		else {

			CBrush newBrush(RGB(0,0,255));

			rgn2.CreateEllipticRgn((m_raw_x - DOT_RADIUS), (m_raw_y - DOT_RADIUS),

 				(m_raw_x + DOT_RADIUS), (m_raw_y + DOT_RADIUS));

			pDC->FillRgn(&rgn2, &newBrush);

			if (m_down) {

				m_update = true;

			}

 			else {

				m_update = false;

			}

		}



		rgn.CreateRectRgn(rect.left, rect.top, rect.right, rect.bottom );

		pDC->SelectClipRgn( &rgn );



	delete pDC;

	return;

}





void VirtualJoystick::OnMouseMove(UINT nFlags, CPoint point) {

	CWnd::InvalidateRgn(NULL, FALSE);

	if (m_down && m_rect.PtInRect(point)){

		m_x = point.x - (m_rect.Width() / 2);

		m_y = -(point.y - (m_rect.Height() / 2));

		m_raw_x = point.x;

		m_raw_y = point.y;

		m_update = true;

	}



	CButton::OnMouseMove(nFlags, point);

}





void VirtualJoystick::OnLButtonDown(UINT nFlags, CPoint point) {

	m_down = true;

	m_autonomous = false;



	m_x = point.x - (m_rect.Width() / 2);

	m_y = - (point.y - (m_rect.Height() / 2));



	m_raw_x = point.x;

	m_raw_y = point.y;

	m_update = true;



	CButton::OnLButtonDown(nFlags, point);

}



void VirtualJoystick::OnLButtonUp(UINT nFlags, CPoint point) {

	m_down = false;

	m_x = 0;

	m_y = 0;



	m_raw_x = m_rect.Width() / 2;

	m_raw_y = m_rect.Height() / 2;

	m_update = true;



	CButton::OnLButtonUp(nFlags, point);

}



void VirtualJoystick::OnRButtonDown(UINT nFlags, CPoint point) {

	m_down = true;

	m_autonomous = true;



	m_x = point.x - (m_rect.Width() / 2);

	m_y = - (point.y - (m_rect.Height() / 2));



	m_raw_x = point.x;

	m_raw_y = point.y;

	m_update = true;



	CButton::OnLButtonDown(nFlags, point);

}



void VirtualJoystick::OnRButtonUp(UINT nFlags, CPoint point) {

	m_down = false;



	m_x = point.x - (m_rect.Width() / 2);

	m_y = - (point.y - (m_rect.Height() / 2));



	m_raw_x = point.x;

	m_raw_y = point.y;

	m_update = true;



	CButton::OnLButtonUp(nFlags, point);

}



void VirtualJoystick::SetTraveling(bool is_traveling) {

	m_autonomous = is_traveling;

}

15. BumpDisplay Class

15.1. Header

// File: BumpDisplay.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: BumpDisplay class provides graphical display for bumper sensor information



// BumpDisplay.cpp : implementation file

//



#if !defined(AFX_BUMPDISPLAY_H__7CDE3FC4_F03B_11D2_8032_006097DAF491__INCLUDED_)

#define AFX_BUMPDISPLAY_H__7CDE3FC4_F03B_11D2_8032_006097DAF491__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include <math.h>

#include "SysConst.h"



class BumpDisplay : public CButton {



public:

	BumpDisplay(CWnd *pWnd, CRect pos, UINT id);

	virtual ~BumpDisplay();

	void SetBumpers(int bumpers[]);



// Overrides

	// ClassWizard generated virtual function overrides

	//{{AFX_VIRTUAL(BumpDisplay)

	//}}AFX_VIRTUAL

private:

	void DrawItem(LPDRAWITEMSTRUCT lpDrawItemStruct);

	int m_bumpers[NUM_BUMPERS];



protected:

	//{{AFX_MSG(BumpDisplay)

		afx_msg void OnLButtonDown(UINT nFlags, CPoint point);

		afx_msg void OnLButtonUp(UINT nFlags, CPoint point);

	//}}AFX_MSG



	DECLARE_MESSAGE_MAP()

};



/////////////////////////////////////////////////////////////////////////////



//{{AFX_INSERT_LOCATION}}

// Microsoft Visual C++ will insert additional declarations immediately before the previous line.



