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1. Introduction

1.1 Purpose


The purpose of this system is to allow remote operation of the Beta Scout robot manufactured by Nomadic Technologies.  The user interface must allow the use of all of the Scout’s functions, including camera movement. It must also be able to display the status of the robot, including obstacles surrounding it and battery information.

1.2 Scope

This document will discuss only the requirements that apply to the user interface of the robot control system.

1.3 Definitions, Acronyms, and Abbreviations


Robot – Nomadic Technologies Scout mobile robot system

Bumper Array – array holding the values of each of the six bumpers surrounding the robot.  The array will tell if one of the bumpers have been depressed.

GUI – Graphical User Interface

Robot Status – the bumper, sensor and position information of the robot

Onboard Software – a laptop connected to the robot which runs Redhat Linux

1.4 Notation

$symbolicConstant$ - These are the symbolic constants

?textMacro? – These are text macros

/input/ - These are the inputs to the system

//output// - these are the outputs of the system

*modes* - these are the different modes of the system

1.5 References

Nomadic Scout Robot Users Manual

Jalote, Pankaj. An Integrated Approach to Software Engineering, 2nd ed.  Springer, New 

York, 1997.

1.6 Overview

This document will discuss all the functions in the user interface.  It will give a brief description of the user interface and explains its use.

2. Overall Description

2.1 Product Perspective

This product is the graphical interface in the robot control system. It is responsible for sending the user’s commands to the robot. The interface will also receive the sensor and bumper information from the robot and display it to the screen.

2.2 Product Functions

The user interface must be able to:

· Control the movement of the robot

· Receive and display the status of the robot

· Control the movement of the robot’s camera

2.3 User Characteristics

To operate the GUI, the user must:

· Be familiar with the Microsoft Windows® environment

· Be familiar with keyboard and mouse controls

2.4 General Constraints

To run the GUI, the user must have:

· A Windows environment that will support Visual Basic

· A TCP/IP connection

2.5 Assumptions and Dependencies

· Interface is run on the Microsoft Windows® environment

· GUI is communicating with Nomadic Technologies Scout

· Communications protocol has been specified

3. Robot Movement

3.1 Introduction and Assumptions

This section describes the behavior of the graphical user interface in response to input events intended to move the robot.  Input events are either key presses or button clicks.  The interface detects these events and sends commands to the on-board robot software.

3.2 Likely Changes to This Document

The key configuration, maximum speeds, and speed increments are likely to change.

3.3 Functional Specification

3.3.1 Inputs

	Input
	Description

	/forwardKeyStatus/
	The status of the $forwardKey$ on the keyboard

	/backKeyStatus/
	The status of the $backKey$ key on the keyboard

	/leftKeyStatus/
	The status of the $leftKey$ key on the keyboard

	/rightKeyStatus/
	The status of the $rightKey$ key on the keyboard

	/stopKeyStatus/
	The status of the $stopKey$ on the keyboard

	/speedUpKeyStatus/
	The status of the $speedUpKey$ on the keyboard

	/speedDownKeyStatus/
	The status of the $speedDownKey$ on the keyboard

	/rotationSpeedUpKeyStatus/
	The status of the $rotationSpeedUpKey$ on the keyboard

	/rotationSpeedDownKeyStatus/
	The status of the $rotationSpeedDownKey$ on the keyboard

	/forwardButtonStatus/
	The status of the forward button on the GUI

	/backButtonStatus/
	The status of the back button on the GUI

	/leftButtonStatus/
	The status of the left button on the GUI

	/rightButtonStatus/
	The status of the right button on the GUI

	/stopButtonStatus/
	The status of the stop button on the GUI

	/speedUpButtonStatus/
	The status of the speed increase button on the GUI

	/speedDownButtonStatus/
	The status of the speed decrease button the GUI

	/rotationSpeedUpButtonStatus/
	The status of the rotation speed increase button on the GUI

	/rotationSpeedDownButtonStatus/
	The status of the rotation speed decrease button the GUI


3.3.2 Outputs

	Output
	Description

	//speedDisplay//
	A display of the value of ?speedLevel? on the GUI

	//rotationSpeedDisplay//
	A display of the value of ?rotationSpeedLevel? on the GUI

	//message//
	Message to send to the robot


3.3.3 Modes

	Mode
	Event

	*stopped*
	@T(?stopInput? OR (NOT (?forwardInput? XOR ?backInput?) AND NOT (?leftInput? XOR ?rightInput?)))

