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1. State of Implementation

The dialog box of the robot remote control system currently provides full interaction with the robot server.  Four buttons allow the system user to pan and tilt the camera in any desired direction.  A virtual joystick allows the system user to fluidly move the robot as with the real joystick.  The virtual joystick, however, goes a step further, and increases the speed of the robot as the virtual knob moves further from the origin.  The system currently displays bumper and sonar information through radio buttons and text boxes, respectively.  Finally, the system user can connect to any robot by entering the appropriate hostname and port in their corresponding text boxes.

· Several classes provide the robot remote control system with the necessary functionality.  A list with brief a description of each follows:

· ControlStation: Runs the robot remote control system.

· ControlStationDlg: Platform and container for all the GUI controls of the robot remote control station.

· CommLink: Maintains connections between the robot remote control system and the robot server.

· RobotSensorSystem: Unparses incoming messages and updates bump and sonar sensor systems accordingly.

· RobotControlSystem: Reads camera and movement controls and parses these messages so the system can send them to the robot server for execution.

· RobotSensor: Provides a base class for the camera sensors.

· RobotControl: Provides a base class for the camera controls.

· RobotBumpSensor: Stores and returns the bump sensor data.

· RobotSonarSensor: Stores and returns the sonar sensor data.

· RobotCameraControl: Returns the current values corresponding to the camera control.

· RobotMoveControl: Returns the current values corresponding to the movement control.

· Button2: Provides a special button class for the camera interface.

· VirtualJoystick: Provides a special button class for a virtual joystick.

· MessageQueue: Provides storage for messages received via the communications link

The robot connection executes perfectly.  The left and right camera buttons cause the camera to pan, and up and down camera buttons cause the camera to tilt; however, the camera reception is very poor.  The virtual joystick fluidly moves the robot; however, the joystick currently translates the coordinate system forty-five degrees counter clockwise.  This setup still feels much more natural than the button setup used in the prototype.  The prototype used a setup similar to the current camera setup.  The bump and sonar sensor return the correct information.

2. Statistics on the Robot Remote Control System

2.1. Number of Classes

Entire System
Group Created Susbsystem
MS VC++ Generated Subsystem

ControlStation
CommLink
ControlStation

ControlStationDlg
SensorSystem
ControlStationDlg

CommLink
ControlSystem
StdAfx

SensorSystem
RobotSensors


ControlSystem
RobotControls


RobotSensors
RobotBumpSensor


RobotControls
RobotSonarSensor


RobotBumpSensor
RobotCameraControl


RobotSonarSensor
RobotMoveControl


RobotCameraControl
MessageQueue


RobotMoveControl
Button2


MessageQueue
VirtualJoystick


Button2
MemDC


VirtualJoystick
BumpDisplay


BumpDisplay
SonarDisplay


SonarDisplay



MemDC



StdAfx



18 Classes
15 Classes
3 Classes

The design document include most of the above classes; however, a new few classes have appeared, because MS VC++ generated them, or we had not realized their necessity.  Classes fitting the former description include StdAfx.  Classes fitting the latter description include Button2, VirtualJoystick, and MemDC.

2.2. Number of Functions

Group Created Subsystem


Functions
Class

13
CommLink

3
SensorSystem

6
ControlSystem

5
RobotSensors

4
RobotControls

2
RobotBumpSensor

2
RobotSonarSensor

3
RobotCameraControl

5
RobotMoveControl

6
Button2

8
VirtualJoystick

6
BumpDisplay

7
SonarDisplay

6
MessageQueue

76
Total

Before the implementation phase, we had never attempted to predict the number of functions; however, we find the statistic interesting.  The low number of functions per class provides us with a measure of the simplicity of our design.

2.3. Number of Lines of Code

Entire System (Actual)