#endif // !defined(AFX_BUMPDISPLAY_H__7CDE3FC4_F03B_11D2_8032_006097DAF491__INCLUDED_)

15.2. Definition

// File: BumpDisplay.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: BumpDisplay class provides graphical display for bumper sensor information



// BumpDisplay.cpp : implementation file

//



#include "stdafx.h"

#include "BumpDisplay.h"



#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;

#endif



BumpDisplay::BumpDisplay(CWnd *pWnd, CRect pos, UINT id) {

	CString m_caption = BUMP_DISPLAY_CAPTION;

	Create(m_caption, WS_CHILD | WS_VISIBLE, pos, pWnd, id);

	SetButtonStyle(BS_OWNERDRAW);



	for (int i = FIRST_BUMPER; i < NUM_BUMPERS; i++) {

		m_bumpers[i] = BUMP_OFF;

	}

}



BumpDisplay::~BumpDisplay() {

}



BEGIN_MESSAGE_MAP(BumpDisplay, CButton)

	//{{AFX_MSG_MAP(BumpDisplay)

		ON_WM_LBUTTONDOWN()

		ON_WM_LBUTTONUP()

	//}}AFX_MSG_MAP

END_MESSAGE_MAP()



void BumpDisplay::DrawItem(LPDRAWITEMSTRUCT lpDrawItemStruct) {

	CRect Rect = lpDrawItemStruct->rcItem;

	CDC *pDC = CDC::FromHandle(lpDrawItemStruct->hDC);



	// Erase background

	CBrush hbr;

	hbr.CreateSolidBrush(GetSysColor(COLOR_BTNFACE));

	pDC->FillRect( &Rect, &hbr);

	hbr.DeleteObject();

	CRect inner_rect = CRect(BUMP_DISPLAY_LENGTH, BUMP_DISPLAY_LENGTH,

				  Rect.Width() - BUMP_DISPLAY_LENGTH,

				  Rect.Height() - BUMP_DISPLAY_LENGTH);



	CBrush *on_brush = new CBrush(RGB(MAX_RED, MIN_GREEN, MIN_BLUE));

	LOGBRUSH on_logbrush;

	on_brush->GetLogBrush(&on_logbrush);



	CBrush *off_brush = new CBrush(RGB(MIN_RED, MIN_GREEN, MAX_BLUE));

	LOGBRUSH off_logbrush;

	off_brush->GetLogBrush(&off_logbrush);



	CPen on_pen, off_pen;

	on_pen.CreatePen(PS_GEOMETRIC | PS_ENDCAP_FLAT, BUMP_PEN_WIDTH,

			  &on_logbrush, BUMP_PEN_STYLE);

	off_pen.CreatePen(PS_GEOMETRIC | PS_ENDCAP_FLAT, BUMP_PEN_WIDTH,

			   &off_logbrush, BUMP_PEN_STYLE);



	CPen *pOldPen = (CPen*)pDC->SelectObject(&off_pen);



int curr_bump = FIRST_BUMPER;



	if (m_bumpers[curr_bump] == BUMP_ON) {

pDC->SelectObject(&on_pen);

		pDC->Arc(inner_rect, CPoint(((2 * Rect.Width() / 3) - Rect.Width() * 0.059),

			  (Rect.Height() / 2) - Rect.Height() * 0.231),

			  CPoint(((Rect.Width() / 3) + Rect.Width() * 0.063),

			  (Rect.Height() / 2) - Rect.Height() * 0.231));

		pDC->SelectObject(&off_pen);

	}

 	else {

		pDC->SelectObject(&off_pen);

		pDC->Arc(inner_rect, CPoint(((2 * Rect.Width() / 3) - Rect.Width() * 0.059),

			 (Rect.Height() / 2) - Rect.Height() * 0.231),

			 CPoint(((Rect.Width() / 3) + Rect.Width() * 0.063),

			 (Rect.Height() / 2) - Rect.Height() * 0.231));

		}



curr_bump++;



	if (m_bumpers[curr_bump] == BUMP_ON) {

		pDC->SelectObject(&on_pen);

		pDC->Arc(inner_rect, CPoint((Rect.Width() / 4), Rect.Height() * 0.038),

			  CPoint((Rect.Width() / 12),

			  (Rect.Height() / 2) - (Rect.Height() * 0.212)));

		pDC->SelectObject(&off_pen);

	}

	else {

		pDC->SelectObject(&off_pen);

		pDC->Arc(inner_rect, CPoint((Rect.Width() / 4), Rect.Height() * 0.038),

			  CPoint((Rect.Width() / 12),

			  (Rect.Height() / 2) - (Rect.Height() * 0.212)));

	}



curr_bump++;



	if (m_bumpers[curr_bump] == BUMP_ON) {

		pDC->SelectObject(&on_pen);

		pDC->Arc(inner_rect, CPoint(0, (Rect.Height() / 2) - (Rect.Height() * 0.192)),

			  CPoint(0, (Rect.Height() / 2) + (Rect.Height() * 0.077)));

		pDC->SelectObject(&off_pen);

	}

	else {

		pDC->SelectObject(&off_pen);

		pDC->Arc(inner_rect, CPoint(0, (Rect.Height() / 2) - (Rect.Height() * 0.192)),

			 CPoint(0, (Rect.Height() / 2) + (Rect.Height() * 0.077)));