	*moving*
	@T((NOT ?stopInput?) AND (?forwardInput? XOR ?backInput?))

	*turning*
	@T((NOT ?stopInput?) AND (?leftInput? XOR ?rightInput?))

	*movingTurning*
	@T((NOT ?stopInput?) AND (?forwardInput? XOR ?backInput?) AND (?leftInput? XOR ?rightInput?))


3.3.4 Events

	Demand function: Move Robot

	Modes
	Conditions

	*stopped*
	Always
	X
	X
	X
	X
	X
	X
	X
	X

	*moving*
	X
	?forwardInput?
	?backInput?
	X
	X
	X
	X
	X
	X

	*turning*
	X
	X
	X
	?leftInput?
	?rightInput?
	X
	X
	X
	X

	*movingTurning*
	X
	X
	X
	X
	X
	?forwardInput? AND ?leftInput?
	?forwardInput? AND ?rightInput?
	?backInput? AND ?leftInput?
	?backInput? AND ?rightInput?

	Action
	//message// = ?stop?
	//message// = ?moveForward?
	//message// = ?moveBack//
	//message// = ?rotateLeft?
	//message// = ?rotateRight?
	//message// = ?moveForwardLeft?
	//message// = ?moveForwardRight?
	//message// = ?moveBackLeft?
	//message// = ?moveBackRight?


	Demand function: Change Speed

	Modes
	Conditions

	*stopped*

*moving*

*turning*

*movingTurning*
	?speedUpInput? AND NOT ?speedDownInput? AND ?speedLevel? < $maxSpeed$
	?speedDownInput? AND NOT ?speedUpInput? AND ?speedLevel? > $minSpeed$
	?rotationSpeedUpInput? AND NOT ?rotationSpeedDownInput? AND ?rotationSpeedLevel? < $maxRotationSpeed$
	?rotationSpeedDownInput? AND NOT ?rotationSpeedUpInput? AND ?rotationSpeedLevel? > $minRotationSpeed$

	Action
	?speedLevel? += $speedIncrement$;

//speedDisplay// = ?speedLevel?
	?speedLevel? -= $speedIncrement$;

//speedDisplay// = ?speedLevel?
	?rotationSpeedLevel? += $rotationSpeedIncrement$;

//rotationSpeedDisplay// = ?rotationSpeedLevel?
	?rotationSpeedLevel? -= $rotationSpeedIncrement$;

//rotationSpeedDisplay// = ?rotationSpeedLevel?


4. Robot Status 

4.1 Introduction and Assumptions

This section describes the behavior of the graphical user interface with regard to the sensor and bumper data.  This data will be received from the robot on periodic intervals.  

4.2 Likely Changes to This Section

We have not yet decided which way would be best to display the sensor data.  This may change in the future.

4.3 Functional Specification

4.3.3 Inputs

	Input
	Description

	/sensorArray/
	An array holding the values returned by the robots 16 sensors

	/battery/
	The power remaining in the battery

	/bumper/
	An array holding the value of each of the robots bumpers


4.3.4 Outputs

	Output
	Value

	//map//
	This is the graphical display of the robot’s sensor information

	//status//
	This is the graphical display of the robot’s bumper array.

	//battery//
	This is the graphical display of the power remaining in the robot’s battery.

	//arcColor//
	The graphical display of the robot’s bumpers. This variable can have two values depending on whether the bumper is active or not.

	//batteryColor//
	The graphical display of the robot’s battery. This variable can have three values depending on what state the battery is in.


4.3.5 Functions 

Periodic Function Name:  Update Sonar Information

Output Data Items: //map//

Output Description:
The map will display the environment surrounding the robot by reading data from /sensoryArray/  for each ?sensorn? between $minSonar$ and $maxSonar$ and translating it into a visual display. 

Periodic Function Name:  Update Bumper Information

Output Data Items: //status//

Output Description:
The window will display each bumper on the robot as an arc. The function will check /bumper/ for each ?bumpn? between $minBumperNum$ and $maxBumperNum$

	Event
	//arcColor//

	@T(/bumper/ = ?bumpn?)
	$active$

	@F(/bumper/ = ?bumpn?)
	$notActive$


Periodic Function Name:  Update Battery Information

Output Data Items: //battery//

Output Description:
The indicator will display each battery on the robot. 

