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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
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Figure 1.1: Main Debugging Interface (w/ State Info)

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
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Figure 1.2: Main Debugging Interface (w/ Data Display)

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
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Figure 1.3: Update Settings Dialog

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

1. All messages are space delimited argument strings with explicit signing;

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

3. Positive Angles/angular speeds correspond to right;

4. 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).

[image: image4.png]AOv




Figure 4.2: Bump Sensor Arrangement

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!
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