	}



curr_bump++;



	if (m_bumpers[curr_bump] == BUMP_ON) {

		pDC->SelectObject(&on_pen);

		pDC->Arc(inner_rect, CPoint(0, (Rect.Height() / 2) + (Rect.Height() * 0.115)),

			  CPoint(Rect.Width(), (Rect.Height() / 2) + (Rect.Height() * 0.115)));

		pDC->SelectObject(&off_pen);

	}

	else {

		pDC->SelectObject(&off_pen);

		pDC->Arc(inner_rect, CPoint(0, (Rect.Height() / 2) + (Rect.Height() * 0.115)),

			  CPoint(Rect.Width(), (Rect.Height() / 2) + (Rect.Height() * 0.115)));

	}



	curr_bump++;



	if (m_bumpers[curr_bump] == BUMP_ON) {

		pDC->SelectObject(&on_pen);

		pDC->Arc(inner_rect, CPoint(Rect.Width(),

			  (Rect.Height() / 2) + (Rect.Height() * 0.077)),

			  CPoint(Rect.Width(), (Rect.Height() / 2) - (Rect.Height() * 0.192)));

		pDC->SelectObject(&off_pen);

	}

	else {

		pDC->SelectObject(&off_pen);

		pDC->Arc(inner_rect, CPoint(Rect.Width(),

			 (Rect.Height() / 2) + (Rect.Height() * 0.077)),

			 CPoint(Rect.Width(), (Rect.Height() / 2) - (Rect.Height() * 0.192)));

	}



	curr_bump++;



	if (m_bumpers[curr_bump] == BUMP_ON) {

		pDC->SelectObject(&on_pen);

		pDC->Arc(inner_rect, CPoint((11 * Rect.Width() / 12),

			 (Rect.Height() / 2) - (Rect.Height() * 0.212)),

			 CPoint((3 * Rect.Width() / 4), Rect.Height() * 0.038));

		pDC->SelectObject(&off_pen);

	}

	else {

		pDC->SelectObject(&off_pen);

		pDC->Arc(inner_rect, CPoint((11 * Rect.Width() / 12),

			 (Rect.Height() / 2) - (Rect.Height() * 0.212)),

			 CPoint((3 * Rect.Width() / 4), Rect.Height() * 0.038));

	}



	on_brush->DeleteObject();

	off_brush->DeleteObject();



	pDC->SelectObject(pOldPen);

}



void BumpDisplay::SetBumpers(int bumpers[]) {

	for(int i = FIRST_BUMPER; i < NUM_BUMPERS; i++) {

		m_bumpers[i] = bumpers[i];

	}

	CWnd::InvalidateRgn(NULL, FALSE);

}



void BumpDisplay::OnLButtonDown(UINT nFlags, CPoint point) {

}



void BumpDisplay::OnLButtonUp(UINT nFlags, CPoint point) {

}

16. SonarDisplay Class

16.1. Header

// File: SonarDisplay.h

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: SonarDisplay class provides graphical display for sonar sensor information



#if !defined(AFX_SONARDISPLAY_H__7CDE3FC9_F03B_11D2_8032_006097DAF491__INCLUDED_)

#define AFX_SONARDISPLAY_H__7CDE3FC9_F03B_11D2_8032_006097DAF491__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include "stdafx.h"

#include "MemDC.h"

#include "SysConst.h"



// SonarDisplay.h : header file

//



/////////////////////////////////////////////////////////////////////////////

// SonarDisplay window



class SonarDisplay : public CButton {

// Construction

public:

	SonarDisplay(CWnd *pWnd, CRect pos, UINT id);

	virtual ~SonarDisplay();

	void SetSensors(int sensors[]);

	void SetScale(int scale);





// Overrides

	// ClassWizard generated virtual function overrides

	//{{AFX_VIRTUAL(SonarDisplay)

	//}}AFX_VIRTUAL





private:

	void DrawItem(LPDRAWITEMSTRUCT lpDrawItemStruct);

	int m_sensors[NUM_SENSORS];

	int m_palette[NUM_COLORS][RGB];

	int m_scale;

	bool m_update;





protected:

	//{{AFX_MSG(SonarDisplay)

		afx_msg void OnLButtonDown(UINT nFlags, CPoint point);

		afx_msg void OnLButtonUp(UINT nFlags, CPoint point);

	//}}AFX_MSG



	DECLARE_MESSAGE_MAP()

};



/////////////////////////////////////////////////////////////////////////////



//{{AFX_INSERT_LOCATION}}

// Microsoft Visual C++ will insert additional declarations immediately before the previous line.