	Event
	//batteryColor//

	@T(/battery/ > $high$)
	$bathigh$

	@T((/battery/ < $high$) AND (/battery/ > $low$)
	$batmed$

	@T(/battery/ < $low$)
	$batlow$


5. Error Handling

5.1 Introduction and Assumptions

The graphical user interface (GUI) should clearly reflect the status of the robot. One part of describing status is handling unexpected conditions, errors, and warnings.  This section of the specification attempts to specify the GUI’s response to these error messages and events.  The GUI receives error messages from the robot.  As such, this specification is dependent on the possible error messages and status information carried over the communication link. 

5.2 Likely Changes to This Section

Until the communication protocol is complete, the nature and types of error messages may change.  As such, all inputs in this specification could change.

5.3 Functional Specification

5.3.1 Outputs


	Output
	Description

	//display//
	Some form of graphical notification in the GUI

	//message//
	Message to send to the robot


5.3.2 Inputs

	Input
	Description

	/brake/
	The status of the break as known by the client application

	/motion/
	The status of the robots motion as known by the client application

	/battery/
	The status of the battery as known by the client application

	/bumper/
	The status of the bumpers as known by the client application

	/sonar/
	The distance to the closest object on sonar as known by the client application

	/speed/
	The speed of the robot as known by the client application


5.3.3 Modes

	Mode
	Event

	*stopped*
	@T(/brake/ = ?brakedown?)

	*inMotion*
	@T(/motion/ = ?moving?)

	*lowBattery*
	@T(/battery/ <= $low$)

	*crash*
	@T(/bumper/ = ?bumpn?)

	*crashRisk*
	@T(/sonar/ <= $tooclose$ AND /speed/ >= $toofast$)


	Modes
	Conditions

	*stopped*
	/control/ = ?go?
	X
	X
	X
	X

	*inmotion*
	X
	/control/ = ?brake?
	X
	X
	X

	*crash*
	/control/ = ?go?
	X
	always
	X
	X

	*crashrisk*
	X
	X
	X
	X
	always



	*lowbattery*
	/control/ = ?go?
	X
	X
	always
	X

	//display//
	?noMoveError?
	?noStopError?
	?crashError?
	?batteryError?
	?proximityWarning?

	//message//
	X
	X
	?stop?
	?stop?
	X


5.4 Non-Functional Specification

5.4.1 Performance

All warning information displayed on the GUI should appear within 0.1s.

6.  Camera Movement 

6.1 Introduction and Assumptions

The Graphical User Interface (GUI) should clearly show the view of the camera at all times. The camera has two axis of rotation: pan and tilt. The user should be able to exploit the entire range of movement of the camera using the GUI. 

 6.2 Functional Specification

 6.2.1 Outputs

	Output
	Description

	//display//
	Current camera view is seen in the GUI

	//message//
	Message to send to robot


 6.2.2 Inputs

	Input
	Description

	/movePanSlider/
	Increases or decreases the pan value subjected to the !range! constraints.

	/moveTiltSlider/
	Increases or decreases the pan value subjected to the !range! constraints.

	/leftMouseClick/
	The left mouse button is pressed down once

	/focusPanSlider/
	/leftMouseClick/ on ?panSlider?

	/focusTiltSlider/
	/leftMouseClick/ on ?tiltSlider?

	/scan/
	Status of ?scanButton? as known by the client application


6.2.3 Modes

	Mode
	Event

	*panning*
	@T(/leftMouseClick/ AND (/focusPanSlider/ OR /moveTiltSlider/) )

	*tilting*
	@T(/leftMouseClick/ AND (/focusTiltSlider/ OR /movePanSlider/) )

	*scanning*
	@T(/scan/ = ?down?)


6.3 Non-Functional Requirements

The camera should be able to respond to the commands within 0.1s. 

7. Glossary

7.1 Symbolic Constants

	Symbolic Constant
	Value

	$active$
	“red”

	$backKey$
	Down arrow key

	$bathigh$
	“green”

	$batlow$
	“red”

	$batmed$
	“yellow”

	$defaulTiltValue$
	0

	$defaultPanValue$
	0

	$forwardKey$
	Up arrow key

	$high$
	75% of robot battery power

	$leftKey$
	Left arrow key

	$low$
	25% of robot battery power

	$maxBumperNum$
	15

	$maxInterval$
	Maximum amount of time between taking sonar and bumper readings

	$maxPanValue$
	90

	$maxRotationSpeed$
	45 degrees/second

	$maxSonar$
	15

	$maxSpeed$
	24 inches/second

	$maxTiltValue$
	90

	$minBumperNum$
	0

	$minPanValue$
	-90

	$minRotationSpeed$
	5 degrees/second

	$minSonar$
	0

	$minSpeed$

	4 inches/second

	$minTiltValue$
	-90

	$notActive$
	“black”