Group Created Subsystem

MS VC++ Generated Subsystem


Lines
File
Lines
File
Lines
File

88
ControlStation.cpp
253
CommLink.cpp
88
ControlStation.cpp

51
ControlStation.h
70
CommLink.h
51
ControlStation.h

603
ControlStationDlg.cpp
84
SensorSystem.cpp
603
ControlStationDlg.cpp

124
ControlStationDlg.h
37
SensorSystem.h
124
ControlStationDlg.h

253
CommLink.cpp
99
ControlSystem.cpp
8
StdAfx.cpp

70
CommLink.h
45
ControlSystem.h
28
StdAfx.h

84
SensorSystem.cpp
58
RobotSensors.cpp
86
Resource.h

37
SensorSystem.h
33
RobotSensors.h



99
ControlSystem.cpp
29
RobotControls.cpp



45
ControlSystem.h
31
RobotControls.h



58
RobotSensors.cpp
24
RobotBumpSensor.cpp



33
RobotSensors.h
25
RobotBumpSensor.h



29
RobotControls.cpp
26
RobotSonarSensor.cpp



31
RobotControls.h
26
RobotSonarSensor.h



24
RobotBumpSensor.cpp
40
RobotCameraControl.cpp



25
RobotBumpSensor.h
30
RobotCameraControl.h



26
RobotSonarSensor.cpp
142
RobotMoveControl.cpp



26
RobotSonarSensor.h
33
RobotMoveControl.h



40
RobotCameraControl.cpp
95
MessageQueue.cpp



30
RobotCameraControl.h
31
MessageQueue.h



142
RobotMoveControl.cpp
64
Button2.cpp



33
RobotMoveControl.h
57
Button2.h



95
MessageQueue.cpp
207
VirtualJoystick.cpp



31
MessageQueue.h
63
VirtualJoystick.h



64
Button2.cpp
160
BumpDisplay.cpp



57
Button2.h
57
BumpDisplay.h



207
VirtualJoystick.cpp
197
SonarDisplay.cpp



63
VirtualJoystick.h
60
SonarDisplay.h



160
BumpDisplay.cpp
2
MemDC.cpp



57
BumpDisplay.h
51
MemDC.h



197
SonarDisplay.cpp





60
SonarDisplay.h





8
StdAfx.cpp





28
StdAfx.h





2
MemDC.cpp





51
MemDC.h





86
Resource.h





3117
Total
2129
Total
988
Total

The CoCoMo cost model predicted 3,500 lines of code.  Our current implementation has approximately 3,100 lines of code, and is significantly less than the prediction.  At this point we expect approximately 200 additional lines of code, thereby, putting the total at 3,300 lines of code.  This figure is again below our predicted number of lines of code.

3. Object Structure

See attached OMT Visio Diagram.

4. Process Summary

The major steps that we have accomplished in the past two weeks have led to turning a preliminary implementation into a final implementation.  This has included preparation of various units, an internal group integration process, and an external integration process.  The process has not been simple, yet it is quite simple to record in a document such as this.


Our preliminary implementation included basic elements for robot control, such as forward and backward motion, rotation, and simple camera movement.  Our goal was to include sensor updating, advanced camera control, and advanced robot movement that includes control by both a virtual joystick and the arrow keys on a standard keyboard.


The first step we took towards a final implementation was completing a virtual joystick.  We needed to consult both the communication protocol and our partner group to make sure that this was possible.  It was, because it was part of the specification.  The interface was created so that a virtual joystick was part of the user control station.  The user would be able to control this joystick by clicking and dragging it with the mouse input.


One problem we had implementing this was an angular shift in the graphical representation of the joystick.  For instance, if one wanted to move the robot forward, one would have to move the joystick to the upper left instead.  This needed to be corrected, or the robot would be difficult to control.


The next step was to get sensor information working and possibly to refine it.  We needed to rely heavily on our partner group in this situation because their onboard system would be sending us the updated information.  While we were making our preliminary implementation, we could not get any sensor updates and we blamed this on our partner group, while they, in turn, blamed us.  Eventually, all was settled with a friendly game of Snowcraft, and we were able to parse the information that they were sending us. It was then simple to translate this numerical information into graphics that represented the different sensor information.


The latest step that we have taken towards final implementation was keyboard control.  We wanted this functionality because it would make user control easier, as the user could control the robot while keeping his/her full attention on the video display to watch the robot and its surroundings.  We were able to have the keyboard commands sent to the robot as movement commands, so this part of the implementation was a great success.

5. Experience Summary

Some of the problems we have encountered have been brought upon by our own sloth and stupidity, while others have been completely not our fault at all.  On the other hand, the successes that we have had have been our own and not a result of luck.

The first success we had was being able to test each piece of functionality one part at a time.  This made the process a little bit slower, but much easier to code and easier to fix.  We owe this strategy to the great words of Jalote.  Jalote is our god.

One of the problems that we’ve had from day one is the lack of a fourth group member, which we can only attribute to bad luck.  However, to serve as a scapegoat, we frequently like to blame Jalote.  Jalote is evil.  Anyway, having only three members has not put much strain on us in terms of coding and implementing, because we are quite organized and we planned for testing and whatnot.  In addition, it is much easier to schedule meetings when there is one less person.  However, having only three members hurts our documentation tasks, as there is much recording to be done for this entire project.

We have had no problems working with Microsoft Visual C++ or with the Microsoft Foundation Classes.  We contribute this to experience working with them before, and not because they are easy to use.

In developing the end-to-end prototype, getting the robot and camera to move was done without much trial.  However, getting the sensors to update was a different story entirely.  This is due in part to the hardware and software not working in accordance the way we expected it.
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