#endif // !defined(AFX_SONARDISPLAY_H__7CDE3FC9_F03B_11D2_8032_006097DAF491__INCLUDED_)

16.2. Definition

// File: SonarDisplay.cpp

// Author: Robert Shields

// Created: 3/23/99

// Last Modified: 3/26/99

// Overview: SonarDisplay class provides graphical display for sonar sensor information

// SonarDisplay.cpp : implementation file



#include "SonarDisplay.h"



#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = __FILE__;

#endif



/////////////////////////////////////////////////////////////////////////////

// SonarDisplay



SonarDisplay::SonarDisplay(CWnd *pWnd, CRect pos, UINT id) {

	CString m_caption = DEFAULT_CAPTION;

	Create(m_caption, WS_CHILD | WS_VISIBLE, pos, pWnd, id);

	SetButtonStyle(BS_OWNERDRAW);



	for(int j = SONAR_DISP_ARRAY_START; j < NUM_SONAR_SENSORS; j++) {

		m_sensors[j] = SONAR_MAX - 1;

	}



	// create palette

	for(int i = SONAR_DISP_ARRAY_START; i < NUM_COLORS; i++) {

		m_palette[MAX_RGB_VALUE - 1 - i][BLUE_PAL] = DEFAULT_BLUE_ENTRY;

		if (i < (NUM_COLORS / HALF) ) {

			m_palette[MAX_RGB_VALUE - 1 - i][GREEN_PAL] = MAX_RGB_VALUE;

			m_palette[MAX_RGB_VALUE - 1 - i][RED_PAL] = MAX_RGB_VALUE * i /

 				MEDIAN_VALUE;

		}

 		else {

			m_palette[MAX_RGB_VALUE - 1 - i][GREEN_PAL] = MAX_RGB_VALUE –

 				((i - MEDIAN_VALUE - 1) * DOUBLE);

			m_palette[MAX_RGB_VALUE - 1 - i][RED_PAL] = MAX_RGB_VALUE;

		}

	}



	m_scale = DEFAULT_SCALE;

	m_update = true;	   	

}



SonarDisplay::~SonarDisplay() {

}



BEGIN_MESSAGE_MAP(SonarDisplay, CButton)

	//{{AFX_MSG_MAP(SonarDisplay)

		ON_WM_LBUTTONDOWN()

		ON_WM_LBUTTONUP()

	//}}AFX_MSG_MAP

END_MESSAGE_MAP()



void SonarDisplay::DrawItem(LPDRAWITEMSTRUCT lpDrawItemStruct) {	

	CRect rect = lpDrawItemStruct->rcItem;

	CDC *o_pDC = CDC::FromHandle(lpDrawItemStruct->hDC);

		

	CMemDC *pDC = new CMemDC(o_pDC, rect);



	// set region elliptical

	HRGN rgn;

	SetWindowRgn( NULL, FALSE );

	rgn = CreateEllipticRgn( rect.left, rect.top, rect.right, rect.bottom );

	SetWindowRgn(rgn, TRUE);



	// Erase background

	CBrush hbr;

	hbr.CreateSolidBrush(GetSysColor(COLOR_BTNFACE));

	pDC->FillRect(&rect, &hbr);

	hbr.DeleteObject();



	CBrush *new_brush = new CBrush(GetSysColor(COLOR_BTNFACE));

	LOGBRUSH new_logbrush;

	new_brush->GetLogBrush(&new_logbrush);



	CPen new_pen;

	new_pen.CreatePen(PS_GEOMETRIC | PS_ENDCAP_FLAT | PS_INSIDEFRAME, PEN_WIDTH,

 		&new_logbrush, 0);



	CPen *pOldPen = (CPen*)pDC->SelectObject(&new_pen);



	CBrush *bg = new CBrush(RGB(150, 150, 20));



	CBrush *pOldBrush = (CBrush*)pDC->SelectObject(bg);



	pDC->Ellipse(rect);



	pDC->MoveTo(rect.Width() / 5, 0);

	pDC->LineTo(4 * rect.Width() / 5, rect.Height());

	pDC->MoveTo(2 * rect.Width() / 5, 0);

	pDC->LineTo(3 * rect.Width() / 5, rect.Height());

pDC->MoveTo(3 * rect.Width() / 5, 0);

	pDC->LineTo(2 * rect.Width() / 5, rect.Height());

	pDC->MoveTo(4 * rect.Width() / 5, 0);

	pDC->LineTo(rect.Width() / 5, rect.Height());

	pDC->MoveTo(0, rect.Height() / 5);

	pDC->LineTo(rect.Width(), 4 * rect.Height() / 5);

	pDC->MoveTo(0, 2 * rect.Height() / 5);

	pDC->LineTo(rect.Width(), 3 * rect.Height() / 5);

	pDC->MoveTo(0, 3 * rect.Height() / 5);

	pDC->LineTo(rect.Width(), 2 * rect.Height() / 5);

	pDC->MoveTo(0, 4 * rect.Height() / 5);

	pDC->LineTo(rect.Width(), rect.Height() / 5);



	CBrush *s_brush[NUM_SONAR_SENSORS];

	for(int i = 0; i < NUM_SONAR_SENSORS; i++) {

		if ((m_sensors[i] * m_scale) > (SONAR_MAX / m_scale)) {

			m_sensors[i] = SONAR_MAX / m_scale - 1;