	$rightKey$
	Right arrow key

	$rotationSpeedIncrement$
	5 degrees/second

	$rotationSpeedUpKey$
	Page up key

	$speedDownKey$
	Minus key

	$speedIncrement$
	4 inches/second

	$speedUpKey$
	Plus key

	$stopKey$
	Spacebar

	$tooClose$
	20cm

	$tooFast$
	1m/s


7.2 Text Macros

	Text Macro
	Description

	?backInput?
	/backKeyStatus/ = ?pressed? OR /backButtonStatus/ = ?pressed?

	?batteryError?
	indication the robots battery is low

	?brake?
	entered command for robot brake in the GUI

	?brakeDown?
	the brake is enabled.  

	?bumpn?
	bumper n (where n is an integer from $minBumperNum$ to $maxBumperNum$) has been activated

	?cameraPosition?
	The current pan and tilt values of the camera

	?crashError?
	indication the robot has collided with some object

	?currPanValue?
	Current pan value

	?currTiltValue?
	Current tilt value

	?forwardInput?
	/forwardKeyStatus/ = ?pressed? OR /forwardButtonStatus/ = ?pressed?

	?go?
	entered command for robot motion in the GUI

	?leftInput?
	/leftKeyStatus/ = ?pressed? OR /leftButtonStatus/ = ?pressed?

	?moveBack?
	Message to move with velocity set to negative ?speedLevel?

	?moveBackLeft?
	Message to move with velocity set to negative ?speedLevel? and turn with angular velocity set to negative ?rotationSpeedLevel?

	?moveBackRight?
	Message to move with velocity set to negative ?speedLevel? and turn with angular velocity set to negative ?rotationSpeedLevel?

	?moveForward?
	Message to move with velocity set to ?speedLevel?

	?moveForwardLeft?
	Message to move with velocity set to ?speedLevel? and turn with angular velocity set to negative ?rotationSpeedLevel?

	?moveForwardRight?
	Message to move with velocity set to ?speedLevel? and turn with angular velocity set to negative ?rotationSpeedLevel?

	?moving?
	the robot is in motion

	?noMoveError?
	indication robot cannot move

	?noStopError?
	indication robot cannot apply break while in motion

	?notPressed?
	Is not being pressed

	?panSlider?
	The slider bar controlling the movement of the pan angle

	?pressed?
	Is being pressed

	?proximityWarning?
	indication warning the robots rate of approach to an object is too great

	?range?
	-90( to 90(

	?rightInput?
	/rightKeyStatus/ = ?pressed? OR /rightButtonStatus/ = ?pressed?

	?rotateLeft?
	Message to move with angular velocity set to ?rotationSpeedLevel?

	?rotateRight?
	Message to move with angular velocity set to negative ?rotationSpeedLevel?

	?rotationSpeedDownInput?
	/rotationSpeedDownKeyStatus/ = ?pressed? OR /rotationSpeedDownButtonStatus/ = ?pressed?

	?rotationSpeedLevel?
	The rotation speed level adjusted by the user in increments of $rotationSpeedIncrement$ by the appropriate keyboard or GUI button input

	?rotationSpeedUpInput?
	/rotationSpeedUpKeyStatus/ = ?pressed? OR /rotationSpeedUpButtonStatus/ = ?pressed?

	?scanButton?
	GUI button controlling the mode *scanning*

	?sonarn?
	Sonar n (where n is an integer from $minSonar$ to $maxSonar$)  

	?speedDownInput?
	/speedDownKeyStatus/ = ?pressed? OR /speedDownButtonStatus/ = ?pressed?

	?speedLevel?
	The speed level adjusted by the user in increments of $speedIncrement$ by the appropriate keyboard or GUI button input

	?speedUpInput?
	/speedUpKeyStatus/ = ?pressed? OR /speedUpButtonStatus/ = ?pressed?

	?stop?
	Message to cease rotation of both movement wheels

	?stopInput?
	/stopKeyStatus/ = ?pressed? OR /stopButtonStatus/ = ?pressed?

	?tiltSlider?
	The slider bar controlling the movement of the tilt angle

	?validValue?
	The value should be within the !range!

	?zero?
	$defaultpanvalue$ and $defaulttiltvalue$


7.3 Screen Shot
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