		}

		s_brush[i] = new CBrush(RGB(m_palette[m_sensors[i] * m_scale][0],

 			m_palette[m_sensors[i] * m_scale][1],

			m_palette[m_sensors[i] * m_scale][2]));

		}



	pDC->SelectObject(s_brush[0]);

	pDC->FloodFill(rect.Width() / 2, rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[1]);

	pDC->FloodFill(3 * rect.Width() / 8, rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[2]);

	pDC->FloodFill(rect.Width() / 4, rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[3]);

	pDC->FloodFill(rect.Width() / 4, 3 * rect.Height() / 8, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[4]);

	pDC->FloodFill(rect.Width() / 4, rect.Height() / 2, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[5]);

	pDC->FloodFill(rect.Width() / 4, 5 * rect.Height() / 8, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[6]);

	pDC->FloodFill(rect.Width() / 4, 3 * rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[7]);

	pDC->FloodFill(3 * rect.Width() / 8, 3 * rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[8]);

	pDC->FloodFill(rect.Width() / 2, 3 * rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[9]);

	pDC->FloodFill(5 * rect.Width() / 8, 3 * rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[10]);

	pDC->FloodFill(3 * rect.Width() / 4, 3 * rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[11]);

	pDC->FloodFill(3 * rect.Width() / 4, 5 * rect.Height() / 8, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[12]);

	pDC->FloodFill(3 * rect.Width() / 4, rect.Height() / 2, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[13]);

	pDC->FloodFill(3 * rect.Width() / 4, 3 * rect.Height() / 8, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[14]);

	pDC->FloodFill(3 * rect.Width() / 4, rect.Height() / 4, GetSysColor(COLOR_BTNFACE));

	pDC->SelectObject(s_brush[15]);

	pDC->FloodFill(5 * rect.Width() / 8, rect.Height() / 4, GetSysColor(COLOR_BTNFACE));



	pDC->SelectObject(pOldBrush);



	for(int j = SONAR_DISP_ARRAY_START; j < NUM_SONAR_SENSORS; j++) {

		s_brush[j]->DeleteObject();

	}

	m_update = false;



	new_brush->DeleteObject();

	pOldBrush->DeleteObject();

	bg->DeleteObject();



	delete pDC;

}



void SonarDisplay::SetSensors(int sensors[]) {

	for(int i = SONAR_DISP_ARRAY_START; i < NUM_SONAR_SENSORS; i++) {

		if ((sensors[i] < SONAR_MAX) && (sensors[i] >= 0)) {

			m_sensors[i] = sensors[i];

		}

	}



	m_update = true;



	CWnd::InvalidateRgn(NULL, TRUE);

}



void SonarDisplay::SetScale(int scale) {

	m_scale = scale;

}



void SonarDisplay::OnLButtonDown(UINT nFlags, CPoint point) {

}



void SonarDisplay::OnLButtonUp(UINT nFlags, CPoint point) {

}

17. MemDC Class

17.1. Header

#ifndef _MEMDC__H

#define _MEMDC__H



//////////////////////////////////////////////////

// CMemDC - memory DC

//

// Author: Keith Rule

// Email:  keithr@europa.com

// Copyright 1996-1997, Keith Rule

//

// You may freely use or modify this code provided this

// Copyright is included in all derived versions.

//

// This class implements a memory Device Context



class CMemDC : public CDC {

	private:

		CBitmap*        m_bitmap;

		CBitmap*        m_oldBitmap;

		CDC*            m_pDC;

		CRect           m_rcBounds;

	public:

		CMemDC(CDC* pDC, const CRect& rcBounds); 

		~CMemDC(); 

        

 		CMemDC* operator->() {

			return this; 

		}

};



#endif

17.2. Definition

#include "stdafx.h"

#include "MemDC.h"



CMemDC::CMemDC(CDC* pDC, const CRect& rcBounds) : CDC() {

	CreateCompatibleDC(pDC);

	m_bitmap = new CBitmap;

	m_bitmap->CreateCompatibleBitmap(pDC, rcBounds.Width(), rcBounds.Height());

	m_oldBitmap = SelectObject(m_bitmap);

	m_pDC = pDC;

	m_rcBounds = rcBounds;

}



CMemDC::~CMemDC() {

         m_pDC->BitBlt(m_rcBounds.left, m_rcBounds.top, m_rcBounds.Width(), m_rcBounds.Height(),

			 this, m_rcBounds.left, m_rcBounds.top, SRCCOPY);

         SelectObject(m_oldBitmap);

 		if (m_bitmap != NULL) {

			delete m_bitmap;

		}

}

18. RobotBatterySensor Class

18.1. Header

// RobotBatterySensor.h: interface for the RobotBatterySensor class.

//

//////////////////////////////////////////////////////////////////////



#if !defined(AFX_ROBOTBATTERYSENSOR_H__0DEDE152_00BD_11D3_8032_006097E23BB8__INCLUDED_)

#define AFX_ROBOTBATTERYSENSOR_H__0DEDE152_00BD_11D3_8032_006097E23BB8__INCLUDED_



#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000



#include "stdafx.h"

#include "RobotSensors.h"

#include "SysConst.h"



class RobotBatterySensor : public RobotSensors {

public:

	RobotBatterySensor();

	virtual ~RobotBatterySensor();



};



#endif // !defined(AFX_ROBOTBATTERYSENSOR_H__0DEDE152_00BD_11D3_8032_006097E23BB8__INCLUDED_)

18.2. Definition

// RobotBatterySensor.cpp: implementation of the RobotBatterySensor class.

//

//////////////////////////////////////////////////////////////////////



#include "RobotBatterySensor.h"



#ifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[]=__FILE__;

#define new DEBUG_NEW

#endif



//////////////////////////////////////////////////////////////////////

// Construction/Destruction

//////////////////////////////////////////////////////////////////////



RobotBatterySensor::RobotBatterySensor() : RobotSensors(NUM_BATTERY_BITS) {

}



RobotBatterySensor::~RobotBatterySensor() {

}

19. SysConst

19.1. Header

// file: SysConst.h

// programmer: jonathan buster

// date: 6 may 1999

// description: this header file contains all system constants.



#ifndef SYS_CONST

#define SYS_CONST



// BumpDisplay class constants

#define BUMP_DISPLAY_CAPTION ""	// caption associated with bump display

#define FIRST_BUMPER 0			// first bumper subscript

#define NUM_BUMPERS 6			// number of bumpers

#define BUMP_ON 1			// bumper on state value

#define BUMP_OFF 0			// bumper off state value

#define BUMP_DISPLAY_LENGTH 5		// bumper display side lengths

#define MAX_RED 255			// maximum red value for palette

#define MAX_BLUE 255			// maximum blue value for palette

#define MIN_RED 0			// maximum red value for palette

#define MIN_GREEN 0			// maximum green value for palette

#define MIN_BLUE 0			// maximum blue value for palette

#define BUMP_PEN_WIDTH 7		// bumper display pen width

#define BUMP_PEN_STYLE 0		// bumper display pen style



// CameraButton class constants

#define CAMERA_BUTTON_CAPTION ""	// caption associated with bump display

#define CAMERA_BUTTON_LEFT 45		// camera button default left delimiter

#define CAMERA_BUTTON_TOP 150		// camera button default top delimiter

#define CAMERA_BUTTON_RIGHT 95	// camera button default right delimiter

#define CAMERA_BUTTON_BOTTOM 180	// camera button default bottom delimiter

#define CAMERA_BUTTON_DEFAULT_ID 101 	// camera button default id

#define CAMERA_BUTTON_UP 0		// camera button up state value

#define CAMERA_BUTTON_DOWN 1		// camera button down state value



// CommLink class constants

#define MAX_BUFFER 255			// communication link maximum buffer size

#define MSG_BEGIN_CHAR '&'		// message begin delimiter

#define MSG_END_CHAR '$'		// message end delimiter

#define UP true			// communication link up state value

#define DOWN false			// communication link down state value

#define LINK_OPEN 0			// link open successful return value

#define LINK_CLOSE true		// link close successful return value

#define LINK_RECV 0			// link receive successful return value

#define INITIAL_NUM_MSG_SENT 0	// initial number of messages sent

#define INITIAL_NUM_MSG_RECV 0	// initial number of messages received

#define DEFAULT_HOST_NAME ""		// default host name

#define DEFAULT_PORT_NUM 0		// default port number

#define SOCKET_ADDRESS_FILLER	0	// default socket address filler

#define BUFFER_FILLER 0		// default buffer filler

#define SOCKET_PROTOCOL 0		// specific socket protocol

#define MIN_VALID_SOCKET_RET 0	// minimum valid socket return value

#define MIN_VALID_CONNECT_RET 0	// minimum valid connect return value

#define MIN_VALID_SEND_RET 0		// minimum valid send return value

#define SOCKET_CMD_PTR 1		// pointer to next socket command

#define SEND_FLAGS 0			// flags on send

#define RECV_FLAGS 0			// flags on receive

#define LINK_DOWN 100			// link down (error code)

#define MIN_BYTES 0 			// minimum bytes received

#define ZERO_BYTES 101			// zero bytes received (error code)

#define RECV_ERROR 102			// failed to receive (error code)

#define HOST_ERROR 103			// failed host (error code)

#define SOCK_ERROR 104			// failed socket (error code)

#define CONN_ERROR 105			// failed connection (error code)

#define MAX_TIMEOUT 5			// seconds before dead link closed



// ControlSystem class constants

#define FIRST_CONTROL 0		// first control number

#define AUTONOMOUS true		// in autonomous mode

#define MANUAL false			// in manual mode



// MessageQueue class constants

#define NO_OCCURRENCES 0		// no token occurrences

#define DELIM_OFFSET 1			// delimiter offset



// RobotBatterySensor class constants

#define NUM_BATTERY_BITS 2		// number of battery bits



// RobotBumpSensor class constants

#define NUM_BUMP_SENSORS 6		// number of bumpers



// RobotCameraControl class constants

#define CAMERA_SPEED 10		// camera speed



// RobotControls class constants

#define X_AXIS_DEFAULT 0		// default horizontal axis

#define Y_AXIS_DEFAULT 0		// default vertical axis



// RobotMoveControl class constants

#define PI 3.1415926   		// pi

#define REVERSED true			// reversed wheeled mode

#define NORMAL false			// normal wheeled mode

#define ROBOT_MAX_SPEED 350		// maximum robot speed

#define ROBOT_MAX_ROTATE 200		// maximum robot rotate

#define RESCALE 100.0			// rescale robot parameters

#define PIXEL_TOLERANCE 5		// pixel tolerance

#define MAX_DISTANCE 4200		// maximum autonomous distance

#define HALF_CIRCLE 180		// half circle



// RobotSensors class constants

#define MAX_NUM_SENSORS 16    	// highest number of supported sensors

#define SENSOR_ARRAY_START 0		// beginning index of sensor array

#define DEFAULT_SENSOR_VALUE –1	// default value to initialize sensors to

#define DEFAULT_NUM_SENSORS –1	// default number of sensor initialize

                                                

// RobotSonarSensor class constants

#define NUM_SONAR_SENSORS 16		// # sonar sensors on current robot



// SensorSystem class constants

#define MSG_BEGIN_CHAR '&'		// comm protocol delimiters

#define MSG_END_CHAR '$'		//    ''

#define MAX_BUFFER 255			// default buffer size

#define SEPARATORS "&$ "		// comm protocol

#define MEMSET_DEFAULT 0		// default value for use with memset()

#define BUMPER_BUFFER_SIZE 7		// size of bumper bitstring

#define BINARY	2			// bitstring is binary

#define BUMPER_BITSTRING_OFFSET 64	// add to bitstring to avoid truncation

#define SENSOR_ARRAY_START 0		// start of sensor array

#define STILL_IN_AUTONOMOUS_MODE "1"	// bit recieved when robot in auto. mode

#define NUM_BATTERY_BITS 2		// bits in battery status

#define NOT_IN_AUTONOMOUS_MODE 0	// value when not in autonomous mode



// SonarDisplay class constants

#define NUM_COLORS 255			// number of colors in palette

#define SONAR_MAX 255			// max sonar reading

#define RGB 3				// number elements in rgb palette entry

#define DEFAULT_CAPTION ""		// sonar display needs no caption

#define SONAR_DISP_ARRAY_START 0	// start of sonar display array

#define MAX_RGB_VALUE 255		// rbg indexed palette value=[0..255]

#define RED_PAL 0			// red palette entry index

#define GREEN_PAL 1			// green palette entry index

#define BLUE_PAL 2			// blue palette entry index

#define DEFAULT_BLUE_ENTRY 7  	// blue entry remains constant

#define MEDIAN_VALUE 128		// (256 / 2)

#define HALF 2				// (x / half) = (1/2)x

#define DOUBLE 2			// (x * double) = 2x

#define DEFAULT_SCALE 1		// default scsaling value

#define PEN_WIDTH 2			// width of pen for pieces of pie



// VirtualJoystick class constants

#define VIRTJOY_WIDTH 220           	// witdth of virtual joystick

#define VIRTJOY_HIEGHT 260		// height of virtual joystick

#define ORIGIN 0			// center position (0,0)

#define DOT_RADIUS 10			// radius of joystick dot



// ControlStationDlg class constants

#define TE_UPDATE 5000   		// link status timer = 5 seconds

#define COMM_INTERVAL 400		// transmit timer = .4 seconds

#define SHORT_RANGE 2			// scale for short range sonar

#define LONG_RANGE 1			// scale for long range sonar

#define SONAR_BOX_DEFAULT 0		// default sonar box entry

#define DEFAULT_SONAR_VISIBLE false	// sonar boxes off by default

#define INITIAL_KEYBOARD_MODE false 	// keyboard mode initially off

#define DEBUGGER_NAME "debugger.exe"	// name of debugger file

#define NO_ARGUMENTS ""		// pass no arguments to debugger

#define LINK_OPEN_ERROR "OpenLink() Error: "

#define CAM_BUTTONWIDTH 45		// width of camera buttons

#define CAM_BUTTONHEIGHT 25		// height of camera buttons

#define CAM_X_START 36			// x position of first camera button

#define CAM_Y_START 71			// y position of first camera button

#define LEFT_ARROW "<-"		// caption for left arrow

#define RIGHT_ARROW "->"		// caption for right arrow

#define UP_ARROW "/\\"			// caption for up arrow

#define DOWN_ARROW "\\/"		// caption for down arrow

#define FORWARD_SLOW 25		// robot movement keyboard values

#define FORWARD_FAST 75		//   "      "        "       "

#define BACK_SLOW –25			//   "      "        "       "

#define BACK_FAST –75			//   "      "        "       "

#define RIGHT_SLOW 20			//   "      "        "       "

#define RIGHT_FAST 45			//   "      "        "       "

#define LEFT_SLOW –20			//   "      "        "       "

#define LEFT_FAST –45			//   "      "        "       "

#define NO_STYLE 0			// value for no change in box style

#define TIMEOUT_MSG "Link Timeout."

#define DECIMAL 10			// base 10

#define RESULT_BUFFER_SIZE 25		// buffer for result of CommLink calls

#define BATT_MSG_LOW "Low"		// battery status messages

#define BATT_MSG_MED "Medium"		//    "		  "	   "

#define BATT_MSG_HIGH "High"		//    "		  "	   "



#endif



XI. Inspection Document

1. Schedule

Wednesday, April 21st – Assign responsibilities to group members; develop suitable inspection checklists; develop three implementation questions

Friday, April 23rd – 2:00 – 4:00 PM – Private inspection of source code

Saturday, April 24th – 2:00 – 5:00 PM – Phase I of inspection; rework

Sunday, April 25th – 2:00 – 5:00 PM – Phase II of inspection; rework

Sunday, April 25th – 6:00 – 9:00 PM – Phase III of inspection

Sunday, April 25th – 9:00 – 11:00 PM – Final Rework

2. Responsibilities

2.1. Rob

Private inspection

		Phase I inspector

		Phase III head inspector

Write inspection document

2.2. Robert 	

Private inspection

		Phase III inspector

Develop implementation questions

		Answer implementation questions

2.3. Jonathan

Private inspection

		Phase II inspector

		Phase III inspector

Develop implementation questions

3. Inspection Checklists

	3.1. Phase I Inspection Checklist

Standard header comment for header files

Standard header comment for CPP files

Standard comments for functions for CPP files

Standard comments for obscure code

No magic numbers in any code

Identifiers for constants are consistent and meaningful

Identifiers for variables are consistent and meaningful

Consistently indented

3.2. Phase II Inspection Checklist

Standard debugging practice

Member functions private unless part of interface

All variables initialized before use

Error checking for files

No public data in classes

Correct bounds on loops

Correct relational operators

Correct use of data hiding

Good use of inheritance

Good use of polymorphism

Correct use of dynamic storage

Classes have constructors

Classes have copy constructors

Classes have destructors

3.3. Phase III Inspection Checklist

Correct use of communications protocol

Verify looping structure

Switch blocks cover all possible cases

Verify mathematical calculations for all combinations of positive, zero, and negative inputs

Null pointers not dereferenced

Memory deallocated as needed

4. Effort Expended

4.1. Rob 		

Private inspection			2 hours

		Phase I inspector			3 hours	

		Phase III head inspector		3 hours

Write inspection document		2 hours

4.2. Robert	

Private inspection			2 hours	

		Phase III inspector			3 hours

Develop implementation questions	1 hour

		Answer implementation questions	1 hour

4.3. Jonathan 	

Private inspection			2 hours	

		Phase II inspector			3 hours

		Phase III inspector			3 hours

Develop implementation questions	1 hour

5. Implementation Questions and Answers

5.1. 1st Q & A

Q: What is the reason for including the GetNextMessage() member function in the CommLink class, and how does it differ from the Recv() member function in the same class?

A: The GetNextMessage() member function removes and returns the next message from the message queue.  On the other hand, the Recv() member function receives messages over the SOCKET data member and inserts them at the back of the message queue.

5.2. 2nd Q & A

Q: Why is the GetAutonomous() member function from the RobotMoveControl class called in the GetNextCommand() member function in the ControlSystem class?

A: The GetAutonomous() member function returns a boolean value (TRUE when moving robot manually, and FALSE when moving robot autonomously).  Consequently, the first call to GetAutonomous() in the GetNextCommand() sets the move command header to autonomous ("01") if GetAutonomous() returns true; otherwise, GetNextCommand() sets the move command header to manual ("00").

5.3. 3rd Q & A

Q: Why is the second for loop in the SonarDisplay class constructor bound by NUM_COLORS?

A: NUM_COLORS equals the number of displayable colors in the sonar display.  Under current settings, we allow an array of 255 colors.  Moreover, with each iteration of the loop, the constructor assigns the red, green, and blue values of the color in the spectrum subset.

6. Result of the Reworking

Effort used in inspection and corrections: 		26 man hours

Approximate number of statements added:		15

Approximate number of statements changed:		65
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